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n Preface to the Second Edition

been taken 1n the explanation of terms, cross references to both figures
and text have been added where 1t seemed they mmght help in under-
standing the text, and parts of the text have been rearranged and when
necessary rewritten to fit 1t better wath the study of laboratory matenal
The more mportant descriptive chapters have also had added to them
brief reviews through which the student can consolidate the knowledge
gamed 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 mcluded

New also are a number of figures, most of them showing vessels and
nerves Figure 93 1s borrowed from Chimical Exarnations in Neurol
ogy, by the Sections of Neurology and the Section of Phy siology, Mayo
Cluc and Mayo Foundation, W B Saunders Co, 1956 Figures 19,
95-97, 99, 30, 44, 49-53, 57, 60, 61, 67, 71, 7476, 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 1ts publishers for permission to use them here

My thanks are due to a number of persons who have been land
enough to call my attention to errors i the first edition or to offer
suggestions for this one I beheve I have made good use of therr crit
cism, and hope that such helpful letters and comments continue to
come m I am particularly imdebted to Mr Darrel D Hunt, Educa
tional Admmstrator, and Mr Dale V Shaffer, Instructor, of the Schoo}
of Physical Therapy, Mayo Clime, 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 HoLrinsaeap

Rochester, Minnesota
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Anatomical Terminology

The begnning student of 1matomy 1s confronted with the necessity
of masterang 1 largely new cumber<ome and complicated vocabulary
The difficulties are mcreased by the fact that n common wath most
scientific termunology  wnatormical names are given a Latm form In
this country we tend to depart from the stnct Latin by anghazning
many expressions or using a direct Englich translation but the Laun
termmology 15 nevertheless the foundation upon which our seientific
vocabulamy as nlt The problem is further comphcated for most of us
through the fact that regardless of their endings most anatomical
terms have Gredd or Latun roots As most of them conves very definste
meanmgs 1t 18 well worth the effort to consult 1 medical dictioniny
when nece sy to diccorner the onginal meaming of the word and thus
trancate 1t in @ 1e s nund from a term that mu t be merels memorieed
to one that 1 undertood If the <tudent will male a conccrentinus
effort to underctand the terz nwlom of anatemy te will find at mueh
e1aer to leam the facts and cocep's of anatomy

A further dificulty in znatorucal termuno’sny 15 th e abundance of
swno vt that have accw ulated for peneratione The neyv anrrma
umally adop od envtaricd termune'an recommzes practicalls no

SmnTie bt even ann ot becacse ttey ave wend tn 1y oWy
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Anatomical Termninology 5

25 the biceps femons or two-headed muscle of the thigh Sumlarly, the
pronator quadratus 1s a quadrilateral muscle that pronates or turns the
palm of the hand backward the quadratus lumborum 1s a quadniateral
muscle located m the lumbar region, the rectus abdomms 15 a muscle
running vertically (rectus means straight) mn the abdormnal wall, the
rectus capitis antersor 15 an amcnorl_y situated muscle runmng \crumﬂ)
1o attach to the caput, or head, and so forth

In addiron to the various techmical names of structures an the body
there are also certain general terms describing surfaces of the body,
planes through the body, relative positians of one structure to another,
and so forth that must be understood from the very begmumng The
surfaces of the trunk may be comvemently described as the dorsum, or
bach, the ventral or belly surface and the two sides, or Iaternl surfaces
The crantum 15 the shull, and cephalon s the Greeh word for head,
50 crimual and cephalic bath mean toward the head, simlarhy, cwdal
means toward the tas] or i the human being toward where the tail
would be had 1t persisted from embryonic hie

The abosve-defined terms are all understandible regardless of the
posttson 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 Yor mstance, supenor, metmng up or upward, mmplies a rela
tion to gravity, and therefore rmght differ entirely 1 meaning accord
ing ta whethier one was erect Jvang upon ones back, or standing upen
ones head Yor this reason anatomists have agreed that such terms of
rddative posstion should alwavs be uced m relruon to a fixed position
of the body termed the anstomical position, the anitomucal position 1s
the erect one with the heds together and the feet pomnting somewhat
outward the armes by the side< and the palms facing forvsard VWath
reference then to the anatonucal posttion <uperior alwavs means o
ward the head, and 1s therefore used mnterchangeably wath cephalic or
eramtd sumbarly infonor means tow ard the feet, and 1s usually synon
yvmous With caudal Antcnor refuming to the part of the body halat
willy carnied formand in progressien as thus svionymous with sentral
m the hummn bemg nd po tenor and doral are aleo synonymous
Pyen m the new anatonuel termunologs there 1s some mconsistency 1n
the use of the terms anterior and  sentral  and simularly 1 pos
unor and dorsal m esence however, dorsal and ventral are used
i hunan anatomy onhy an refeming to parts of spinal nerves and of
the hand and foot tcormpare our English  back of the hand } Elee
where antenor and postenior are preferred <o what was ance, for ex
ample the doral anteroweo s artery 15 row the postenor mterocceaus
erten 'l'hvd trm veatral was rarehy uwed 1a repard 10 the himbe

€ t) ~
\‘(x‘:‘;;t ‘n‘xn‘;\ila:;l:nc x::l < ekz's x,!':v- e ¢ o term hiere being

= the palmor waley, thos bas pow been abundn ied as the



4 The Organization of the Body

terrmnology, have difficulty 1 elunmating synonyms from their talk
g and writing Gertamly, many of the cluncians with whom the
therapist will come 1n contact will use the synonyms with which they
are most farmliar, and 1t 1s ampossible 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 mmimum Only
where 1t seemed obvious that the student mght be handicapped through
1gnorance of another commonly employed although officially outdated
term has that term been grven as a synon
The major subdivisions of the body are the head, neck, trunk, and
lumbs Although 1t 1s perfectly proper to use these Enghsh names, they
also have Latin names that are used in many terms that the student
will meet Thus the head 15 “caput,” and “capitis ’ therefore means “of
the head ” The neck 1s ‘collum’, cervix also means neck, especially 1ts
anterior part, and nucha means 1ts postersor part Thus “colli” means
‘of the neck,” and we also find the terms “cervical’ and “nuchal” or
“nuchae” used 1 referrmg to structures m the nech
Our word “trunk” 1s 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
1s thorax, and this word will be met often both m this form, m 1ts
possessive “thoracis,’ which means ¢ of the chest,” and 1n 1ts adjectival
form ‘thoracic ” The abdomen 1s the part of the trunk with muscular
walls that lies below the thorax It 1s most easily translated mto our
word “belly, ’ but since this 1s considered 1nelegant we are left with no
acceptable translation, and therefore use the words ‘abdomen” and
“abdormnal ” The supposed synonym “stomach,’ as used popularly
“stomach ache ’ or * shot m the stomach,” 1s not really a synonym, the
stomach 1s one particular part of the digestive tract, almost all of which
hes m the abdomen The lowest part of the trunk 1s the pelvis (mean
mg ‘basin ) and the Latin term 1s always used for this, pelvic’ 1s the
adjective pertainmg to the pelwis
The Latin for the imbs 1s membra (member) but has no common
usage “Appendage” 1s a term long used by zoologists to describe Iimbs
m general, and sometimes appears 11 human anatomy m the adjectival
form appendicular Names of smaller subdivisions of the limbs are
best veserved for the tumes when the limbs are studied
Since anatomy 1s a descriptive science many anatormcal terms are
mn themselves descriptive, refernng to shape, size location or function
of a part, or 1ts fancied resemblance to some nonanatormcal structure
Muscles, especially are usually so named, but since many muscles
may have a given shape or a given function 1t 1s usual to use more than
one descriptive adjective 1n namumg a muscle Thus there are two mus
cles called biceps or muscles with two heads of origm, so we distinguish
one as the biceps brachn, or two headed muscle of the arm the other
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as the biceps femonis or two headed muscle of the thugh Sirmlarly, the
pronator quadratus 1s a quadnlateral muscle that pronates or turns the
palm of the hand backward, the gquadratus lumborum 3s a quadnlateral
muscle located mn the lumbar region, the rectus abdomums 15 a muscle
runming vertically (rectus means straight) mn the abdomnal wall, the
rectus capitis antertor 1s an anteriorly situated muscle runmng vertically
to attach to the caput, or head, and <o forth

In addition to the vartous techmical names of structures i the body
there are also certamn 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 beginmng The
surfaces of the trunk may be convemiently described as the dorsum, or
back, the ventral or belly surface, and the two sides, or lateral surfaces
The crimum 1s the shull, and cephalon 1s the Greek word for head,
so cramil and cephalic both mean toward the head, emmlarly, caudal
means toward the tul, or in the human being toward where the tml
would be had 1t perasted from embry onic life

The ahove defined terms are all understandable regardless of the
posiion of the body, but there are others that require agreement as to
what position of the body we are referning to before they can be under-
stood Tor mnstance, superior, memng up or upward, implies a rela
tion to gravity, and therefore mught differ entirely 1n meaning accord
g to whether one was erect, ving upon one s back, or standing upon
one's head For this reason, inatomists hive agreed that such terms of
relntive position <hould alwavs be used 1n relation to a fixed position
of the body termed the anatomucal position, the anatomical position 1s
the erect one, with the heels together and the feet pointing somewhat
outward, the arms by the aides and the palms framg forward With
reference, then, to the anatomical position superior always means to
ward the head, and 1s therefore used nterchangeably with cephalic or
crmnl, amlarly, mferior means toward the feet and 15 usually synon
ymous with caudal Anterior, refernng to the part of the body habat
uilly earmied forward 1n progression 1s thus sy nonymous with ventral
w the human beng and postenor and dorsal are also synonymous
Tyenan the new anatomical termunology there 1s some inconsistency n
the uce of the terms * antersor and ventral, and sumlarly in ¢ pos
ferior and  dorsal | 1n essence however, dorsal and ventral are used
:;']:l“:::“:jﬂut:;l;!xt\ (cml\ n mfemlx}g ;o parts of spinal nerves and of
where atenor and Cm:zpam oy ‘"IS o kot the hand ) Tle
ample the dorsal mr:(m:*:rsam preferred so what was once for ex
artery The term  ventral N lls o A posterior interosseaus
{except 1y do\o‘io-\m:‘:ml < e Yiih"? b ed regard 1o the hinbs

wolir (vola = l;w Im ey b Tmore common term here being

== the palm o~ <ole), thus has now been abandoned as the
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antithesis of posterior, so what was once the volar mnterosseous artery
15 now called the anterior mterosseous artery

Other terms of relative posttion are medial and lateral, that 1s, toward
the nmdline or toward a stdde In the case of the limbs, however, some
confuston mmght exist as to whether these terms refer to the body as
a whole or to the lumb 1tself, thus the Iittle finger 1s medial to the other
fingers 1n regard to the 1mdhne of the body, but 15 lateral, as 1s the
thumb, m regard to the mdline of the hand It 1s best 1n this case,
therefore, to use medial and later1l only when referring to the hmb
as a whole, and 1ats relation to the body m the anatorcal position, 1f
relative mediolateral relationships of structures within the limb are to
be described, radial and ulnar, and tihial and fibular are the terms
best employed These terms refer to the paired bones of the himbs In
the upper lunb, the radws 1s on the thumb side, the ulna on the Iittle
finger side, and m the lower hmb the tibia 15 on the side of the g toe
while the fibula 1s on that of the hittle toe, the sides of the limbs are
thus named from the positions of these bone> Additional terms espe
aially useful m regard to the humbs are proximal, meamng toward the
attachment of the himb to the trunk, distal, or away from the base of
the limb, pabmar, 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 1s one passing
through the mudhne of the body so as to divide 1t mto right and left
halves, a parasagittal plane 1s one parallel to the sagittal, but to one
side of 1t A corenal or frontal plane 15 one dividing the body into an
anterior and a postertor (ventral and dorsal) portion, thus runming
roughly parallel with the front of the body and with a suture of the
shull called the coronal suture A horizontal or transverse plane divides
the body or limbs mto upper and lower parts, mn relation to gravity
and the anatomical position

In describmg movements we may refer to them as bemng toward or
away from a grven plane or we may find 1t convenient to speak of the
axss of motion For any given mavement the axis of motion 18 an wmag
mary hne about which a part describes a rotatery movement These
axes of motion typically make angles with one of the chief planes of
the body For mstance, the axis for bringing the forearm up agamst
the arm (‘bending the arm) 1s a line passing through the elbow
region from lateral to medial sides and 1s therefore at approximate
nght angles to the sagttal plane, and correspondingly approimately
parallel to the frontal plane

In addvhon 1o the terms of posinon, we must also agree i general
upon the meamng of terms descnibmg movement In general, bending
of the trunk or the imbs occurs most freely toward the ongnal ventral
surfaces of these members therefore flexion, which means bending, 1s
usually a bending 1 the ventral direction, 1f we want to designate a
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bending as being mn the dorsal direction, 1t 15 proper to say dorsiflexion
Extension, the straightemng out of 4 bent part, 1s a movement opposed
to that of flexion, and therefore occurs typically in the dorsal direction,
if, at the jonts where thus 15 possible, we continue the movement of
extension beyond that necessary to straighten the part, we can desig
nate 1t as hy perextension Dorsiflexion and hyperextension are planly
synonymous, as they both designate movement 1n the same direction
From these terms of movement we have acquired terms of position that
are frequently used colloqually, although not a part of officzal ter-
mnology Thus we may speak of the flexor or extensor surfaces of a
bmb, and these correspond to the orignal ventral and dorsal surfaces
of the developing himb

Abduction means moving apart, or away from the imdhne, and ad
duction, the reverse, 1s moving together, or toward the midlme, both
of these are particularly useful in describing movements of the limbs
Protraction 1s moving a part forward, retraction moving 1t back, eleva
tion 15 ifting a part, that 15, moving 1t superorly, while depression 1s
moving 1t mfertorly Rotation 1s the twisting of a part around 1its long
tudinal awis, and 15 described as lateral or external rotation if the an
terior surface of the part 1s turned laterally, and medial or internal
rotation 1f 1t 15 turned medially Circumduction 15 a combmation of
successive movements of flexion, abduction, extension and adduction
mn such a fashion that the distal end of the part being moved describes
a crcle

In relation to the limbs, especially, some of the terms defined above
are apt to be confusing 1n their speaific applications For this reason
an effort has been made 1 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 1s
meant With the proper use of the dictionary, and with due regard to
the correct usage of anatomucal terms as displayed by your instructor
and m textbooks, the bugaboo of anatomical termunology can be largely
overcome, and what may seem at first an almost incomprehensible
jargon will become a useful part of your scientific language
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antithesis of posterior, so what was once the volar mnterosseous artery
15 now called the anterior mterosseous artery

Other terms of relative position are medial and lateral, that 1s, toward
the mudhne or toward a side In the case of the lumbs, however, some
confusion mught exist as to whether these terms refer to the body as
a whole or to the limb 1tself, thus the httle finger 1s medial to the other
fingers m regard to the mmdhne of the body, but 1s lateral, as 1s the
thumb 1n regard to the mmdline of the hand It 1s best i this case,
therefore, to use medial and lateral only when referrmg to the limb
as a whole, and 1ts relation to the body m the anatomical position, 1f
relatrve mediolateral relationships of structures within the hmb are to
be described, radial and ulnar, and tihal and fibular are the terms
best employed These terms refer to the paired bones of the hmbs In
the upper lunb, the rads 1s on the thumb side, the ulna on the httle
finger side, and m the lower limb the tibia 1s on the side of the big toe
while the fibula 1s on that of the hittle toe, the s:des of the limbs are
thus named from the positions of these bones Additional terms espe
cially useful m regard to the imbs are proximal, menmg toward the
attachment of the imb to the trunk, distal, or away from the base of
the himb, palmar, referring to the palm of the hand, and plantir, re
ferring to the sole of the foot

In regard to the planes of the body, the sagttal plane 15 one passing
through the midline of the body so as to divide 1t mto right and left
halves, a parasagittal plane 15 one parailel to the sagittal, but to one
sude of 1t A coronal or frontal plane 15 one dividing the body into an
antenior and a postenior (ventral and dorsal) portion, thus runnmg
roughly parallel with the front of the body and with a suture of the
shull called the coronal suture A horizontal or transverse plane divides
the body or limbs into upper and lower parts, 1 relation to gravity
and the anatomical posttion

In describmg movements we may refer to them as bemg toward or
away from a given plane or we may find 1t convenient to speak of the
axs of motion For any given movement the axis of motion 15 an mmag
mary hne 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 mstance, the axis for bringing the forearm up agamst
the arm (‘ bending” the arm) 1s a line passing through the elbow
region from lateral to medial sides, and 1 therefore at approximate
nght angles to the sagittal plane, and correspondingly approximately
parallel to the frontal plane

In addition to the terms of position we must also agree 1 general
upon the meaning of terms descrabing movement In general, bending
of the trunk or the hmbs occurs most freely toward the original ventral
surfaces of these members, therefore flexion, which means bending, 1s
usually a bending 1n the ventral direction, 1f we want to designate a
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tions of protection, absorption and secretion An epithelium 1s char-
acterized by the fact that ats cells are closely pached together with a
mmmum of mert mtercellular cement substance between them The
cells may vary n 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 hike children’s blocks, to tall
columnar ones There are many subvarieties 1 shape, general appear-
ance and function

An epithelium may take the form of a single layered sheet of cells,
a mulhlayered sheet, or of essentially tubular outgrowths (glands)
from such sheets One type of epithehum covers the external surface
of the body where, as the outer layer of the shin, a stratified or multa-
layered epithehum with dead outer cells protects the more dehcate
deeper lying cells and serves as a membrane to seal off mtercellular
spaces from contact with the outside Another type of epithelium,
adapted for absorption and secretion, hines the digestive tract, and out-
growths from this epithehum form the digeshve glands, mcluding also
the charactenstic cells of such large organs as the liver and pancreas
Other types of epithelum lime the tubules of the kidneys, the ureters,
and the uninary bladder, and of course continue along the urethra (the
tube leading from the bladder) to umite with the epithelium of the shin
Thus epitheluum occurs primarily either on the outside of the body or
as a linmng of those cavities of the body that commumcate with the
exterior

{%% BEERE

Frgure 1
Simple cuboidal
viens of sections

Several types of eprthellum o Simpl
ple squamous surface view
¢ Cilated columpar 4 Stratified squamous & ¢ and d represe:!



The Tissues of the Body

The human body, Iike most of the better organized forms of amimal
Life, consists of various types of specrahzed cells and a varymg amount
of intercellular substance, much of the actual weight of the body 1s
water, both within the cells and without The cells represent the Inving
portion of the orgamism while the intercellular substance, regardless
of 1ts nature represents nonliving matenal that owes 1ts existence to
the activitzes of the cells

Most types of cells tend to occur 1n groups i which the constituents
are somewhat simlar both in appearance and function, such organ
1zed groups of cells are known as tissues The tissues of the body are
n turn not independent of one another, but rather yarious types of
tissues are nterwoven 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 epithehal
tissue connective tissue, muscular tissue, nervous tissue, and blood

Epsthelia

Epithelial tissue (fig 1) occurs most commonly i sheets and 1s
adapted especially for covering other tissucs It serves the general func

8



The Tissues of the Body 11

would still be represented and recogmzable through the arrangement
of this fibrous tissue

YWhere fibrous connective tissue forms the deep layer (the conum or
derms) of the shan 1t consists of densely matted fibers runmng 1 all
directions Most of these are collagenous fibers but there are also elastic
ones to lend resiliency to the shin The corium of ammals 1s the source
of leather Beneath the skin, elastic and collagenous fibers are more
loosely woven to form a subcutaneous layer To a varying extent mn
different parts of the body and n different mdividuals this subcutane-
ous connective tissue contans modified tissue cells that are filled with
fat If these fat cells are suffictently numerous the tissue 1s known as
adipose tissue or fat Varying amounts of loose connective tissue, often
contaimng fat, occur elsewhere throughout the body, swhere this type
of tissue forms padding between various organs, about blood sessels
and so forth Special accumulations of connective tissue form the outer
wall of blood vessels, and surround and permeate nerves to bind their
nerve fibers together Epitheha are rather regularly supported by con
nective fissue, muscles are surrounded and their cells are held together
by connective tissue, and bone contans large quantities of connective
tissue fibers Thus fibrous tissue permeates practically all the organs
of the body

Because of its ubiquity, fibrows connectine tissue 15 almost always
mvolved m any mjury to the body It normally plays an 1mportant
part i healng, for new connective tissue fibers form in the mjured
area and reumte the parts that have been separated by the myury 1f
cells that cannot be replaced, for instance muscle cells, have been de-
stroyed, connective tissue fills up the gap left by their absence Thus
connective tissue will help umte the cut ends of a muscle, and by so
doing help that muscle to function agam, even though connective tissue
atself 1s not capable of contraction Connective tissue formed m an at
tempt to repair an injury 15 hnown as scar tissue If the mjury has
been unduly severe or of long duration, more scar tissue 1s formed than

~ = ~Collogencos fibers
=

“~ =~ = Nucleus of connective
fissue cell

S S S== = Hashc fiber

Frgure 2 Connective tissue consisting largely of collagenous fibers but with some
adruxture of elastic ones
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Two specialized types of epithelum are also found liming closed cavi
ties withm the body Mesothehum, a single layered very flattened
epithelium of the pavement or squamous type, lines the four great
cavrties of the trunk, namely, the two pleural cavities surrounding the
lungs, the pericardial cavity surrounding the heart, and the peritoneal
cavity surrounding the abdomnal viscera Endothelum, essentially
simlar to mesothehum mn appearance, forms the mmner Iming of the
heart, of all blood vessels, and of the lymphatics

Connective Tissue

Connective tissue stands i the sharpest contrast to epithelial tissue
1 1ts composition, simce m connective tissue the cells are more or less
widely dispersed and separated from each other by nonliving intercel
lular matenal, 1t 1s the presence and character of this mtercellular
material that gives connective tissue 1ts specific characteristics

The most pervasive type of connective tissue i the body 1s fibrous
connective tissue (fig 2) In this type the spaces between the cells are
occupted by numerous fibers that make the tissues tough and capable
of withstanding distortions and stramns The fibers between the cells
may be of several types, and may occur exther in the form of a loosely
woven net with large quantites of flmd m the interstices of the net,
or they may be closely packed with httle mterfibrllar space The most
common type of fiber found 1 connective tissues 1s the collagenous
fiber These fibers are nonelastic, therefore, when they occur 1n places
m which some deformation must be possible they are arranged 1n wavy
bundles that allow movement until the slack of these bundles 1s taken
up Elastic fibers are the other ymportant type of mtercellular fibers,
these fibers are actually elastic as therr name mmplies they may be
stretched, and when the tension upon them 1s relaxed, they will shorten
agam Their cut ends often curl They occur frequently mxed m with
more numerous collagenous fibers, but 1n certain locations great bun
dles of almost pure elastic tissue are found At intervals, i 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 ngesting formed material, in this duty they may be
arded by cells from the blood, some of which pass freely into the fibrous
connective tissues as a part of the reaction of mflammation

Collagenous tissue, with or without the admuxture of elastic fibers, 1s
the most ubiquitous of all tissues Taking varwous forms, 1t permeates
and surrounds practically all the tissues of the body, serving as a bind
ng agent for these tissues Indeed 1t has been aptly said that if 1t were
possible to dissolve out all of the tissues of the body so as to leave only

the fibrous connective tissues, the essential orgamzation of the body
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dons of most muscles are, howesver, more narrow bands, or frequently,
as 15 true of many of the tendons of the hmbs rounded cords The fibers
of which tendons are composed are attached firmly to the muscle cells
at one end, winle at the other end they enter the bone and blend both
wath the connective tissue surrounding the bone (penosteum) and with
the fibers withun the hone atself

Ligaments represent another type of dense connective tissue, fre
quently simlar to tendons m appearance but umting bone to bone
rather than muscle to bone Most ligaments are composed of dense col
lagenous tissue, but some are almost pure elastic issue Thas 1s espe
cally true of the hgaments connected with the posterior surface of the
vertebral column (spinal column, backbone)

A type of connective tissue that at first sight appears to have Iittle 1n
common with fibrous connective tissue 1s carhlage Iake fibrous con
nective tissue, however, cartilage consists largely of imtercellular ma
terial with cells scattered only at mntervals through this Although 1t 1s
frequently not apparent, the mtercellular material of cartilage has as
1ts groundwork a feltlike mass of fibrous tissue This fibrous tissue 15 1
turn mmpregnated by a matrix that renders it harder, tougher, and
more homogeneous than ordinary fibrous issue The fibers wathin car-
tilage are usually collagenous 1 nature, but 1 some cases where brat
tleness would be an especial disadvantage, as i the cartilages of the
external ear and the tip of the nose, the cartilages contamn elastic fibers

Cartilage serves as a supporting framework for softer tissues, bemng
more resistant to deformation than 1s fibrous connective tissue but less
resistant, and therefore more resilient, than bone In the embryo and
fetus the early skeleton consists 1lmost entirely of cartilage, but 1n the
adult most of this cartilage has been replaced by bone, and cartilage 1s
found m only a relatively few locations The thyrod cartlage (Adam’s
apple) in the nech, and the cartilaginous rings that support the trachea
(windpipe) and ats branches represent a supportive type of cartilage
that 1s sufficiently strong for the duty of leeping open the arway to
the lungs and yet 15 less brittle than similar sized bones would be Since
the most common type of cartilage, called hyaline cartilage because of
its glassy appearance, presents a much smoother surface than does
bone, this ty pe of cartilage 1s found covering the ends of bones at joints
that are freely movable, thus hyaline cartilge typically forms the
bearing surfaces between two adjacent bones as they mose one upon
the other In other locations, where a carhlage must support great
crushing force the collagenous fibers within the cartilage are exceed
ngly heavy and promunent and the cartilage 1s then hnown as a fibro
cdamlage Outstanding examples of fibrocartilages are the mteryertebral

isks heavy pads that form a part of the backbone and thus must with

stand the weight of the body and yet allow some movement between
bones at the same time
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1s needed to reparr the defect (nature’s way of msuring at least enough
15 to overdo 1t somewhat) As this newly formed tissue grows older the
fibers shorten and become more densely packed together, and may thus
form a hard mass of considerable size which may—on a finger, for
mstance—interefere with movement of the part Moreover, 1if the scar
tissue 15 attached to a movable part, for mstance a tendon n the finger
which normally shdes freely back and forth, 1t may interfere with
thus by binding 1t too closely to ats less movable surroundmgs As the
scar tissue contracts and becomes more dense, 1t may m turn so pull
upon the tendon that the finger 15 pulled mto and mantamns a flexed
and useless postion Thus scar tissue, while necessary to healng, also
has 1ts dangers One of the common functions of the physical therapist
or occupational therapist 1s to mummmze the unwanted effects of scar
formation after operation, accidents, or disease, by the use of such
methods as heat, massage, and exercise

When the normal connective tissues of the body are arranged in the
form of enveloping sheaths they are usually known as fascias (fascia
means a bandage or band, and thus connotes a layer enveloping or
binding together other structures) Thus the subcutaneous tissue 1s fre
quently called the superficial fascia, numerous examples of well devel
oped, tough, deep fascias occur, especially i the Imnbs where deep
fascia forms heavy membranes surroundmg the Iimb as a whole Indi
vidual muscles are also surrounded by thin fascia, called perimysium,
and separated from each other by looser connectrve tissue Thus 15 espe
cally well developed where two adjacent muscles cross each other
rather than runmng parallel, and the fluid between the fibers of the
tissue then acts as a lubricant to allow free movement of one muscle
upon the other In some locations between muscles or between muscles
or tendon and bone or even beneath the skin over bony prommences,
connective tissue spaces coalesce to form pochethhke accumulations of
fluid kmown as bursae From the fascia surrounding a muscle, connec
tive tissue septa pass mto the muscle and subdivide 1t 1into bundles,
these septa m turn divide until dehicate connective tissue fibers sur-
round each muscle fiber within a muscle

The connective tissue fibers of a fascia, although arranged m approx
1mately the same plane to form membranes run m various directions
withm this plane so that they appear mterwoven with no mamn direc
tion of fibers predominating as a rule In tendons and ligaments n
contrast, connective tissue fibers are arranged roughly parallel to one
another, and are closely pached to form definite cords or bands that are
especially adapted to resist movement 1n some one direction Tendons
are always formed of heavy collagenous bundles held together by rather
delicate cross fibers, a tendon 1s defined as such a bundle that attaches
muscle to bone In the abdomen the tendons of the lateral abdormnal
muscles form broad fascia hke sheaths known as aponeuroses The ten
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dons of most muscles are, howesyer, more narrow bands, or frequently,
as 15 true of many of the tendons of the hmbs, rounded cords The fibers
of which tendons are composed are attached firmly to the muscle cells
at one end, while at the other end they enter the bone and blend both
with the connective tissue surrounding the bone (perosteum) and wath
the fibers within the hone atself

Ligaments represent another type of dense connective tissue, fre-
quently sumlar to tendons 1n appearance but umiting bone to bone
rather than muscle to bone Most igaments are composed of dense col
lagenous tissue, but some are almost pure elastic tissue This 1s espe
cally true of the higaments connected with the posterior surface of the
vertebral column (spmal column, backbone)

A type of connectrve tissue that at first sight appears to have hittfle m
common with fibrous connective tissue 1s carhlage Ishe fibrous con
nective tissue, however, cartilage consists largely of mtercellular ma
terial with cells scattered only at intervals through this Although 1t 1s
frequently not apparent, the mtercellular mater:al of cartilage has as
1ts groundwork a feltlike mass of fibrous tissue Ths fibrous tissue 1s 1
turn 1mpregnated by a matrix that renders 1t harder, tougher, and
more homogeneous than ordmary fibrous tissue The fibers within car-
tilage are usually collagenous 1n nature, but 1n some cases where bnt-
tleness would be an especial disadvantage, as m the cartitages of the
external ear and the tip of the nose, the cartilages contain elastic fibers

Cartilage serves as a supporting frameworh for softer tissues, bemng
more resistant to deformation than 1s fibrous connective tissue but less
resistant, and therefore more resilient, than bone In the embryo and
fetus the early sheleton consists almost entirely of cartilage, but 1n the
adult most of this cartilage has been replaced by bone, and cartilage 15
found m only a relatively few locations The thyroid cartilage (Adam’s
apple) m the neck, and the cartitaginous rings that support the trachea
(windpipe) and 1ts branches represent a supportive type of cartilage
that 1s sufficiently strong for the duty of heepng open the airway to
the Jungs and yet 1s less brattle than stmilar sized bones would be Smce
the most common type of carnlage, called hyalme cartilage because of
Us glssy appearance, presents a much smoother surface than does
bone, this type of cartilage 15 found covering the ends of bones at jonts
that are freely movable, thus hyalme cartilage typically forms the
bearing surfaces between two adjacent bones as they move one upon
(t:tss;:::erf In other locations, where a cartilage must support great

g force, the collagenous fibers within the cartilage are exceed
mgly heavy and promment and the cartilage 1s then known as a fibro
gle:{xslagz“outstandmg examples of fibrocartilages are the inters ertebral

7y pads that form a part of the backbone and thus must with

stand the weight of the body and yet allow some mos ement between
bones at the same tune
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15 needed to reparr the defect (nature’s way of msuring at least enough
15 o overdo at somewhat) As this newly formed tissue grows older the
fibers shorten and become more densely pached together, and may thus
form a hard mass of considerable size which may—on a finger, for
mstance—mterefere wath movement of the part Moreover, if the scar
tissue 1s attached to a movable part, for mstance a tendon mn the finger
which normally shdes freely bach and forth, st may mnterfere with
this by binding 3t too closely to ats less movable surroundings As the
scar tissue contracts and becomes more dense, 2t may m turn so pull
upon the tendon that the finger 15 pulled mnto and mamtams a fleved
and useless postion Thus scar tissue, while necessary to healing, also
has its dangers One of the common functions of the physical therapast
or occupational therapist 1s to mumnuze the unwanted effects of scar
formaton after operation, accidents, or disease, by the use of such
methods as heat, massage, and exercise

When the normal connective tissues of the body are arranged 1n the
form of enveloping sheaths they are usually known as fascias (fascia
means a bandage or band, and thus connotes a layer envelopmg or
binding together other structures) Thus the subcutaneous tissue 1s fre
guently called the superficial fascia, numerous examples of well-devel
oped, tough, deep fastias oceur, especally m the lunbs where deep
fascia forms heavy membranes surrounding the lunb as a whole Inds
vidual muscles are also surrounded by thin fascia, called perimysium,
and separated from each other by looser connectrve tissue This 15 espe
cally well developed where two adjacent muscles cross each other
rather than runmng parallel, and the flind between the fibers of the
tissue then acts as a lubricant to allow free movement of one muscle
upon the other In some locations between muscles or between muscles
or tendon and bone, or even beneath the shin over bony promnences,
connective tissue spaces coalesce to form pockethle accumulations of
flwd known as bursae From the fascia surrounding a muscle, connec
tive tissue septa pass mto the muscle and subdivide 1t mto bundles,
these septa m turn divide until debicate conmective tissue fibers sur
round each muscle fiber wathin a muscle

The connectne tissue fibers of a fascia although arranged m approx
mmately the same plane to form membranes run mn svarous directions
wathun this plane so that they appear mtervoven with no mamn direc
tion of fibers predomnating as a rule In tendons and higaments m
contrast, connective tissue fibers are arranged roughly parallel to one
another and are closely packed to form definite cords or bands that are
especially adapted to resist movement mn some one direction Tendons
are alway s formed of heavy collagenous bundles held together by rather
delicate cross fibers, a tendon 1s defined as such a bundle that attaches
muscle to bone In the abdomen the tendons of the lateral abdominal
muscles form broad fascia like sheaths known as aponeuroses The ten
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ous angles, and the interstices between these plates or trabeculae (trabe
cula = beam) are relatively large In a typical long bone such as one
of those mn the hmbs (fig 9, p 23) cortical bone forms the entire
thickness of the bone, from 1ts outside to 1ts hollow interior or marrow
¢y, except at the ends of the bone Here the cortical bone 15 thmner,
and mside 1t the spongy bone subdivides the marrow cavity mto the
numerous mterstices typical of spongy bone

In a thin section through a prece of typical cortical bone (fig 3) the
bone can be seen to be laid down mostly i layers around a series of
branching tubes (shown in cross section rather than from the side 1
figure 3) that contamed the blood vessels of the cortical bone, and are
hnown as Haversian canals The concentric lagers of bone around a
Haversian canal are marked by the layers of rather prickly-looking
hone cells, or the spaces that these cells occupred durmg hie The layers
belonging to one Haversian system are bound to those of ad)acent sys
tems by lavers resembling parts of Haversian systems, and the whole
1s enclosed on 1ts outer surface by layers that encircle the entire bone,
and on 1ts mner surface by layers that encircle the marrow canity

The blood vessels entering the bone are so distributed through the
Haversian canals that none of the cells that he between the lavers of
bone are too far removed from a blood vessel The hving cells wirthin
the bone although separated by the layers of bone matrx, commum
cate with each other and finally with the cavity of the Haversian canal
by means of tiny threadhike processes Through these communications
substances from the blood, especially calcium salts, may be passed out
mto the bone, or calcium from the bone may be passed back mto the
blood stream Even the bone of an adult, i which the growth in length
and drameter have both ceased, 1s therefore not an mert unresponsive
mass of tissue Rather, the hiving cells m and about the bone are capable
of bringing about modifications within ts tissue, and bones therefore
constantly adapt themselves to changes m the body as a whole

Modification of the calowum deposit within the bone 15 especially
striling 1 connection wath tumors of the parathyroid glands, mn per-
sons with such tumors calcium mav be so withdrawn from the bones
that even turmng over 1 bed may fracture a mb or a hunb Sumlarly,
modifications of the entire bony structure may occur when a bone 1s
fractured and xmproperly set, or when the forces exerted upon a bone,
m the form of weight bearmg and muscle pull, are marhedly changed
In normal spengy bone, for mstance, the trabeculae are so arranged as
to support the thrusts normally placed upon that bone If the direction
of these thrusts 1s marhedly changed much of the bone may undergo
reorgamzation resulting i an entire rearrangement of the trabecilae
with disappearance of those no longer useful and formation of new
trabeculae to withstand the new forces acting upon the bone
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Figure 3 Typcal structure of cortical bone The bone cells mark off the layers
of bony matrix and are arranged concentrically about the marrow casity and on the
outer surface of the bone between these imner and outer layers the bone s arranged
m 1c layers around Haversien canals

Bone 1s the hardest of the connective tissues and forms most of the
skeleton of the adult human body Like cartilage, bone consists of a
fibrous connective tissue 1mbedded m more sohd matrix The matnx
of bone contains a large amount of mmnerals, primaniy n the form of
tiny crystals of a complex compound of calcium and phosphorus, which
are responsible for the hardness of bone In the young child, i whom
the deposition of calcium has not gone on to completion, the fibrous
tissue of bone overbalances the mineral content and the bone therefore
has toughness wathout adequate hardness Thus the bones of a young
clild are relatively easly deformed by weight bearing, and when
young hones are broken they tend to break wrregularly and splinter just
as does a green stich The disproportion between crystalline mnerals
and fibers leads to thus splintering, which 1s described as a “green stick”
fracture because of its appearance In a young adult the balance be
tsveen calcum deposit and fibrous content of the bone 1s usually well
mamtaimed, so that the bone possesses both maxamum hardness and re
sistance to stress In old age the fibrous connective tissue in bone under-
goes degeneration just as does fibrous tissne elsewhere, and the balance
18 thus 1n favor of the calcium compound The bone then remams hrd
but 1s no longer tough so that strains thrown upon 1t may easily result
m fracture

Bone occurs m two typical forms, spongy and compact Compact or
cortical bone forms the outer surface of all bones (cortex means “barl,’
and thus 1mplies an outer surface), spongy bene hes within compact
bone Compact bone varies mn hardness and thichness but 15 distin
gushed by the fact that 1t 15 laid down 1n layers arcund blood vessels
and appears sohd Spongy bone actually appears spongy 1n texture for
1t 15 composed of very thin plates of bone that meet other plates at van
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an mmpulse for contraction may travel over the entire cardiac muscle
of the atr1n or of the ventricles

Voluntary or sinated muscle (fig 6) constitutes by far the greater
mass of muscle of the body and 1s the tissue that 1n domestic ammals
we usually recognize as meat The mdrvdunl cells or fibers of volun
tary muscle are extremely threadhihe, bemg only a small fraction of a
milimeter 1n diameter but extending as much as 2 mches (about § cm )
or more 1n length The surface of the fiber 1s called the sarcolemma
Immediately outside the sarcolemma 1s a very delicate layer of connec-
tive tissue, contiuous with the perimysium surrounding the muscle,
that bmds the muscle fiber loosely to other muscle fibers and, mare
important, binds the end of the fiber to the tendon

Each voluntary muscle cell or fiber contams numerous nucley, usu
ally close to the sarcolemma, and closely pached, longitudinally ar-
ranged fibrils that present alternating light and dark areas As the hight
and darh areas of each fibril are approximately adjacent to the sumlar
areas of other fibrls, these closely packed areas present the appearance
of alternating light and dark stripes runmmng transversely across the
muscle fiber and give to this type of muscle its name of stnated muscle
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Figure 5 A small prece of cardiac muscle Note the branching and anastomosing
of the fibers and their cross striations

Figure §
lonpa e ho Portions of two adjacent voluntary muscle fibers The fibers 1 ery much

v here nether branch nor anastomose Cross stria
tions are pronunent
On the lower fiber the Junction of muscle and tendon 15 indicated on the ngbl:
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Frgure 4 Groups of smooth muscle cells seen from the surface and 1 cross section

Muscle

Muscle 1s a type of tissue that 15 especially adapted for shorterung,
or contraction, therefore, 1t consists of rather long cells There are three
distinct types of muscle m the human body, known respectively as
smooth muscle, cardiac muscle, and voluntary striated muscle

Smooth muscle (fig 4) typrcally occurs in sheets surrounding hollow
viscera, as for mstance m the walls of the digestrve tract or the walls
of blood vessels The wdividual smooth muscle cell 15 elongated with
tapering ends, and contamns within its cytoplasm dehcate muscle fibnls
Smooth muscle cells are usually firmly mterloched with each other, and
confraction occurs regionally rather than mvolving individual cells
Smooth muscle forms ane of the two types of mvountary muscle, that
15, muscle whose contraction cannot be directly controlled by the will
Involuntarvy smooth muscle 1s responsible for the movements of ma
terzal along the digestive tract, for the contractive abality of such other
hollow viscera as the bladder and uterus, for the control of the very
small artertes whose diameter 1s mn turn so 1mportant 1 affecting the
blood pressure, and 1n vartous other activities including even the for
mation of ‘goose Besh® by small smooth muscle bundles connected with
harr follicles

Cardiac muscle (fig §) 15, as one nught suspect, confined to the
heart (cor) and the bases of the great vessels immediately adjacent to
the heart Physwlogically, this muscle resembles smooth muscle 1 that
1t also 15 ivoluntary, anatomically 1t appears to be somewhat mter
mediate between smooth muscle and the striated voluntary muscles, for
its cells, as do those of voluntary muscle, present a striated appearance
when viewed under the mucroscope Cardiac muscle differs sharply
from voluntary muscle m one respect, however its cells branch and
anastomose (that 1s, jomn together) freely with each other so that con
traction starting within one localized region of cardiac muscle spreads
widely over the heart through the contimnty of the cardiac muscle
cells with one another Essentially the cardiac muscle of the atria of
the beart contracts as a umt, and that of the ventricles also contracts
as a unyt, while various muscles or muscle Inyers m the hewrt are de
scrabed, these consist of only partially separable sheets of fibers the
whole, therefore, forming mterconnecting layers by means of which



The Tissues of the Body 19

cannot survive after they have been detached from their connections
with the cell bodies Thus when a nerve fiber 1s cut 1n two that part
of 1t wluch lies distal to the cut dies, since 1t no longer has a connec-
tion wath the nucleated part of the cell Nerve fibers that have been
mterrupted outside the central nervous system can, under the proper
circumstances, grow back and form new nerve fibers m place of the old
degenerated ones On the contrary, when nerve fibers wathin the cen
tral nervous sy stem are interrupted there 1s no restitution of the degen
erated fibers, although the reasons for this difference are not clearly
understood Nerve cells in the adult are not capable of replacing them
<elves, and therefore when a given number of nerve cells 1s destroyed
the indivadual has lost this number of cells forever

Nerve impulses typically travel through the cell body and out along
the avon, these nerve mmpulses are propagated by a chemucal change
1n the cytoplasm of the cell, and this chemical change 1s accompanied
by an electrical change through which the progress and speed of the
nerve mnpulse can be followed The speed of the impulse vanes accord
mg to the diameter of the fiber along which 1t 1s traveling, being faster
m large axons and slower n small ones It 15 nevertheless very fast m
all types of nerve fibers, being of the order of 120 meters per second
1 the faster fibers Nerve fibers are capable of conducting a nerve 1m-
pulse 1 erther direction, but nerve mmpulses proceeding 1n the wrong
direction are kept from bemng propagated farther by the synapse, or
junction between two nerve cells (p 45) This synapse, normally
formed by the close apposition of the termunal branches of the axon of
one cell to the dendrites or cell body of another cell, allows the nerve
mmpulse to pass across it only i one direction Therefore, nerve cells

NFlgure 7 Diagram of a nerve cell from mside the central nervous system
umerous dendrates branch frequently and end 1n the victy of the cell body while
€ axon 1s so long before 1t branches that only a short segment of 1t 1s shown here
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This type of strmated muscle differs sharply, however, from cardiac
muscle, 1n that the cells run roughly parallel to one another and have
no anastomoses Each cell 1n a voluntary muscle has a nerve ending,
that hes deep to the sarcolemma, assoctated with 1t, under normal con
ditions, the muscle fiber contracts only as a result of mmpulses received
through this nerve ending

Nervous Tissue

Nervous tissue 1s specialized for conduction The essental part of
nervous tissue 1s the nerve cell (fig 7), which has a somewhat rounded
cell body distorted by fibrous processes that extend outward from this
cell body The body and its processes are known as a neuron Every
neuron or nerve cell has at least one process, and most neurons have
many processes One process of the nerve cell 1s threadlhike and rarely
branches until close to 1ts ending, 1t 15 known as the axon Most nerve
cells have other processes that are relatively short and branch abund
antly 1n the manner of a tree, and are therefore called dendrites As a
rule the dendrites of a cell are limited 1n their distribution to the 1m
medate region of the cell body, while the axon may be short or long
The axons of some cells extend only to closely adjacent cells and may
be only a fraction of a mullimeter 1 length, m contrast, there are
cells 1 the bram that have axons measurmg up to 20 mches (about
500 mm ) or more m length, and the nerve cells that supply the mus
cles of the foot have axons that extend the whole length of the lower
limb and thus may be a yard or more (say 9000 mm ) long—tlus 1n
spite of the fact that the axon may be in the neighborhood of 10 mm
crons (one hundredth of a rmllimeter) or less in diameter The avon
15 the fiber that takes the nerve umpulses away from the cell body,
dendrites conduct nerve impulses toward the cell body, and probably
serve also 1 the cell s metabolic functions

Most nerve cell bodies lie within the central nervous system, that 1s,
they form a part of the bramn and spmal cord (p 44) In these loca
tions they and their fibers are held mn place by a special connective
tissue, pecuhar to the nervous system known as the neurogha Other
nerve cells routnely Iie outside the central nervous system and form
groups of cell bodies that are known as gangha Ganglion means swell
g, and this term 1s sometimes apphed to any swelling but 1s more
often Imited to a swelling produced by an accumulation of nerve cell
bodies outside the central nervous <ystem

Nerve cell bodies vary greatly in size and shape but the largest ones
rarely exceed 100 mcrons (0 1 mm ) in diameter Their shapes depend
primarily upon the number of processes to which they mve rise Since
the process represents a non nucleated extension of the cytoplasm of
the cell body (the nucleus bemng located in this cell body), nerve fibers
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cannot surnve after they have been detached from their connections
with the cell bodies Thus when a nerve fiber 1s cut 1n two that part
of 1t which hies distal to the cut dies, since 1t no longer has a connec
tion with the nucleated part of the cell Nerve fibers that have been
interrupted outside the central nervous system can, under the proper
arcumstances, grow back and form new nenve fibers m place of the old
degenerated ones On the contrary, when nerve fibers wathin the cen
tral nervous system are interrupted there 1s no restitution of the degen
erated fibers although the rea<ons for this difference are not clearly
understood Nere cells in the adult are not capable of replicing them
<elves, and therefore when a given number of nerve cells 15 destroy ed
the mndinadual has lost thns number of cells forever

Nerve impulses ty pieally travel through the cell body and out along
the axon, these nerve 1mpulses are propagated by a chemical change
in the ¢y toplasm of the cell, and this chermcal change 15 accompanied
by n electrical change through which the progress and speed of the
nerve impulse can be followed The speed of the impulse vanies accord
g to the dinmeter of the fiber along which 1t 1s traveling, being faster
m large avons and slower in small anes It 1s nevertheless very fast in
all types of nerve fibers, being of the order of 120 meters per second
m the faster fibers Nerve fibers are capable of conducting a nerve 1m
pulse m either direction, but nerve impulses proceeding n the wrong
direction are hept from being propagated farther by the synapse, or
junction between two neme cells (p #5) This synapse, normally
formed by the close apposition of the terminal branches of the avon of
one cell to the dendrites or cell body of another cell, allows the nerve
mmpulse to pass across it only in one direction Therefore, nerve cells

Figure 7

Diagram of a nerve cell from mside the
Numerous dendrites branch fre

the axon 15 so long before 1t bri

central nervous system
quently and end in the vicmty of the cell body, while
anches that only a short segment of 1t 1s shown here



20 The Organization of the Body

and nerve fibers usually conduct only m one direchion, and we can
accordmngly distingmsh some cells and fibers as motor ones, conducting
impulses away from the central nervous system and to some effector
organ such as a gland or muscle, other cells and fibers are sensory ones,
conducting mmpulses to the central nervous systern from the skin mus
cles, jomnts, viscera, and so forth Within the central nervous system
nerve cells have such numerous connections that 1t 1s difficult to classify
them as raotor or sensory Instead, we usually describe these cells as
sending their fibers primarily up the central nervous system, that 1s
toward the bramn, down the central nervous system, or makmng rela
tvely local connections We thus speak of ascendmng fibers within the
central nerious system, descending fibers, and intercalary or comnect
g fibers and neurons

Blood

Blood 13 sometimes classified as a separate primary tissue of the body,
and sometimes regarded as a special type of commective tissne since 1t
consists of cells (fig 8) widely separated by a nonhving, m this case
flwd, wtercellular substance The cells of the blood are of two types,
red cells (erythrocytes) and winte cells (leukocytes) The normal red
cell m the human bemng 1s a flattened, non nucleated biconcave disc
Tts red color 1s due to the presence of 1 globin, which ¢ the
special property of readily taking up oxygen and also readily releasmg
this oxygen under certam circumstances The red cells serve, therefore,
for the transport of oxygen from the lungs to the other tissues of the
body

The so called whate cells of the blood, really not wihite but rather
transparent and colorless, are nucleated cells of several different types
Dcpending upon the size and appearance of the cell, the shape of the
nucleus, the presence or absence of granules within the cytoplasm, and
the type of granules present these whate cells or leukocytes are further
subdivided The nongramular leukocytes include the lymphocytes and
the monecytes, the granulocytes (cells with granules) are polymor

Eq!hr\e:y?e leu’i;ucy!ec
\ -
y “7

O &Y &
Do
O fZB

Figure 8 Some typical blond cells The red blood cells are non nucleated among
the leukocytes ma3 be scen both granular and nongranular forms
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phonuclear cells (that 1, have sanously <haped nucler) and are
dinaded on the basis of the manner i which their granules are stuned
by certun dyes, mto neutroplnls, eoamopluls and basophils

Since the efficiency of the transport of oxygen by the blood depends
both upon the concentration of red cells present in the blood and upon
the amount of hemoglobin 1 each red cell, information concermng
these 15 often useful to the cimeian The number of red cells per cubic
milhmeter of blood can be ealculated by counting the number 1n a thin
smear of known volume, and the amount of hemoglobin c¢an be deter
mmned by colonmetnie methods Blood counts usually anclude bhoth red
and white cells, the normal number of red cells per cubic mullimeter 15
appronimately 5,000,000, betng usually greater in the male than in the
femnle Wte cells are very much scarcer, averaging about 7,000 to
8000 per cubic mullimeter In making cell counts, 1t 1s also possible to
observe whether immature forms of esther the red or the white cells are
appearing in the blood stream The appearance of such forms i appre
ciable numbers ndicates some derangement of body mechamsms
Sumlarly, an mcreased leubocy te count tymcally 15 a sign of nfection
within the body, as the leuhocytes are one of the defenses of the body
aganst infections
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and nerve fibers usually conduct only m one direction, and we can
accordmgly distmguish some cells and fibers as motor ones, conductng
mmpulses away from the central nervous system and to some effector
organ such as a gland or muscle, other cells and fibers are sensory ones
conducting impulses to the central nervous system from the shu, mus
cles, jomts, viscera, and so forth Waitlun the central nervous system
nerve cells have such numerous connections that 1t 1s difficnlt to classify
them as moator or sensory Instead, we usually describe these cells as
sending therr fibers primanly up the central nervous system, that 1s
toward the bramn, down the central nervous system, or mahing rela
tively Jocal connections We thus speak of ascendmg fibers within the
central nervous system, descendig fibers, and ntercalary or connect
mg fibers and neurons

Blood

Blood 1s sometimes classified as a separate primary tissue of the body,
and sometimes regarded as a special type of connective tissue smce 1t
conssts of cells (fig 8) widely separated by a nonhving, m this case
flusd mntercellular substance The cells of the blood are of twa types,
red cells (erythrocytes) and white cells (leukocytes) The normal red
cell m the human bemng 1s a flattened non nucleated, biconcave disc
Its red color 1s due to the presence of hemoglobm, which possesses the
special property of readily taking up oxygen and alsa readily releasmg
ths oxygen under certamn circumstances The red cells serve, therefore,
{)0:1 the transport of oxygen from the lungs to the other tissues of the

ody

The so called white cells of the blood, really not white but rather
transparent and colorless, are nucleated cells of several different types
Dependng upon the size and appearance of the cell, the shape of the
nuclens, the presence or absence of granules withmn the cytoplasm, and
the type of granules present these white cells or leukocytes are further
subdivided The nongranular leukocytes mclude the lymphocytes and
the monocytes, the granulocytes (cells with granules) are polymor

Eryyhr\ocyle leu;acyles
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Figure & Some typical blood cells The red blood
11 ong
the leukocytes may be seen both granular an‘éenz:gr:aﬁ::?af?gemilfd -
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relationddips 10 each other Tt ¢ theen more detnled features that form
modt of the Jare of grocs anatamy  came phaces of + hich are of particu
Jar importance to the ctudent of phyacal therapy

The Skelelon

The deleton of the body conccts Tarpely of bones wath eartilage of
one type or annther Tocated at <trategic pomts Bones can be clissified
according to their thape, and sse frequently talk of flat bones and long
bones, although there are gracdients between these two, and many bones
belong to neither catepory

A typical long bone (fig 9), such as most of those of the Itmbs, con

- ~Artcular cort lage

=ULne of ep phy
1eal cortlage

=~ — Trobecvloe of
3pongy bone

_____ Compact or
cort col bone

[— — — —Perngstevm

Line of epiphy
seal carhlage

Artcvlor cortlage
Figure 9 A typical long bone 1 longitudinal section



The Organs
and Organ Systems

An organ 1s a combmation of several different tissues that work to
gether to perform a given function, while the organ systems are groups
of organs of somewhat sumilar make up and with somewhat simlar
functions The stomach for mstance an organ of the digestive system,
1s composed largely of epithelial tissue connective tissue and smooth
muscle, with smaller amounts of vascular and nervous tissues, all these
tissuies are necessary to the proper functiomng of the stomach In turn,
the digestive organs as a whole are built upon the same fundamental
plan as 1s the stomach, and each of the various organs coniributes some
thing toward the total digestive process In the same way, a single
muscle 1s an organ, while all the sheletal muscles together constitute
the muscular system, the varous individual bones (organs) together
form the major portion of the sheletal system, and so forth In ths
chapter we shall consider only general features of the various orgins
and organ systems, necessary to an understanding of more detailed
features of the form and functions of the individual organs and their

22
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disappenred, howener, ats former posttion 1 the bone 1s often fairly
clear

A number of factors may affect the growth of the epiphyseal cartr
Jages and thesr transformation mto bone An important mechanical one
1s pressure, which must be, however, much greater than that exerted
by the wesght of the body before 1t has any effect It 15 common for a
hmb paralyzed by pohomyehus (infantle paralysis) to grow more
slawly than does the normal himb, and one of the factors in thus slower
gronth may be the pressure exerted when the bone grows and para
Iyzed muscles fail to grow hikewsse Regardless of this, 1t 1s possible to
mnsert staples across an epipliy senl cartilage so that they hold the body
and epiphy s1s of  bone together, and as the growng cartilage builds up
pressure, growth ceases This stapling technic, as well as surgeal re
mozal of an epiphy seal cartilage, has been used to retard or halt growth
of a normal limb so that there will not be too great disparaty 1 length
between the otherwise normal hmb and a parilyzed one

Hormones (p 66) also affect growth Particularly mmportant for the
growth of epiphyseal cartilages 1s the growth hormone of the hypoph
ysis (piturtary gland), a ductless gland situated withm the skull just
below the brain Too hittle secretion by the antertor lobe of this gland
may result i early disappearance of the epiphyseal cartilages (or
“closure of the epiphyseal hines™), and therefore a premature cessation
of growth in the length of the bones of the mbs Since growth in
diameter of the bone 1s not dependent upon the presence of cartilage,
but rather occurs through the deposition of successively more layers of
bone on the outside of the bone already present, the bone continues in
such cases to grow mn diameter even though 1t has ceased to grow m
length As a result of such growth the imbs reman abnormally short,
Lttle longer than those of an mfant, although they may attan a
diameter typical of that of an adult The trunks of such mdividuals
usually attain about normal lengths, imdinduals so afficted, with
extremely short limbs attached to a more nearly normal trunk, are
known as achondroplastic dwarfs In contrast to undersecretion, over-
secretion of the anterior lobe of the pitntary gland leads to continued
growth of the cartilages and therefore of the long bones, which may
go on far beyond the age at which the epiphyseal cartilages nor
mally disappear, such an overgrowth may produce marked @igantism,
such as 1s found 1 circus giants Sex hormones also affect epiphy sel
cartilages, but 1n a different manner from the growth hormone They
hasten the replacement of cartilage by bone, and thus lead to total di
appearance of the cartilage The earlier sexual matunity of the female
:Z %:)t;ssthe cause of the earlier cessation of growth of girls as compared

The ages at which epiphyseal cartilages disappear and v
length at that end stops have been carefully recorggd They ‘gar:yv:x},luéﬁ
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sists of a body (also called shaft) and two extremuties The body of the
bone 15 formed of compact or cortical bone (p 15) that surrounds a
large medullary or marrow cavity Withun the medullary cavity during
a period of fetal life the red cells and many of the white cells of the
blood are formed During adult hife the marrow of many of the bones of
the body ceases 1ts function of producing blood cells, this function being
restricted then primarily to the flat bones, but the long bones mav re
assume this function if there 15 an excessive demand for newly formed
blood elements In those bones m which the marrow 1s not actively
formung blood cells, the connective tissue of the marrow develops nu
merous fat cells and therefore assumes a yellowish white appearance,
marrow active m the formation of red blood cells 15 known as red
marrow, from its color The marrow cawvity 1s supplied by a nutrient
artery that pierces the body of the bone to reach and branch within the
marrow cavity This artery 1s also the chief supply of the bone formmng
the body, for many of 1its branches enter the bone to run in Haversian
canals

The ends of long bones are provaided with a thin outer shell of com
pact bone, but are largely filled by spongy bone (p 14) Here, there
fore, the marrow cavity 1s subdivided by the bony trabeculae

The major muddle part and the ends of adult bones are firmly umted
In a newborn mfant, however, parts of both ends of the larger long
bones of the lunbs, and a part of one end of each of the small long
bones of the hand, foot, fingers, and toes are largely or entirely made of
cartilage During childhood and early adolescence, when they later
become bone, these parts remam separated by cartilaginous plates from
the major part of the bone, called the diaphysis The separate ends of
bones are called epiphyses, and the carnlaginous plates between them
and the diaphysis are called epiphy seal cartilages There may be other
epiphy ses and epiphyseal cartilages connected with a bone, but the car
ulages near the ends of the bones are the most umportant ones, for they
are entirely responsible for the growth i length of the diaphy ses of the
long bones As the epiphy seal cartilage grows, the part of 1t nearest the
diaphysis 15 being constantly transformed mto bone contimuous with
the diaphysis (Draphysis and body are almost synonymous, but not
quite—the diaphysis of a developing long bone 15 all of that bone except
the epiphysis or epiphyses, and therefore mcludes the body, however,
1t also usually includes parts of the ends of adult bones adjacent to the
bod;

A);)Iong as the epiphyseal cartilages are growing and are not bemg
replaced by bone faster than new cartilage 1s formed, growth mn a long
bone continues When, however, the destruction of the epiphyseal car
tilage and 1ts replacement by bone proceeds faster than the cartilage can
grow, the cartilage wall soon disappear and no further growth in length
of the bone 1s posstble For a time after the epiphyseal cartilage has
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carefully strips the peniosteum from the bone and removes the bone
stself, but Ieaves the pertosteum so that at may form new bone

JOINTS

Jomts (articulations) arc defined as a umon between one bone and
another, and therefore range the gamut from absolutely immovable
jommts to very freely movable ones They are classified nto three great
groups according to the method of union between the bones participat
aing 1n forming the jomt These groups are fibrous jomnts, cartilagmous
jomts, and synovial joints

In fibrous jomnts the bones are umted by connective tissue fibers
Many of these joints arc immovable because of the shapes of the articu
loting surfaces and the shortness of the collagenous fibers that bind them
together An example of such a jont 1s the type known as a suture,
occurring between many bones of the skull (fig 138, p 312) Here two
adjacent bones have serrated edges that interloch and are held firmly
together by a small amount of fibrous tissue At the other extreme, the
two bones entening into a fibrous jont may be some distance from each
other and 1f the connecting ligaments are of elastic tissue, as they are
between the posterior parts (arches) of the vertebrae where they are
known as hgamenta flava (fig 83, p 206), a good deal of moyvement 1s
allowed

The most common type of cartilaginous jomt in children 15 that
formed by the epiphyseal plate umting the bodies and ends of long
bones, and these also are xmmovable In most cartilaginous jomnts of
the adult, unon 1s by fibrocartilage mstead of hyaline cartilage, and a
small amount of movement 1s permutted Such a jomnt 15 called a sym
physis (for example, pubic symphysis, p 238) Belongmg to the class of
symphyses 1s the umon between the bodies of the vertebrae, where
heavy fibrocartilaginous disks, the intervertebral dishs (fig 81, p 200),
umte the bones and allow the limted movement between any two that
1s necessary for movements of the back

Synovial jomnts, m which there 15 a cavity between the articular sur-
faces, permit more movement than the preceding types Synowial joints
may be simple, between two bones, or composite, between seyeral
bones, but are more completely classified according to the shapes of the
articulating surfaces, these shapes m turn determine the ty pe of move
ment allowed at the jomnts In a plane jomnt the two articulating surfaces
are almost flat, and allow only a ghding movement, such jomnts are

found, for mstance, between some of the bones of the wrist (fig 68
p 171) In spheraid jounts, one of the arbeular surfaces 1s rounded thé
other shallowly concave, as at the shoulder jomt (fig 2, p 83) U;IIGSS
movement 1s restnicted by hgaments or muscles, this jomt allows the
greatest frecdom of movement—forward, backward, away from or to
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for different bones, and even for the two ends of a single bone There
are also variations among mdividuals, but epiphyseal fusion tends to
follow a general pattern i winch there 15 usually a range of only a
year or two among mdividuals of the same sex, girls, however, typ
cally have epiphyseal fusion as much as three years before boys
St1ll other bones that are first formed m cartilage—the ribs, most of
the bones of the wrist and ankle, and many bones of the skull—do not
have epiphyses In these cases, once the growing cartilage has been de
stroyed growth occurs as does growth in diameter of long bones, by ad
dition of bone to the outside
While most bones are first formed 1n cartilage, some of the flat bones
of the skull never go through a carhlagmons stage Instead, they are
formed directly within a cellulir membrane, and are referred to as
membrane bones The membranes connecting the bones of the roof of
the skull have not, at birth, been completely transformed into bone,
therefore, the bones of the shull of an infant may overlap somewhat
during childbirth, and the head of an infant shows certain soft spots,
known as fontanels, between the bones of the skull
Bones are covered by a dense fibrous connective tissue membrane
called the periosteum (that 1s, the “around the bone’) This tough
membrane 1s usually firmly umted to the bony tissue through some of
1ts fibers which penetrate the bone to mingle with the collagenous tis
sues there The tendons of muscles msert mto the periosteum and blend
with 1t, and also send some of therr fibers into the bone
In addition to 1ts fibrous outer layer, periosteum also has a more del
1cate and more cellular inner layer, lying agamst the outer surface of
the cortical bone The cells of this layer are capable of formmng bone,
and 1t 15 by these 1n the fetus and child that new bone 1s laid down on
the outside of the old bone, thus producing growth m the diameter of the
bone Other bone formng cells he agamst the inner surface of the cor
tical bone, thus lining the marrow cavity, to form an endosteum While
these endosteal cells can and do form bone, many of them perform the
more useful function in this location of destroying bone, to allow
growth in diameter of the marrow cavity and thus prevent the bone
from becoming too solid and heavy as 1t increases in size
‘Whale the cells wathan the cortical bone are livang, 1t 1s the potential
bone formng cells of the endosteum and perosteum that are especially
capable of new bone formation 1n the adult When a fracture occurs
these bone forming cells begin to lay down bone across the break, they
usually overdo the process of repair and thus form an enlargement or
callus where the fracture occurred In removing a piece of bone, the
endosteal cells are necessamly removed but the periosteum can be
saved if <o desired, therefore 1if 1t becomes necessary to remove a piece
of bone, and subsequent replacement of this bone 1s wanted, the surgeon
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Atypical synovial jomt (fig 10), regardless of the shape of the artic
ulating surfaces, bas a constant steucture The portions of the bones
that are 1 contact wath and move upon cach other, and therefore con
sttute the artienlating surfaces, are covered with cartilage This carty
lnge, of the hy alne s ariety,, offers a much smoother surface than can be
obtamed from the bone itself, st may therefore be compared to the
speasal tempering or plating of beanng surfaces i machinery  The
ends of the bones entering mnto a movable joint are umted by a mem
brane, the articular capsule, which stretches from one bone to the other
The outer layer of the articular capsule 1s the fibrous membrane, 1t 15
almost alwnys composed of collagenous tissue, completely surrounds
the jomt, and blends with the periosteum of the bones entering into the
joint In many jomts thus layer attaches some distance from the artic-
ulr surfaces of the bones The inner layer of the articular capsule 1s
the synovi1l membrane, also made of fibrous tissue but more cellular,
especially on 1ts mner surface, and alse more vascular The synovial
membrane lines the mner surface of the fibrous one, but 1s also re
flected along the bones to the edges of the articular cartilage Thus a
synovial cawity 1s lined by the synovial membrane except over the ar
ticular cartilages The synovial membrane forms a viscous substance,
the synovia or synovial flud, that somewhnt resembles the white of an
egg (synovum means hike an egg) The synovial flud 15 the Jubnicant of
the joint

The thin fibrous membranes of synovial jomnts are thickened mn
certain locations by ligaments, bands of dense fibrous connective tissue,
almost alw1ys collagenous, whose constituent bundles run Jargely mn the
same direction (for instance, fig 90, p 240) Most higaments blend wath
the fibrous capsule on their decp surfaces, and are therefore really local
thickenings of the capsule Where a capsule 1s particularly thin, the
jomnt 15 usually protected by the adjacent tendon of a muscle In the
case of hinge joints the anterior and posterior parts of the capsules are
regularly thin and protected by the muscles passing m front of and
behind the jomnt, while the lateral surfaces are remforced by well de
veloped lateral Iigaments

Lagaments play an important part 1 the physiology of jomts, for
while the type of movement allowed at a joint usually depends prima
rily on the shape of the articular surfaces, hgaments sometimes gwde
the movement, and they regularly assist muscles 1n limtmg the
amount of movement allowed at a jomt They are an 1mportant source
of strength to the jomnt, and are tymcally much stronger than 1s
necessary to resst the forces that ordinanly act upon them If, however,
unusual forces act upon them over a long period they gradually stretch

and allow the bones to slide out of their normal posthions An excellent
z::;‘n;:l:l of this 15 acquired flatfoot, m which carrymg the weight
y on the mner border of the foot leads to stretching of the sup
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Fegure 10 A typical synowsal jomt

ward the body, and even rotation around the long avis of the hone A
cotyload jomt (articulatio cotylica) 15 sumlar to a spheroid one except
that the concavty of ane bone 1s deep, and the rounded head of the
ather therefore forms with it a ball and socket jomt, the best example
of this 15 the hup jomt (fig 87, p 230) A ginglymus or hnge jomt
allows primanly back and forth movement such as occurs at the elbow
or the Lnee A condylod joint 15 somewhat sumlar to a sphermd one
except that the concanty and convewtv of the two bones are ellipsord
rather than rounded and therefore allow hinge movements with hitle
rotation (as the jomnts of the fingers) In a trochod jomt one element
resembles a peg and 1s so held agamst the second element that rotation
only 1s allowed, an example of thas type of jount 15 that between the first
and second cervical vertebrae (fig 81, p 200) Fumally, a sellar jomnt 15
one m which both surfaces are saddle shaped concave i one direction
and convex in the other, the concave surface of one fitting onto the con
vex surface of the other, and vice versa An example of this type 1s the
joint at the base of the thumb (carpometacarpal jomt) This yomt, ke o
spheroid one, allows 11l the usual movements mncluding rotation

In general, therefore, where two surfaces come together to form a
synovial jomnt they are reciprocally curved The two curves are never
identical, however, a certan amount of discrepancy 15 mecessary to

allow lubrication of the yomt
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A typcal synovial jomt (fig 10), regardless of the shape of the artic
wlting surfaces, has a constant structure The portions of the bones
that are m contact with and move upon each other, and therefore con
stitute the articulating surfaces, are covered with cartilage This carta
Inge, of the hyaline v arety, offers a much smoother surface than can be
obtuned from the bone atself, 1t may therefore be compared to the
speainl tempenng or plating of beanng surfaces i maclunery The
ends of the hones entering mto a movable jomnt are umted by a mem
brane, the articular capsule, which stretches from one bone to the other
The outer Jayer of the articular capsule 1s the fibrous membrane, 1 1s
almost alwnys composed of collagenous tissue, completely surrounds
the joint, and blends with the penosteum of the bones entering nto the
jomt In many jomts thns Inyver attaches some distance from the artic-
ular surfaces of the bones The mmer layer of the articular capsule 1s
the synovial membrane, al<o made of fibrous tissue but more cellular,
espeannlly on ats inner surface, and also more sascular The synovial
membrane hines the inner surface of the fibrous one, but 1s also re
flected along the bones to the edges of the articular cartilage Thus a
synonl cavity 1s ined by the synovial membrane except over the ar
ticular cartilages The synovial membrane forms a viscous substance,
the synovia or synevial flud, that somewhat resembles the white of an
egg (synovum means hhe an egg) The synovinl flnd 1s the lubnicant of
the jomnt

The thin fibrous membranes of synovial joints are thickened in
certain locations by igaments, binds of dense fibrous connective tissue,
almost always collagenous, whose constituent bundles run largely in the
same direction (for instance, fig 90, p 240) Most hgaments blend with
the fibrous capsule on their deep surfaces, and are therefore really local
thickenings of the capsule Where a capsule 1s particularly thin, the
jont 15 usually protected by the adjacent tendon of a muscle In the
case of hunge jomts the antenor and posterior parts of the capsules are
regularly thin and protected by the muscles passing m front of and
behind the jomt, while the lateral surfaces are remnforced by well de
veloped lateral higaments

Lagaments play an mmportant part m the phy siology of jomnts, for
while the type of movement allowed at a jomt usually depends prima
rily on the shape of the articular surfaces, hgaments sometimes guide
the movement, and they regularly assist muscles in hmting the
amount of movement allowed at a jomt They are an important source

':li citsl;‘;“glilo tOS ﬁtu:} )D;HI, and are typically much stronger than 1s
unusuatl'};urcz ;Sc t uleo :rtt;as that ordlimnl) act upon them If, however,
and allow the bonesrio slldem OVC; qh ong poniod they gradvally strotch
example of ths o e :{Ju;[ of their normal positions An excellent
constantly on the mna;ql\)nre atfoot, m which carrymg the weight

order of the foot leads to stretching of the sup
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porting ligaments and flatteming of the arch A certamn amount of dislo
cation (termed subluxation) between bones may therefore occur as a
result of lax or stretched hgaments For complete dislocation to occur,
however, ligaments must be torn A spram 1s a tearing of hgaments
without dislocation

Any swellmg of the capsules and hgaments of jomts, whether
produced by stram or spram, infection, or arthrus, 1s pamnful because
the capsules and ligaments are provaded with nerve endings of which
some belong to pain fibers The articular cartilage atself has no nerve
fibers m 1t The swelling and stffness typical of a jomnt long 1mmoh
hzed, as by a splmt or cast, 15 due, at least m part, to faulty circulation
to the jont When possible, therefore, joints distal to the mmmobilized
one should be regularly exercised in order to mcrease the circulation
to the affected member

Muscles

Muscles are, of course, composed primarily of voluntary muscle
fibers (p 17), but as organs they contam also a certamnm amount of con
nective tissue, and abundant blood vessels and nerves A typical muscle
moves bone upon bone, and 1s therefore attached to each of two bones
across a movable jomt For purposes of description, 1t 1s obviously pref
erable to have terms by which one attachment of the muscle may be
distmguished from the other attachment, the terms adopted for this
purpose are ‘ origin” and “msertion ” We consider the origin of a mus
cle to be that attachment whach 1s, under usual circumstances, the less
movable end of the muscle, similarly, the mnsertion of a muscle 1s there
fore the attachment to the more movable part Difficultes sometimes
arise m deciding wiuch of the skeletal attachments of a muscle 15 more
likely to move when the muscle shortens, but as a whole 1t 1s usually
easy to distmgush on the basis of common sense between orgin and
msertion In regard to the limbs, 1t 1s clear that 1n general a more distal
part of the Iimb may be moved more easily than a more proximal part,
therefore the orgns of hmb muscles are regularly the proximal ends
of these muscles, while their msertions are located more distally

The defimitions of origin and msertion do not mmply that the origin
of a muscle may not be moved by contraction of that muscle The sole
function of a muscle 1s to shorten and m so dong to move 1ts ends
closer together If, due to particular circumstances, the mnsertion of the
muscle 15 at the moment more fived than 1s the ongin, the origm of the
muscle will then be moved by contraction of the muscle Thus, for 1n
stance, muscles passing across the shoulder jont have in general ther
ongn on the shoulder or the back, msert on the arm, and of course usy
ally move this arm If, however, one suspends one s self by one's arms,
contraction of the shoulder muscles then moves the body as a whole,
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for the hmbs are then the fixed ponts The fact that a muscle may work
1 the rever<e direction does not mahe us change our concepts of ongin
and meertion, 1 the sbove example we would still speak of the ongins
of the muscles as bemg proumal, ther msertions distal—unless, per
haps, we were talking about a race which routmely used the arms to
suspend and propel the body and only rarely used them as free limbs

Muscles are regularly attached to bone by dense fibrous connective
ussue which at one end attaches to the ends of the fibers and at the
other cnd blends with the periosteum about the bone ond with the fi
brous connective tissue withmn the bone atself If these connective tissue
fibers are short the muscle fibers may appenr to arce almost directly
from the bone and we then speak of a fleshy organ of the muscle Many
muscles anse by longer connective tissue bundles which are aggregated
to form a tendon (p 12), and most muscles nsert by tendons A ten
don has scveral advantages over muscle fibers In crossing a bone or
jomnt, for nstance, a muscle closcly applied to bone may be subjected
to considerable wear and tear i this location, which may then lead to
the mjury or death of the muscle fibers On the contrary, a tendon 1s
composed of nonliving fibers and 1s much tougher than are hiving mus
cle cells, and therefore much more suited to withstand such stramn Stll
another advantage of a tendinous nsertion 1s that 1t allows a bulky
muscle to msert on a very small area of bone, for tendon 1s much
stronger than muscle and therefore small tendons can withstand the
pull of large muscle bellies For wnstance, most of the muscles of the
forcarm attach 1n the hand, obviously, 1f these muscles continued as
muscles into the hand that organ would have to be very much larger
m order to accommodate them The muscles are therefore replaced by
tendons as they reach the wrist, and the reduced bulk of these tendons
contributes much to the flexabhity of the hand

Normal tendons that are ruptured by sudden force never break m
thexr rmddles, but rather pull away from one end If this occurs at the
bony attachment, a prece of bone may be avulsed with the tendon, 1f 1t
15 at the other end, the tear comes at the musculotendinous “ttachment
Certawn tendons around the shoulder jomt sometimes rupture 1 or near
their rddles, but this 1s always a result of repeated damage to the
tendon with eventual weakemng of 1t

MECHANICS OF MUSCULAR ACTION

The strength of a muscle and the range of movement that 1t can pro
duce at a joint vary with several different factors Although the strength
depends, m the last analyss, upon the number and s1ze of the constitu
ent muscle fibers, the mechamcal factors of the arrangements of fibers
within muscles and of the varyng leverage afforded by the attachments
of muscles across the joints make 1t impossible to compare the effective
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Figure 11 Various arrangements of muscle bundles wathin & miuscle

strengths of different muscles solely upon the basis of thesr s1izes S
larly, while mdrmdnal voluntary mucle fibers can contract to about
43 per cent of their length m the relaxed condition that 1s, they can
shorten shghtly more than half their length and this figurc seems to be
constant regardless of the muscle concerned, the extent to which a mus
cle as a whole can shorten depends not only upon its Jength but also
upon the arrangement of 1ts fibers Its effective movement at a yont
depends mn turn upon these factors and ats attachment across the jount
The closer 1o 2 joint a mwscle mserts, the greater the range of move
ment 1t produces at that jomnt and the weaker that movement A more
distal insertion of the muscle, providing greater leverage, would reduce
the amount of movement and at the same titne increase 1ts strength
If all muscles had thexr {ibers arranged longitudmally mn the muscle
and thus parallel to each other, the great variable then remaning would
be the type of msertion and 1t would be much easier to calculate the
relative effectveness of the vanous muscles about a jomt The long
tudinal arrangement of muscle fibers produces a muscle with a wide
range of movement but svith a strength stractly himted by ts cross
sectional area In a great many muscles the fibers are not so arranged
(g 1), mstead, the fibers are oblique to the longitudinal s of the
ronscle and msert mto the tendon somewhat 1s the barbs of a feather
attach to the quall Through ths arrangement, more muscle fibers ingert
Jnto the tendon, and the muscle 1s therefore stronger The more muscle
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fibers <o arranged that they exert their pull upon a tendon mstend of
each other, the stronger the muscle Therefore, a umpennate muscle
(ke a half feather) 1s less strong for its cross secuional aren thanas a
bipennate muscle (lihe a whole feather) and thns in turn 1s Jess strong
than a mulupennate muscle (one with several tendons that subse
quently blend together) In short, the strength of muscles wath differ
ently arranged fibers and fiber bundles can be accurately compared
only when the totnl cross sectional areas of their fibers are known In
muscles with parallel fibers the cross sectional aret of the fibers 15
sdentical with that of the muscle as 4 whole, but 1n all other arringe
ments of fibers 1t 1s much greater

The arringement of fibers i the muscle affects the range of action
of 1 muscle (the total amount that 1t can shorten) 1 a different way
In a muscle with parallel fibers, regardless of whether all fibers run
the length of the muscle or are attached end to end in series within at,
the length of the contracung tissue 1s the length of the muscle from ten
don to tendon, and such a muscle can contract to less than one half
(shortening by 57 per cent) of this length In muscles sith obhiquely
arringed fibers, however, these fibers are shorter than the muscle 1s 2
whole, and since the range of contraction of any muscle 1s dependent
upon the Iength of 1ts fibers and fiber bundles, such a muscle wall
shorten by 57 per cent of the length of ats fibers, not 57 per cent of the
length of the muscle 1s a whole Thus among muscles of the same total
length one with parallel fibers will shorten most and the more obhque
the muscle fibers, the less the muscle as 2 whole will shorten

In both fiber arrigement and distance of insertion from the joint,
therefore greater range of action typically means less power, and vice
versa While these factors, considered together, can gnve us some 1den of
the relative strength of varous muscles, 1t 15 3 mpossible 4o assess them
so accurately as to allow direct comparison of all the muscles acting
about a joint Only muscles of stmilar structure and of stmilar attach-
ments can be directly compared upon the basis of their bull, and the
strength of varsous muscles has therefore had to be determined clinzcally
rather than anatomucally

It has already been mentioned that connective tissue pads between
muscles help to facihitate free movement of one muscle upon 1its neigh
bor, and that sometimes fluid filled sacs or bursae develop 1 such lo
cations A sumlar development of connective tissue spaces occurs abont
many tendons, the resulting structures being known as tendon sheaths
(fig 12) A tendon sheath may be regarded s 2 bursa that completely
surrounds a tendon, 1t has two walls, of which the mner, closely attached
to the tendon, forms a smooth ghstening outer surface on the tendon,
while the outer wall of the sheath forms a closed sac, umiting wth the
mner layer at the ends of the sheath Within the sheath, a thin mem
brane (mesotendon) may umite a part of the wner and outer walls, and
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strengths of different muscles solely upon the basis of therr s1zes S
larly, while mdividual voluntary mucle fibers can contract to about
43 per cent of therr length in the relixed condition, that s, they can
shorten shghtly more than half therr length, and this figure seems to be
constant regardless of the muscle concerned, the extent to winch a mus
cle as a whole can shorten depends not only upon its length but also
upon the arrangement of 1its fibers Its effective movement at a jomt
depends i turn upon these factors and its attachment across the jomt
The closer 1o a Jomt a muscle wserts, the greater the range of move-
ment 1t produces at that joint, and the weakher that movement A more
dastal msertion of the muscle provading greater leverage, would reduce
the amount of movement and at the same tune sncrease its strength

If 2}l muscles bad thewr fibers arranged longtudinally i the muscle
and thus parallel to each other the great vanable then remaming would
be the type of msertion and 1t would be much easier to caleulate the
relative effectiseness of the various muscles about a yomt The longy
tudinal arrangement of muscle fibers produces a muscle with a wide
range of movement but with a strength strictlv himited by ats cross
sechonal area In a great many muscles the fibers are not so arranged
(Bg 11), wstead, the fibers are obhque 1o the longitudinal axis of the
muscle and wmsert mio the tendon somewhat as the barbs of a feather
attach to the quﬂl Through this arrangement maore muscle fibers meert
mnto the tendon, and the muscle 1s therefore stronger The more muscle
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the precice pattern of distribution of <egmental fibers withnn muscles,
Bt evidence 1« accumudating that there 13 o constant pattern withan any
one muccle, and that this pattern 15 of functional spmficance

A typical nere to o muscle does not consist entirely of motor fibers
(that 15, fibers that cauce the contraction of the muccle), as pught per
haps be expected, but contains also a large number of <ensory fibers—
about 10 per cont of the nerve fibers entenng a muscle are <encory in
character Some of these sencory fibers are concerned wath the con
duction of pum, ne evidenced by the apprecintion of sarencss 1 a mus
cle from overeveraice or stram, or the pun amsing from tears of the
muscles or tendons These pmn fibers are probably accocinted wath the
connectine tissue and blood vessels of the muscle rather than wath the
muscle fibers themseh os, and are relatively few 1n number Most of the
sensory fibers are however, of the ty pe } nown as proprioceptive These
fibers are concerned with registenng the contraction wathin a muscle
and the tension withan 2 tendon, and thus carry 1o the central nervous
system mpulees concermng the actiaty of the muscles and the pull
upon ther tendons

The majoraty of the proprioceptne sensory wmpulses do not reach the
level of conscionsness, but play an extremely 1mportant part m the sub
conscious regulation of muscular contraction Practically all movements
require the coordination of a number of wndnadunl muscles and each of
these Tmuscles must contract s exactly the proper moment and with
exactly the proper force if the movement 1s 1o be a smooth one The
proprioceptive (or hanesthetic) fibers from muscles and tendons to
gether with simalar fibers from about the joints themselves play a de
termining role 1n this coordmation Thesr importance s clewrhy brought
out m such chmcal affections as tabes dorsalis, m which dicease the
fibers of kanesthetic sense are among the first 1o be affected Such 1p
parently simple everyday achions as buttonming one's dress or coat or
even wallang (really yery compheated actions from the standpomnt of
the muscufar coordmation required) become dfficult for o patient
afflicted wath tabes The lac of both conscious and subconscious mfor
mation as o what the muscles are domg and what 15 the position of the
fingers or hmb at any particular moment results 1 clumsy and 11l co
ordinated movements that must be guwded primarly by the eyes Thus
a patient with tabes, although suffersng no paralysis or weakness of
voluntary musculature, walks with a peculiar gait He s unable to
estimate how hagh he has hited his foot from the ground, and therefore
m order to keep from stumbling he hfts 1t too Iagh, as ke puts his foot
down, he again cannot esimate the movement required and therefore
tends 10 shng the foot onto the ground Progression of the tabctic 3 bet
ter i the hght, where he can watch his fcet and therefore consciously
guide them somewhat, while m the dark 1t becomes wuch more difficalt
or even umpossible The learming of movements, both i nfancy and in
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serve as a pomnt of mgress for timy blood vescels The cawity of the ten
don sheath between its mmner and outer walls, contams a substance
{sumlar to that occurrmg i jomts) that acts as a lubricant to allow
frictionless plav of the tendon §ynowal tendon sheaths occur especially
at the wnst and ankle, where the tendons pass close to bone and are
held down agamnst this by heavy hgaments

NERVE SUPPLY

Study of a muscle as an organ mmphes observation of its size and
shape, of 1ts ongm and mnsertion, and of 1ts nerve supply The tendons
if any, of orngm and msertion are an mtrmsic part of the muscle as a
whole, and so also 1s the nerve supply to the muscle The blood supply
of the muscle also forms an essential portion of the organ, but there 1s
no necessity for learnmg this Whereas the nerve supply of a muscle
15 sharply hmted to the one or several nerves specifically destined for
that muscle, the bloed supply 15 usually derived from all the blood ves
sels m the neighborhood Learrung the blood supply to a muscle 15
therefore sumply a question of puttng together general knowledge con
cerming the location of that muscle and knowledge of the several blood
vessels 1n that area On the other hand, a general knowledge of the loca
tions of various nerves s of hitle sigmficance s predicting which of
these nerves will supplv the muscle Of several nerves m the nerghbor
hood of a muscle only one as a rule will supply this, therefore, nerve
supphes of muscles must be learned

Every voluntarv muscle recenes at least one and sometmes two or
more nerve branches These are mn turn regularly dersved from more
than one spmal nerve so that most les have a pluriseg al 1n
nervation—that 15, are supplied with fibers from two or more of the
segmental spinal nerves (p 55) The activity of the muscle 15 de
pendent upon the nerve or nerves reaching at, ¥ the nerve supply 10 a
voluntary muscle 1> destroved the muscle 1s paralyzed and remamns so
until a nerve supply is re established As a nerve enters 2 muscle 3t
divades to be distributed wathin at, relatively hitle 1s known concermng
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fact concermng the contraction of individual muscle fibers, 1t 1s ap-
parent upon even the shghtest reflection that this 1w does not apply to
2 muscle as a whole Ior mstance, we will use the sime muscles in
grasping and picking up a heay lead ball that we would in similarly
grisping and prching up a very dehicate egg <hell Ifwe exerted the same
<trength m grasping the <hell as we must to hift the lead ball we would
destray the shell Thus it 1s a matter of everyday knowledge that we are
able to grade our voluntary moscments and exert only the desired
strength and speed So far as any one muscle fiber 15 concerned, such
gradation 15 mmpossible Siularly, 1t 1s 1mpossible to <end an impulse
of contraction to only one muscle fiber of the many nnervated by a
single nerve fiber, for a nerve impulse, once started along a nerve fiber,
1s propagated along all the branches of that fiber There 15 no known
mechamsm by which a nerve impulse can be routed along only certun
branches of a single fiber

From these facts 1t follows that regulation of the strength of a move
ment depends upon activation of groups of muscle fibers If we desire a
delicate movement, we may use perhaps only 10 per cent of the nerve
fibers to a muscle to activate 10 per cent of the muscle fibers in that
muscle, whereas 1f we require the strongest possible mosement we wall
send 1mpulses along all the nerve fibers to the muscle and thus activate
all of the muscle fibers In so far as any grven muscle 1s concerned,
therefore, 1t 15 possible to get a smooth gradation of contraction from a
mmmal one that produces no movement to a maxamal one that pro-
duces the strongest movement possible Since all the muscle fibers that
are imnervated by a single nerve fiber necessanly contract at the same
time, such a group of muscle fibers 1s known as a *motor unit " Thus,
then, 1s the smallest number of fibers that can contract, and the smallest
increment by which strength of contrachion can be increased Greater
dehicacy of movement can therefore be obtained when there are smaller
motor umts (fewer muscle fibers per nerve fiber), and the size of the
motor unit does vary with the type of movement demanded of the mus-
cle Thus some of the muscles about the hip, concerned 1n general with
very coarse movements, have motor umts considerably larger than the
average 100 muscle fibers just quoted Those govermng the rather deh
cate movements of the thumb have motor umts much smaller than
average, and the muscles govermng movements of the ey e, which must
be very prease, have the smallest motor umts of all, as eraging about
two or three muscle fibers per nerve fiber Thus <ome muscles have a
bwlt in delicacy of movement that others do not have, and that no
amount of tramming could establish

Just as all the muscle fibers within a muscle do not hate to contract
together, so also do the various larger portions of a muscle not neces
sanly contract together For mstance, the pectoralis major muscle on
the chest (thorax) 1s so arranged that some of 1ts fibers wll aid n eleva
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Figure 13 Motor and sensory (propnoceptive) merve endings mn voluntary
muscle @ Motor ending 1n which the nerve fiber or axon loses its fatty sheath and
penetrates the outer wall of the muscle fiber to end 1n a special part of the fiber b
Sensory endmg in which a nerve fiber penetrates a special connective tissue sheath
surroundmng several small muscle fibers and winds intricately around these fibers

adulthood, and the acqusition of greater skill 1n movements, are pr1
manly dependent upon the proprioceptive sensory fibers, and we con
stantly depend upon them for gmdance Thus these fibers from mus
cles, tendons and jomnts are of very great importance for the proper
functioming of the muscles
The proprioceptive sensory fibers in a muscle end in complex spirals
about small specialized groups of muscle fibers to form a muscle spindle
(fig 13b), or they form sumlar complicated twistings about tendon
fibers The motor fibers to the muscles all end upon (or really within)
muscle fibers, as the tendons are not capable of contraction, the special
1zed ending of the nerve fiber within a modified portion of the muscle
fiber 15 called a motor end plate (fig 13a) If one counts the number of
motor fibers entering a muscle, and caleulates the approximate number
of muscle fibers within that muscle, 1t will be found that a great dis
parity betsveen the two numbers exists The figure usually given 1s that
the muscle fibers outnumber the entering motor nerve fibers by about
100 to 1—that 15 to say, there are about 100 muscle fibers for every
motor fiber m the nerve or nerves entering the muscle Since, normally,
every muscle fiber within a muscle 1s capable of contraction and since
no voluntary muscle fiber can contract unless 1t 1s supphed with a func
tional nerve ending, this means that each nerve fiber after 1t enters the
muscle must branch repeatedly While the ratio between muscle fibers
and nerve fibers varies considerably from one muscle to another, in the
example given an average nerve fiber must give off about 100 branches
or sub branches 1 order to supply 1ts quota of muscle fibers, each of
these terrmnal branches then ending upon a single muscle fiber
There 1s a so called law of physiwology, termed the all or none law

which states 1 relation to muscle that, 1f a given muscle fiber contracts,
st contracts wath all the force of which 1t 1s capable at that particular
moment—that 15, a stmulated muscle fiber contracts with all 1ts strength
or does not contract at all While the all or none law 1s a statement of
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Tew movements are wholly dependent upon single muscles, nor
mally, several muscles or parts of muscles are capable of carrying out
the s1me movement, and therefore cooperate 1n the movement Lven
the contraction of all those muscles or parts of muscles that carry out
the desired movement would not result 1n a useful movement without
the assistance of other muccles The simplest movement 15 apt to re
quire the coordnated contriction—coordinated both an time and in
strength of contraction—of a number of muscles or muscle groups, and
1t1s the function of the nerious sy stem to brng about this coordination

In analyzing the role of the ¥ mous muscles that cooperate i a given
movement 1t 1s comvenient to divade them mto functional groups which
we designate as prime movers, synergists, fisators or stabihzers, and
antagomists Prime movers, or protagomsts, are those muscles or parts
of muscles that directly carry out the particular movement wath sshich
we happen to be concerned at the moment When we speak of the actions
of a muscle, we are generally definung its effects as a prime mover The
same muscle may, 1n a different movement, act as a synergist or as an
antagomst, however, muscles perform work only 1n one way, by short
ening or attempting to shorten, and therefore always pull Therefore
m any given positrion of a jomnt the action of a muscle passing across
that jomt 1s relatively constant, and we can thus define the actions of
the muscle 1n terms of 1ts action as a prime mover

Synergists (“worlang together’) are muscles that contract at the
same hme as the prime mover, 1 order to facilitate or potentiate the
effect of the prime mover The term 1s therefore a loose one, and n the
broad sense can include the second of any two muscles that regularly
contract simultancously, regardless of the function of the second mus
cle Itis therefore sometimes used to describe the second of two mus
cles that carry out the same acion Flowever, a better example of syner-
gistic action 1s seen 1 the movements of the fingers A clenclung of the
fingers should produce a bendmg of the wrist sunce the tendons to the
fingers cross the front of the wrist, yet 1f the wrist 1s bent the fingers
cannot be tightly clenched because of the too short range of contrachion
of the finger flexors Hence, n clenching the fingers, muscles that cross
the back of the wrnst contract synergistically to bend the wnst a httle
dorsally and thus make the muscles moving the fingers more effective
In the same way, straightering the fingers completely 15 possible only
1f the wrist 1s kept from bending backward (dorsifleaing), hence, as
the fingers are straightened certan muscles on the front of the wrust
contract synergistically to keep the wnist from dorsiflexing Simlarly,

some muscles about the shoulder regularly contract synergishically with

;1}?18&‘ musl;:]esil not to move the shoulder but to prevent displacement at
e jomt by the actions of th

therefore ayﬁxa‘lor muscle © prime movers. One type of synergist 1

In the same way, an antagomst may be a synergistic muscle Antag-
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nion of the arm whale others aid m depressing the rased arm Obwi
ously, if both upper and lower fibers necessarsly acted together they
would tend to cancel each other out, they are used together m some
movements and this use of the muscle as a whole results sunply in pull
ing the arm toward the side or across the front of the chest Hownever,
erther some of the upper fibers or some of the lower fibers may be used
alone, if you desire to raxse your arm forward, you use such muscles or
parts of muscles as will accomphsh this acton, meluding also the upper
part of the pectoralis major but not the Jower part If, after ravang the
axm forward, you wish to pull 1t back toward the saide you may then
use all muscles or parts of muscles that will carry out this action, m
cluding the lower fibers of the pectoralis major Ths selection of the
proper portion of a muscle to carry out a given achon 1s cbviously
brought about by selective activauon of these nerve fibers gomg to that
part of the muscle

The apparent reverse of muscular contraction or shorterung, namely,
muscle lengthening, 15 also normally under the control of the nervous
systemn Muscles possess a certam amount of elastioity or extenstbility
even in the relaxed state, but the ability to relax slowly from a more
contracted to a less contracted state greatly mncreases the scope of this
elasticaty This controlled relatation known as the lengthenmg reaction
or as an eccentnc contraction, 3s due to a gradual dimynution i the
number of motor vnts activated w1 opposthion to a gaven force

THE INTEGRATION OF MUSCULAR ACTION

The dispatchng of smpulses along only those nerve fibers that end m
parts of muscles useful m carrymng out a desired movement 15 an auto
matic one, taken care of by cellular arrangements within the bramn
Most of us cannot at will contract a part of a muscle except by carrymg
out a movement svinch we have learned by experience mvolves con
raction of the desired portion Obviously, then, ths selection hies largely
below the conscwous Jevel, we produce a grven movement not by de-
ciding what muscles we should wse (of that were necessary we would
all have to be very expert anatomists before we could learn to move at
allt) but rather by the sumple expedient of decxding that we want
grven movement Learmng s involved here, for we all know that we
have had 1o learn movements, but the important pomnt 1s that the motor
centers, and especially the yoluntary movement center 1w the cerchral
cortex (p 346), are orgamzed not anatomucally, on the basts of mus
¢les, but rather physiclogically, on the bans of movements Arbfical
stumulation of the motor cerebral cortex regularly produces mtegrated
movements, and only 1m rare cases 1solated contraction of an mdividugl
mauscle Sumlarly, 3t 15 movements we learn, consaiously and subcon
sewonsly, and integrated motements that we get when we volshonally
strmulate our own motor centers
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production of energy, water, and carbon dioade  An intermedinry
phace m thus process of oxidation 1s the production of Jactic acid In
periods of stress when the oxygen avnlable 1o the muscle 1 not suffi
cient to produce complete utthzation of the glucose, this lactic acid my
accumulite m the muscle The accumulation of metabolites 1 muscle
15 thought 10 be a cause of soreness of muscles after unwonted exercise
Both massage and heat increase the arculation wathin the muscle and
therefore a1d mn the destruction or the carrying away of the metabolites
and the consequent relief from <oreness

Production of heat during muscular contraction 1s obvious, and needs
Iittle comment YWe are all aware that excrcise warms the body, and
may Jead 1o such mcreased heat production as to bring forth efforts
upon the part of the body to dissipate this heat more quickly, by the
production and eyaporation of sweat and the dilation of the blood ves
sels 1n the shin Similarly, when we become too clully we call upon our
voluntary muscles to produce more heat, and shivenng 1s the response
of the muscles to this demand

Muscles must contract in order to mamtan their viabihty Thus mus
cles Lept almost mactine by a plaster cast over a long period of time
decrease 1n size and strength (atrophy), and permanent paralysis of
muscles as a result of Joss of thewr nerve supply leads in the course of a
few jears to total disappearance of muscle fibers and their replacement
by connective tissue

THE NEUROMUSCULAR ENDING

Discussion of functional aspects of muscular contraction would be
mcomplete without some reference to the neuromuscular endings or
motor end plates Anatomucally, the neuromuscular end plate repre
sents the pomt of continuty between two different tissues, nerve fibers
and muscle fibers Phy swologrcally, 1t also represents a pomnt of transi-
tion, at wiich the nerve mmpulse 1s transmitted to the muscle fiber, and
from which 1t spreads through the fiber as a wave of contraction The
neuromuscular ending presents special physiological features that are
found neither mn the nerve fiber nor in the muscle fiber, 1t 15 essentially
sumlar in many of its properties to the synapse, or junction between
different nerve cells The neuromuscular ending tires more quickly
than does exther the nerve fiber or the muscle fiber Contmuous stimu-
lation of a nerve to a muscle results at first m a tetame {constantly
mamtaned) contraction of the muscle, as the nerve impulses reach the
wmdividual muscle fibers so fast that none of the fibers relax If suck
sumulation 15 long continued, however, the muscle begins to relax mn
spite of 1t, and eventually becomes completely relaxed because of fa
figue at the neuromuscular ending In the intact mdividna) fahgue of
the neuromuscular ending prevents further contraction of ’the muscle
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omists are muscles that have actions more or less directly opposed to the
actions of the prime movers It 15 1n this sense only that we are justified
m calling them antagomsts, for in the normal mdividual they do not
fight agamst the prime movers but rather cooperate with them—the
general definition of a synergist Smoothness of movement usually de
pends not only upon the proper degree of contraction of the prime mov

ers, but also upon the proper contraction and relaxation of the antago

msts Prime movers act best against resistance, 1f the resistance 1s fur
mished by, for instance, a heavy weight, the mtagonists have no partic

ular function 1 the movement and therefore relax rather completely

If on the other hand the resistance 1s shght, the antagomsts, through
thewr contraction and thexr coordmated relaxation or lengthemng as the
movement goes on, add the required amount of resistance to make the
movement smooth In certain cases, 1t 1s actually the antagomsts that
carry out the movement, working agamst gravaty When we bend over,
for 1nstance, the pull of gravity on the body 1s such that we do not need
to use our trunk flexors, rather the extensors of the back slowly lengthen
to assure the smoothness of the movement Thus the prime movers may
not work at all, gravity bemg substituted for them, and the antagomsts
may do all the work 1n a given movement. This ability of antagonists
to lengthen as well as to shorten 1s also of importance m some move

ments wherein they do no work, but rather act as chech higaments that
mnterfere with the action of the prime movers—as, for nstance, the mus

cles m the bach of the thigh interfere with a high kick The contortions
of a skilled acrobat depend fully as much upon his having learned to
relax, and thus lengthen, the antagomusts to a movement, as they do
upon traming of the prime movers

CONTRACTION OF THE MUSCLE FIBER

The physicochemical changes that occur 1n a muscle fiber during con
traction are not well understood We know, however, that the muscle
dernves its energy from an oxidation process, and that some of this
energy 1s used m the work of the muscle, while some of 1t 1s liberated
m the form of heat In 1ts oxadation muscle apparently makes use of
carbohy drates alone, these are brought to the muscle 1n the form of
glucose a simple sugar, and may be stored 1n the muscle fibers 1 the
form of glycogen Glycogen 15 reconverted to glucose when 1t 15 needed
to furmsh the energy for muscular contrachon and additional glucose
may be brought to the muscle through the bload stream In addition ta
voluntary muscle, the Iner serves as a great storage place for glycogen
and can release this mto the blood stream 1n the form of glucose, as 1t
15 needed

In 1ts use of glucose the muscle combmes this carbohydrate with the
oxygen also made available through the blood stream wath the eventual
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production of energy, witer, and carbon dioude An ntermediry
phase m tlus process of owidation 15 the production of lactic acd In
penods of stress when the oxygen avatlable to the muscle 1s not suffi
aent to produce complete utihzation of the glucose, this lactic acid may
accumulnte 1 the muscle The accumulation of metabolites in muscle
15 thought to be a cause of <oreness of muscles after unwonted exercise
Both massage md heat mcrease the circulation within the muscle and
therefore md 1 the destruction or the carrying anay of the metabolites
and the con<cquent relief from <oreness

Production of heit during muscular contractien 1s obvious, and needs
Iittle comment We are all aware that exeraise warms the body, and
may lead to such mcreased heat production as to bnng forth efforts
upon the part of the body to disapate this heat more quickly, by the
production and cvaporation of sweat and the dilation of the blood ves
<els 1n the shin Similarly when we become too clully we call upon our
voluntary muscles 1o produce more heat, and shnvenng 1s the response
of the muscles to this demand

Muscles must contract i order to mamtain tharr viability Thus mus
cles hept almost anactine by o plaster cast over a long peniod of time
decrease 1n size and strength (atrophy ), and permanent paralysis of
muscles 1s a result of loss of their nerve supply leads in the course of a
few years to tot) disappearance of muscle fibers and their replacement
by connective tissue

THE NEUROMUSCULAR ENDING

Discussion of functional aspects of muscular contraction would be
mncomplete without some reference to the neuromuscular endings or
motor end plates Anatomncally, the neuromuscular end plate repre
sents the pownt of contimnty between two different tissues, nerve fibers
and muscle fibers Physiologically, 1t also represents a pomnt of transi
tion, at which the nerve impulse 15 transmtted to the muscle fiber, and
from which 1t spreads through the fiber as a wave of contraction The
neuromuscular ending presents special phy siological features that are
found nether 1n the nerve fiber nor 1n the muscle fiber, 1t 15 essentially
sumlar 1 many of 1s properties to the synapse, or junction between
different nerve cells The neuromuscular ending tires more quchly
than does esther the nerve fiber or the muscle fiber Continuous stunu
lahon of a nerve 10 a muscle results at first m a tetanic (constantly
mamtamed) contraction of the muscle, as the nerve impulses reach the
mndividual muscle fibers so fast that none of the fibers relax If such
stimulation 1s long contimued, however, the muscle begins to relax n
ipxte of at, and eventually becomes completely relaxed because of fa
lxhgue at the neuromuscular ending In the mtact individual, fithgue of

© neuromuscular endmg prevents further contraction of the muscle
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untal recovery has taken place It can be shown, however, that the mus
cle fibers themselves are stll capable of contraction, as they can be
stmulated directly wath an electric current, and at 1s also known that
the nerve fibers will stll conduct under these conditions Complete
tiring of the muscle really involves, therefore, an ability of the nerve
mpulses to pass the neuromuscular junction

Under ordmary circumstances, fatigue at the motor end plate 15
mummuzed through a rotation of contrachon among the muscle fibers
that will carry out a given movement or mawmtan a certam posture
We know that 1f we exert all our strength 1 carrymg out a certam
movement we tire very quuckly, and the movement soon becomes weaker
and weaker, yet the same movement may be repeated for a much longer
time 1f less effort 1s 1nvolved If the desired strength of a movement re
quires only 5 per cent of the total number of muscle fibers capable of
carrymg out that movement, then we could obviously use any one
bundle of muscle fibers on an average of only once out of every twenty
contractions, thus allowing a considerable rest period before the same
fibers must be used agam

In addition to 1ts susceptibihty to fangue, the neuromuscular junchon
15 also susceptible to certam chemical agents Among the best known of
these 1s curare, long used by certan South American Indians as a por
son to paralyze game, and now of great chimical xmportance Curare has
the effect of blocking the neuromuscular jyunction, and therefore para
lyzing voluntary muscles In contrast to anesthetics, which affect pr1
manly the nervous system rather than the neuromuscular junction, the
carefully controlled chuucal use of curare produces relaxation of the vol
untary musculature vithout undue effect upon the nervous system.

EFFECTS OF TRAINING AND EXERCISE UPON MUSCLE

The supervision of therapeutic exercise plays an mportant part
the activities of the physical therapist and occupational therapist, and
the physical educator must supervise normal motions Such workers
should, therefore, have some clear 1dea of what can and what cannot be
accomphished through exercise In the first place, no amount of exercise
il sncrease the number of muscle fibers 1 a muscle Increase m size
and strength of a muscle 15 due to mncrease m the size (hypertrophy )
of the muscle fibers already present, and not to an mcrease m therr
pumber Since there 1s 2 maximal size and strength that muscle fiheys
can reach, the useful effects of exerase m ncreasing the strength of 5
muscle are hmted by this There 1s no way of restormg 10 normal 5
puscle 1n which many fibers have degenerated completely and heey
replaced by fibrous tissue All that can be done 1s 10 assure the most of
fective action of the remaimng muscle fibers, and to hope that ths may
prove adequate for normal use
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The trmning of muscle really involves trmmng the nervous system,
since the actinties of muscle are entirely dependent upon the nervous
system When the pnme mosers but not the antagonists of a movement
are weakened, the antagomsts then become relatively stronger Thus
trumng n the relxation of the antagomsts may ncrease the usefulness
of @ movement, through the lessened resistance offered by them Also,
since 1t 15 patterns of movement that we learn, re education 1n a move
ment may allow o new pattern of muscular contraction to be set up m
the central nervous system, so that the weakness of a given muscle or
muscle group 1s at least partially compensated for by the use of other
muscles, perhaps not habitually used 1n the weakened moyvement, but
having functions overlapping with those of the weakened group

An important factor m muscular imbalance 1s the fact that muscle
fibers tend to <o adjust their lengths (under the control of the nervous
system) that they are exactly long enough, but no longer than 1s neces
sary, to bring about the range of movement ordinanly required of them
In order to retain their original lengths, they need to be stretched and
made to contract over the total distance that they normally do Thus af
a part 35 so bent that the muscle or muscles crossing 1t need to contract
over half the distance that they ordinanly would have to, these muscles
contract enough to take up the slack The longer the part 1s kept in such
a position, the more “‘set” the muscle fibers become 1n this short, par-
tially contracted condition, and the more difficult 1t will be later to
stretch them back to their onginal lengths Such shorteming of muscle
fibers, wlich can become permanent, 1s Anown as neurogemic (because
controlled by the nervous system) contracture Neurogemic contracture
can occur whenever a part 1s splinted 1n a position marhedly different
from the position of rest—for mstance, when a finger 1s kept mn pro
nounced flexion 1n order to avoid all tension on a tendon that has been
cut and sutured If such a finger 1s to be restored to normal function so
that 1t can be extended agarm, 1t 1s important that a hittle gentle stretch-
ing of the muscle, adjusted to the ability of the tendon to wathstand the
stretch, be 1mtiated as soon as the healing process in the tendon has ad
vanced enough to permut 3t Massage and heat help the muscle to relax,
hence they should precede the passive stretching Neurogenic contrac
I core v ot s 1o revents . e mormay o) el
bemng no longer res:steg by th , lyzed e e pagomSts,

y the paralyzed muscles, gradually draw the
part 1n their own direction and adjust themselves to a new and short
f}’::i le:ngth as they do so By the tume the paralyzed muscles recover,

ntagonists may be well advanced mn a contracture that the recov
ered muscles cannot themselves overcome Thus a muscular 1mmbalance

mi:l:lﬁl}il:gtfor tot} long a time may become a permanent one
dloe degenerztl;e (t; . c:r;:;z:;ttu:;z,bﬁbronc contracture, occurs when mus
emg deprived of their blood supply or
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nerve supply) As the muscle fibers disappear they are replaced by mn
elastic fibrous connective tissue and as this grows older 1t shortens, pro
ducing, if 1t 1s not sufficiently resisted by normal muscles or braces, a
contracture that 15 reversible only by surgical removal of the fibrotic
tissue A paralysis, therefore, can result exther 1n a neurogemic con
tracture of opposing muscles or m a fibrotic one of the paralyzed
muscles

There 1s much evidence that certamn congental deformuties such as
clubfoot result from prenatal muscle unbalance, and the nonoperative
treatment of such a condition 1s gradually to stretch the shortened mus
cles until they wall allow the foot to assume a normal posture

Closely related to the problem of re education n cases of loss of mus
cular power 1s the possibility of substitute movements, sometimes known
as “trich” mov ts These depend prumarily upon taking advantage
of some mechamical disposttion of muscles and tendons at yonts so that
a movement that 1s othervase impossible can be carmed owt For m
stance n paralysis of the extensors of the wrist and fingers the wrst
can frequently be extended adequately by clenching the fingers tightly,
and some extension of the fingers can be obtamed by sharply flening
the wrist Both these movements of flexion mechamcally put tension on
the extensor tendons The ymportance of such substitute mos ements can
hardly be exaggerated, and the physical therapist must become famihar
snith many of these m order to ud the patient i overcomung handicaps

The Nervous System

The essentral elements of the nervous system are nerve cells and ther
processes, that 1s, cells that are especially differentiated for the conduc
fion of mapulses These ymportant cells have been briefly described m
the preceding chapter However, 1t 1s the arrangement of these cells,
angd therefore therr functional connections, that are of first unportance
m an understanding of the nervous system While an adequate discus
ston of erther the anatomy or the physiology of the nervous system s
far beyond the confines of this book certam fundamentals of the or
gamzation and functon of this system are necessary to an understand
g of the function of muscles and of the body as a whole and some of
these fundamentals will be pomted out here

Anatormacally, the nervous system 1s partially divisible mto two great
parts, the central nervaus system and the peripheral nervous system
The central nervous system 15> composed of the bram and spiral cord
the penpheral nervous systumn of the cramal and spmal nerves and of
the autonormc nervous system Such a division 3s useful for deseriptive
purpases, but st must be clearly understood that all parts of the nervous
system are dependent upan one another The penipheral nervous system
anses m part withm the central nervous system, and 1t both recenes
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mpulses from the central nersous system and sends impulses mnto this
system The central nervous system, on the other hand, 1s dependent
upon the peripheral nervous <y stem for all the nformation 1t recerves,
and 1t 15 only through the peripheral nervous system that 1t 1s able to
exert its effects Varous details of the distribution of the penipheral
nervous system will be found throughout this book Some features of
the gross anatomy of the spinal cord and brain are described 1 Section
111, The Back, and Section V, The Hend, Neck, and Trunk

Tor present purposes, only a few concepts need to be understood The
brun (cncephalon) 1s the enlarged upper end of the central nervous
system that 1s housed in the shull Its Inrgest parts (fig 142, p 346)
are the pured cerebral hemispheres and the unparred cercbellum (little
bran), 1n addition to thewr greater size, these parts daffer from the rest
of the central nervous system through having a thin layer of nerve cell
bodies or “gr1y matter’ on their surfaces (compare the following de
seripion of the structure of the spinal cord) This 1s hnown as cortex
(agaimn, as 1n bone, * bark ’ or outer layer) The spmal cord 15 continuous
above with the brun, 1t approximates a finger in 1ts diameter, and 1s 1
an average adult about 17 or 18 inches long It 1s protected by the spinal
(xertebral) column

THE SYNRPSE

The essential feature of the orgamzation of nerve cells 1s thewr func-
tional connection to cach other by their processes Unless they end pe
ripherally on muscle or glands, axons of nerve cells end 1n connection
with the dendnites or cell bodies of other nerve cells Through these con
nections the cells of the centrnl nervous system are arranged m nnu
merable interloching rings, and 1t 1s the function of neuro anatomy to
describe some of the more 1mportant of these rings, and to analyze their
sigmficance Such an analy sis 15 made possible only because certam of
these 1nterconnecting rings are used constantly n a fived and definite
pattern If there were no “choice” as to the routing of a nerve 1m
pulse, 1t might wander haphazardly from one ring to another, or spread
simultaneously 1n many directions so as to involve eventually the entire
nervous system m aumless and uncoordmated activity Once an ympulse
1s irhiated 1n a nenve cell, there 15 no choice as to the pathway within
that cell—the 1mpulse must follow out the axon and travel along all 1ts
branches When, however, the ampulse arrives at the terminations of the
axon, other conditions prevail There exists between one axon and the
next nerve cell a shght gap, rnute anatomically but very important
physiologically, that the nerve impulse must cross if 1t 15 to affect the
next nerve cell This tiny gap 1s known as the synapse, and 1t 1s due to
the character of the synapse that coordinated activity of the nervons
system 15 possible It 15 at the synapse that 1t 1s determined whether an
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mmpulse shall cross to the next nerve cell or be obliterated, and some
synapses are much more “resistant” to the passage of a nerve 1mpulse
than are others If resistance at the synapses 1s generally broken down,
as occurs 1n strychmne poisomng, then nerve impulses do spread through
the nervous system without rhyme or reasen, and totally uncoordnated
activaty results The response of the synapse to the timing and the num
ber of nerve impulses reaching 1t plays a decisive role m the activity of
the nervous system By making use of our knowledge of the ymportant
functional connections exasting among nerve cells, and under what con
ditions certamn synapses become usable, we are able to outhne some of
the more simple features of nervous activity, especially 1n relation to
sensation and to achvaty of voluntary muscles Knowledge of the path
ways and processes mvolved m more abstruse nervous activity, such as
learnimg, memory, abstract thought, and so forth, can hardly be said to
exast

STRUCTURE OF THE SPINAL CORD

The spinal cord, the lower and least complicated portion of the cen
tral nervous system, 1s connected to voluntary muscles, viscera, sk,
and other structures by the spmal nerves In cross section (fig 14) the
fresh spmal cord mav be seen to contamn a center of pinkish gray ma
tertal, shaped roughly hke a butterfly or a distorted letter “H” and
known as the gray matter, and a peripheral ghstening white area known
as the white matter Both gray and white matter extend throughout the
length of the spinal cord and are continued upward mto the bramm The
horns seen 1 cross sections of the cord are therefore actually parts of
continuous gray columns, and the words “horns” and “columns’ are
used somewhat nterchangeably i referring to the gray matter The
gray matter of the spinal cord consists primanly of nerve cell bodies,
and of course of the fibers leaving these cell bodies and of fibers enter
g the gray matter to end upon them

The posterior or dorsal projections of the gray matter on either side
are known as the posterior or dorsal horns, and are concerned especially
with recerving impulses corng n over the spinal nerves, and routing
such 1mpulses exther to other cells within the spmal cord or upward to
the braxn The anterior or ventral projections of the grav matter are the
anterior or ventral horns, and are concerned primanly with sending
wmpulses out the spinal nerves to the voluntary muscles Many of the
cells of this horn give mise to fibers that leave the spinal cord as the
ventral (anterior, motor) roots of the spinal nerves, to end ev entually
upon ‘oluntary muscles Associated wath the voluntary motor fibers
as they emerge to form the ventral roots of the nerves are motor fibers
controlhing the activity of smooth muscles and glands These are known
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as autonomic, sympathetic, or imvoluntary motor fibers, and arse from
cells placed lnterally 1n the posterior parts of the ventral horns

The white matter 15 composed of numerous nerve fibers that run up
or down the spnal cord for varying distances, run from the spinil
cord to the bram, or run from the brun mto the spinal cord As one
looks at a cross section of the spinal cord 1t 1s obvious that the cord 15
pactially divided into right and left halses by a postenior septum and an
Anterior fissure, and that the projecting anterior and postertor horns of
the gr1y matter tend n turn to divide the white matter of one side anto
three great bundles, or fumcuh-—a posterior, a lateral, and an anterior
Lach of these fumcul 1s i turn composed of several more or less defi
nite, but often overlnppmmg, smaller bundles of fibers These smaller
fiber bundles (fascicult) are also known as the tracts of the spinal cord
The tracts represent groupings of fibers of a similar function, and by
tedious processes of analysis we now hnow the locations and some of the
functions of most of those 1n the cord Therr anatomy and functional
mmplications are too comphicated to be entered mto here However, 1t
can be stated that the postersor fumculi consist prumanly of fibers hav
g to do with muscle and jont (hnesthetic) sensc and some fibers of
touch that are ascending toward the braun, where many of their im
pulses reach consciousness The lateral funiculr consist in part also of
ascending tracts, and espeaially of those carrying impulses from mus-
cles, tendons, and joints to the cercbellum, an important center for
muscular coordination In addition, howeser, most of the more 1mpor-
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tant descending or motor tracts dernved from the brain run 1n the latera]
fumecuh of the cord Included m the lateral funiculus 1s the very mmpor
tant corticospinal, or pyramudal, tract, ansmg i the motor area of the
cerebral cortex (fig 142, p 346) and bringing into the spinal cord 1m
pulses for voluntary contraction of the muscles of the body Associated
with this are other important motor bundles carrymg mmpulses from
the cerebellum and divers other centers of the bram concerned with the
coordination of this muscular action The ventral funiculi and the more
ventral parts of the lateral fumcul: contamn ascending sensory tracts
concerned with sensations of pamn and femperature and of touch, and
additional motor or descending tracts
With the exception of the fibers of the posterior fumculus (which as
cend on the same side of the cord that they enter, and cross to the oppo
site side at the lower end of the bramn}, both ascending and descending
tracts are “‘crossed” as they run mn the spmal cord That s, they are
conposed of fibers that, having crossed m the spmal cord are conduct
mg mapulses from the side of the body opposite to which they hie m
the cord or, having crossed in the bram, are conducting impulses to the
side of the body m which they le m the cord, but opposite to which
they arose n the bram In other words, most descending fibers cross to
the side opposite 1o thewr onigan before they run downward 1n the spimal
cord, while most ascending fibers cross in the spinal cord before they
run upward Generally speakimng, the nght side of the brain receives
npulses from the left side of the body, and, m turn, 1t controls the
movements of the left side of the body, while the left side of the bramn
simularly recewves information from, and controls, the night side of the
body The mmportant exception to this 1s the cerebellum the two sides of
which aid 1n controling movement (see below) primanly on thewr
own sides of the body
Sensory fibers entering the spinal cord anse from cell bodies that are
located on the dorsal roots of the spinal nerves, where they form swell
mgs (fig 14), the dorsal root ganghia The peripheral processes from
these ganghon cells end 1 connection wath many tissues m the body,
and are vanously concerned with impulses of touch, pressure, tempera
ture or pamn from the skn or from deeper structures, or with impulses
from other structures including muscles, joints and tendons As the
central processes of these nerve fibers enter the spml cord they sort
themselves ont mto functional bundles, fibers of lanesthetic (. propriocep-
tive) sense grouping together, fibers of pamn and temperature grouping
together, and so forth Also, each fiber branches as 1t comes mtg the
spwmal cord Some branches end 1n the gray matter of the spinal cord a1
the level at which the nerve fiber enters the spinal cord, while others
run upward or downward within the white matter of the cord for vary
g distances Through these branches of 1 single entering nerve fihe,
1t 15 possible for an incomng sensory impulse 1o travel in several g,
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rections wathin the spinal cord at one time, for a nerve impulse travehng
along a nerve fiber 1s propagated along all branches of that nerve fiber
Thus an mconung sensory mmpulse mny reach and affect a number of
colls at different levels within the spinal cord, and alco at the same time
be sent up stmultaneously toward both the cerebral hemispheres (con
scrousness) and the cerebellum (a subconscious center for muscle co
ordination) Most incoming nerve fibers end m connection wath cells in
the posterior horn of the spnal cord Many of these cells m turn send
thear fibers mto the white matter of the spinal cord, either on the same
side or more commonly across the midline to the opposite side, and as
these fibers turn upward and run toward the brain they are jomned by
fibers of stmilar function coming 1n from other spinal nerves Thus are
formed the ascending tracts of the spinal cord The descending tracts of
the spinal cord represent fibers coming mnto and descending mn the cord
from Ingher centers, and especially of course from centers influencing
voluntary movement
Those cells 1n the anterzor horn of the cord that send their fibers to
voluntary muscles recerve connections from all those descending tracts
of the cord that affect voluntary muscles Since these same motor nerve
cells also are mfluenced by mcoming sensory fibers of vanous types, 1t
should be plain that the motor cells supplymng voluntary muscles are
wfluenced by impulses from many different sources On the other hand,
these cells and their fibers constitute the sole connection between the
spinal cord and voluntary muscles It does not matter whether the mus
cle cell 1s to be affected by a nerve impulse oniginally denved from
stimulation of the shin, from stretching of a muscle or movement of a
joint, or from any of those numerous parts of the brain having to do
with the action of voluntary muscle——the large motor cell of the anterior
horn, with 1ts fiber {axon) ending upon the muscle, constitutes the only
pathway to this muscle Hence this cell and 1ts axon have been given
the name  final common path’ by Sherrington, a famous neurophy siol-
ogist For reasons which will be developed shortly, this cell 1s also
knawn as the lower motor neuron Destruction of the lower motor nen-
ron, the final common path, means that no impulses, whatever their
ongmnal sources, can reach the voluntary muscle Therefore, such de
struction leads to complete paralysis of the muscle concerned If the
paralysis of the muscle 1s due to a peripheral nerve njury, that 1s, to
damage to the axons of the lower motor neurons, the body will attempt
to reparr the nerve mjury However, the complete lack, of activaty in the
paralyzed muscle leads to atrophy and degeneration of the muscle fibers
(p 41), so, while the nerve repwr 1s being awaited, the physical thera
pist attempts to check the atrophy as much as possible by stimulating
the crrculation to the muscle, and perhaps stmulatimg the muscle fibers
to contraction through an electric current
It1s the cell body of the lower motor neuron that 1s especially affected
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m poliomyehins If all the lower motor neurons to a given muscle are
destroyed, that muscle wall always remam paralyzed, smce new nerve
cells cannot be formed to replace those destroyed On the other hand,
lower motor neurons may be so damaged that for a while they cease to
function, and the muscle 1s therefore paralyzed, yet the neurons may
later recover with consequent recovery of function on the part of the
muscle It 1s impossible to disinguish between paraly sis caused by total
destruction of the nerve cells supplying the muscle, and paraly sis caused
by their temporary myury Therefore, hope of recovery followig mus
cular paralysis should not be abmdoned untl 1t 1s obvious that the
nerve cells innervatmg the muscles have actually been destroyed The
amount of fibrotic contracture (p 43) occwrring m an untreated mus
cle will vary somewhat wath the extent of the paralysis

THE REFLEX ARC

The least complicated of the controls over the lower motor neuron 15
that of mcomng sensory fibers at the spmal level These fibers, therr
connections with the lower motor neuron, and this neuron 1tself can be
regarded as forming an anatomical and functional umt which s called
a “sumple spinal reflex arc” (fig 15) A particular charactenistic of a
reflex (a reflex being the activity resultng from the funchommng of a
reflex arc) s that the response following the apphcaton of a given
stimulus 1s stereotyped—that 15 to say, the nerve connections are <o
relatrvely simple that there 1s Iittle choice as to the routing of the nerve
impulse and therefore httle opportumty for deviation from one partic
ularly appropriate action It 1s upen reflex arcs of varymng complexty
that all our activittes are buwilt up The simple spinal reflexes therefore
constitute the basis of all musenlar actnty  even though mn normal hie
spinal reflexes are much affected modified and sometimes rendered al
most unrecogmzable by mmpulses from numerous other reflex arcs and
from yvohtional centers

A pure spinal reflex free from mhibiting or mciting nfluences from
higher centers, can be seen only when the spinal cord 15 cut mn two so as
to 1solate a lower portion of the cord An ammal or a man with the cord
sa cut 15 known as a “spinal” animal or man, 1n such an individual the
muscles supphed from this lower segment of the cord are paralyzed
wnasmuch as they can na longer respond to the efforts of the mdividual
to move them However, they are not paralyzed in the sense that they
cannot contract, for mndeed a great deal of activity s mamtaned n
them through the actisaty of the reflex arc If the muscles supplied from
an 1solated segment of the cord are palpated 1t will be found that thes
are relaxed even less than m the normal mdividual, the hmbs may be
mantamed 1n abnormal postures by this excessive contraction and mas
offer very great resistance to passive movement by the observer This 1s
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because vanous sencory impulses ansing both from the skin and from
the muscles, tendons, and joints are heng constantly poured into the
spinal cord where they act upon the lower motor neuron This lower
motor neuron, bemg now freed of all umpulses from centers in the
bram, responds miore actnvely than normal to the mcoming 1mpulses at
1ts own Jevel 11 all sensory smpulses coming into the cord are abolished,
the actinty of the muscles then ceases If, on the other hand, sensory
impulses are increaced by stimulation, then the activity of a certain
muscle or muscle group 15 hihewise mcreased and may produce a defi
nite movement or reflex action In phy siological terms, a simple spinal
reflex 1nvols es stimulation of a receptor, transmission, of the nerve im
pulses thus set up, along the sensory fibers of the spinal nerve to the
cord, and relay of these impulses to the motor neuron with subsequent
transmussion to an effector organ

A sumple type of spinal reflex may be chated i a “spinal” ammal
by pricking the shin of the foot Regardless of how many times this 1s
done, if proper attention 1s paid to the conditions of the experiment the
result will always be the same the animal will withdraw Ins foat as 1f
to escape from the source of the pain—an obviously useful movement
Another stmple spinal reflex 1s the muscle stretch reflex, of a muscle 1s
stretched, nerve endings within that muscle are stimulated, and tius
stimulation, being transmtted to the central nervous system, brings
about the activaty of the lower motor neuron and contraction of the mus
cle A very famihar example of this stretch reflex ss the patellar or knee
jerk, m wihich the tendon below the knee cap 1s lut smartly and the blow
results in a contraction of the extensor muscle of the knee, therefore n a
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sudden kack Whle thus reflex, as ehicited, may seem purposeless, 1t 1s
actually the basis of the support of the body weight—stretching of the
large muscle on the front of the thigh usually means that the knee 1s
being bent, and therefore giving beneath 1ts Joad Further contraction of
the extensor of the knee 15 a logical response to control this movement,
to prevent tumbling to the ground All spinal reflexes are not so simple
as those just mentioned For mstance, 1f the foot of a “spmal” dog 1s
pricked with a pmn he will withdraw that foot (n spite of the fact that
he feels nothing, because the pamn wnpulse cannot reach the bram), and
this 15 a simple spinal withdrawal reflex At the same time, however,
that he withdraws the pricked foot the extensor muscles of the other
hmbs will mcrease therr contraction m order to support the shaft m
weight of the body Spinal reflexes, therefore, whether simple or com
plicated, are coordinated reactions that seem to be carefully planned
to bring about an appropriate response to a given stmulus They differ
from more complicated reactions m the nervous system through thewr
relative sumphaty and the mewitability of their results An intact dog,
when pricked upon the foot, will most certainly hft that foot, but may also
turn to hite the mdividual or attempt to run away-—therefore, he can
choose among several courses of action The “spmal” dog, on the other
hand, will sumply continue to hft the pricked paw, making no effort
ether to bite the ndividual or to run away In fact, such a dog does not
Lnow Ius foot 15 bemng injured or that he 1s ifting 1t, since section of the
cord prevents sensory impulses of any type from reaching the bramn
As evidenced by the above examples, some of the more 1mportant
spmal reflexes involving voluntary muscle are concerned with the pro
tection of the body from harmful mfluences or with the mamtenance
of posture Since harmful saumul usually result mn pam, reflexes 1t
ated by pamn are of common occurrence Thus we * double up with an
abdomunal pamn because this pan causes mcreased tension i the ab
dominal muscles, whach coniract 1n order to protect the abdommal con
tents from outside pressure The contraction of the muscles 1n 1ts turn
ncreases mtra abdominal pressure, and this 1s relieved by fleing the
trunk and thus approxumating the origins and msertions of the muscles
concerned The physician, i exarmning the abdomen, notes the occur
rence and the location of muscle spasm as one clue to localization of the
ongmn of the pamn In a simlar fashion, meningitis, or inflammation of
the covermgs of the bran and spinal cord, may result in the head and
back bemng arched backward by the contraction of the back muscles
Thas posture somewhat reheves the tension of the coverings over the
comvexaty of the bramn Another example of the protective reflex action
of muscle 15 found 1 the fivation of a panful jomt, all the muscles
qbout such a jont may go mto spasm so as to prevent that jomnt from
bemng further moved

Since flexion representing a withdrawal mosement, 15 a basic reflex
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response 1o pun, the flexor muscles frequently contract more than do
the cxtencors 1bout 4 punful jont, thus mamtamnmg the jomt m flexion
m spate of the fact that the extensors (usually the antigravity muscles)
are typreally the stronger Thus n the very punful rheumatoid arthra
tis, for mstance, the imb 1s charactenistically muntained n flexion
spasm

HICHER MOTOR CENTERS AND PATHWAYS

The activity of the lower motor neuron, which 1s then reflected 1n the
activty of voluntary muscle, 1s therefore 1 part mamtaned by spinal
refleves In the mtact individual, howeser, the lower motor neuron 1s
also under the control of many fiber tracts descending from higher cen
ters, espeainlly those mn various parts of the brain, and the final action
of the lower motor neuron 1s a summation of all of the varous excita
tary and tubitory mmpul<es rerchungat The physician examines spinal
refleves because he hnows that these can be affected not only by damage
to the components of the spinal reflex arc but also by damage to vanous
lugher centers or pathways Indications of a change from normal 1n a
reflex may give important information concerming the functional ac-
tinities of these Ingher centers or theiwr descending tracts

One of the most ymportant of the fiber tracts ending 1 connection
with lower motor neurons 1s the corticospinal or pyrarmdal tract This
tract arises from parts of the cerebral hemispheres having to do with
mtiation of voluntary mosement, and 1s especially responsible for 1m
tiating voluntary movements 1 the strinted muscles The neurons of
this tract, with ther cell bodies mn the cerebral cortex, have long been
known as upper motor neurons, 1n contrast to the lower motor neurons
in the anterior horns of the spmal cord It was once thought that these
neurons were solely responsible for mmtiating voluntary movement It
1s now known, however, that other neurons, closely associated with the
pyramdal tract n both the brain and the spinal cord, also aid 1n this
They control, for instance, movement of the lunb as a whale, while the
pyranudal tract controls such movements as those of the thumb and
forefinger Nevertheless, since both systems are usually affected simul
taneously, myunes to the neurons of the pyramadal tract typically resnlt
m paralysis of voluntary movement, as i the farmliar “stroke” 1 which
awhole side of the body 1s paralyzed The same myury that prevents ym
pulses for voluntary movement from reachmg the lower motor neurons
also cuts off a varable number of other mpulses, especially inhibitory

ones, 50 that the lower motor neuron 1s sumultaneously deprived of its
fll;;’h:l};ntu ;ar:y out volﬁmtary movements and yet excited more than
e e}; 130 m:r;(::; :: ]tsz):oa::i convergmg on 1t Thus the activaty of

reased that a general contraction of the

affected muscles ensues Upper motor neuron paralysis, therefore, 1s
s
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typically a “spastic’ paralysis, in which the muscles cannot be used
voluntarily and at the same tume their contraction and their resistance to
passive movement are mcreased marhedly above normal This tvpe of
paralysis 1s m sharp contrast to lower motor neuron paraly s1s, m which
again the muscles are not subject to voluntary influence, but are in add:
tion completely relaxed or flacaid, since destruction of the lower motor
neuron prevents any nerve impulses from reaching the muscle
Interference with other descending tracts that pass from the bram to
end upon the lower motor neurons hihewise may cause marked dis
turbances of the activity of voluntary muscles It 1s impossible here to
analyze the effects of all the descending pathways i terms of muscle
functions, but the results of dysfunction of two especially important
centers and their pathways should be briefly mentioned Located deeply
m the cerebral hermspheres are paired masses of gray matter known as
the corpus stratum That the corpus stnatum exerts an important effect
upon muscular movement 1s mndicated by the climeal signs associated
with mjury to 1t Thus, mn the absence of any damage to the upper
motor neuron, damage to the corpus striatum produces a certain amount
of paralysis of the voluntary muscles because all the muscles become
somewhat overcontracted or ngid and therefore hard to work, the an
tagonists will not relax properly Associated with this there may be
wregular contractions of opposmg groups of muscles, thus producing
trembling or shaking movements, and loss of such normal associated
movements as swinging the arms while wallang The difficulty of move
ment and the voluntary trembling occurring even when no mosve
ment 1s attempted have given rise to the name of paralysis agitans, one
of the climical entihes associated with stratal damage Varions other
abnormal movements maj also be due to stmatal damage Therefore 1t
seems plain that, i very sumple terms, the stratum 1s responsible for
facilitating the effect of the upper motor neuron on the lower motor
neuron, helping to protect the lower motor neuron from mterfermg
impulses and therefore helping i1t to carry on smooth moivements
through the voluntary muscles
Sumlarly, the cerebellum also 15 especially concerned wath facilitat
g voluntarv movement, bemng especially concerned with remnforcing
the action of the upper motor neurons upon the Jower and seemg to 1t
that umpulses are correctly distributed to the particular lower motor
neurons whose activity 1s needed 1 a certamn acion While the effects
of cerebellar mjury vary somewhat according to the location of the
1njury, the most common symptems are those of weakness and poor co
ordination 1n the voluntary muscles of the same side as the mjury The
muscles may be so weakened that they offer none of the normal re
sistance to movement, and rasing the affected himb by an observer
may much more resemble holding on to a stick suspended by a string
than raismg the arm of a living person Incoordinated contractions of
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Tecs wend ened mutele peanlt an uncontrollable tremors duning move
mente and the sueal nees and incoordimation fopether recult in slowness
of mmement and o dicalality 1o carry out any movements involving
precce snterplay amanp vannue muccles or muscle groups

While thrre ate many other centers and paths that directly or 1n
directly affect the actinaty of the lower motor neurons, the above ex
amples will have 1o wffice ac eadence of the complexaty of the control
by the contral nervone ey ddem of a ample voluntary mosement The cen
tral nermous sy etem s wonderfully orpamzed for the coordinntion of all
activsties of the body, of winch the control of soluntary muscle, which
we have juct braefly conudered 1< only a part Like any comphicated
and delicate machine, howvever 1t as subject to daimage and breakdown
and damage 1o any one part mav conaderably distort or even halt the
actinties of other paric

THC NCRVES

The nerves anang from the brun and spinal cord are essentially
cables or bundles of the avons of nerve cells, that connect the central
nervous sy <tem to the re<t of the body The voluntary motor fibers of a
nerie ance from cells located wathin the central nervous system (see
P 46) and eatend to the voluntary muscle, however remote that may
be from the centrnl nervous svestem (p 18) The sensory fibers of a
nenve have thar coll hodies located m gangha (collections of nerve cell
bodies outside the central nervous system) that are located very close
to the central nerous system (see also p 48), being protected by the
skull and vertebral column (backbone) which also protect the central
nervous system A sensory neuren in a ganghon has two processes that
anse together but soon separate one, usnally very long, runs periph-
erally 1n the nerve to reach shin, muscle, or other tissue with a sen
sory mnenation, the other enters the central nervous system and then
branches to end upon cells located here

The nerves s they attach to the central nervous system are divisible
mto two groups spinal nerves (sce 1lso p 224), which attach to the
spinal cord and are therefore associated with the vertebral column at
their attachments, and cramal nerves, which attach to the bram and
make their exits through the skull All the smaller nerves found 1n the
body are branches of either the spinal or the cramal nerves

There are 31 pawrs of spinal nerves, and although they differ much
m size they are all gymlar 1n composition Each spinal nerve 1s attached
:3}:2; Sllsil:eil?rd (fig 14) by a dorsal root (also c1lled postenor root)

Ty and a ventral root (also called anterior root) which 1s

:ihotor On the dorsal root there 1s a swelling, the dorsal root ganglion pro-
uwli by the accumulation of the cell bodses of the sensory ﬁbers’ The
ganghon lies on the dorsal root at the pomnt at whch the nerve 15 about
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typically a “spashc™ paralysss, m which the muscles cannot be used
voluntanly and at the same time their contraction and thewr resistance to
passive movement are mcreased markedly above normal This type of
paralyss 1s 1n sharp contrast to lower motor neuron paralysss, 1 which
agawn the muscles are not subject to voluntary mfluence, but are m add
tuon completely relaxed or flaccid, since destruction of the lower motor
neuron prevents any nerve impulses from reaching the muscle
Interference with other descending tracts that pass from the bram to
end upon the lower motor neurons hihewise may cause marked dis
turbances of the acinvity of voluntary muscles It 1s impossible here to
analyze the effects of all the descending pathways 1n terms of muscle
functions, but the results of dysfunction of two especrally important
centers and their pathway s should be briefly mentioned Located deeply
m the cerebral hemispheres are pawred masses of gray matter known as
the corpus strzatum That the corpus striatum exerts an important effect
upon muscular movement 1s mdicated by the climcal signs associated
with imury to 1t Thus, in the absence of any damage to the upper
motor newron, damage to the corpus stnatum produces a certam amount
of paralysis of the voluntary muscles because all the muscles become
somewhat overcontracted or ngid and therefore hard to work, the an
tagomsts will not relax properly Associated wath this there may be
wrregular contractions of opposing groups of muscles, thus producing
trembling or shaking movements, and loss of such normal associated
movements as swinging the arms while walking The difficulty of move
ment and the mvoluntary trembhng occurnng even when no move
ment s attempted have given rise to the name of paralysis agitans, one
of the chimcal entities associated with stratal damage Various other
abnormal movements may also be due to stnatal damage Therefore 1t
seems plam that, m very simple terms, the stratum 1s responsible for
faciitating the effect of the upper motor neuron on the lower motor
neuron helpmg to protect the lower motor neuron from mterfering
ympulses and therefore helpmg 1t to carry on smooth movements
through the voluntary muscles
Smmlarly, the cerebellum also 15 especally concerned with facihitat
mg voluntary movement, being especrally concerned with remforcmg
the action of the upper motor neurons upon the lower and seemng to 1t
that 1mpulses are correctly distributed to the particular lower motor
neurons whose activity 1s needed m a certam action Winle the effects
of cerebellar mjury vary somewhat according to the location of the
mjury, the most common symptoms are those of weakness and poor co
ordination n the voluntary mmscles of the same side as the myury The
muscles may be so weakened that they offer none of the normal re
sistance to movement, and rasing the affected hmb by an observer
may much more resemble holding on to a suck suspended by a string
than rawng the arm of a living person Incoordinated contractions of
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vertebrl column In identify ing the nerves a sort of shorthand 1s some
times uced  thus the tlard cervical nerve, for mstance, 15 C3 (also writ
ten C-3), the letter “C” standing for cervical, in the same way, T
through T12 (also wntten T-1, etc, and 1n older texts Thi or even
D1—D meamng dorsal or thoricc) 1dentifies thoracic nerves, L1
through L5, lJumbar, S1 through 85, sacral, and Co, the coccy geal

THE AUTONOMIC NERVOUS SYSTEM

The autonomic nervous system 1s that portion of the motor nervous
system that controls the activities of smooth muscle, cardiac muscle,
and certan glands It has, therefore, no direct effect upon voluntary
muscles, but ats actnities <o mnfluence the activities of the body as a
whole that brief mention must be made of 1t The autonomic nervous
system 15 clssified as a part of the peripheral nervous system because
a large part of 1t hies outside the central nerious system and ths 1s the
most obvious part However, there are important centers and pathways
within the braun and spmal cord that influence the activity of the
autonomuc system, and are therefore referred to as autonomic centers
and pathways Moreover, the autonomsc nervous system 1s ike the rest
of the peripheral nervous system 1n that 1ts activities are dependent
upon the activities of the central nervous system as a whole

The autonomic nerious system can 1n 1its peripheral portion be con
veniently divided 1nto two subsystems that differ from each other, 1n
part, both in their anatomy and their physiology These subsy stems are
the sympathetic and parasympathetic systems They are similar 1n that
they both control nvoluntary structures, and in that 1t takes 210 neurons
to transmmt 1mpulses to these mvoluntary structures from the central
nervous system—in sharp contrast to the single neuron that transmts
impulses from the central nervous sy stem to voluntary muscle

The first neuron of the autonomic system proper sends 1ts fiber out
side the central nervous system but has 1ts cell body located m the bramn
or spmal cord Its axon leaves the bram along with other fibers forming
certam of the cranial nerves, or leaves the spinal cord wath the volun
tary motor fibers m the ventral roots of the spinal nerves The cell
bodies and axons of the elements leaving the central nervous system are
known as preganglionic neurons Only a few cramal nerves contain
preganghonic fibers as they leave the bram, sinmlarly, preganghonic
fibers do not occur 1n the ventral roots of all spimal nerves Spinal pre
ganglonic fibers usually occur only 1n the ventral roots of the twelve
;}Illt(nlr::::i: f}:l,gdos 1:1;: 1.:11')pex(-i ;wo l}l]xmbar nerves, and m those of the sec
Rbers ocorn mrthr;; and fourth sacral nerves Thus the preganglionic

groups a cramal ouiflow 15 associated with the
cranal nerves and 1s separated from the thoracolumbar outflow by the
cervical nerves, m which there 1s no preganglionic outflow, the thoraco-
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to leave the shelter of the vertebral column Just distal to the ganglion,
as the nerve emerges from between the adjacent vertebrae (bones of
the vertebral column, p 201) the dorsal and ventral roots jomn and
therr fibers become mixed together In consequence of this mixing, al
most all the branches of a spinal nerve contain both sensory and motor
fibers While mmjury to or surgical section of the dorsal or ventral roots
separately will mjure only sensory or motor fibers, mjury to the spmal
nerves after their roots have jomed wall typically involve both types of
fibers

After the nuxed (sensory and motor) spmal nerve leaves the verte
bral column 1t divides 1to two branches, a dorsal (posterzor) branch
that turns backward to supply muscle and shin of the back, and a ven
tral (anterior) branch that runs laterally and forward (fig 86, p 222)
The ventral branches supply the muscles and shin of all parts of the
body except the back Except m the thoracic (chest) region, where they
run between the rbs and are separated by these, the ventral branches
run close together and exchange branches with each other, such an ex
change bemng known as a nerve plexus (for instance, fig 20, p 81)
The nerves leaving a plexus are never the same as the nerves entermg
1t Instead of contamning fibers of only one spinal nerve, as the spmal
nerves entering the plexus obviously do, the nerves leaving the plexus
contawn fibers from more than one spinal nerve

Because the nerves supplying the lunbs form plexuses, 1t 1s difficult
to determune the exact distribution of spinal nerves to the muscles and
skin of the limbs, 1t 1s the peripheral nerves, contamning fibers from
several spinal nerves, that can be traced by dissection It 15 necessary
for the climcian to distinguish sharply, however, between perspheral
nerve distribution and segmental (spinal) nerve distribution, and to be
farmhar with both The area of distribution of a spinal nerve to skin 1s
known as a dermatome, and there are charts available that show the
dermatomes of the body as they have been determuned by clumcal
means Larger textbooks also contam tables showmng the approximate
segmental mnervation of the voluntary muscles While there 1s dis
agreement on details, probably resulting both from mcomplete knowl
edge and from variations among persons, 1t 15 clear that most muscles
are mnervated through two or more spinal nerves, and that any one
spmal nerve to the lunbs helps to supply a large number of muscles

In speaking or wniting of the spinal nerves 1t 15 often necessary to
Qifferentiate among them, therefore they are all named and numbered
The exght that leave the vertebral column in the neck are called cervical
nerves, and are disingushed from each other by number—the first
cervical nerve 1s the hughest the exghth the lowest Simuilarly, there are
19 thoracic nerves, or nerves associated with the chest, five lumbar
nerves, leaving the mobile part of the vertebral column below the ribs,
and five sacral and one coccy geal nerve leaving the lowest part of the
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central nervous system and are therefore known as ganglia The auto
nomic fibers lewang the central nervous sy stem end 1n these gangha to
form synapses with therr cells, and the axons of these second neurons,
the postganghome neurons, then run farther to end upon involuntary
muscle or glands The gangha of the sympathetic nervous system form
pured trunks or chimms 1ying on the sides or front of the vertebral col
umn and extending for the whole length of the column In addition,
other sympathetic gnglia are located around the ongins of the great
vessels going to the abdominal viscern where, with the tangled fibers
entering and lening them, they form the cehiac or “solr” plevus (fig
159, p 38%) The gangln of the parasympathetic system are smnll and
are scattered, beng located ether on the wall of the orgn that they
mnen ate or at least rather close to 1t Lxcept for a few parasympathetic
gangha 1n the head, most of the parasympathetic ganglia are too small
to be seen during dissection
Postganghomc fibers from both the sympathetic and parasympathetic
gangha usually run wath other nerves or along blood vessels to the or-
gans that they innervate For instance, the postganglionic sympathetic
fibers to the imbs join the spnal nerves close to the spinal cord and
are thereafter distnbuted by these nerves along with other fibers to the
sarious parts of the hmb, while the postganghome sympathetic fibers
to the head and to the abdomnal viscern reach these parts by following
blood vessels Both sympathetic and parasympathetic fibers frequently
go to the same organ, so that many mvoluntary structures have a
double mnervation Generally spealing, when both systems mmnervate
an organ their effects upon this organ are opposing ones For instance,
the sympathetic innervation to the pupil of the eye dilates the pupil,
the parasympathetic mnervation to the pupil of the eye constricts the
pupil Not all organs, however, are supplied by both sets of fibers, the
smooth muscle of the blood vessels in the Iimbs, for mstance, 1s imner
vated only through sympathetic fibers It must not be thought, how
ever, that the two systems actively oppose each other 1n those organs
that have a double mnervation, rather they cooperate m very much the
fashion that prime movers and antagonsts of voluntary muscles do
The functions of the two parts of the autonomc nervous system can
be broadly compared as follows the sympathetic nervous system 1s
concerned with preparmg the body for emergency actions, and functions
especially in times of fright or anger, the parasympathetic nervous
system 15 concerned with mammtaming the everyday actmities of the
body and mmmzing some of the strains put upon 1ts parts Sympa
thetic stimulation 1n general stops the digestive functions and con
stricts the blood vessels to the digestive tract and to the shin, so that
mol;é blood can be available to go to the hmb muscles where 1t may be
;:esiieed It increases the cardiac output so that the blood circulates
T, and 1t dilates the air passages 1n the lungs so that the blood may
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lumbar outflow then forms a second group and 1s 1 turn separated
from the third or sacral outflow by the lower lumbar and one or mere
upper sacral nerves, which also have no pregangliomic outflow The
cramal and sacral outflows of the autonomic nervous system closely
resemble each other m their anatomy and physiology, and they and
therr further distibution are grouped together as the parasympathetic
nervous systemm The thoracolumbar outflow and 1ts distribution 15 called
the sympathehc nervous system Figure 16 illustrates the essential
structure of this latter system

Both sympathetic and parasympathetic nervous systems have asso
ciated with them collections of nerve cell bodies that he outside the
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Figure 16 The of a short t of the sy } trunk Pre
ganglome fibers (sold lmes) are seen emerging m the ventral roat of a spunal
nerve leaving the nerve to reach the sympathetic trunk and there having one of sev
eral courses they may synapse with the ganglion cells in the first ganghon they reach
they may run up or down the trunk to synapse 1 gangha above or below the level at
which they enter the trunk, or they may leave the trunk wathout synapsing to end in
ganglia of the celtac or a pl P 1 Gbors Gorokon 1100s) ariee
from cells of the trunk gangha and retumn to the spinal nerves to be distributed with
them, ar anse from the gangha of the celiac plexus, and so forth and are distnbuted
slang the blood vessels to the viscera
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tte Bad pres wre are Imered Imovirable chmges i the artenobos
(artetosclerors on hantemng of the artenes) that kowd 1o lo < of thae
ab lits to contract and relax cauce the bleod pres unc to e moamtuned
corstantly at levele higher that normal The deree of contruthion of
artenole- controle not onh the flow of blood m geneeal but abwo the
dictnbution of bload through anous parts of the body 1 the arteeales
of ome part of the body or one or w contraet mon than waanal thon tha
part will recenve Tess bload than normal and some other part wall then
recene more than normal

The artenoles open nte capittares timy veseele who o watls tonvst
onlv of endothehum the thin cellulae Timing fonnd throughount the on
tire vascular svstem Through these very thin walls exchange tween
matenals m the blood and matcnats i the flind outade the vasenim
svstem can tike plice and the capillaries are therd fore rsponstble for
supplving the tissue cells with therr requind food ovigen and hoy
mones and for removing from the fnd about these etk the tarbon
dioude and other metabolic products that shonld be (himenated  The
capillanies are m turn contmuous with the vans, winch jom togcthe
to form larger and larger ones and eventually retwn the blood to the
heart The vascular system therefore forms a closed cucut the blood
crculating from the heart through the arteries through the capallaaes
through the vemns and thus back to the heart

The lymphatic system forms an accessory dramage for the tissue
spaces In contrast to the blood vascular system, the lymphatic system
begmns 1n blind capillaries among the cells, these capittancs unne to
form larger vessels and eventually one major and several ot cludf
lymphatics, which empty their contents mto the blood strenm by way
of the great vemns in the base of the neck The largest of the lymph
channels 1s the thoracic duct, which recerves most of the Iymph from the
left side of the body, and from the nght side helow the dumphragn, and
empies at the left side of the nech Both lymphates and mony vems
are supplied with valves that allow the flow of fluid m one dircction,
toward the heart, but resist a bachward flow

Assoented with lymphatic vessels are structures known ns 1y mph
nodes or lymph glands These are, m general, bean shaped steuchucs
varyng in size from that of a pinhead to that of a hma bean, intcr poscd
along the pathways of the lymphatics Lymph passes through one ot
more of these lymph nodes as 1t 15 returned to the blood strcam | he
lymphatics frequently act as the pathway for mgration ol mfcctiony
an:ihcancsr, and the lymph nodes act ns filters along tho Jymphate
Z:m;;f:e:clg :}?ef:ts}x'hand},hom for a time such bacterin or cancer o ls
or for bad swallen 1 e I;l):;flmsn mr:ly Jook for red strcaks up the arm
of mfection, md the ymt%]lol oy oot or (st whirc us o Sign
cells or s . Pathologist may examune lymph nodcs for caneer

or other pathological processes that may mvolvce the nodes “1ho
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be fully aerated These things being done, the body 1s better prepared
to react to danger by either fleemg or fighting, as may seem wiser at
the moment On the other hand, the parasympathetic nervous system
promotes the orderly activity of the digestive tract, slows down the heart
and aids m emptying the rectum and bladder

Swice the autonomic system 15, by defimtion a motor system, the sen
sory fibers that accompany 1t to wisceral structures are not, strictly
speaking, a part of this system Although 1t 15 not unusual to hear
references to ‘ sympathetic sensory fibers,” such fibers are better called
“visceral sensory fibers , they are concerned especially with pamn and
with reflex activity mmtiated m the viscera In their anatomy they are
simlar to other sensory fibers, as theiwr cell bodies lie n the sensory
gangha (not 1 autonomic gangha), and theiwr processes extend to the
sensory endings However, m order to reach the viscera they travel
with autonomnc fibers gomng to the same location, therefore most auto
normic nerves and plexuses are really a mixture of autonormmc and sen
sory fibers

The Vascular System

The vascular system consists of the heart, blood vessels, and blood
formung organs with their contamed blood, and of the lymphatic ves
sels, Iymph nodes, and the lymph 1tself The anatomy of the heart 15
briefly described with the thoracic viscera (p 369), and the general
courses of many blood vessels are described in other parts of this text
Here we can consider only a few general aspects of this system

The heart 1s a muscular pump that propels the flud blood The tubes
along which the blood 15 pumped as 1t leaves the heart are known as
arteries Since the blood 1s thrown into the arteries under pressure, the
arteries must have strong walls to withstand this pressure The walls
of arteries are not only strong but also somewhat elastic, being com
posed especially of varying mrxtures of elastic tissue and smooth mus
cle As the artentes branch and become smaller they eventually gre
rse to very small branches that are known as arterioles The chief com
ponent of the arterolar wall 1s smooth muscle, and the contraction of
this smooth muscle under the control of the sympathetic nervous sys
tem determnes the ease with which the blood can pass through these
smaller vessels In simplest terms the blood pressure depends upon the
amount of blood pumped mnto the arterzes by the heart, and the size of
the vascular bed into which this blood can pass If the arterioles are con
stracted, the size of the vascular bed 1s decreased and blood flows more
slowly from the arteries so that on the next beat the heart wll have to
contract more foraibly mn order to force ts contaned blood mto the
arterial bed Therefore, if the arteroles are contracted the blood pres
sure rises, while if they are relaxed the peripheral resistance and hence
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The Digestive System

The digestine system mcludes the mouth, esophagus, stomach and
mtestines, with therr associated glands In addition to numerous small
glands emptyang mto the month there are three purs of large salivary
glands that alco pour mw thor secretions here These are the parotd
glnds, Joented behind the ascending parts of the lower jaw in front of
the ear, exch emptying through the nuddle of the cheek by a duct
opening at about the level of the second molar tooth, and the subman
dibular and subhingual glands which are located medial to the bony
Jower jaw and empty their secretions mto the floor of the mouth The
salivary secrctions md i1 moisterung the food and making 1t easier ta
swallow, and al<o contain enzymes that imtiate the digestion of starches
Of the<e glands, the parotd gland 1s probably most widely known
by the laity, as mNammaton of this gland 15 a Iiterally outstanding
symptom of mumps

The pharyny, like the mouth, 1s a passageway common to both air
and food It 15 a wide muscular tube wiich at its lower end separates
into the trachea, or air passage, and the esophagus, or gullet, which
continues to the stomach Tlns sepiration occurs at the level of the
Adam’s apple (larym\) The esophagus 1s a muscular tube smaller
than the pharyny, and typically collapsed except during the process
of swallowing It begins 1n the nech and traverses the lower part of the
neck, where 1t lies behind the windpipe, to run through the entire
length of the thorax, penetrate the diaphragm, and end an the stomach

The stomach 1s a dilated portion of the digestive tract (fig 157, p
380) mn wiich food 1s stored while the early stages of the digestive
process are going on From this organ food 1 passed through a con-
stricted regon known as the pylorus, into the first part of the small
intestine, the duodenum The duodenum, only about 10 mches (25
em ) long, forms a C-shaped loop, this portion of the tube has a diam
eter of from 144 0 2 inches (about 38 to 5 cm ) The duodenum passes
mto the next portion of the small intestne, the jejunum, with no
marked change imn structure The jejunum 1s usually described as con
sisting of the upper two fifths of the remaming small ntestine, while
the aleum forms the lower three fifths A lne of demarcation between
Jeyunum and dleumn does not exist, although gradual changes occur
the wall of the intestine as 1t 1s traced from its upper te 1ts lower por
ton In general, the lumen of the small mtestune decreases as 1t 1s
followed downward, its muscular wall becomes thinner, and shght
alterations occur m the structure of its anmer Immmg (mucosa) The
Jejunum and ileum are thrown mto numerous coils withm the abdom

mal cavity, and 1t 1s the couls of these organs that largely fill this cawity
Imnag:; lower right region of the abdomen the ntestine undergoes a
increase in size to become the large intestine, or colon, the
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surgeon likewice 15 extremely conscrous of the importance of the Ivmph
nodes, 1n removing a cancerous part he al<o removes m so far as
possible the Ivmph nodes to which the cancer 1s most apt to have spread,
hopmg that 1 so domg he will have removed all of the cancer cells
withm the body and thus cured the diceace by elummating 3t. If the
cancer has not yet spread beyond those nodes that can be removed, cure
should result.

The fhod blood. compoced of plasma 1 which are suspended red and
vhite cells 1s of course the sole means by which most of the tissues of
the body can obtan the elements they need for hife and through which
thev can dispose of harmful products of wetabolism. The red cells of the
blood transport oxygen, picking 1t up as they arculate through the cap-
sllaries of the lung and i turn giving 1t up as they crculste m the
capillanies of the body tissues 1 general. The white cells or leukocytes
serve primarilv to repel mvasions of the body by noxrous agents Whle
mo-t of the white cells are carried passrvely 1 the blood, they are hving
cells and are capable of movement. Moreover, they can leave the blood
stream by crawlng between the interlocking edges of the capillary
endothelial cells and thus congregate i any tissue where they are
needed. Large nurmbers =0 leave the blood stream m an area of mfec-
tion. and act to overcome thus mfection both by engulfing the bactera
concerned and by the production of chemucal substances that mierfere
with the growth or further hife of the bacteria. In any localized area of
severe infection. lenkocytes form a promunent element of the pus pro-
duced by the mfection.

The blood 15 normally protected from contact vith other tissues by
the endothehal walls that line the blood vessel If the blood vescels are
broken, however blood may obwiously <pread among the tiseue cells or
perhaps be lost to the bods throngh an opemng 1o the ovtside In erther
case, there 1s a tendency for the blood to check 1ts own flow by clotting
as 1t come- 1 contact v1th a strange environment. This clotting involves
certan chermcal reactions i the plasma and m the case of small
veseels results 1 the formation of a fibrous plug at the break 1 the vall
of the vessel The addition of heat hastens the chermcal reaction leading
to clotung On the other hand. heat dilates the smaller blood vescels
wwhereas cold will contract them. Thus there 15 room for argument as to
the efficacy of hot packs versus cold packs for the control of rmnor
hemosrhages

“There 1s normallt a constant mterchange between the fnd w the
blood capillartes, that 1 the tissue spaces (hiving cells have to be sur
rounded by find), and that m lymphate capillaries If there 1s obstruc-
tion to exther the venous or the Jvmphatic dramage of a part, flind 15
litely to accumulate 1 the tissues faster than st can be removed, lead
mg to swrelling of the tissues by the find (edema) Another cause of
local edema 1s mwfecion.
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The Digestive System

The digestne system mchudes the mouth, esophagus, stomach and
mtestines, with therr associated glands In addition to numerous small
glands emptyng mto the mouth there are three purs of large salivary
glands that also pour m ther secretions here These are the parotid
glands, located behund the ascending parts of the lower jaw in front of
the car, exch emptying through the middle of the chech by a duct
opening at 1bout the level of the second molar tooth, and the subman
dibular and sublingual glands winch are located medial to the bony
lower jaw and empty thewr secretions into the floor of the mouth The
salivary secretions md an moistening the food and making 1t easter to
swallow, and also contmn enzymes that initiate the digestion of starches
Of these glands, the parotid gland 1s probably most widely known
by the laity, as nflammation of thus gland 15 a literally outstanding
symptom of mumps

The pharyny, hike the mouth, 1s a passageway common to both arr
and food It 1s a wide muscular tube which at its lower end separates
mnto the trachea, or air passage, and the esophagus, or gullet, which
continues to the stomach This separation occurs at the level of the
Adam’s apple (Jarynx) The esophagus 1s a muscular tube smaller
than the pharymx, and typically collapsed except during the process
of swallowing It begins in the nech and traverses the lower part of the
neck, where 1t lies belind the windpipe, to run through the entire
length of the thorax, penetrate the diaphragm, and end in the stomach

The stomach 1s a dilated portion of the digestive tract (fig 157, p
380) 1n which food 15 stored while the early stages of the digestive
process are gomng on From this organ food 15 passed through a con
stricted region, known as the pylorus, mnto the first part of the small
mtestine, the duodenum The duodenum, only about 10 inches (25
cm ) Iong, forms a C shaped loop, this portion of the tube has a diam
eter of from 114 to 2 inches (about 38 to 5 cm ) The duodenum passes
mto the next portion of the small imntestne, the jejunum, with no
marked change m structure The jejunum 1s usually described as con
sisting of the upper two fifths of the remaming small intestine, while
the 1leum forms the lower three fifths A line of demarcation between
jejunum and ileum does not exst, although gradual changes occur m
the wall of the intestine as 1t 1s traced from its upper to 1ts lower por
tion In general, the lumen of the small mtestine decreases as 1t is
followed downward, its muscular wall becomes thmner, and shght
alterations occur 1n the structure of 1its inner liming (mucosa) The
Jejunium and ileum are thrown mnto numerous coils withm the abdom
mal canity, and 1t 15 the coils of these organs that largely fill ths cavity
Isrllldgle lower right region of the ahdomen the intestine undergoes a

en increase 1n size to become the large intestine, or colon, the
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appendix lies close to the beginnung of the large mntestme The large
ntestine runs upward, then across to the left, and then dovwnward to
end m the rectum, which m turn empties through the anus

As 1t 15 1n the digestive system that food 15 digested, or broken down
mto elements that can be absorbed, the digestive system 1s supphed
with abundant glands, the secretions of which bring about this chemical
process The mucous membrane or mner lmung of the stomach and
small intestine, particularls, contans numerous closely set glands that
empty therr secretions mto the lumen of the gut to be muixed vth the
food and aid the digestive process In addition, the hiver and pancreas,
two large digestive glands that have grown out from the duodenum,
empty their secretions mnto the portion of the digestive tract from which
they were derived Digestion and absorption of food go on mostly mn the
small mtestme and the mucosa of thus part of the digestive tract 1s
thrown mto numerous folds and also provaded veith mcredible numbers
of tny finger-hike projectng processes known as vally, the folds and vills
greatly increase the absorptive surface In the large intestine, hitle
besides water 15 usually absorbed and the liung 1s Jess complicated, no
villh occur here, there are no complicated folds, and the glands are
concerned primarily with the secretion of a lubricating mucus

Smce the food and feces must be moved along the digestive tract,
thus tract 15 provided with muscular walls which, through thew rhyth
muc waves of contraction (peristalsss) churn wp the semn hgqnd chyme
(food nuxed wth ntestinal secretions) and propel it. This muscular
wall consists of two layers of smooth ruscle, an mner Jayer that 1s ar
cularly disposed and an outer layer that runs longitudmally The
actistties of the digestive tract are largely under the control of the
autononuc nersous system although a certamn amount of automaticity
prevails, espectally on the part of the glands

The Resprraiory System

The resprratorsy system begins with the nose, where the air passages
are bilateral and provided wath projections {conchae) from ther walls
that bring the air mto close contact with the nasal mucosa by which 1t
1s warmed and hurmdified as 1t passes toward the lungs Swce nasal and
oral cavities unte to form the pharyna, the mouth can also be used for
resprrabion, and 15 of course so used when the nasal passages cannot
accommodate the desired air flow The soft palate intervenmg between
nose and pharvnx, 1s brought aganst the posterior wall of the pharynx
during the act of swallowing to prevent food or hiquds i the pharynx
from making thewr exat through the nose The pharynx 1s held opgn by
1ts attachments to the sheleton of the head and nech, and thus allsws a
free flow of air to the pomt of origin of the trachea or wmdpipe The
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trachen begins at the larynx and 1s supported by a series of C-shaped
cartilages that heep this part of the mir passage open In the upper part
of the thorny the trachea divides mto two Jarge bronchs, one for exch
lung, withm the lung the bronch: divide and subdivide to end finally 1n
uny, very thin walled air sacs, the alveolr The alveol are surrounded
by networks of blood capillanes, and their walls are so thin that
cvperts doubt that they are complete Whatever may be the fiml
accepted answer to this question, the asr m the alveolr 15 certainly 1n
close contact with the blood within the thin walled capllaries, and
mterchange between the gascous contents of blood and air tales plice
freely

Urogenital System

The urogenital sy stem consists of the hidneys, ureters, urinary bladder,
and urethr1, composing the urinary sy stem, and the sex glands or gonads
and their associrted reproductive organs The pared kadneys, through
whch the bloed 1s filtered free of certtin impunties that are dissolsed
water to form the urine, ie 1n the abdomen (fig 157, p 380) The urine
formed n the hidney s 1s transported by the penistaltic action of the ureters
to the unnary bladder (fig 158, p 382), where 1s accumulates The tube
leading from the bladder to the exterior 1s the urethra

The gonads, the ovaries mn the female and the testes in the male,
differ 1n their position, the ovaries being located wathin the pelvic por-
tion of the abdommnal cavity and the testes being suspended within the
scrotal sac The ovanes liberate their product, the egg, mto the abdom
mal cavity, from which 1t 1s normally picked up by a tube opeming into
this cavity close to the ovary, this is the uterine tube The two uterine
tubes umte to form an unpawred heavy walled organ, the uterus or
womb The uterus 1n turn opens to the exterior through the vagina
(fig 1585, p 382)

In the male, the spermatozoa or products of the testes are carned
away from each testis by a series of tiny ducts that open mnto a much
coled duct, the epididymis, which 1s m turn continuous with a
straighter, thicker walled ductus (vas) deferens The paired ducts enter
the abdormumal cavity through the lower anterzor abdommnal wall, where
therr presence leads to hilateral weak places 1n this wall through which
some of the intestine may protrude to form a herma (p 375) The vasa
deferentia empty mto the urethra, which 1s also, of course, the passage
way from the bladder Shortly before the vasa end each gives off a blind
sachke diverticulum called the sernal vesicle, these are glands that
add their secretion to the fluid surrounding the spermatozoa The pros
tate, another gland of the genital tract, almost completely surrounds
the urethra and pours 1ts secretion mto this part of the tract



66 The Organization of the Body

Ductless Glands

The ductless or endocrine glands are a scattered rather than a united
system such as those already discussed They lie in the head, the nech,
and the trunk and are dissumlar to each other in practically all details
of their anatomy and physiology except that unlike most glands they
have no ducts, and thewr secretions, hormones, are discharged mto the
blood stream, the latter accounts for therr characterisuically great
vasculanty

Hormones, chermcal agents that m very tiny quantities affect the
activity of cells and tissues, may be released by tissues that are not truly
endocrine m structure—as for mstance, the cellular hning of the duo

denum, the first part of the mtestine, releases mto the blood stream a
hormone that causes the gallbladder (p 379) to contract—but the ma
jority of hormones that have been identsfied are produced by the
endocrne glands The structures that are usually hsted as endocrine
glands are the hypophysis, the thyroid gland, the parathyroid glands,
the suprarenal glands, and certan parts of the pancreas and of the
ovanes and testes

The hypophysis (pitwtary gland) 1s located at the base of the skull
immediately below the brain, to a part of which 1t 15 attached (fig 142,
P 346) Tts actually two different glands, although they are closely
bound together One part (posterior lobe) 1s primanly concerned with
regulating the amount of water excreted by the kndneys The other part
(anterior lobe) 1s sometimes spoken of as the “master gland,” for m
addition to producing a hormone necessary for growth (p 25) 1t pro-
duces hormones that largely govern the secretion of the other most
important endocrine glands the thyrowd, part of the suprarenals, and
the ovares and testes

The thyroid gland hies 1n the neck, largely on the sides of the trachea
(windpipe) but with its two large lateral parts connected across the
front of this (fig 148, p 358) Its hormone primanly governs the rate
of oadative processes m the body, and its achivity 15 measured by the
basal metabohism

The parathyroid glands typically four, are about the size of very
small peas and usually lie on the postertor surface of the thyrod gland
The fact that they gavern the level of calexum i the blood has already
been noted (p 15)

The paired suprarenal or adrenal glands get their names from the
fact that they he on the kndneys (renes) Each 1s really two glands An

mner part, the medulla ( marrow ), liberates mto the blood stream a
hormone called epinephrine or adrenaline that produces the same gen
eral effect that shmulation of the sympathetic nervous system does For
nstance, 3t increases the strength of the heart beat and at the same time
causes many arterioles to contract, so that 1t raises the blood pressure
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Epinephrine 1s releaced particularly when one 1s frightened or angry
The outer portion of the gland, the cortex (agun “bark™), apparently
hberates a number of complex substances, the best known of these 1s
cortisone particularly useful m treating certnn cripphing conditions of
joints

Most of the cells of the pancreas produce a digestive enzyme that
reaches the intestine through a duct, but scattered through the pan
creatic tissue are small groups of different cells, the pancreatic islots
(1slands of Langerhans), that arc endocrine glands They produce insu
Iin, which has to do pnmarily with the level of blood sugar (glucose)
and 1ts storage as glycogen An nsuflicient secretion of insulin produces
the common form of diabetes 1 which the high level of sugar in the
blood leads to 1ts appearance n the urine

In addition to the sex cells that they form, both the testis and ovary
also contn cell groups that release the sex hormones (hormones affect-
mg sexuil characteristics m1y also come from other places, as the
suprarenal cortex or the placenta) In general, these sex hormones, of
which there are a particularly large number in the female, govern
especially the growth and actinity of the other parts of the reproductive
system For mnstance the uterus of an immature antmal will not grow if
the ovaries are removed, and shifting balances of sex hormones are
responsible for the menstrual cycle, which therefore ceases when the
ovaries atrophy They are also responsible for the development of the
secondary sex characteristics such as the distribution of harr and the
development of the female breast
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General Survey of the

Upper Limb

The upper himb (the Latin 15 membrum superus, “superior mem
ber ') may be divided nto the shoulder region, the upper arm or bra
chium, the forearm or antebrachium, the wrist or carpus, and the hand
(manus) The hand ends 1n digits, a neutral name that applies equally
well to the thumb (pollex) or to the fingers, and also to the toes As the
upper hmb of man has been freed from weight bearing function 1t has
been possible to sacrifice the greater stability necessary for this purpose
and thus gain the mobility that has added so much to the development
of man This mobility 1s especially marked in the hand nd digts, but
to a lesser degree extends throughout the whole limb

The skeleton of the upper limb (fig 17) 1s divided 1nto the girdle
(cingulum) and the skeleton of the free hmb The girdle, also called
shoulder grdle, or pectoral girdle becanse 1t hies mn the remon of the
chest (pectoral means both breast and chest), consists of the clavicle or
collar bone, and the scapula or shoulder blade The scapula 1s largely
attached to the body by muscles, the clavicle 1s attached at one end to
the sternum (breastbone), at the other to the scapula (fig 21, p 83)
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Figure 17 ‘The skeleton of the right upper lunb

The clavicle serves the purpose of a strut to heep the upper himb away
from the body wall It 1s provided with movable jounts at both 1ts sternal
and scapular ends, becanse of these jomnts 1t hrmits movement of the
shoulder much less than mght be supposed at first sight

The scapula has upon it a shallow oval fossa that recerves the upper
rounded end or head of the humerus, the smgle bone of the upper arm



General Survey of the Upper Limb 73

The shoulder joint 15 thus a shallow ball mnd socket jont relatively
freely movable m most direcions The forearm contamns two bones the
radins on the thumb side and the ulna on the hittle finger side The ulna
1s so articulated with the lower end of the humerus as to allow only
movements of fleton and exlension between the two hones, the radius
particpates m flevion and extension, of course, but also can rotate
upon 1ts long aws, thus allowmg the palm of the hand to he turned
downward and upward (pronation and supimation) when the forearm
15 horizontal

While the ulna forms the chief articulation at the clbow, the distal
expanded end of the radius 1s the chuef forearm element entering mto
the wrist jont At the wrist there are two rows of small bones, carpals
1 total of esght in all Movements of flexion, extension, and so forth, go
on here, mded by movements between the carpals, and especially be
tween the proximal and distal rows of these elements The long bones
of the palm of the hand are the metacarpals For the most part they are
extremely limited 1 their movements, but as you can observe, the first
or thumb metacarpal 1s freely movable to allow opposition of the thumb
(touching 1t to the tips of the fingers or to the palm), the fifth meta
carpal 15 alse mare frecly movable than the middle three, this move
ment allowing a firmer grasp with the ulnar (hittle finger) side of the
hand The digats are composed of phalanges, the thumb has only two of
these, the other digits three The phalanges articulate with each other
by hinge joints

Some of the muscles of the upper himb lie for the most part on the
thorax (chest) in the pectoral (breast) region or on 1ts side and are
therefore from their positions muscles of the thorax, although they act
upon the hmb girdle and the free hmb Other muscles of the imb have
spread over the back to attun an origin from the vertebral column
(backbone), and are therefore, 1n posiion, muscles of the back although
they also act upon the girdle or the free hmb Other muscles of the
shoulder arise from the girdle and msert on the humerus, the uppermast
bone of the free limb, these are listed as muscles of the upper limb
proper These muscles as a whole move the scapula or move the arm
on the scapula

The muscles in the arm form fleshy masses on the anterior and pos
tertor surfaces of the humerus and act primanily across the elbow jomnt,
where they are flexors or extensors of this jomt, or, n addition, rotate
(supmate) the radius Some of these muscles arise from the girdle, how
ever, 1t must not be thought, therefore, that a muscle 1n the arm acts
only across the elbow jomnt, for several of them act lso at the shoulder
jomnt, and one of them acts only at this jomnt

The muscles 1 the forearm, divided conveniently into flexor (antero
medial) and extensor (posterolateral) muscle masses, nct primarily
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at the wnist or upon the digits, but some of them have an accessory or
therr chief action at the elbow

Many of the muscles connected with the fingers and thumb have
their bellies 1n the forearm, forming parts of the flexor and extensor
masses here, and therefore act upon both wrist jomt and digits These
longer muscles are continued mnto the hand by relatively narrow ten
dons (leaders) many of which can be easily felt or seen at the wrist
Other muscles of the digrts, situated mn the hand 1tself, act only upon
the digits In the hand these shorter muscles form two promunent
groups on the palmar surface, the thenar (thumb) and hypothenar
(hitle finger) groups, a third group les deeper mn the hand, mostly be
tween the metacarpals (hence ‘interosseous,” or between the bones)

The nerves of the upper limb are derived almost entirely from the
lower four cervical and the first thoracic spinal nerves At ther origins
these nerves are spread over a territory considerably wider than the
space avarlable for their entrance at the base of the arm, and for the
most part are at a higher level than the orign of the free hmb As they
run mto the arm they give branches to some of the shoulder muscles
and then pass between the clavicle and first rib to enter the axlla
(armpit) In so dong they converge and branch i a complex pattern
to form the brachial plexus (fig 20, p 81) Essentally, the nerves come
together 1 such a manner as to form three main cords arranged about
a large artery, from these cords branches are given off both to the
shoulder regron and to the free imb

There are four mam nerves contimuing down 1nto the free mb the
musculocutaneous, the median, the ulnar, and the radwal (fig 18) Of
these the musculocutaneous, derived from an anterior part of the brachial
plexus, supphes anterior muscles of the arm, the median and the ulnar,
also derrved from the antenor part of the plexus, supply anterior muscles
of the forearm and hand, and the radial nerve, the only posterior branch
that runs down the free limb, supplies the posterior muscles of the arm
and forearm (there are no true posterior muscles m the hand) These
nerves also help to supply skin of the imb Therr distributions are best
considered later but that of the musculocutaneous 1s shown diagramaty
cally m figure 44, page 118, that of the median mn figure 51, page 134,
that of the ulnar in figure 52, page 135, and that of the radial mn figure
53, page 136

The arterial stem for the upper limb 15 the subclavian artery, which
15 a large direct or almost direct branch from the aorta (p 370) close
to the heart While 1t 15 in the base of the neck the subclavian gives rise
to branches that help supply shoulder muscles, but 1t passes into the
free limb with no diminuhion 1n size As 1t crosses the first rib 1ts name
1s changed to axillary artery, which gives off branches (most of which

are not shown 1n figure 18) to muscles of the shoulder and to the wall
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of the chest, and then continues into the arm where 1ts name 1s changed
to bracinal artery Bronches of the bractual artery supply the arm, and
m the upper part of the forearm the brachual artery ends by dividing
wto radial and ulnar arteries These run down the front of the forearm,
so there 1s no large posierior artery, but the winar gives off a branch
that does run deeply on the posterior aspect Both ulnar and radial
artenes go munly to the palm of the hand

Subcutaneous bursae (bursa = a purse), or smooth hned connective
nissut pochets contammng flwd, are found in a few locations on the up
per hmb The more constant of these are the acromial subcutancous
bursa, over the acromuon (shoulder tip), the olecranal subcutaneous
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bursa, between olecranon process (back of the elbow) and skin, and
dorsally placed bursae lying over the knuckles or the proximal jonts of
the fingers These bursae have essentially the same functions as bursae
elsewhere 1n the body, 1n these particular cases they enable the shin
to shide freely over a projecting bony surface



.The Shoulder

General Considerations

The shoulder region in human anatomy 1ncludes m a broad sense
not only the rounded contour between the arm and the body, but also
the pectoral (breast) region, the region of the back around the shoulder
blade, and the axlla or armpit The shoulder muscles not only cover
the upper part of the chest but also have such extensive attachments to
the vertebral column that they almost completely cover the true backh
muscles Thus an nspection of the shoulder must necessarly include
much of the trunk, and an upper part of the arm

The muscles of the shoulder attach not only to the sheleton of the
shoulder, the clavicle and the scapula, which will be studied 1n more
detail later (p 82), but also to the sheleton of the anterior thoracic
wall (fig 19) and to the vertebral column These parts should there-
fore be briefly mnspected The following account calls attention to those
parts that are visible and palpable, and are therefore useful for general
orientation

Perhaps the most farmbar Jandmarh of all 1s the clavicle or collar
bone (fig 21, p 83) at the base of the neck The midline depression
between the ends of the two clavicles and the promnent muscles of the
neck (sternocleidomastords) that attach here 1s the jugular fossa The
clavicle can be traced laterally to where 1t joins the bone formmng the

tip of the shoulder, which 1s the acromion of the triangular scapula or
shoulder blade (also fig 21, p 83)
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Sernal angle~~~

Frgure 19 The sheleton of the thorax

The sheleton of the chest or thorax 15 partly covered anterorly and
almost entirely covered posteriorly by shoulder muscles, of wiuch some
of the anterior ones form the antertor fold of the axilla, while some of
the postertor ones form the postertor fold However, many of the ribs
can be felt or seen both anteriorly and laterally, and wm the anterior
mudline the sternum or breastbone can easily be felt The uppermost
b that can be felt attaching to the stermum 15 the second rib, for the
first one 15 covered by the clavicle The pomt of attachment of the sec
ond nb to the sternum 15 regularly marked by the sternal angle, which
can be felt by runmung a finger lghtly dawn the upper portion of the
sternum The sternal angle also marks the yunction of the upper part
of the sternum, the manubrium, with the maimn portion, or body The
small third portion of the sternum  the «aphoid process, lies in the sharp
angle formed by the cartilages of some of the lower ribs of each side as
they ascend to attach to the sternum

On the back, the posterior tips or spinous procesces (fig 81 p 200)
of many of the vertebrae can be palpated or seen 1n the mdlme (fig
28, p 96), thewr prominence bemg increased by flesion (forward bend
ing) of the trank Most of the cervical vertebrae (cervix means neck)
lie so deeply buried i the muscles of the nech that they cannot be felt
distnctly, and usually the first distinct spious process 15 that of the
seventh cervical This usually forms a marked projection at the base of
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the neck, and the vertehra 1s cometimes known, therefore, as the verte
bra prommens Occasionally the <ixth vertebra may be ensily felt above
the <cventh, and cometnnes the spinous process of the first thoracic
vertebra 3s more prominent than that of the seventh cervical The spinous
processes of the thoracic vertebrae (twelve in number) are i general
long and pointed, and overlap exch other, those of the five lumbar
vertebrae are broad and blunt (see also fig 82, p 203) Below the
Jumbar <pmous procesees the sacrum can be palpated in the mudhine,
and Jaternlly the attachment of the lup bones to the sacrum can be felt
On the posterior aspect of the head there are also markings that are
of importance for the study of the imb muscles These are the occiptal
protuberance, which 1s the pronunent posterior projection of the skull
in the midhne, and the mnstod processes, the bony enlargements be
hind the ears
As already stated, the girdle of the upper imb consists of the clavicle
and scapula The scapuln 1s largely suspended by muscles, and 1s there
fore rather freely movable The lateral end of the clavicle 1s articulated
to the scapula and therefore moves wath 1t, while 1ts medial end, articu
lated to the sternum, moves on that bone The upper end of the hn
merus, the bone of the arm, articulates with the scapula to form the
shoulder joint
The muscles of the shoulder anse mn part from the avial sheleton
(nbs, sternum, svertebral column, and shull), and in part from the
grdle Those arsing from the girdle msert on the humerus and thus
act at the shoulder joint, some of those ansing from the axial sheleton
also attach to the humerus and act pnimanly at the shoulder jomt, but
others attach to the scapula and clavicle and move these bones
Most of the nerves to the shoulder are derived from the upper part
of the brachial plexus (see the following section), but they are so nu
merous that no general treatment 1s possible The blood supply of these
muscles 1s chiefly from branches of the subclavian and axillary ar
teries, thus from great vessels at the base of the neck and the base of
the arm
The movements of the scapula are defined as elevation (raising 1t,
toward the head), depression (lowering 1t), protraction (mov g 1t for
ward) and retraction (“straightening” the shoulders) Rotation of the
scapula also occurs, and may be either upward or downward In up
:;’lf;rghzcltta‘t‘xzﬁ the mfenor angle 1s moved laterally and forward around
, and the lateral angle, bearing the glenoid ¢y, 1s tilted
upward In downward rotation the mfertor angle 1s moved toward the
vertebral column and the lateral angle 1s lowered These movements of
the scapula accompany movements of the arm—for mstance, when the
arm s reached forward, the scapula shps forward on the Ch;st wall 1n
protraction, when the arm 1s raised above the head, the accompanyin
upward rotation of the scapula tilts the glenoid cavity upward also A%
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Figure 13 The skeleton of the thorax

The sheleton of the chest or therax 1s partly covered antenorly and
almost entively covered postenorly by shoulder muscles, of which some
of the anterior ones form the anteror fold of the axilla, while some of
the posterior ones form the posterior fold However many of the mibs
cant be felt or seen both anteriorly and laterally, and n the antenor
mdhne the sternum or breastbone can easily be felt The uppermost
nb that can be felt attachung to the sternwm 15 the second b, for the
first one 1s covered by the clavicle The pomt of attachment of the sec
ond rb to the sternum 15 regularly marked by the sternal angle, which
can be felt by runnmg a finger hghtly down the upper portion of the
sternum The sternal angle also marhs the junction of the upper part
of the sternum, the manubrium, with the man portion, or body The
small third portion of the sternum, the xiphord process, hies m the sharp
angle formed by the cartitages of some of the lower rbs of each side as
they ascend to attach to the stexnum

On the back, the posterior tips or spinous processes (fig 81, p 200)
of many of the vertebrae can be palpated or seen in the mudlme (fig
98,p 96), thewr prommence being mcreased by flexion (forward bend
mng) of the trunk Most of the cervical vertebrae (cervix means neck)
1te so deeply buried m the muscles of the nech that they cannot be felt
distinctly, and usually the first distinct spinous process 15 that of the
seventh cervical This usually forms a marked projection at the base of
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cerucal nerves and of the firet thoracic nerve umte to form the brachil
plexus (the doreal branchee of the spinal nerves turn sharply backward
around the vertebral column to supply muccles and shin of the back)
To these five ventral branches there may be added small communica
tions from the ventral brmches of CF or T2 (Spinal nenves are often
designated In Jetters or numerals, the letter deaignating the region to
which the nerve belongs the numernl ats place i the serties—p 57)
The ventr] branches of C5 and C6 (wath any contribution there 1s
from C4) jon to form an upper tnunk, G7 comes out alone as a mddle
trunk, and C8 and T1 umite to form a lower trunk Lach of these three
trunks then divades into an antenor and a postenor division The poste
nior divisions of all three trunks umte to form the postenior cord, the
anterior divisions of upper and nuddle trunks umte to form the lateral
cord, and the anterior division of the lower trunk 1s continued as the
medinl cord These cords are named from their relations to the axallary
artery, about which they are arrmged

The lateral cord, carrying fibers primanly from C5, 6, and 7, gives
off the lateral pectoral nere to the pectoralis major and the larger
musculocutaneous nere to the flexor muscles of the arm, the remainder
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the scapula moves upward, downward, forward, and backward the lat
eral end of the clavicle follows 1t, pivoting at the sternal end

Movements of the arm at the shoulder are particularly free, and m
clude flexion, extension, abduction, adduction, circumduction, mnternal
rotation, and external rotation These movements should probably be
defined m terms of their relatron to the scapula, but are usually referred
rather to the body as a whole Thus flexion of the arm (also called flex
10n at the shoulder) 1s a forward movement of the arm Extension, the
reverse of ths, 1s bachkward movement of the arm Abduction 1s the
movement of raising the arm laterally away from the body, adduction,
the opposite of this, 1s then bringmng the arm toward the side Crrcum
duction 1s a combination of all four of the above defined movements,
so that the hand describes a circle Internal rotation (also called medzal
rotaton) 1s a rotation of the arm about 1ts long axis, so that the usual
anterior surface 1s turned mward toward the body, external rotation
(also called lateral rotation) 1s the opposite of thrs It mught be noted
that during normal movement with the forearm straight the apparent
effects of rotation of the arm are increased by the somewhat sular
movements of pronation and supwmnation (p 117) occurrng n the fore
arm Therefore, 1f the amount of rotation of the arm itself 1s to be ob
served the elbow should be held mn flexion while this movement 1s being
tested While flexion of the elbow does not abolish the ability to pro-
nate and supinate, 1t does allow a dissociation of these movements from
rotation

All movements of the arm at the shoulder can be described by the
terms used above, although usually movements of the arm are com
bmnations of two or more of the above defined movements Thus,
bringmng the arm forward across the chest we flex and adduct 1t and
usually also mternally rotate 1t at the same time, 1 scratching ones
back, one extends, internally rotates, and abducts or adducts

The Brachial Plexus

This lies prianly m the lower part of the nech, bemng situated
deeply here, and extends between the clavicle and the first nb imnto the
axilla On the lateral wall of the axilla the lower end of the brachal
plexus may be rolled between a finger and the humerus

The brachial plexus cannot be studied m the dissecting room untl
the axilla and the lower part of the neck have been rather completely
dissected, but a general knowledge of 1ts composition and branches such
as may be obtained from dragrams or pictures, 1s of great aid 1n under
standing the nerve supply to the muscles of the upper imb The follow
mg description may be compared now with available diagrams, such as
figure 20, and checked later on the body

The ventral branches (p 56) of the fifth, sxxth, seventh and eighth
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cavity, the artrcular surface receivng the head of the humerus In the
fresh condition the plenod canity has attached around ats edge a nar
row im of fibrocartlape the plenmdal Inbrum, that dightly sidens and
decpens the cavity The hooled corncord process projects forward from
the narrowed neck, clace to the plenoid casaty The costal (related to the
nhs) surface of the <capula 15 relatnely smooth, while the dorsal sur
face 1s divided anto two parts by the projectng spme The aren above
the spine 15 the supraspinatous fossa, that below the spine s the anfra
spinntous foser The costal <urface 1s ealled ncorrectly m man, the sub
scapular fossa Thece fossae are occupied by muscles bearing the same
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of the lateral cord then umtes across the front of the asllary artery
with a branch of the medial cord to form the median nerve The medral
cord, carrymng fibers from C8 and T1, grves off the medal pectoral
nerve, two cutaneous nerves mn succession, one to the medial side of the
arm and one to the forearm, the much larger ulnar nerve, and then
continues as the medial root of the median nerve to jom the continna
tion of the lateral cord The postentor cord, contaxnmng fibers from most
of the elements of the braclial plevus, but usually relatively few fibers
from C8 and sometimes none from T1, gives off an upper subscapular
nerve to the subscapulans muscle, the thoracodorsal nerte to the lats-
sumus dorst, a lower subscapular nerve to the subscapularis and teres
major muscles, and then dimides mto axillary and radial nerves The
axllary nerve runs posteriorly around an upper part of the humerus
while the larger radial nerve, the obvious continuation of the posterior
cord, takes a more gradual course around the humerus

The brachual plexus 1s clearly divided mto two fundamental parts, an
anterior (flexor) and postertor (extensor) pertion, this division of the
plexus corresponds to the division of the musculature of the limb mnto
flexor and extensor groups The medal and lateral cords of the brachial
plexus together form the anteror portion of the plexus and through
thewr branches supply the muscles of the pectoral region and all the
muscles on the anterior aspects of the arm forearm and hand, that 1s
all muscles origmally arismg on the ventral or flexor surface of the
Lumb The posterior cord represents the postertor element of the brachial
plexus, 1t supphes most of the muscles of the shoulder proper and all
the posterior muscles 1 the arm and forearm, that 1s, muscles origmally
associated wath the dorsal or extensor surface of the embryomc hmb

In addition to the branches from the three cords of the brachial plexus
certamn mportant nerves arise lugher, that 1s, closer to the ongms of
the nerves contributing to the plexus The tiny nerve to the subclavius
(not shown 1 fig 20) and the larger suprascapular nerve arce from
the upper trunh of the brachial plexus, the dorsal scapular nerve to the
rhomboids arises from the fifth cervical nerve before thus jomns the upper
trunk, and the long thoracic nerve to the serratus anterior arses from
the ventral branches of C5, 6 and 7, especially C6 In addition the ven
tral branches, before therr umon, contribute nerves to muscles of the
neck, and the fifth cervical nerve also regularly sends fibers into the
phremc nerve (to the diaphragm)

Bones and Joinis of the Shoulder

The scapula (fig 21) 15 a trzangular bone possessing three borders
and three angles The borders are named the supenor, the medial and
the lateral The angles are the superior the mferior, and the latera] the
latter beanng an expanded end on which 1s set the smooth glenmd



The Shoulder 83

cavity, the acticular surface recening the head of the humerus In the
fresh condition the glenowd cavity has attached around s edge a nar
row nm of fibrocartilage, the glenoidal Inbrum, that slightly ysidens and
deepens the caaty The hoohed coracaid process projects forward from
the narrowed neck, close to the glenoid cavity The costal (related to the
ribs) surface of the scapula 1s relatively smooth, while the dorsal sur
face 1s divided 1nto two parts by the projecung spine The arer above
the spine 1s the supraspinatous fossa, that below the spime 1s the infra
spinatous fossa The costal surface 15 called, incorrectly in man, the sub
<capular fassa These fossae are occupred by muscles bearing the same
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Figure 22 The sternoclavicular joint and associated Ligaments

names supraspinatus, infraspinatus, and subscapularis The spine of
the scapula 1s prolonged as 1 free projection, the acromion, which helps
to form the pomt of the shoulder by 1ts articulatton with the clavicle
The scapula 1s largely suspended by muscles, 1ts only articulations are
with the humerus and clavicle

The clavicle 1s a long bone, therefore roughly cylindrical, and has a
shght S shaped curve Its sternal (medial) end 1s somewhat expanded
and fits poorly mto the notch on the manubrium sterm while 1ts acro
mual end 1s expanded and flattened and articulates with the acromion
of the scapula Since the clavicle acts prnimanly to Leep the free hmb
iree, or away from the body, 1t must be attached firmly at both ends,
simce 1t must allow movement of the shoulder, 1t must also possess joints
at both ends

The sternoclavicular jomnt (fig 22) contains two synovial cavities
which are separated by a fibrocartlaginous articular dish While the
adjacent surfaces of the clavicle and stermum do not fit too well to
gether, this articular cartilage allows the joint to move somewhat hke
one of the ball and socket type, for up and down, forward and back
ward, and rotatory movements are all allowed In up and down move
ment, the freest, the clavicle moves on the disk as on a hinge, while m
the other movements the disk moves with the clavicle The jomt m
cludes also a small portion of the first rib as 1t attaches to the sternum
Movements of the shoulder that would tend to displace the clavicle at
1ts sternal end are resisted by higaments here The sternoclavicular joint
slants 1 such a way that medial thrust on the clavicle would tend to
displace 1ts sternal end upward and medially, also, downward move
ment of the shoulder tends to bring the clavicle agamst the first nb
and, 1f continued, to xase the sternal head of the clavicle from its bed
using the first b as a fulcrum These movements of dislocation are
resisted by several higaments The anterior and posterior sternoclavicu
lar ligaments, the posterior bemg the stronger, are directed downward
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and <hghtly medinlly, <o they help prevent both upward displicement
and the 1ateral dicplacement which tends to occur af the arm 15 pulled
A similar function s served by the costoclavicular higament which also
runs downward and medially between the chvicle and the first nb A
very important factor m preventing upward and medial displacement
of the sternal end of the clavicle 1s the attachment of the articular disk
This 15 firmly attnched below to the first nb and above to the clvicle,
so that any upward and medinl movement of the sternal head of the
clavicle produces tension on the disk Lateral displacement 15 prevented
not only by the stermoclavicular and costoclvicular higaments, as al
ready noted, but alco by the mterclavienlar hignment which extends
from one clavicle to the other across both jomnts and has also some at
tachment to the sternum

The acromioclavicular joint 1s small and its plane surfaces are so
sloped as to favor over nding of the acromion by the clavicle The jont
capsule tzelf 15 of httle strength, and the scapula could be casily dis
pliced medinlly beneath the ¢lvacle of 1t were not for the coracoclavic
ular igament (fig 23) Thus powerful hgament s divided into two parts,
the more medial and posterior part being the conoid ligyment and the
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more lateral and anterior the trapezoid hgament Both parts of this higa
ment prevent medial displacement of the scapula, the conoid passes
upward and shghtly backward from the coracoid process to the clavicle
and therefore resists also forward movement of the scapula without
corresponding movements of the clavicle, wiile the trapezoid resists
mdependent backward movement of the scapula Since the trapezod
hgament also passes more laterally from the coracoid process to the
clavicle than does the conoid igament, the former 15 especially 1mpor
tant 1 preventing medial displacement of the scapula

The importance of the synovial jomts at both ends of the clavicle
can be easily demonstrated by noting the manner m whach the shoulder
blade and clavicle move together as the shoulders are raised or Jowered,
or thrust forward or backward In all of these movements the clavicle
has to move rather freely at the sternoclavicular jomt The small ghd
g movement allowed at the acromoclavicular joint 15 necessary be
cause the lateral angle of the scapula necessarly follows the clavicle,
thus describing an arc of which the clavicle 1s the radis, while the me
dal border of the scapula follows the different curve of the thoracic
wall, to which 1t 1s closely held by muscles Thus constant adjustment at
both ends of the clavicle 1s necessary for the scapula to move smoothly
These movements of the scapula, m turn, greatly increase the mobility
of the shoulder joint, as they result mn alterations of the position of the
glenoid cavity on which the head of the humerus moves

To understand the shoulder joint and the muscles acting across 1t,
the upper end of the humerus (fig 21) must be studied The humerus
15 the long bone of the arm, approximately one fifth the length of the
body, and consists of a body (shaft) and two expanded ends The
smooth articular part of the upper end of the humerus 1s the head, a
marhed prommnence on the anterior surface of the upper end 1s the les
ser tubercle, which 15 clearly separated from the more lateral greater
tubercle by the intertubercular groove The anatomical neck of the
humerus 1s at the pont of junction of the head with the body, and les
m part between the head and the tubercles The surgical neck, so called
because of the more frequent occurrence of fractures here, hies below
both the head and tubercles and 15 a narrow, not clearly delirmited, por
tion of the upper part of the body

The shoulder jomt 1s formed by the articular surfaces of the glenoid
cavity and the head of the humerus It 1s surrounded by a thin articular
capsule of relatively little strength, although this capsule 1s somewhat
strengthened above by a thickemng known as the coracohumeral hga
ment, and mternally there are two or three very shghtly thickened
bands on 1ts anterior wall The fibrous capsule of the shoulder jomt 1s
mn general attached proximally to the glenoidal labrum (p 83), and by
thus to the edge of the glenoid cavity, but 1s very often deficient ante
norly close to the labrum, where the synowvial cavity of the jomnt may
communicate with a bursa (subscapular bursa) lying on the costal sur
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face of the ecapuly (p $04) Ihetally the ¢ap uleac attached to the ana
tomical necd of the humerire but bety een the tubercles 5t extends
downward ac a thin wslled tube the intertuberautar synosvial sheath,
that surrounde the tendem of the lonp head of the hiceps brachi mus
ce (p 122} Throuph thie cheath the tendon enters the <houlder joint
and thereafter rune thrmgh it caats 0 an ongin on the upper edge of
the glenmd eavaty

The glenoidal abrum 1 often torn partinlly away from the edge of
the glenmd cavity where there hae been repeated dislocation of the
shoulder, but 1t 1< alin frequently <o torn an older percons who hve
never had dilacatione Actually  nesther the Jabrum nor the fibrous
capsule of the shoulder jomnt 15 very strong, the chief strength of the
shoulder jont Bies an certmin murcles and tendons that are closely ap
plied to the capule anteriorly abose and posteriorly and that together
are called the musculotendinous or rotator cuff of the shoulder (p 100)

The ball 1nd roch et joint of the <houlder allows relatively free move
ments of abduction, adduction fleaton, extension and rotation (p 80)
These mosements are limited by the short muscles about the shoulder
jomt, as well as by the tubercles and the overhanging acromion proc
ess On the other hinnd, the apparent range of movement at the shoulder
1s greatly increased by morements of the scapula, as 1s also the strength
of the movements of the arm

Superficial Nerves and Vessels Fascla

The skin over the shoulder 1s supplied by a number of nerves Ante
niorly and laterally the supraclavicular nerves, branches of the cervical
plexus (mostly C3 and C4), pass downward over the clavicle to supply
the skin over the upper part of the chest and the top of the shoulder
The skin of the pectoral region 1s supphed by branches of intercostal
nerves (ventral branches of thoracic nerves) The skin over the shoulder
muscles on the back 1s supplied partly also by branches of intercostal
nerves, partly by the dorsal branches of cervical, thoracic and lumbar
spunal nerves The shin over the lateral side of the upper part of the
arm 1s supplied by a cutaneous branch of the rxllary nerve, while that
of the floor of the axilla and the medial side of the upper part of the
arm 1s supplied by special branches (intercostobrachial nerves) from
the second or the second and third mtercostal nerves, jomed by a small
branch from the medial cord of the brachial plexus

The only superficial vessel of any size 1n the shoulder region 1s the
:’OP;_I;;; ‘::g] OOf Ehe celphul}xlc vem, thns hes between the deltord and pec

T (muscles shown 1n figure 24) and passes d
tht'al'tl:vo m the ifraclavicular fossag ) P Coply betvveen
e superficial fascia i the pectoral region contamns
amount of fat, and also encloses fhe glandulgi:r nssue of thi hvraex:;:l,ﬂ:
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gland of the skin which, i expanding beneath the skin, has penetrated
the superficial fascia Elsewhere about the shoulder the superficial
fascia 1s less well developed and 1s fused with the deep fascia

The deep fascia of the shoulder presents few features worthy of
particular description Essennally, 1t simply splits to surround each
structure 1t encounters, and then umites again mto a smgle layer on
the other side of that structure It 1s attached to various bony prom
nences and 1n certamn regions—for mstance, the supraspiatous and m
fraspinatous fossae—gives attachment to some of the fibers of the under
lymg muscles The fascia on the deep surface of the pectoralis major
muscle contamns the larger nerves and vessels to the muscle A special
layer of fascia surrounding the pectorahis minor muscle, under cover
of the major, and extending up to the clavicle 1s the clavipectoral fascia

(p 90)
Muscles Nerves and Vessels of the Shoulder

THE PECTORAL REGION

The two pectoralis major muscles are the large muscles covermg
most of the upper part of the chest, each forms the anterior wall of the
axilla (armpit) as 1t extends across to attach to the humerus After the
shan and fascia over the thorax and anterior aspect of the upper part of
the arm are removed, the relations of the pectoralis major can be ob
served (hg 24) At its attachment to the clavicle the muscle 1s covered
by the thin platysma (“thinnest”) muscle, lying mostly i the fascia
of the neck but extending downward over the clavicle (not shown 1
fig 24) Attached to the upper border of the clavicle above the clavicu
lar origm of the pectoralis major 15 a more important muscle of the
nech, the sternocleirdomastond The pectoralis major may be partally
blended with the anterior portion of the deltoid muscle, the large mus
cle below the pont of the shoulder Usually there 1s a distinct groove
between these two muscles, occupied by a superficial vemn of the arm,
the cephalic, which serves as a landmark for the boundary Ime between
them The pectoralis mummor may or may not be vastble at the lower lat
eral edge of the major, the external oblique muscle and 1ts aponeuross
(fig 155, p 374) and the serratus antemor muscle (fig 24) can be
1dentafied 1f the dissection 15 carried far enough laterally and mfertorly
As the pectorahs major 1s followed to 1ts insertion 1t will be found to
pass deep to the anterior fibers of the deltord but across the front of the
conjomed origmn of two muscles of the arm (the coracobrachialis and
the short head of the biceps brachn, ig 46, p 123)

The fan shaped pectoralis major arises from approximately the me
dial two thirds of the clavicle, from the length of the sternum and, under
cover of this portion, from the upper six costal cartilages, and, finally,

by a small shp from the aponeurosis of the external oblique muscle, the
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most superficial of the lateral abdominal muscles From this wide onigin
the muccle bundles converge to a tendon of nsertion that 1s attached
to the lateral Iip of the tertuberculnr groove The tendon of insertion 1s
ifammar, the tendon from the fibers of the clavicular portion of the
muscle blends with the tendon from the upper part of the sternocostal
portion of the muscle to form an anterior lamuna, the fibers of the lower
sternocostal and the abdominal parts pass upward belund the insertion of
the upper portion 1o form the posterior lay er of the pectoralis tendon, the
lowest fibers being mserted highest on the humerus

The pectoralis major 1s supplied by the medial and lateral pectorai
nerves ‘The medial pectoral nerve, innervating the lIower part of the
muscle, arises from the medial cord of the brachial plexus (hence its
name of medinl) and runs around the lateral border of the pectorahs
nor (the muscle deep to the major) or merces that muscle to enter the
lateral part of the pectoralis major It brings into the muscle nerve fibers
from the exghth cervieal and first thoracic nerves The lateral pectoral
nerve anses from the lateral cord of the plexus, and contans fibers de
rived from the fifth through seventh cervical nerves It runs forward
mto the upper part of the pectoralis major with pectoral branches of
the thoraco acromial artery, passing above the pectorahs munor and
therefore perforating the fascia (clavipectoral) stretching from this
muscle to the clavicle In addition to the branches that the tharaco
acromal artery sends mnto the pectoralis major, other branches of ths
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artery emerge above the msertion end of the muscle to run toward the
tip of the shoulder and also downward with the cephalic vemn between
the deltord and pectoralis major muscles, supplying both Deep to the
pectoralis major a twig of the thoraco acromual artery runs toward the
sternoclavicular jomnt, and on the thoracic wall, approximately along
the lateral border of the pectoralis munor muscle, are the lateral the
racic vessels

The muscle as a whole brings the arm forward and medially across
the chest The clavicular fibers working alone, add an upward direc
tion to this movement, such as 1s mvolved m touching the lobe of the
opposite ear, but when the arm 1s abducted above the horizontal they
begn to function as an abductor, since m this position they lie above
the axis of movement The lower fibers of the sternocostal portion de
press the arm and may therefore through 1t depress the shoulder The
sternocostal portion of the muscle, acting alone, will extend the arm—
bring 1t downward—af the arm 1s already flexed, but cannot hyperex
tend 1t (carry 1t backward beyond its normal position at the side)
Also, since the muscle as a whole crosses the front of the arm to pass
to an insertion on the lateral Iip of the intertubercular groove, 1t will,
upon contraction, tend to move the lateral lip medially, thus producing
medial rotation of the humerus The pectorahs major 1s occasionally
congemtally absent, and all or most of 1t 1» removed 1n radical nmputa
tion of the breast The approximately normal movement of the arm
across the chest 1n the absence of the pectoralis major indicates the ex-
tent to which other muscles, especially the anterior portion of the del
toxd, the biceps, and the coracobrachialis, can substitute for the func
tions of the missing muscle

The pectoralis minor (also fig 24) 1s a small rather tnangular mus
cle Iymg under cover of the major It 15 swrrounded by a thin fascial
sheath, the clavipectoral fascia, whose anterior and postertor layers
come together at the upper and lower edges of the muscle Below and
lateral to the pectorahs mnor, the clavipectoral fascia 1s contmuous
with the fascia covering the superficial muscle (serratus anterior) of
the anterolateral thoracic wall, above and laterally it joins fascia that
forms the floor of the axilla From the upper and medial border of the
pectorahis minor the clavipectoral fascia extends to the clavicle, being
especially tough laterally It 1s pierced by the lateral pectoral nerve
and the large vessels to the pectoralis major As 1t reaches the clavicle
1t divades to go on both sides of the small subclavius muscle, which hes
between the clavicle and the first rib

The muscle arises from about the third to the fifth ribs, the ongin
varying somewhat, crosses the front of the axilla where 1t 15 1 close con
tact with the vessels and nerves here, and 1nserts upon the coracord
process of the scapula The pectoralis minor 1s supphed by fibers from
the medhal pectoral nerve, and 1s usually pierced by the portion of this
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nerve that passes to the pectorahs major The pectoralis mmnor depresses
the shoulder and since 1t acts close to the lateral angle may s1d 1n down
ward rotation of the scapula

The pectorahs mnor 1s supphed by branches of the various arteries
appearing on the thoracic wall, notably the thoraco acromal and lateral
thoracic arteries from the axillary (fig 26)

THRE AXILLR

The contents of the aulla, or atmpt, can be more casily approached
after reflection of the pectoralis major and xmnor The axilla atself varies
somewhat m shape and size depending upon the position of the arm
With the arm shightly abducted 1t can be regarded as a space mn the
form of a somewhat misshapen truncated pyrammd, the base of which
1s formed by the shin and fascia extending from the arm to the thoracic
wall The pectoralis major and minor form the anterzor wall of this
space, and the serratus anterior, a muscle on the lateral thoracic wall
(fig 25) forms the medial one The posterior wall 15 formed by shoul
der muscles, the latissimus dorsi and teres major below and the sub
scapulanis above, wiile the narrow lateral wall 1s the intertubercular
groove of the humerus The misshapen apex of {ns pyramd hies be-
tween the first nab, the clavicle and the upper cdge of the subscapulans
E:scle, and 1nto this apex pass the great nerves and vessels of the upper

b

Arranged around the chief arterial stem of the upper Limb, termed

the axillary artery during its course m the axlla, 1s the lower end of
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the brachial plexus (see also p 80 and fig 20) The lateral cord of the
brachial plexus can be identified lateral to the artery, and the medial
and posterior cords also have the relations to the artery mdicated by
thewr names (fig 26) The formation of these cords must be exammed
m a dissectzon of the neck, but many of thewr branches can be dentified
m the axalla After grving off the lateral pectoral nerve at about the
level of the clawicle, the lateral cord gives off the musculocutaneous
nerve, which penetrates the coracobrachiahs muscle, then, as the lat
eral root of the median nerve, the remainder of the lateral cord jomns
with a sumlar contribution from the medial cord to form the median
nerve
The medial cord gives off the medial pectoral nerve, then two cu

taneous branches, a tiny upper one that supphes skin on the medial
aide of the arm and a second larger one that runs downward to supply
skin of the forearm The medial cord then ends by dinding mto the
ulnar nerve, which passes down the arm shghtly postenor to the artery,
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and the medial root of the median nerve, which crosses in front of the
autllny artery to jomn the Iateral root of the median nerve The me
dian nerve 1s thus formed anterolaternl to the axillary artery, and 1ts
two roots form a loop embracing this vessel

The posterior cord hes on the surface of the subscapulans muscle
behind the aallary artery and gives off i succession an upper nerve
1o this muscle, a nerve to the latissimus dorsy, and a lower subscapular
nenve, after which it divides mnto radial and axillary nerves The axl-
11y nerve immediately passes postertorly around the surgical neck of
the humerus, the ridial nernve gives off small motor and cutancous
brinches m the ailla and then disappears posteriorly deep to the tn-
ceps muscle (the muscle of the back of the arm, p 124) In addition to
these branches of the braclual plexus in the axilla, the long thoracic
nene can be found running downward on the surface of the serratus
antenor (the medinl wall of the axalla) to supply this muscle This nerse
ances high mn the nech from some of the nerves giving ongin to the
brachial plevus (fig 20, p 81)

Because of 1ts posiion between the first mb and the clavicle, the
brachial plexus may be brought agamst these or other structures about
the axilla and stretched over them, with consequent damage to nerve
function A farmlitr example of temporary impairment of the fune-
tion of the fibers of the brachial plexus is that involved m the arm “go-
ing to sleep™ when one hes 1n bed with the arm above the head Here
the brachial plexus 1s stretched over the clavicle and the head of the
humerus While the discomfort ordinanly resulting from such abuse to
the brachial plexus 1s mild, and there are no permanent sensory or
motor effects, exaggerated positions of the arm under some conditions
may lead to more permanent damage Thus, the brachial plexus may be
mjured by undue stresses exerted upon 1t while an mdividual 1s under
anesthesia, or by abnormal postures of the arm maimntamed by the
faulty application of casts or splints Constant pressure n the armpat,
as from a splint or a crutch, may also produce mjury to the brachial
plexus

Chromc 1njury to the brachial plexus at the base of the neck as it
passes nto the axilla, especially mjury to the inferior trunk, has been
ascribed to a number of causes the presence on the seventh cervical
vertebra of an abnormal (cervical) mb that the plexus has to cross
rather than crossing the lower lymg xormal first b (cervical rb syn,
?:g:l:&s:lza;nsx‘:;lg brc:;:‘(i andktmdlgggs or }: spastic anterior sca
hes (Scal(’nl;S anticus s;r:ldromr:;!: @ h ) petnd which the Plowus

» pinching of the plexus between the
clavicle and the first rib (costoclavacular syndrome), and various other
2;:‘;:;:1:"'1;}‘1;5: are sometimes grouped together as the “thoracic inlet

y 15, the symptoms resulting from mjury at the upper

border of the thorax Most of them have one thing 1 common, namely
f
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that symptoms are brought on or mcreased by hahtually carrving the
shoulder Jower than normal, so that the plexus 1s subjected to abnormal
stretch and pressure In a very large percentage of such caces the pa
tients have been reported to he relieved or cured by appropriate physi
cal therapy, a tonng up of the elevators of the scapula so that the pa
tient carries his shoulder higher This avoids the surgical treatment
that 15 otherwise necessary

The aallary artery (fig 27) 1s the direct continuation of the sub
clavian and contnues nto the arm as the brachial artery Thus what
1s actually the same artery recemes different names according to
where 1t ies The axillary artery gives off branches to the thoracic wall
and 1ts covermg muscles, to the shoulder and to the uppermost part of
the arm It has six named branches Of these the supreme thoracic ar
tery s a small artery to the upper thoracic wall, the thoraco acrormal
supphes primanly the pectoral muscles, the antersor part of the deltoud,
and the jomts at both ends of the clavicle, and the lateral thoracic ar
tery supphes both the thoracic wall and the pectoral muscles, espectally
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the pectoralis minor The subscapular artery 1s the largest branch of
the aaillary and through its scapular arrcumflex branch (fig 30, p 100)
supphics muscles on the dor<nl surface of the scapula Its continuation
downward on the thoracic wall s the thoracedorsal artery (fig 27)
The last two branches of the axillary are the anterior and posterior
humeral arcumflex arteries of winch the antenor 1s small, while the
larger posterior one encircles the surgical neck of the humerus with the
anllary nerve (fig 30)

The veins in the axilla are somewhat vartable A large superficial
vemn the basilic, has 1ts name changed to axillary vemn as it enters the
axilln Into ths latter come the two veins that accompany the brachial
artery, the cephalic vein, and vanous deep branches corresponding ap
proxmately to arterial branches of this region

Most of the complex nerves and vessels thus far described are sur
rounded by a tube of fascia brought down from the neck and termed
the axillary sheath The additional space 1n the axilla 1s occupred by
parts of muscles (the coracobrachialis and the short head of the biceps—
p 123), and by connective tissue and fat 1n which are imbedded nu
merous lymph nodes The lymphatic dramnage from the upper lumb,
from the shoulder, and from most of the anterolateral thoracic wall,
mcluding therefore the breast, ends in these nodes These nodes are re
moved as completely as possible n the operation for carcinoma (cancer)
of the breast The subsequent swelling (edema) of the Iimb, and the fact
that much of the pectoralis major muscle 1s removed mn the course of the
operation, may mahe physical therapy necessary

THE SHOULDER PROPER

Besides the two shoulder muscles already described as lymg primanily
m the pectoral region, there are two antentorly located muscles con
nected with the clavicle The sternoclerdomastord a muscle in the neck,
has already been observed as 1t attaches to the clavicle (fig 24) It has
also a tendinous head of origin from the sternum, and runs obliquely
upward and backward across the neck to attach to the prominent mas-
toud process behind the ear (fig 146, p 354) If this muscle takes 1ts
fixed pownt from below 1t will so pull upon the skull as to turn the face
toward the opposite side and at the same time flex the neck toward the
side of the muscle acting (bringing the car down toward the clavicle)
When, however, the head 1s fixed by contraction of other muscles at
taching to the skull, the sternocleidomastoid acts upon the clavicle and
sternum to raise them Through this action 1t becomes an accessory
respiratory muscle

The sternocledomastoid 15 mnervated by the eleventh cramal (the
accessory) nerve Fibers of spinal nerves, usually from G2, also enter
the muscle either separately or after yomng the accessory ’nene The
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accessory nerve 1s motor only, while the cervical nerve fibers to the
sternocleidomastord are probably all sensory

The subclavius muscle (fig 24) anses from the inferior surface of
the clavicle and 1ts tendon of msertion attaches to the first mb It can
perhaps shightly depress the clavicle, or help in raising the first nib s
the clavicle 1s raised Since 1t runs markedly medially to reach its m
sertion, 1t axds 1n retaunng the sternal end of the clavicle m place Aside
from these actions, the muscle also sometimes affords protection to the
subclavian artery m fractures of the clavicle 1ts muscular belly inter
\vemng between the artery and the possibly sharp edges of the fractured
bone The subclavius 1s supphed by a tiny branch from the upper
trunh of the brachial plexus, this nerve may also transmut fifth cervical
fibers to the phremc nerve, the nerve supplying the daphragm
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Moct of the remamng shonlder muccles can be best studied from the
trck Two Jarge, fint ones, the trapezius and the latissimus dorsi, he
tween them cover almost the entire back, extending from the shull to
the srcrum and crest of the sum (fig 28) The trapezius the upper
of these muscles, fins an extensive ongm from the midhine of the bk,
including the hgamentum nuchae (the “hgament of the back of the
neck,” extending from the shull to the promment vertebral spinous
process at the bace of the nech), the lowest cervical, and all the thoracic
<pmous vertebral processes It may also have attachment to the shull
(ocamtal bone) I rom thus wide ongin the muscle converges to a more
himted mcertion on the spme of the scapula, the acromion, and the Iat
eral third of the clavicle The accessory or eleventh cramal nerve runs
(with a branch of the transverse cervical artery) on the deep surface
of, and ends 1n, thus muscle after supplying the sternocleidomastod
and branches of the thurd and fourth cervical nerves also go to 1t Asin
the cace of the sternocleidomastord, the fibers of the accessory nerve
are known to be motor, wlile there has been much argument concern
g the function of the fibers from the cervical nerves, 1t seems prob
able that these are all sensory

Because of 1ts wide onigin the trapezius muscle can help carry out
several different movements Its upper fibers, inserting on the clavicle
and acromion, can raise the point of the shoulder and are the only fibers
that can do so directly Working with the lower fibers of the muscle,
which pull downward on the base of the scapular spinous process, the
upper fibers of the trapezius help to turn the glenoid cavity upward—
that 15, they rotate the scapula upward Contraction of the muscle as a
whole or of the nuddle fibers only results in pulling the shoulder back,
while contraction of the lower fibers alone will depress the scapula The
upper fibers can also flex the neck toward the same side, by taling their
fixed pomnt from below

Under cover of the trapezius are three smaller muscles attached to
the medial border of the scapula (fig 28) The upper one of these, the
levator scapulae arses from cervical transverse processes and 1nserts
on the superior angle of the scapula Below this are the two rhomboider
minor and mayor, not necessarily clearly distinct from each other The
munor anses from the lower part of the higamentum nuchae and the
spmous processes of the seventh cervical and first thoracic vertebrae
and mserts on the medial border of the scapula at the base of the spme:
while the major anises from upper thoracic vertebrae and nserts on the
medial border below the nunor These three muscles all md n raising
the scapula or fixing 1ts medial border Acting together, they raise pr1
manly the medial border and thus produce downward rotation of the
glenod cavity, the rhomboider also retract the scapula The nerve su;
ply to the rhomboider 15 through the small dorsal scapular nerme (ﬁp

20, p 81, and fig 29) ansing from the fifth cervical The le\atgx-
scapulze 15 sometumes supphed also, at least in part, by this nerve, but
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Figure 29 The dorsal scapular nerve and transverse cervical artery
15 supplied chuefly by small twigs from the third and fourth cervical
nerves mto 1ts anterior surface The blood supply to thus region 1s
largelv from the transverse cervical artery, which after crossing the
base of the neck sends one branch deep to the trapezms and another
(fig 29) deep to the rhomboider

The latssimus dorsy (fig 28) arses from the lower thoracic and all
the lumbar spimous processes, from the sacrum, from a posterior por
tion of the crest of the 1lium, and from several lower ribs Its broad
aponeurosis of origin covers the back muscles It converges to a rela
tively narrow, flat tendon of sertion which, passing across the pos
terior wall of the axilla, runs forward around the medial surface of the
humerus to msert on the medial Iip of the ntertubercular groove The
muscle 1s an extensor, imnternal rotator and adductor of the arm, a move
ment used, for mstance, m chopping wood 1 the overhand swvimming
ctrohe, and so forth In contrast to the lower portion of the pectorahs
major, with which 1t works m the first part of these movements, the lats
sumus dorst will carry the arm backward beyond ats position at the
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side, that 15, will hyperextend it Through 1ts action on the arm the
Intisssmus dorsi can alco depress the shoulder Wiile the laussimus and
the lower part of the pectorabis major form a sort of anteroposterior
shing from the trunk to the free himb, the latissimus 1s much the more
powerful and important component of this sling in extendmg the arm
and depressing the shoulder For stance, “chinning” one’s self 1s pos
sible when the latisaaumus dora 1s intact but the lower part of the pec
toralis major 1s damaged, 3 et becomes impossible af the Intissimus alone
1s gravely weahened Similarly, one cannot walk on crutches unless the
latissmus dorst 1s functiomng to prevent the shoulder from being
pushed up by the weight on the crutch The nerve supply to the latis
simus 15 through the thoracodorsal nerve (fig 26, p 92), a branch
from the posterior cord of the brachial plexus, which transmuts fibers
derned pnmanily from C7 and C8 The cluef artery entering the mus
cle 15 the thoracodorsal, n continuation of the subscapular

The serratus anterjor muscle (figs 24, 25, and 26) anses on the an
terolateral thoracic wall by shps (digitations) from about the upper
eight nibs and runs backward, closely apphed to the curve of the chest,
to wmsert upon the entire medial border of the scapula The heaviest
msertion, however, 1s on the inferior angle, and some of the lower shps
run upward to reach this winle others, of lugher ongin, run downward
to tlus insertion The muscle as a whole 1s a protractor of the scapula,
because 1t protracts especially the infenor angle, 1t 15 especially 1m
portant 1n upward rotation of the lateral angle Since the serratus
curies around the thoracic wall 1t also keeps the medial border of the
scapula closely applied to this wall Its Jower fibers aid 1 depression of
the scapula, taling 1its fixed pomnt from the scapula, the muscle can
elevate the ribs and thus serve as a resprratory muscle It 1s mnnervated
by the long thoracic nerve, which arises from the anterior primary
branches of about the fifth, sixth and seventh nerves before these enter
mto the formation of the brachial plexus (fig 20, p 81) The chief
root of the nerve 1s usually from C6, contributions from esther C5 or
C7 may be lacking The blood vessels supplying the muscle are those
of the anterolateral thoracic wall and of the scapular region (fig 26)

The most promment ntrinsic shoulder muscle 15 the deltoid (figs
24 and 28) Tis muscle arises antertorly from the clav 1cle, posteriorly
from the spine of the scapula, and, between these two origins, from the
acrommon Its origin corresponds very closely, therefore, to the msertion
of the trapezius, with the upper fibers of which 1t works 1n abducting
the arm, from ths origin the deltord converges to its insertion on the
anterolateral surface of the humerus, about 1ts mddle Since the fibers
of the deltord pass 1 front of, lateral to, and behnd the shoulder jont,
this muscle has several actions here The mddle fibers raise the arm
away from the side, that 15, abduct 1t The anterior fibers working alane
will flex and mternally rotate the humerus, while the posterior fibers
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will extend and externally rotate 1t Finally, the lower fibers of both
anterior and posterior parts of the muscle may be brought into play mn
forcible adduction of the arm The muscle 1s suppled by the axillary
nerve (C5 and 6) and 1s fed by the posterior humeral arcumflex
artery (fig 30) as well as by other vessels m the neighborhood

There are five muscles that arise entirely from the scapula and m
sert on the humerus Three of them attach to the greater tubercle and
form the upper and posterior parts of the ¢ rotator cuff’ or “musculo
tendinous cuff” ahout the shoulder joint The supraspinatus occupes
the dorsal surface of the scapula above the spine (supraspnatous fossa)
and passes over the top of the shoulder jomt to msert on the upper part
of the greater tubercle Between this muscle and the overhanging acro
ymon there 1s an 1mportant subacromal (subdeltoid) bursa The wnfra
spinatus muscle occupies the infraspinatous fossa and mserts on the
greater tubercle directly below the nsertion of the supraspmatus mus
cle The teres mmor anses from an upper part of the lateral border of
the scapula and mserts upon the greater tubercle These muscles and
the following, the teres major, are shown 1 figure 28

The supraspmatus 1s prmanly an abductor of the arm assisting the
deltord m thns achon The nfraspinatus and teres minor are primanly
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externl rotators of the humerus The supraspinatus and infraspinatus
muscles are supphed by the suprascapular nerve (C5 and 6), the teres
mumor recen s a branch from the nerve to the delioid muscle, the axil
lary nerve The suprascapular artery accompames the suprascapular
nerve to these muscles (fig 30) and mids 1n the formation of a nich
anastomosts about the scapula Other vessels entering 1nto this anasto
mosis are the trasyerse cervical and the scapular circumflex arteries

The teres major 15 at 1ts orign closely associated with the teres rm
nor, ansing from the more mferior portion of the lateral border of the
scapula As 1t passes 1o 1ts mnsertion it 15, howeser, separated from the
teres rmnor by the long head of the triceps muscle (not shown in figure
28, but labelled i figure 30) It becomes closely associated with the
tendon of msertion of the 1atissimus dorsi, a bursa usually nterveming
between the two, and passes with tius latter muscle to insert on the me
dinl Iip of the mtertubercular groove The teres major 1s supplied by
the lower subscapular nerve (C5 and 6) In 1ts action 1t resembles the
latissimus dorsy, being an extensor, hyperextensor, anternal rotator, and
shght adductor of the humerus

The subscapulans muscle (fig 42b, p 112) anses from most of the
costal aspect of the scapula (subscapular fossa) and passes across the
front of the shoulder jont to nsert on the lesser tubercle A bursa, usu
ally opening mnto the synovial cavaty of the shoulder jomnt, mntervenes
between the muscle and the nech of the scapula The insertion of the
muscle forms the antenor part of the rotator or musculotendious cnff
of the shoulder This muscle 1s supplied by the upper and lower sub
scapular nerves from the posterior cord of the brachial plexus (fig 20,
p 81), 1t 1s an internal rotator

Aside from mnor vanations of ongin and nsertion, usually not par
tieularly altering therr functions, the muscles of the shoulder are rather
constant Occasional cases of absence of various muscles—pectorahs
major, pectoralis minor, trapezius, rhomboids—are reported m the ht
erature but the very fact that they are deemed worthy of reporting 1n
dicates their ranity The more common supernumerary muscles of this
region are the sternals, small paired or unpaired muscles on the ante
ror thoracic wall superficial to the pectorahs major, and an axillary
arch muscle This latter consists of muscle fibers that tend to arch
across the axilla, hence 1ts name While 1t may assume various forms

and attachments, one simple type 1s a bundle of fibers connecting the
latissimus dors: and pectorahs major

M,

v of the Should

SCAPULAR MOVEMENTS

Movements at the shoulder jomnt proper, that 1s, between the humerus
at:dl fscapuia, are ordinanily accompanied by movements of the scapula
1se

The coorgu}e’}e‘d' movement of both elements 1s sometimes re
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ferred to as the scapulohumeral rhythm, and disturbances of the nor
mal rhythm are typical of certamn lesions about the shoulder region
Many of the muscles acting across the shoulder jomt are short ones
that attach close to the upper end of the humerus and therefore do not
have the leverage that could be obtamned by a lower mserton Move-
ments of the scapula 1ncrease the force of arm movements, and also, by
tiltng the glenoid cavity 1n the desired direction, mcrease the range of
movement of the free mb As the arm 1s abducted, for mstance, the
deltord and the supraspmatus are obviously the active movers at the
shoulder jomt Accompanying this abduction there 15 also an upward
rotation of the glenoid cavity, more marked as the arm reaches and
passes the horizontal plane This upward rotation 1s brought about by
the lower part of the serratus antenor and the upper and lower parts
of the trapezius In a siqmlar way, movements of extension and flexion
at the shoulder typically involve both scapular and humeral move

ment. Actually, fairly good use of the arm may persist n almost total
destruction of the shoulder jomnt the scapular muscles m this case sub

sutating for the normal combined action of both scapula and humerus
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Of the muccles acting on the scapula some, as we have seen, act i
rectly upon 1t through their attachment here while others act primanly
through their attachment to the humerus There are only four muscles
that are capable of elevating the scapula (fig 31) The upper fibers of
the trapezius incerting upon the spine and acromion of the scapula, and
upon the clavicle, are <olely responsible for elevation of the lateral angle
of the scapula, the levator scapulac and the two rhomboids are so at
tached that they can act only upon the medial border In paralysis of
the trapezius muscle (injury to the accessory nerve) the lateral angle
of the scapula, having nothing to support 1, 1s dragged downward by
the weight of the free hmb, the weight of the entire hmb s then thrown
upon the levator scapulae and the rhomboids which, reflexly increasing
their tone in response to tis greater stretch, contract to produce exces-
sive elevation of the superior angle of the scapula

In depression of the shoulder the pectoralis mnor, subclavius, and
latissimus dors1, and lower fibers of the trapezius, serratus anterior, and
pectoralis major, may all particspate (fig 32) The pectoralis minor
tends to rotate the scapula downwnrd at the same time, while the ser
ratus antersor tends to rotate 1t upward The subclavius, while listed as
a depressor, can actually have httle of such effect upon the shoulder,
beth because of 1ts s1ize and its very obhique position The lower fibers
of the trapezius tend to retract the scapula as they depress i, so does
the latissimus dorsi, which, hike the pectoralis major, exerts 1ts effect on
the scapula through the short muscles attaching the humerus to the
scapula The lower fibers of the pectorahs major tend to protract the
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scapula as they assist i depressing 3t An apparently simple movement
such as depression of the shonlder may mvolve most of the muscles of
the shoulder, exther as prime movers, or as fixators to prevent rotaion
and mamtam the contact between the glenaid cavity and the head of
humerus

Upward rotation of the scapula 15 carried out by the combined actions
of the trapezus and the serratus antenior (fig 33) The upper fibers of
the trapezius pul} upward on the clavicle and acromuon, the lower fibers
pull downward on the base of the spme Through their strong msertion
on the mferior angle, the lower fibers of the serratus anterior pull this
portion of the medial border laterally and forward, and are therefore
very important m upward rotation of the Jateral angle

Whule some of these lower fibers of the antenor serratus tend also to
depress the scapula, this tendency 1s overcome 1 upward rotation, by
the contrachon of the upper part of the trapezius and of those shps of
the serratus that run dowmward o reach the mferior angle Obwoundy,
this movement also demands a delicate distmbution of achon among
several shoulder muscles, i order to prevent the scapula as a whole
from bemng dragged antenorly and mfenorly as 1t 15 rotated Usually,
upward rotation of the scapula 1s accompamed by elevation of this bone,
rather than depression, thus assistng the arm to reach Jugher Upward
rotahon 1s started by the trapezius, so when tius muscle 15 paralyzed
there 1s first a downward rotation produced by the weight of the arm
as abduction s started, and only when the serratus also begms to con
tract does upward rotation occur

The opposite movement of downward rotihion s brought about
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through the action of the rhomboids and the levtor scapulae in raising
the medial border of the scapulh while the pectoralis munor, the pec
tor1lis major and the Inticamus dorst arded also by the effect of gravity
on the free limb, pull down the Interal angle (fig 34) Downward ro
tation of the scapula 1s usually assocated with depression—as, for in
stance, 1n reaching down to pack up a stcase

Protraction of the scapula 1s brought about by the pectoralis minor,
the serratus antenior and the pectoralis major (fig 35) Retraction 1s
due 10 the imddle fibers of the trapezius or to the trapezius acting as a
whole, to the rhomboids, and to the latssimus dors: (fig 36)

For most of these movements of the shoulder a number of muscles
cooperate Since they belong to several different muscle groups and
have rather widely separated mnervations, marked interference with
shoulder girdle mosements through injury to a single nerve 1s uncom
mon The strihing exceptions relate to simple clevation or to elevation
with upward rotation Elevation of the scapula without downward ro
tation of the laternl angle 1s impossible when the upper trapezius 1s
paralyzed, similarly, upward rotation 1s weahened by paralysis of the
trapezius, and almost abolished by paralysis of the serratus anterior
Further as the serratus anterior 1s also responsible for retaming the
medial border of the scapula close agamnst the thoracic wall, paralysis
of the serratus leads to a projection of this border, from 1ts appearance,
this 15 described as * winging” of the scapula

Levator— e mao
scapulae
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eIV \

Rhombordeus
majer =~ ee o
X

Pectorahs
. minor

Lower pectoralis

Figure 34 Downward rotators of the scapula a Anterior view b Posterior view
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7 7 Serratus ontarior

Frgure 35 Protractors of the scapula
HUMERAYL MOVEMENTS

The ball and sochet type of jomt found at the shoulder allows, of
course, relatively free movement m every dwection The musculature
acting at this Joint can be divided mto two general groups, the shorter
ones that act primanly to retnn the humerus in 1ts sacket and to rotate
1t theremn, and the Jonger ones that are responsible for much of the free
movement between humerus and glenoid cavaty ‘The short muscles, the
supraspiatus, infraspinatus, teres mnor and subscapularis, largely re
place ligaments at the shoulder jomt and to them 1< due the strength of
this jomt

Klexion at the shoulder jomt can be brought about (fig 37) through
the acthion of the antenor portion of the deltod, the clavicular porton
of the pectorahs major, the biceps brachn (the prormnent muscle on the
front of the arm) and the coracobrachialis (another arm muscle) Of
these muscles, the antenor part of the deltod 15 the most amportant,
while the biceps does not contract at all for flexion of the arm unless
there 1s considerable resistance (see alsop 122) Camplete flexion at the
shoulder, that 15, rmsing one’s limb forward unnl it 15 above one's head,
15 1apossible when the elbow 1s hept straight unless the flexaon 15 ac
compamed by mternal rotation of the humerus, but can be carred ont
when the elbow 15 bent so as to dumnish the pull of the biceps With
the exception of the coracobrachialis, which may recerve fibers from C7
also, all these muscles are supplied through the fifth and sixth cervical
nerves, imjury to the upper portion of the brachal plexus may markedly
affect flexaon at the shoulder, therefore
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Extension at the shoulder jont 1s brought about (fig 38) through the
posteror fibers of the deltord, through the sternocostal fibers of the pec-
toralis major, and by the teres major, lIntissimus dorst and long head of
the tnceps brachn (the muscle on the postertor surface of the arm)
While the lower fibers of the pectoralis major can assist this movement
only to the extent of bninging the flexed arm downward until 2t reaches
the side, they are nevertheless an important contributor to such exten
sor actions as brninging an axe downward, the pull of a swimmng
stroke, or ‘clinming” one s self The postenior fibers of the deltoid can
draw the arm farther back than can any of the other muscles The seg
mental nerves mvolved 1 extension of the arm are all those contrib
uting to the brachial plexus

Abduction 1s brought about (fig 39) by the action of the rmddle part
of the deltoid and by the supraspinatus With rotation of the humerus
the anterior or posterior parts of the deltord are brought into a more
lateral position so that they can abduct. Abduction 1n external (lateral)
rotation 1s stronger than it 1s 1n medial Although the long head of
the biceps 1s moved laterally by this rotation, 1t apparently does not
normally contribute appreciably to abduction from this position, so the
more powerful movement 1s a result of the greater strength of the ante-
nor part of the deltoid Since the movement 15 weakhest from mternal
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Frgure 36 Retractors of the scapula
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Figure 37 Flexors of the arm

(medhal) rotation, weakness of the deltaid 15 most easily demonstrated
by testing abduction from this posshon Of the two muscles, the deliod
can produce full abduction—to abont the honzontal plane when there 15
no accompanymng scapular rotation, the supraspinatus sometimes can,
but more frequently cannot, carry out good abduction when the deltmd
1s paralyzed External rotation of the humerus, amounting to approxi
mately 180 degrees, always accompantes, and 15 a necessary part of,
complete abducton of the arm This apparentlv, 15 because the
merus must rotate so that the greater tubercle can shde under, rather
than It agamnst, the acromon

The abductor muscles are mmnervated exclusivelv through the fifth
and sixth cerwnical segments and therefore abduction, also, 15 eastly m
terfered with by lesions of the upper portion of the brachial plexus

The pectorahs major the teres major, and the latissumus dors: are the
chief adductors of the arm, the coracobrachualis, and the long head of
the triceps to a small extent, also assist Further, the deltod, the chief
abductor, can also ad m adduchon Because the posterior fibers are
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lower, they can aserct i adduction while the arm 1s some 45 degrees
from the aide but the anterior fibers cannot help until the arm 1s farrly
close to the ade, since only then do they he below the axis of motion at
the <houlder joint The muscles composing the adductor group (fig 40)
are imnenated through fibers ansing from all elements of the brachil
plexus

Medial or snternal rotation 1s brought about (figs 41 and 42) pn
manhy by the <ubscapulans The pectoralis major and the clavicular
fibers of the deltoid medially rotate only as they flex, and the latissimus
dorst medially rotates only as 1t extends The teres major apparently
contracts, although <omewhat weakly, for pure medial rotation The
medial rotators are mnerated through all segments contnibuting to the
brachil pleaus Lateral or external rotation 1s carried out (figs 41 and
43) by the infraspinatus and teres mmor, and by the postertor fibers
of the deltoid of extension and Jateral rotation are combined These
three muscles are innersated through the fifth and sixth cervical nerves

From the comments on the mnervation of these varous muscle

Posterior deltord —

Sternocostal portion

Teres mepor— 1. - of pectoralis major

.

.

Figure 38 Extensors of the arm
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groups 1t should be clear that mjury to the upper elements of the bra
chial plexus (that 1s to the fifth and sixth cervical nerves or the upper
trunk, or to the seventh nerve also)—sometimes called “Brb's paralysis’
—~may mvolve all the muscles actng as flexors, abductors and lateral
rotators, winle only some of the muscles mvolved in extension, adduc
tiont and medial rotation can be mplicated The mjured hmb m such
cases will therefore be extended, adducted, and medially rotated

The manner m which many muscles may cooperate 1n what at {irst
sight appears to be a very sumple movement has already been cam
mented upon, and s well lustrated by an analysss of the movement of
abduction of the arm The primary muscles m this movement are only
two, the supraspnatus and the middle portion of the deltoxd The supra
spinatus can start the movement, but 15 normally assisted by the del
tord However, abduction of the arm demands that the humeral head be
held firmly n s socket Otherwise the action of the deltod upon the
hugnerus, with the arm by the side, would rase the head of the hu
merus rather than abduct the limb, and as the arm 1s abducted its
weaght would tend to dislocate the head of the humcrus downward
Thus the mfraspimatus, the subscapularns, and the teres mnor all con
tract to retamn the head of the humerus m the socket Finally, as has al
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ready been pownted out, abduction always snvolves an upward rotation
of the scapula, and therefore the cooperation of the muscles mvolved
this movement Rotaton of the scapula begins early in abduction, ab
ductton at the scapulohumeral jomt and rotation of the scapula go on
sumultaneously, with humeral movement predormnating at first but
scapular movement predommatimg as the Iumb 15 carmed above the
horizontal In upward rotation of the scapula the serratus anterior acts
with the upper and lower fibers of the trapezius, while the smoothness
of the movement 1s axded by the levator scapulae especially, and to &
lesser extent by the rhomboids Thus about ten muscles asmist directly
m abduction of the arm—and if you have ever had a stramed back,
you will probably recall that even the back muscles mdirectly parha
pate during movements of the shoulder!

A consideration of shoulder movements would not be complete with
out reference to the role of the subacromal (subdeltmd) bursa There
may be two, a subacromial and a subdeltord but they function as one
and frequently are fused, whether fused or not, subacrormal bursa 15
the more common name This bursa rests upon the upper surface of the
supraspinatus muscle, mtervemng between it and the overlymg del
tord muscle, acrormon process, and coraco acromual higament Any up
ward movement of the humerus tends to force the head and greater t
bercle, wath the covering supraspmatus muscle agamst the arch of the
acromuon and coraco acromal hgament The bursa between the mus
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cle and the arch acts therefore as an accessory jont cavity of the shoul
der, allowing for movements of the upper end of the humerus beneath
the arch and bemng espeaially 1mportant, therefore, 1 abduction

Crlafication or other lesions in tissues adjormng the shoulder jont
or the subacrominl bursa will lead to punful enppling of humeral
movements Tears of almost any of the muscles about the shoulder may
occur, but the two most common lesions of this type here are tears of
the mucculotendinous cuff (incertions of subscapulars, supraspinatus,
wnfrispimatus, and teres minor), espeailly of the supraspinatus portion,
and rupture of the long head of the biceps Wiile rupture of shoulder
muscles may be Iargely traumatic, those mvolving tendons are typcally
preceded by degeneratne changes of these tendons

Review of the Shoulder

In review and summary of the shoulder, the bony landmarks (p 77)
should be palpated upon one’s self or a classmate, and as many of the

Figure 43 The chief external rotators of the arm



114 The Upper Limb

muscles as can be recogmzed by mspection or palpation should be ex
ammed while movements designed to produce contraction of each m
dividual muscle and of any part that acts dufferently from another are
bemg carried out Reference to the descriptions of the various muscles,
and to the text and figures pertaming to specific movements, should be
sufficient to indicate what movemenis will best bring out the various
muscles and therr parts
It should be remembered that muscular action 1s never any stronger
than 15 required to bring about the desired movement, and some mus
cles that can help bring about the movement will not contract at all
unless they are needed Thus resistance to the movement, most easily
produced m many cases by having the subject push agamst resistance
offered by the observer’s hand, will bring out muscular contraction both
more plainly and more completely In a movement agamst resistance
the antagomsts will be found to be relaved, simce contracton by them
would mterfere with the movement and 1s not needed to make 1t a
smooth one However, 1t must also be remembered that contraction of
a muscle does not necessarily mean 1t 1s bringing about the movement,
for 1t may be contracting synergistically to prevent some other, un
desired, movement It 1s not always possible to deterrmne which mus
cles are prime movers and which are synergsts, but a knowledge of
their anatomy wall often allow the decision to be made
Of the bones the external occipital protuberance, the spmous proc
esses of the vertebrae, and the upper borders (ihac crests) of the hip
bones should all be identified 1n examning the back The spme of the
scapula can also be easily 1dentified and traced to the acromuon at the
op of the shoulder, although there 1s no way of locating exactly the
junction of these two contimuous parts The medhal border of the scapula
and 1ts inferior angle can be palpated with no difficulty and are usually
visible when the subject pushes with his arm and hand agamst re
sistance The other parts of the scapula are covered by too much mus
cle to be readily ident:fiable, except the coracoid process, which 1s pal
pable anteriorly just below the clavicle between the chest and the
shoulder The clavicle can be easily felt and seen The various parts of
the sternum can also be 1dentified with no difficulty—the sternal angle
marks the junchon of manubrium and body, and the xiphoid process
can be felt at the lower end of the sternum, mn the apex of the space
between the arches of the ribs of the two sides
0f the muscles of the shoulder, some are easily seen or felt or both,
while others are difficult or impossible to :dentify on the living person
The pectoralis major can be easily 1dentified on the front of the thorax,
n the male 1t 1s largely responsible for the contour of the pectoral re
gion, and mn both sexes 1t 15 the chief component of the anterior axillary
fold In muscular mdividuals the slips of origin of the serratus anterior
from the ribs can be easily seen on the anterolateral thoracic wall below
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the pectoralis major Both the pectoralis rmnor and the subclavius lie
too deeply (the munor belund the major, the subclavius under cover of
the clavicle) 1o be recogmzable, nor 15 there any way to test specifically
their actions

On the back the Jateral border of the upper part of the trapezius as
it runs from the neck to the shoulder can be casily scen and felt, atro
phy of the muscle 15 ersily recogmized because of the change in contour
Because of 1t< flatness, however, other parts of the muscle are difficult
to ;dentify  Similarly, only a lateral part of the latissimus dorsy, as at
extends tow1rd the postenior axillary fold, 1s clearly recogmzable Much
of the muscle 15 to0o flnt, and 1n the axitlary fold 1t 1s difficult or impos-
sible to disinguish between the latissamus and the teres major, since
the muscles are clocely applied together and have 1n general the same
actions The teres major, however, forms the larger bulk of the muscu
Inture 1 the fold

The deltoid 1s easily recogmzable as 1t gives shape to the junction of

Table 1 Nerves and Muscles of Shoulder

MNerre AMusele
Name Ongin* Name Chuef action
Accessory Cranial Sternocleidomastoid  Lateral flexion and rotation
of head
Trapezius Elevation of tip of shoulder
Do tolevator seaputae €3, 4 Levator scapulae Elevation of scapula
Dorsal scapular [o43 Both rhomboider Retraction of scapula
N to tubclavius Cs, 6 Subclavius Depression of clayicle®
Axillary C5, 6 ‘Teres mnor External rotation of arm
Deltord Abduction of arm
Upper subscapular C5 6 Subscapularis Internal rotation of arm
Lower subscapular C5 6 Subscapulans Internal rotation of arm
Teres major Extension and internal rota
tion of arm
Suprascapular Cs5,6 Suprasp Abd of arm
Infraspinatus External rotation of arm
Long thoracic C5,6 7 Serratus anterior Upward rotation of scapula
Lateral pectoral C5 6 7  Upper pectoralis Adduction flexion of arm
major
Medial pectoral C8 Tt  Lowerp 1 Add of arm
major
Pectoralis minor Depression of shoulder
Thoracodarsal C6 78 Latissimus dorsy Extennion adduction of arm

.

ﬁhegl;;mmﬁm" segmental onigin Muscles innervated by a nerve may or may not receive

dlsfnbuz; all the spinal nerves contributing to the penpheral nerve but when a nerve 15

of th to only one or two museles as are those in ths table the scgmental innervation
¢ muscle 13 the same as the segmental composition of the nerve



116 The Upper Limb

shoulder and arm, and 1s a particularly favorable muscle m which to
demonstrate different actions of various parts The supraspinatus s
sometmes visible as 1t produces a shight outward bulging of the tra
pezius immediately above the scapular spine, but 1s difficult to palpate
distinctly because when 1t contracts i abduction the overlymng upper
part of the trapezius also contracts Because the deltoid also abducts,
there 1s no good way of estmating the strength of the supraspinatus

The other muscles mtimately attached to the scapula—the infra
spatus, teres mmor, and subscapularis—are not usually dentifiable
in the hving person However, since the first two are pure external
rotators and the subscapulars 1s a pure internal rotator, the strength of
these muscles can be estunated by observing the strength of rotation
of the humerus, taking care that neither flexion nor extension 1s at
tempted at the same time Carrymg out rotation of the arm with the
elbow flexed will allow one to distinguush clearly between rotation of
the arm and pronation and supmation (p 117) of the forearm and hand

The vessels and nerves of the shoulder are for the most part not
recogmzable m the hiving person The cephalic vemn 1s frequently visi
ble through the shim as 1t runs up the anterolateral side of the arm, and
may be visible between the deltord and pectoralis major muscles Un
named superficial vems are also frequently visible through the shin of
the pectoral region, especially mn the female where these vemns are
larger becanse they participate m the drainage of the breast

The subclavian artery, a branch of which (thyrocervical trunk) nor
mally gives rise to the transverse cervical and suprascapular arteries to
the shoulder region, can be palpated (its pulse felt) belund the clavicle
i the depression at the base of the neck, and the axillary artery, which
gives r1se to all the other mmportant arterzes to the shoulder, can be pal
pated 1n the axilla agamst the humerus

The only nerves recogmzable are those formng the lower part of the
brachial plexus, these are not mndividually recogmzable, but can be
rolled agamst the humerus by the thumb The fact that 1t 16 nerves that
form at least a part of this mass (the axillary artery 15 also a part of 1t)
can be recognized by the unpleasant sensation produced by shght pres
sure upon the nerves

The distnnbution of nerves to the muscles of the shoulder, and the
chief action of each of these muscles, are indicated 1n Table 1



The Arm

General Considerations

Movements between the arm and forearm are of two types, flexion
extension and pronation supination Flexion of the forearm, or flenon
at the elbow, means simply bending the elbow, while extension of the
forearm mncreases the angle between forearm and arm Pronation and
supination are most easily described n reference to a forearm held 1n
the honzontal position, although actually they may occur m any po
sition of the forearm Wath the forearm hornzontal, pronation 1s the
movement of turning the palm of the hand down, supination 15 the
movement of turning the palm up

The muscles i the arm are few 1 number, and are clearly divided
mto antenior (flexor) and postertor (extensor) muscle masses The
chief action of both groups 1s at the elbow, but both have also some ac
tion at the shoulder jomnt

The nerves to the muscles of the arm pass through the axilla with
the axllary artery Nerther the median nor the ulnar nerve, the larger
components from the anterior portion of the brachial plexus, have any
sigmficance for the innervation of the muscles of the arm, they supply
muscles of the forearm and hand only The muscles of the anterior sur
face of the arm are supplied by the musculocutaneous nery e, from the

PR



118 The Upper Limb

’ ,Posterior
yay plexus
// sMedial

/Laterol } cords of brachial

Coraco
bracholis ~~_ ﬁ

Biceps LF
bru:hu_\-_-_ A

Brachiohs — - —

Frgure 44 Distnibution of the I nerve

lateral cord of the brachial plexus, after supplymng the coracobrachialis,
both heads of the biceps, and the brachialts thss nerve supplies skin on
the forearm (fig 44) The radal nerve, from the posterzor cord of the
plexus, supplies the posterior musculature of the arm (fig 53, p 136)
The blood supply to the muscles of the arm 1s Jargely from branches
of the brachial artery, supplemented by branches of the axillary that
descend across the shoulder jomt, and by small branches that ascend
across the elbow jont from the radial, ulnar and interosseous arteries m
the forearm

The Humerus and the Elbow Joint

Just as the shoulder girdle and the upper end of the humerus, the
sole bone of the arm, had to be studied 1 conmection with the shoulder
muscles, so must the humerus and the upper ends of the radms and
ulna, the two bones of the forearm, be studied 1 connection with the
arm muscles Except for a roughened surface laterally, marking the 1n
sertion of the deltoid muscle (p 99), and a shallow spiral groove pos
teriorly, markng the course of the radial nerve, the approxmmately
¢y indnical body of the humerus presents no features of special nterest
At 1ts lower end, howeser, 1t expands laterally, and at the same time



The Arm 1

becomes flattene anterepn trrimlsy . The charp medinl and Iateral
bardere of the Inaer end of the humerue pive ongan to <ome of the mus
cles of the fore arm and end belen 1n more rounded but prominent me
dinl and Interal epacondalee a.huch are alca projections for the attach
ment of forearm muecles The o are eaaly palpable in the Iiving per
swon On the po tero infenor curface of the medial epicondvle 15 the
groove for the ulnar nerve The I er end of the humerus bears two
articular eurfyces, o 1ateral capitulum for articulation wath the head of
the radius and 2 medial trochles for articulation wath the ulna (fig $5)
Abose the 1ounded trochles anteniorly 15 the coronoid fossa (recenving
the coronond procece of the ulna) while postertorly 3s the olecranon
fosa, recenving the olecrmon (the backward projecting portion, or
upper end, of the ulna) when the arm s extended Occasionally the
bone 15 completely deficient between these two fossae and a hole ap
pears here 1n the dried bone, although i hie this hole was bridged by a
membrane The concavity on the front of the humerus above the
capitulum 15 the radial focea

The upper end of the ulna, the more medial of the two forearm bones,
15 the olecranon, 1t 15 subcutancous, as 1s much of the ulna throughout
us length On the anterior surface of the ulna 1s the deep trochlear

------ ~ Humerus
- Medio! epicondyle
/

-Olecranon

Ulnar collateral bg

tuberosity

g 5 ;5:!12\1 45 The right elbow jomt viewed from mn front The thin capsule 1s not
ote that the ulna with 1ts posteriorly projecting olecranon forms a hinge jomt

wa
hg‘:lm\:;; humerus while the head of the radius 1s free to rotate within the annular
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notch {masure) for arieulation vath the trochlea The articular sur
face of the notch 15 shared by, and lumited mferiodly by, the upward pro
jecting coronosd process On the lateral side of the coronod process
there 15 a second artndar surface, the radial notch, which receives the
head of the radius Below the coronoid process 15 the ulnar tuberosity,
warkmg the Jower end of the msertion of the brachiahs muscle, dista}
to this the ulna narrows to become more rounded, and finally even tr1
angular 1 cross section 1t the rmddle of the body
The prowmal end of the radius presents an expanded diskhke head,
smooth not only on sts upper surface but also on 1ts edges The upper
surface 15 slightly concase and fits agamnst the capitulum of the hu
merns, while the carcumferential part of the articular surface 1s 1 con
tact with the radial notch on the ulna and wnth a hgament (annular
hgament) that holds 1t agamst this nofch The prowimal end of the ra
dius presents also a shghtly constricted nech and a rather well marked
tuberosity for the mnsertion of the bceps Beyond thas pomt the radus,
bike the ulna, becomes rounded and then roughly triangular m cross
section
Although there 15 a single jomt cavity at the elbow, there are two
functional types of jomts within this cavity From the standpomt of
function 1t 15 usually 1mpossible to spead simply of ‘ the” elbow jout,
rather, we must specify whether we are referrmg to the humero ulnar
and humeroradal or the radio ulnar yomnt
The sirength of the humero ulnar and humeroradial jonts which
act as a smgle jomt m flexion and extension, depends promaraddy upon
the muscles, especiafly the brachralis and trceps, that cross it, and
upon the shape of the articular surfaces of the bumerus and ulna The
articulation 15 essentially a hinge jomt although, due to the obliquuty
of the trothlea, the forearm 1s not brought wmto a straight kme with the
hwmerus when the arm 1s extended The articular capsule at the elbow
jomnt 1s thw lax and rather redundant thus allowing free movement
here Antertorly and posteriorly the capsule 1s protected by muscles
rather than hgaments, but medially and laterally special hgaments
occur The medial hgament the ulnar collateral higament, arises from
the medial eprcondyle and fams out to msert on the coronord process
and the olecranon The lateral hgament, the radial colleteral hgament,
arses from the lateral epicondyle and attaches to the annular hgament
of the radms
The proxamsl sadio ulnar jownt 15 one alloning rotation of the head
of the radws to produce the movements of pronation and supmation
The smportant hgament of this jomt, the anuular hgament of the
radius, 15 attached at both ends to the coronma process and forms about
four fifths of a cucle, the remamng fifth of the articular surface brng
provided by the radial notch of the ulna Sunce the synovial capsule
of the elbow jomt extends beneath the anmular hgament the radiws
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¢an rotate freely withm this circle Whale a purely ringhke form, such
as 15 imphied by the term “annular hgament,” would suffice to allow
for this movement 1t would offer no resistance agunst distal displace
ment of the head of the radius Actually such displacement 1s provided
agunst through the fact that the annular ligament 15 shaped not so
much hike 1 ring as like a portion of a cup wath the bottom broken out
of 1t, the head of the radwus fits within the expanded hips of the cup
wlile the nech of the radius 1s grasped by the narrowed bottom of the
cup The cup 1s held firmly 1 place both through the attachment of
the hgament to the ulna and through the additional strength denved
from the attachment of the radial collaternl igament

One other aspect of the mechanism of the radio ulnar jomt must be
mentioned If the radws 1s to move 1n pronation and supination, it
must be free to move about the ulna at 1ts lower end also Thus there 1s
a distal radio ulnar joint cavity, located at the wrist, mterverung be
tween the lower ends of the radius and ulna, betsveen the two radio
ulnar jomnts the rads and ulna are umted by a fleable mterosseous
membrane

Superficial Nerves and Vessels Fascia

The superficial fascia (subcutaneous tissue) of the arm contamns a
vanable amount of fat, and 1 1t run the superficial nerves and vessels
Deep to this, enclosing the muscles of the arm, 15 a tough membranous
layer of fascia, the brachal fascia or deep fascia of the arm This deep
fascia forms a sheath completely around the arm, but 1s loose fitting
antenorly 1 order to allow for the bulging of the muscles during con
traction, posteriorly 1t 1s fused to the flatter muscle here On the medial
and lateral sides of the arm, especially 1 1ts lower part, 1t 1s attached
to the humerus between the anternior and posterior muscles, forming
medial and lateral mntermuscular septa The deep fasica 1s penetrated
by many of the superficial nerves and vessels

The cutaneous (superficial) nerves of the arm emerge laterally, me
dially and posterniorly They include lateral cutaneous branches from
the axillary nerve above and the radial nerve below, a posterior cu
taneous branch of the radial, a medial brachial cutaneous nerve (from
the medzal cord), an ntercostobrachial from the second, or second and
third, intercostal nerves, and branches from the medial antebrachial
cutaneous nerve (from the medial cord) The two large nerves perfor-
atmg the deep fascia of the arm are the medial antebrachal cutaneous.
which emerges on the medial side of the arm at about the junction of
the upper two thirds and lower third (accompanying the basiic vein)
and the lateral antebrachial cutaneous which emerges 1 front of the’
elbow just lateral to the strong superficial tendon (tendon of the biceps)
that crosses the front of the jomt The postertor antebrachial cutaneous,
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smaller than the other two antebrachial nerves, emerges posterolaterally
m the lower third of the arm All three nerves continue into the fore
arm to supply shin here

There are two main superficial vemns m the arm The cephalic vemn
Lies m the superficial fascia of the forearm and arm, lymg n the latter
along the anterolateral surface of the biceps muscle, and frequently
bemng visible here through the skin In the upper part of the arm the
cephalic vemn passes between the deltord and pectoralis major muscles
to empty mto the axillary vemn The basilic ven also hes superficially
i the forearm and medial side of the lower part of the arm, in the hol
low of the elbow (cubital fossa) there 1s a promunent commumcation,
the vena median cubiti, between the basilic and cephalic vems The
promence and accessibility of the superficial vemns at the front of the
elbow make them particularly convement vessels from which to with
draw blood At about the junction of the rmddle and lower thirds of
the arm the basilic vemn passes deep to the brachial fascia and courses
upward deep to ths, as 1t enters the axilla 1t becomes the axillary vemn
and recerves the deep vemns and the cephalic ven

Muscles of the Arm

The musculature of the arm consists of the biceps brachn, the cor
acobrachiahs, and the brachialis on the anterior surface (fig 46), and
the triceps brachn with 1ts associated anconeus (fig 47) on the posterior
surface

The biceps brachu has two heads, as 1ts name mmphes The short
head arses from the coracord process of the scapula m common with
the coracobrachialis muscle, while the long head arises from the supra
glenoid tubercle of the scapula and traverses the cavity of the shoulder
jomt to run mn the groove (mntertubercular) between the greater and
lesser tubercles An mtertubercular synovial sheath, a diverticulum of
the shoulder joint, follows 1t dewnward in the interubercular groove
The two heads umte m the lower part of the arm and form a strong ten
don that passes across the front of the elbow jomt to msert on the prom
ment radial tuberosity on the upper end of the radius As the tendon
passes downward 1t gives off a strong expansion, the bicipital aponeu
rosts, which blends with the fascia over the flexor muscles of the fore
arm and passes with this fascia to the ulna Since the tuberosity on the
radius 15 somewhat on the ulnar surface of this bone, the biceps, 1
producing flexion at the elbow, will also rotate the radms so as to pro
duce supmation Both heads of the biceps are so situated as to be able to
flex the arm at the shoulder, and when the humerus 1s externally ro-
tated the long head 15 1n a position to help in abduction However, the
biceps does not usually contract mn the normal mdrvdual for move
ments at the shoulder jomt, and when 1t does the contraction may be as
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much to protect the clbow jomt agunst hyperextension as 1t 1s to help
move the arm

The brachial artery with its accompanying vems and the Inrge me
din and ulnar nerves, accompanied by smaller cutancous nerves, leave
the aullh to hie on the medial side of the biceps, 1n the groove between
1tand the brachinlis (fig 49, p 127) The ulnar nerve gradually diverges
posteniorly to pass behind the medial epicondyle, but the brachial artery
and median nerve enter the forcarm on the front of the brachalis mus
cle The musculocutaneous nerve hes belund the biceps, between that
and the braclnals, having attamed tlis position by passing through the
coracobrachialis The fourth major nerve 1n the arm, the radial, starts
posteriorly around the arm as 1t leaves the axilla

The coracobrachialis arises from the coracoid process with the short
head of the biceps and nserts upon the humerus, since 1t does not cross
the elbow joint 1t can have no action there, but 1s rather a llexor and
adductor of the arm The musculocutancous nerve leaves the axilla by
running through the muscle The brachialis arises from a large part of
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the antertor surface of the humerus and, covering the front of the elbow
jomt, inserts upon the coronoid process and the tuberosity just distal to
the process Since 1t 1s rotation of the radius that produces supmation
and pronation, the brachialis can only flex the forearm

The three muscles just described, that 13, all the flexor muscles i the
arm, are imnnervated through the musculocutaneous nerve (fig 44,
p 118) Before 1t leaves the axilla by runmng through the coracobrachn
alis 1t supplies this muscle, and as 1t hies between the biceps and the
brachiahs 1t supplies both of these It contams fibers from the fifth,
sixth and seventh cervical nerves The lateral part of the brachials
somehmes recerves a twig from the radial nerve, although the func
tional importance of this 1s not clear It 1s m part a branch to the elbow
jomt, but there 1s disagreement on whether 1t innervates also a small
lateral part of the brachalis

Of the three heads of the triceps brachn muscle, the long head arises
from the lateral border of the scapula just below the glenoid cavity, and
passes downward 1n front of the teres nunor but behind the teres major
(fig 30, p 100) The lateral head of the triceps arises from the humerus
above and lateral to the groove for the radial nerve, and umtes with the
long head to form the superficial tendinous part of the msertion of the
muscle The third or medial head arses also from the humerus, but
below and medial to the spiralling groove for the radial nerve, and
attaches mto the deep surface of the combined lateral and long heads
The radial nerve and the deep brachal artery pass between the long head
and the humerus and then spiral around the back of the humerus be
tween the onigins of the lateral and medial heads, approvimately in the
so-called groove for the radial nerve but usually lymng upon uppermost
fibers of the medial head rather than directly agamst the bone All three
heads of the triceps msert together upon the olecranon, and the triceps
constitutes, therefore, the only real extensor of the elbow jont Since the
long head of the triceps, but not the other two heads, crosses the
shoulder jomt, the long head also aids 1n extension and adduction of the
arm

The anconeus 1s a small trangular muscle attached to the lateral
epicandyle and to the ulna, while 1ts action 15 usually sard ta be exten
sion at the elbow, 1t can add hittle to the extensor action of the triceps,
and 1t has been sard to contract more strongly mn pronation (to abduct
the ulna) than 1t does during extension The triceps 1s innervated by the
radial nerve which passes posteriorly under cover of this muscle to
attamn the lateral side of the arm, a branch of the nerve to the medial
head of the triceps 1s continued downward to mnnervate the anconeus

Movements at the Elbow Jormnt

In considering the movements at the elbow jomt it should be remem
bered that flexion and extension occur between the humerus and both

’
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the nlnn and the radius winle pronation and supination mvolve rota
tion of the radius about the ulna Flevion (fig 48) 1s brought about
espeannlly through the actions of the biceps and brachiahs (Since the
biceps supinates as 1t flexes, flexion from the pronated position 1s carried
out by the bracialis alone unless there 1s strong resistance ) A paraly

s1s of these muscles, as caused, for mstance, by jury to the musculo-
cutancous nerve, does not, however, abolish the power of fleion at the
elbow Since the most superficial muscle of the laternl forearm group,
the bracloradialis, anses from the lateral border of the humerus some
distance above the elbow and crosses well 1 front of the elbow joint, 1t
15 a particulrly good flexor of this jomnt when the hand 1s held so that
the thumb s up Other muscles on the extensor side, especially the exten-
sor carpt ridinlis longus, may assist the brachioradialis in 1ts flexor
action but arise too low on the humerus to be as important in flexion

Of the flexor muscle mass mn the forearm the pronator teres has the

— — —~Radigl n

— — —~—long head

— —~-lateral head | Triceps
brachn

Figure 47 Posterior muscles of the rght arm
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Pronator teres

Brachioradiohs

Ext ¢arps radiclis longus

Frgure 48 The flexors of the forearm

highest origin from the humerus, although not as lugh as that of the
brachioradiahs It 1s accordingly a much weaker flexor of the forearm
upon the arm, and may or may not be able, workmg alone, to carry out
this movement agamst gravity Other muscles of the flexor forearm
group anse from the medial epicond; Je and have no sigmficant action
m flexing the elbow jomt

The extensor muscle of the forearm 1s the triceps (fig 47), perhaps
arded shightly by the tiny anconens

The movements of pronation and supmation are carried on by mus
cles lymg n the forearm (except, of course, for the important action of
the hiceps brachu m supmating) and these movements can be under
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stood more casily after the muscles of the forearm have been studied
They are thercfore discussed on page 164

Nerves and Vessels

Of the four man nerves traversing the arm (fig 49), namely,
median, ulnar, radial and musculocutaneous, the first two mve off no
branches to the muscles of the arm  After their ongins from the brachial
plexus these two nenves run down the medial side of the arm, the med
1an nerve at first anterolateral but later medial to, the ulnar nerve pos
terior to, the braclnal artery Just above the clbow the median nese
hies on the front of the braclualis muscle and passes wath the brachial

Coraco-
brochiahs

Deltord (

Mvscu(o‘&\
cutaneous n

Brachial

aondw
Median n u/ 4
Brachials / i
Breepsy, / %

~Superior ulnar
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Frgure 49 Nerves and vessels of the arm In this figure vems are black arteries
are transversely shaded
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artery 1n front of the elbow jomnt, while the ulnar nerve takes a poster
10r course to pass behind the medial eprcondyle

The musculocutaneous nerve anses from the lateral cord of the
brachial plexus and passes through the substance of the coracobrachialis
muscle 16 be between the biceps and brachiabis Just before or as 3t
penetrates the coracobrachialis 1t supphes this muscle, and subsequently
gves off branches to both heads of the biceps and to the brachahs
Thereafter, as the lateral antebrachial cutaneous nerve, this nerve passes
lateral to the biceps tendon to supply skin of the forearm

Although the muscles of the flexor surface of the arm are all mnervated
by the musculocutaneous nerve, mjury to this nerve will not abohsh
flexion at the elbow The brachioradiahs, a strong flexor, 1s mnervated
by the radial nerve, and the pronator teres, a weaker flexor, 15 mner
vated by the median nerve The musculocutaneous nerve recenes fibers
from G5 and C6 through the lateral cord, and sends some of each to both
brachialis and biceps (the fibers that it gets from C7 go to the coraco
brachiabis and to skin) The brachioradiabis and pronator teres are both
supphed primanly by fibers from C6 While three separate peripheral
nerves—musculocutaneous, radial, and median—would have to be mn
volved to abolish flexion at the elbow, a lesion of the upper trunk of the
brachial plexus (C5 and CG), before the posterior diision contributing
to the radial 1s given off, may mterrupt all or practically all of the
nerve supply to the flexors of the elbow In assessing damage to the
elbow flexors, however, 1t should be remembered that if the arm 15 n
wardly rotated, elbow flexion 1s difficult because of the xmpingement of
the forearm agamst the body as flexion 1s attempted Consequently, in
damage to the upper part of the plexus with paralysis of the external
rotators at the shoulder and an unknown degree of mvolvement of the
flexors of the elbow, these latter muscles should be tested only winle
the arm 1s so held as to prevent internal rotation

The radial nerve the continuation of the postenor cord, leaves the
axilla by passing posteriorly in a wide spiral around the humerus, first
lying between the long head of the triceps and the humerus, then ap
proxumately m the radial groove on the back of the humerus, between
the origms of the lateral and medial heads of the triceps (fig 50) It1s
accompanied m this course by the deep brachual artery and vemns
Emerging on the lateral side of the humerus, the radial nerve hes first
between the triceps and brachiahs, then passes m front of the extensor
forearm group to lie between the brachioradialis and brachials,
which position 3t passes into the forearm (fig 60, p 157) Wile the
radial nerve 1s on the medial side of the arm 1t usually gves off a
branch to the long head of the triceps and a second branch that descends
parallel to the ulnar nerve to reach the medial head of this muscle In
1ts spira} course deep 1o the triceps 1 gives addibional branches to all
three heads of thus muscle, and mn the lower part of the arm may give a
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twig mito the brachiahs The portion of brichiahs supplied by the
radial nerve (of any—p 124) 15, however, probably not sufficient to pro-
duce flexton at the elbow jont when the musculocutineous and median
nerves are damaged Llbow flexion, under such conditions, 15 due pn
manly to the action of certamn extensor forcarm muscles

The radial nerve supplies the triceps (and anconeus) with fibers
denved pnmanly from C6, 7, and 8 While mjury to the radial nerve
may abolish all active extension at the elbow, 1t should be noted that
some of the branches to the triceps usually anse before the nerve has
left the avilln Injury to it as 1t lies in the spiral groove may, thercfore,
affect extension of the wrist rather than of the elbow

The brachial artery (fig 49), the continuation of the axillary artery,
passes down the medial side of the arm and then runs with the median
nerve mn front of the elbow, lymng on the brachialis muscle It gives off
branches to the braclial muscles, mcluding one (the deep brachial) that
accompantes the radial nerve 1n 1ts posterior course around the hum
erus, 1nd also 1 nutnient artery to the humerus and anastomotic
branches about the elbow joint Occasonally the brachial artery 1s
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double durmg part or all of its course m the arm, when this occurs one
of the vessels usually hes more superficially than the other and 15
known as a superfical brachal artery

The brachial artery 1s accompaimed by two brachial veins, which not
mirequently blend into one for a part of their course In addition to the
deep vems, there are two mportant superficial vems, the cephalic and
the basiic These have already been described

Rewiew of the Arm

The anatomy of the living arm can be adequately reviewed rather
quckly

The coracoid process, already :dentified m the study of the shoulder,
the body of the humerus, the medial and lateral epacondyles, and the
olecranon, are the bony landmarks that can be palpated

Of the antenior muscles of the arm, the most fambar 1s the biceps,
winch Iittle boys use to “show theiwr muscle”, 1ts tendon of msertion can
be readily felt in front of the flexed elbow, and the upper and medial
edge of the biapital aponeurosis 1s also easily palpable The two heads
of onigin are not easily separable, but the short head and the coracobra
chualis can be 1dentified in the lower part of the axilla where they he
behind the msertion of the pectoralis myjor, they can be dishingmshed
from each other because the more antersor rounded tendon of the biceps
15 pronunent m forcible flexion of the elbow, while the broader and
posteniorly lymg coracobrichials 1s particularly promumnent when the
arm 1s adducted The fact that the biceps contracts stronglv for com
bined flexson and supmation of the forearm, but hitle or none at all for
erther movernent alone, can easily be demonstrated The brachialis 15
somewhat more dafficult to palpate, it 1s perhaps most easily recogmzed
by palpating on the medial side of the tendon of the biceps wihnle flexion
of the supmated forearm agamst opposition 1s being carred out The
triceps 1s easily identifiable when the forearm 15 extended agamnst
opposition, and s long head can be felt mn the axilla when the arm 15
adducted The anconeus 1s not 1dentifiable

Of the vessels and nerves parts of the cephalic and basithc vens 1
the arm are usually wdentifiable, particularly 1n front of the elbow where
the vena mediam cubiti can be seen connecting them They can be
brought out still more plamnly by interfering with their flow by wrap
pmg a band—a handerchief will do—tghtly about the arm above the
elbow In the upper part of the arm, the hrachial artery can be palpated
agawst the humerus—it 15 here that 1t 15 occluded by a blood pressure
cuff when a phvsician ‘takes” the blood pressure—and the accompany
g nerves can be rolled agamst the bone The arterv can also be pal
=1 the front of the brachialis muscle, just medaal to the biceps ten

pated o
don at the elbow It 1s here that the physician listens for the sound of
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the blood returmng to the artery as the pressure of the blood pressure
cuff 1s released The ulnar nerve can be palpated as 1t passes belund the
medial epicondyle The sensation ainduced by pressing upon or htting
the nerve here hns given rice to the colloquial name “funny bone” for
the medial eprcondyle

The distribution of nerves to the muscles of the arm, and the chief
actions of the muscles, are summanzed 1n Table 2 Figure 44, p 118,
<hows dingrammatically the distmbution of the musculocutaneous
nerve The distribution of the radinl nerve, which 1s to more forearm
than «rm muscles, 1s shown 1n figure 53, p 136

Table 2 Nerves and Muscles of Arm

Neree and Orgin Musele
Name Segmental Chuef action
nncrvaton®
Musculocutancous  Biceps Cs, 6 Flexion supination of forearm
Cs-C7 Coracobrachiahs C5-C7 Adduction flexion of arm
Brachialis Cs5, 6 Flexion of forearm
Radial Triceps C5-C8 Extenston of forearm
Cs-C8 Anconcus c6 7 Lxtension of forearm?
*A 1 origin or 1 innervation The composition of both the
lar b h h

chief nerves and their

varies so ameong persons



Forearm and Hand:

General Considerations

The muscles of the forearm act on the elbow, wrist, and digits
(fingers and thumb), winle the muscles m the hand act on the digits
alone In the upper part of the forearm the muscles form fleshy masses
below the medial and lateral epicondyles, but their mass rapidly tapers
off toward the wnist, where the muscle bellies are replaced by long,
strong tendons that continue mto the hand The reduction mn bulk
obtained by the transformation of the muscles into tendons allows a far
greater number of muscles to have access to the hand than would other
wise be possible The muscles m the hand form two masses m the
palm, one at the base of the thumb (thenar emmence), the other at the
base of the httle finger (hypothenar emnence) Other muscles of the
hand are situated more deeply 1n the palm, behind the long tendons
and m assoctation with the long bones (metacarpals) of the palm

The forearm muscles can be clearly divided nto flexor and extensor
groups The former arices 1n large part from the medial epicondyle and
occupies the medial border and antenor (flexor) surface of the forearm,

132
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from wlich many muscles continue mnto the palm of the hand The
extensor group 1s particularly promnent an the region of the lateral
epicondy Je and occupes the 1ateral border and the posterior (extensor)
surface of the forearm Many of the muscles of this group send tendons
onto the back (dorsum) of the hand

The ternunology of the forcarm muscles may seem at first unneces
<anly complex and confusing, but can be comprehended readily if an
attempt 15 made to understand 1t rather than sumply memorize 1t The
nuscles are named, for the most part, from their chief actions, often
with qualifying words that indicate their relative locations or sizes
Thus we find that there are two pronators (muscles that pronate the
hand), a teres (round) and a quadratus (quadrangular in shape),
there 1s a supmnator, or muscle that supinates, there 1s a flevor digitorum
superficialis and a flexor digitorum profundus (superficial flexor and
deep flevor of the digits) Sumilarly, “flexor carpr ulnaris” means “ulnar
flevor of the wnist” and amphes that there 15 a radial fleor of the wrist,
as mdeed there 1s Since there are two radial extensors of the wnist, one
15 called the extensor carpr radalis longus (long extensor on the radial
side of the wrist) while the other 1s the extensor carp: radialis brevis
(short radial extensor of the wrist)

If the following terms are understood, the student should have no
dafficulty with the termmology of the muscles of the forearm and hand
pronator, supmator, flexor, extensor, abductor, and adductor all refer
to movements, which will be defined in the next paragraph, radialis and
ulnans (which are self evident), superficialis (superficial) and pro
fundus (deep) are adjectnves of position, longus (long), brevas (short),
and teres and quadratus (defined above) are adjectives descriptive of
shape, pollicxs (of the thumb or pollex), mdicis (of the mdex finger),
digth mimm (of the lttle finger), carp1 (of the carpus or wrist) and
digitorum (of the digits or fingers) are quahfymg nouns explaiming
upon what member or joint the muscle exerts 1ts action

Pronation and supination have already been defined as movements
occurring at the elbow that result mn turmng the palm downward or
upward, respectively, when the flexed forearm 1s held horizontal
Flexion at the wrist 1s the act of bendmg the palm of the hand toward
the forearm Fxtension 1s the movement of straightenmg the flexed
wnist, when this movement of extension 1s continued to bend the wrist
backward, 1t 1s called hyperextension or, more commonly, dorsiflexion
(that 15, bending toward the dorsum, or back, of the hand) Obviously,
flexion 1s freer than 1s dorsiflexion In addition to flexion and extension,
movements at the wrist can take place in the plane of the extended
hand These movements may be described with reference to their re-
lation exther to the mdline of the body or of the hand atself, the latter
1s preferable 1o avoid misunderstandings Thus we can refer to such a
movement toward the little finger side of the hand as bemg adduction
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or better, ulnar abduction of the hand, simlarly, movement toward
the thumb side 25 abduction, or, better radial abduction at the wrist
Ulnar abduchion far exceeds radial abduction n 1ts fullness of move
ment As the jomt between radiws and wrist hones although concavo
convex n shape, 15 ethpsodal rather than of the ball and socket type,
rotation at the wiist 1s barely possible A himuted amount may accom
pany promation and supmation

Movements of the thumb are best described separately from those of
the remawmng four fingers The thumb 1s thought of as bemng m the
normal position when 1ts palmar surface 15 at right angles to the palm
of the hand, and movements of the thumb are described wath reference
to this posizon Flevion of the thumb 1s bending 1t 1n a plane parallel
to the plane of the palm of the hand (not ;n domg tins and at the sawme
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time <o rotating 1t that 1ts pad comes m contact with the palmar surface
of the fingers), extension 1s, of course, the opposite movement Abduc-
tion 1s rasang the thumb away from the other fingers, 1n a plane per
pendicular to the palm, while adduction 1s bringing 1t back toward the
palm

As 3 ou ohserve these movements, note that the long bone at the base
of the thumb (the first metacarpal) moves with the thumb and con
tnbutes more to these moyements, except mn flexion and extension of the
ternmnal jomt of the thumb, than do the joints of the thumb 1tself Note
also that movements of the metacarpal 1n flexion and extension are not
pure movements but ivolve also rotrtion and usually adduction or
abduction Thus as the thumb as a whole 1s flexed 1t 15 also rotated
medially and adducted so that its pad can come 1n contact with the pads
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of the fingers, this combination of movements 1s known as opposttiont
The opposable thumb s charactersstic of man—indeed, 1ts p
allowmg him to grasp objects and examne them i detasl, has been
said to be responsible for the greater mental development that distm
gwishes man The movement away from opposibon, myolving exten
sion, external rotation, and usuallv abduction, 1s convemently termed
“reposttion 7

Movements of the four fingers mclude flexion, or closing the hand as
m makig a fist and extension, or strmghiening the fingers Some
hyperextension or dorsiflexson 15 1lso possible Also, the fingers may be
spread apart in the plane of the palm, abducted, or they may be brought
together, adducted, m this plane Smce the metacarpophalangeal jomts
allow flexion and extension, abduction and adduction, 8 finger as a
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whole may also be circumducted In addition to the abose described
movements winch 1t shares with the other fingers, the little finger en
also undergo a certun amount of opposttion, resembhing the simularly
named movement of the thumb

The muscles of the forearm are mnervated by the median, ulnar,
and radial nerves, and those of the hand are innervated by the median
and ulnar nerves Since both the median and the ulnar nerves are
dennved from the anterior divisions of the braclial plexus, they are dis-
tnbuted to the anterior musculiture of the forearm and hand The
median nerve supphes most of the anterior (flexor) musculature of the
forearm, but only a few muscles in the hand (fig 51) The ulnar nerve
supplies only about one and one half muscles i the forearm, but the
majorsty of those m the hand (fig 52) The radial nerve, the only de
rnative of the posterior division of the brachial plexus to reach either
the arm or the forearm, supphes all the posterior (extensor) muscles
of the forearm (fig 53), there are normally no posterior muscles in the
hand Between them, these three nerves mnervate most or all of the
shin of the hand, but only the radial innersates also shin of the forearm
(p 139)

The artenies to the forearm and hand are the radial and the ulnar,
the terminal branches of the brachial Both run down the anterior side
of the forearm and end n the palm of the hand, the posterior side of the
forearm and the dorsum of the hand are supphed by branches of these
two vessels

Bones and Joints

In preparation for a study of the soft tissues of the forearm and hand
certamnt essentials of the sheletal anatomy need to be understood Study
of the bones of the forearm, begun 1n connection with the arm (p 119),
should be completed, and smce so many of the muscles of the forearm
extend mto the hand a prelmmnary study of the bones and joints of the
vrist and hand should be undertaken now The details can best be left for
consideration when the hand atself 1s studied

The upper ends of the bones of the forearm, the radius on the side of
the thumb and the ulna on that of the httle finger, should be reviewed
The articulation of the head of the radius wath the ulna and the annular
ligament 1s particularly important, since this allows the radius to rotate
and cross the ulna m the movement of pronation The bodies of these
bones ment no particular comment The chief marking on each 1s 1ts
wmterosseous border (medially on the radws, laterally on the ulna)
Between these borders 1s stretched during life a strong interosseous
membrane that largely fills the gap between the bones and so completes
the separation between anterior and posterior structures of the forearm

Above the upper end of the nterosseous membrane there 1s a gap be
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tween the radius and ulna that transmts to the posterior side of the
forearm the chuef artery here (posterior interosseous) In the lower part
of the membrane there 1s a small aperture through which a branch of
another vessel passes from the anterior to the posterior sides of the fore
arm The strongest fibers of the interosseous membrane run obhquely
downward from the radius to the ulna In a fall on the hand (where
most of the weight bears upon the radius) the interosseous membrane
transmits some of the force to the ulna, and thus prevents the head of
the radws from being jammed so foreibly aganst the humerus

The radius expands markedly at its lower end, bemg particularly
broad from side to sside The cartilage Iimed concavity at its end 1s the
carpal (wrst) articular surface, on the medial (ulnar) side of 1ts end 1s
the small ulnar notch (incisure) for articulation with the distal end of
the ulna, and the projection from the anterolateral part of 1ts end 1s the
styload process

The lower end of the ulna 1s 1ts head (thus the head of the radms 15
proxumal, that of the nulna distal) Much of 1ts circumference and 1its
distal surface 1s smooth for articulation with the radius and the fibro
cartilaginous disk that separates the distal radio ulnar jomt from the
wrist jomt proper (the ulna does not participate m the latter joint)
The mpple like projection from the posteromedial side of the head 1s the
styloid process of the ulna

The wrist 1s formed by carpals, of whach there are eight arranged n
two rows Each 1s named, but they can be convemently studied later
The bones are so arranged that they form a concave anterior surface,
the carpal groove The bulk of the hand 1s formed by long bones, the
metacarpals, which are designated by Roman numerals, that of the
thumb being metacarpal I or the first metacarpal The sheleton of the
hingers 15 formed by phalanges, the three phalanges of each finger are
called proxmmal, mddle, and distal phalanges, respectively, the two of
the thumb proximal and distal The skeleton of the wrist and hand 15
shown 1n figure 67, page 170, and figure 68, page 171, 1llustrates the
jomnts at the wrist

The joints of the wrist and fingers can also be studied more profitably
later, and will be found descrabed 1n the chapter on the hand (p 169)
The large jomt at the wrist 1s the radiocarpal jomt (between the rads
and the carpal bones), but there are also mtercarpal jomnts (jomts
among the carpals) and these contribute to mobility at the wrist The
carpometacarpal jomts (between the bones named) of the fingers are
largely 1mmovable, although the fifth metacarpal can be moved
shghtly, but the carpometacarpal jomnt of the thumb 1s very mot able
and responsible for much of the movement of the thumb The metacar
pophalangeal jomnts of the fingers form the knuckles, and are much

more movable than 1s that of the thumb There are two mterphalangeal
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jomts, proamal and distal, for cach finger, and a single one for the
thumb Mo ements at these jomts have already been defined

Superficial Nerves and Vessels Fascla

The cutancous mnervation of the forearm 1s through three nerves
Runming down the back of the forearm 15 the postertor antebrachial
cutaneous nerve, a branch of the radal ansing above the elbow The
lateral antebrachial cutaneous nerve, the continuation of the musculo-
cutaneous, supphes shin on both anterior and posterior surfaces of the
lateral aspect of the forearm The medial antebrachial cutaneous nerve,
a nerve ansing directly from the medial cord of the brachial plexus,
simlarly supphes shin on the anteror and posteriar surfaces of the
medial side of the forearm These nerves may be continued some dis-
tance onto the hand, exther as independent branches or through anas
tomosis with radial or ulnar nerve branches to the hand

The cutaneous inervation of the hand 1s participated m by median,
ulnar and radral nerves (figs 51, 52, and 53) and, as mentioned above,
to a vanable extent by the forearm nerves The median nerve typically
supplies much of the skin on the palmar surface of the band ncluding
that of the thumb, mdex, middle, and the radial half of the ring finger
In addition to this palmar distribution, the median nerve sends
branches toward the dorsum to supply the bases of the nails and most
of the sk over the rmddle and distal phalanges of index, muddle and
half of the ring fingers The ulnar nerve typically supples the ulnar
side of the palm of the hand, the ulnar half of the nng finger and all
the palmar surface of the httle finger In addition, through its dorsal
branch to the hand, 1t supphes at least the corresponding fingers on
their dorsal surfaces and a similar regon on the back of the hand Very
frequently the ulnar nerve sends a branch to commumcate with the
radial and supplies or helps to supply the skin on the adjacent dorsal
surfaces of the prouimal phalanges of ring and mmddle fingers Thus
the ulnar nerve supphes shin on one and a half fingers on both palmar
and dorsal sides and often the proximal parts of other fingers on the
dorsum

The radal nerve through 1ts superficial branch supphes the remam
g surface of the dorsum of the hand, thus including the dorsum of the
thumb and the proximal portion of one and a half or two and a half
adjacent fingers It should be noted that the digital branches of the
radial nerve do not supply the more distal portions of the fingers

The superficial veins of the hand form a dense network on both sur-
faces of the fingers, the vewns on the palmar surface dramn primaril
backward onto the dorsum of the hand, where the chief venous net cp)f
the hand occurs Superficial vems are scarce mn the palm of the hand
From the extensive venous network Iying primanly on the dorsum two
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vemns, both of whuich have already been seen in the arm, take ongin and
run upward 1n the superficial fascia The cephahic ven anses largely
from the radial a1de of this network and runs upward, wmdmg around
the radial s1de of the forearm to reach the lateral side of the front of the
elbow, here 1t commumicates with the basihe vem (through the vena
mediam cubiti) Its further course i the arm has alveady been de
scribed The basilhic vemn arises more from the ulnar portion of the dorsal
vemns and runs upward on the medial border of the anterror surface of
the forearm A third vein, usually much smaller than the preceding two
but of varyng size, may run up the rmddle of the anterior surface of
the forearm to commumecate with the basthc or cephalic or both, ths
15 the median forearm vemn

The deep fascia of the forearm resembles that of the arm mn bemng a
tough fibrous membrane that surrounds the underlymg muscles In ats
upper part 1t recerves the bicipital aponeurosis and gives origm to the
more superficial fibers of both flexor and extensor muscles of the fore
arm Septa passwg from it between the muscles give further attach
ment to these 1n the upper part of the forearm In the lower part of the
forearm the fascia more loosely swrrounds the muscles, and on the
antertor surface of the wrist 1t 1s partrally split into two lay ers, between
which pass the palmaris longus tendon and the ulnar vessels and nerve
The more superficial layer at the wrist, covering the above mentioned
structures, 15 thin and poorly developed The deeper layer of fascia at
the wrist 1s markedly strengthened by transverse fibers that stretch
across the carpal groove between its hugher medial and lateral sides,
and thus convert the groove mto the carpal canal (also called carpal
tunnel) These transverse fibers form the flexor retingculum (see also
page 173), most of the tendons gomng wmnto the palm of the hand pass
behmd thus retinacnlum, therefore m the carpal canal On the dorsal
side of the wrist the fascia 15 sumtlarly thickened to form the extensor
retinaculum but as this stretches from one side of the wrst to the other
it 15 fastened down to the underlymng bones by septa that divnde the
space deep to the higament mnto a number of separate compartments for
the tendons gomng onto the dorsum (back) of the hand (fig 76,p 185)

The deep fascia of the hand 1s continuous through the retmacula with
the deep fastia of the forearm That of the palm needs special descrip
twon, which will be found on page 173 Untal the hand 1s studied, 1t need
only be understood that a central part of the palmar fasca 15 partic
ularly thick and tendimous, and 1s called the palmar aponeurosis The
major tendons, nerves, and vessels of the palm hie mostly behmnd the
palmar aponeurosis



Flexor Forearm

The superfictal nerves and vessels and the fascia of the forearm have
been considered 1n the previous chapter

Musculature

The flexor muscles of the forearm may be convemently divided into
a superficial and a deep group with one muscle, the flexor digitorum
superficialis, forming an mntermediate mass between these groups There
are four muscles 1n the superficial group (fig 54) the pronator teres,
the palmans longus, the flexor carp: radialis, and the flexor carp: ulnaris
These muscles are n part fused where they arse from the medial em
condyle, and thus share a tendon (called the common flexor tendon) of
ongm

The uppermost member of the superficial group, therefore contrib
uting to the fleshy mass distal to the medial epicondyle, 1s the pronator
teres This muscle arises mostly from the humerus above and down to
the medial epicondyle but has also a second head of origin from the
coronoid process of the ulna The median nerve passes between the two
heads of the muscle, after which they umte to msert on the lateral side
of the radius The brachial artery divides nto radial and ulnar arteries

141
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Frgure 54 The more superficial flexor muscles of the right forearm Those muscles
that are starred are extensor muscles visible from the antertor side

on the brachiahs muscle above the pronator teres, the radial artery
runs downward behind the brachioradialis but across the msertion of
the pronator (fig 57), the ulnar artery passes belund both heads of the
muscle The muscle 1s supphed by branches of the median nerve Be
cause 1t 1s wrapped around the radms 1ts chief action 1s to roll the rads
medzally, thus to pronate the forearm By virtue of its relatively ngh
origin on the humerus 1t 15 also a weak flevor at the elbow

The mddle element of the superficial flexor group 1s the palmans
longus Thus 1s a slender muscle ansing from the medial epicondyle
with other muscles of the flexor group (thus from the common flexor
tendon) and ending m a long but narrow tendon that passes super
fictally 4cross the wrist to end 1 the palmar aponeurosis The muscle
1s lacking on one or both sides n about 12 per cent of persons and its
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lack seems to be determned by hereditary factors When present, the
palmanis longus ads 1 flexion at the wrist, and may also assist in pro
nation It 1s innervated by the median nerve

Lymg to the radial side of the palmans longus and partly covered
at1ts ongin by the pronator teres 1s the flexor carpt radialis This anses
from the common flexor tendon and passes obhiquely downward across
the wrist and mto the hand to msert upon the base (proximnl end) of
the second metacarpal At the wnst the tendon of the flexor carp:
radralis poscesses a synovial sheath that extends almost to 1ts nsertion,
protecung 1t as 1t passes through the radial attachment of the flexor
retinaculum (not behind the retinaculum wath the flexor tendons of the
digits) The muscle 1s a flexor of the wrist and because of 1ts radial mser-
tion may also act as a radial abductor (a function dented by some
obseriers, asserted by others), m addition, 1ts obliquity allows 1t to
assist in pronation This muscle, like the two preceding, 1s mnervated
by the median nerve

On the ulnar side of the palmaris longus 1s the flexor carp: ulnans
which arises both from the common flexor tendon and from a broad
attachment on the ulna Between the two heads of orgin the ulnar
nerve passes mto the forearm The tendon of msertion of the flexor
carpt ulnaris attaches to the pisiform bone (a carpal bone of the
proxamal row—fig 67, p 170) on the ulnar side of the hand Through
the pisohamate and pisometacarpal Iigaments (that connect the pist
form to a carpal of the distal row, the hamate bone, and to the fifth
metacarpal) the action of this muscle 1s continued across the entire
wrist jont It 15, therefore, a better flexor of the wrist than would appear
from an mnspection of ats msertion The muscle 1s also an ulnar abduc
tor In contrast to most of the flexor muscles of the forearm, the flexor
carpl ulnaris 1s mnervated by the ulnar nerve

The flexor digitorum superficiahs (fig 55) forms an mtermediate
layer between the superficial and deep groups Its omgm 1s by two
heads, a humero ulnar head with the common flexor tendon from the
medial epicondyle and the coronoid process of the ulna, and a radial,
broader but thinner, head from the upper half of the radms below the
radial tuberosity Between the two heads of the muscle the median
nerve and the ulnar artery pass more deeply From the combined
muscular belly four tendons anse, as these tendons reach the wnst they
are arranged m two layers, the two more superficial tendons bemng
destmed for middle and ring fingers while the deeper two tendons go to
mdex and lnttle fingers At the wrist the tendons of this muscle pass
deep to the flexor retinaculum, where they are surrounded by a large
tendon sheath (the common flexor tendon sheath, contammg also the
tendons of the deep flexor of the fingers) that facilitates their free
mavement i this posiion The four tendons of the flexor digitorum
::llﬁel;flctla;; diverge after passing behind the flexor retinaculum and

mg the digits to attach to thewr rmddle phalanges In 1ts
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Figure 55 The deeper flexor muscles of the right forearm Starred muscle 15 an
extensor one visible from the anterior side

course on the finger each tendon 15 enclosed withm a digital tendon
shexth (p 174) with the tendon of the deep flexor to that finger It
splits to allow this tendon (flexor digrtorum profundus) to pass through
and then unites agam behmd this deep tendon The fleor digrtorum
superficialis 1s primanily a flexor at the proxumal interphalangeal jomnt
1t 1s supphed by the median nerve

The deep muscles of the flexor group are the flexor digriorum pro
fundus, the flexar polliass Jongus, and the pronator quadratus (fig 56),
the latter lyng belund the two former The flexor digitorum profundus
has an extensive origm from the proximal two thirds or more of the
wlna Iake the superfictalis, this muscle also ends i four tendons, but
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unlihe the superficialis the four tendons are arranged at the wrist 1n the
<ame plme These tendons pass mto the common flexor tendon sheath
at the wrist and thus lie beluind both the flexor retinaculum and the
superficial flevor tendons of the fingers As the tendons diverge tovward
the fingers after passing beyond the flesor retinaculum they he 1mme
ditely beluind the superficial flevor tendons, and within the tendon
cheaths on the fingers they run through the divided portions of the
superficial tendons (fig 71, p 176) Passing across the interphalangeal
jomnts, they nsert on the bases of the distal phalanges of each of the four
fingers The portion of the muscle gong to the index finger 1s usually
separite from the rest of the muscle, but the parts gomng to the other
fingers are intimately connected almost to the level of the wrnist
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- ~Supinator *

~=—Anterior inferosseus
0 (median)

~==-Flexer digitorum profundus
== ~Flexor pollicis longus

o —Todgit2

~~-Todigits 3 4 5
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Frgure 56 The deepest flexor muscles of the right forearm Starred muscle 1s an ex

tensor one visible from the anterior side
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Frgure 55 The deeper flexor muscles of the night forearm Starred muscle 15 an
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course on the finger each tendon 1s enclosed withn a digital tendon
cheath (p 174) with the tendon of the deep flexor to that finger It
splits to allow this tendon (flexor digatorum profundus) to pass through
and then umtes agam behind this deep tendon The flexor digitorum
superficiahs 15 primarily a flexor at the proamal mterphalangeal jomt
It 15 supplied by the median nerve

The deep muscles of the flexor group are the flexor digitorum pro
fundus, the flexor pollicis longus, and the pronator quadratus (fig 56),
the latter lying belund the two former The flexor digiforum profundus
has an extensive ongm from the proximal two thirds or more of the
ulna Lake the superficialis, this muscle also ends in four tendons, but
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unhhke the superficiahis the four tendons are arranged at the wnst in the
same plane These tendons pass mto the common flexor tendon sheath
ot the wnist and thus he belund both the flexor retinaculum and the
superfiainl fievor tendons of the fingers As the tendons diverge toward
the fingers after p1sang heyond the flevor retinaculum they he 1mme
dintely belind the superficial flexor tendons, and within the tendon
<heaths on the fingers they run through the divided portions of the
superfianl tendons (fig 71, p 176) Pacsing across the interphalingeal
jomts, they msert on the baces of the distal phalanges of each of the four
fingers The portion of the muscle going to the index finger 1s usunlly
separate from the rest of the muscle, but the parts going to the other
fingers arc mtimately connected almost to the level of the wnst
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The ulnar nerve hes on the front of the flexor digatorum profundus,
between that muscle and the overlying flexor carp: ulnars, as soon as
1t enters the forearm The ulnar artery runs behind the flexor digstorum
superficialis to run downward on the profundus lateral to the nerve
The muscle 1s prumanly a flexor of the distal mterphalangeal jomnts but
15 also secondarily a good flevor of the proxumal wterphalangeal jomts

The mmnervahion of the flexor digstorum profundus 1s donble, a radal
portion of the muscle bemng supphed by the median nerve (through its
anterior imterosseous branch) while an ulnar portion 1s supphed by the
ulnar nerve The exact amount of the muscle supplied by each nerve
varies from one mdivadual to another In one study about 50 per cent
of the subjects were found to have the flexor profundus to the mdex and
mddle fingers supphed exclusively by the median nerve and that to
rng and httle fingers exclusively by the ulnar nerve VWhere the muscle
was not equally divided between median and ulnar nerve mnervation
the median nerve more frequently supphed or helped supply some of
the ulnar half of the muscle, while the ulnar nerve only rarely supphed
the portion of the muscle connected with the rmddle finger The part of
the profundus to the mdex finger 15 apparently always supplied by the
median nerve exclusively

‘The flexor polhieis longus arses from much of the antersor surface of
the radws, 1ts tendon traverses a separate tendon sheath behmd the
flexor retnaculum, on the radml side of the common flexor tendon
sheath, and passes to an mnsertion on the distal phalanx of the thumb
This muscle 15 mnervated by the anterior interosseous branch of the
median nerve, and 1s the flexor of the distal phalanx of the thumb As
18 true also of the flexoxs of the other diguts, 1t can under certam circum
stances aid in flexzon of more proximal joints mcluding the wrist jomt

The pronator guadratus 1s a flat quadr far muscle p 4
from the ulna to the radms almost transversely but mchned shghtly
distally Itis supphed by the anterior mterosseous branch of the median
nerve and aids mn pronation

Nerves and Vessels

Aside from cutaneous branches, the nerves of the anterior aspect of
the forearm (figs 55, 56 57) are only two m number, the medan and
the ulnar The median nerve passes mto the forearm with the brachal
artery, lymg on the surface of the brachsalis muscle It passes between
the two heads of the pronator teres muscle, giving off branches to that
muscle as it does so, and then gves off a number of branches to other
flexor muscles The anterior interosseous branch of the median passes
downward aleng the front of the mterosseous membrane to be distnb
ated to a lateral portion of the profundus and to the flexor polhics longus
and the pronator quadratus The median nerve thus supphes all the
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flexor forerrm muscles witlt the exceptions of the flexor carp ulnans
and a varable ulnar portion of the flexor digitorum profundus The
main stem of the medin nerve continues down the forerrm under cover
of the flevor dipatorum superficialis, and appears ou the radial sude of
the tendons of this muscle just above the wrist It passes mto the hand
belund the flexor retinacudum but m front of the flexor tendons (fig 71,
p 183}

The ulnar nerve enters the forearm between the twa heads of the
fleaor carm ulnans Under cover of thns muscle it gives off branches
to this and to a portion of the profundus and, continung downward,
crosses superfianl to the flexor retinaculum to enter the hand Above
the wrist 1t gives nise 10 two cutanecons branches wiuch supply skin on
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the palmar and dorsal surfaces of the hand The dorsal branch 1s much
the larger of these two, as 1t gives off the dorsal dygtal branches of the
ulnar nerve In the palm the ulnar nerve divides mto superficial and
deep branches, the former gives mse to the palmar digital branches,
while the latter disappears mto the muscles of the hypothenar
emmence

Since the median nerve arises from both medial and lateral cords of
the brachial plexus, 1t can contamn fibers from all of the spmal nerves
contributing to the plexus It recenves fibers from the sxth, seventh,
and eighth cervical and the first thoracic nerves, but has few motor
fibers from the fifth cervical The vlnar nerve, ansmg from the medial
cord, contawms fibers from those segments contrzbuting to the medial
cord, the exghth cervical and first thoracic nerves, and sometimes gets
some from the seventh cervical by a commumication from the lateral
cord Of the flexor muscles i the forearm, the pronator texes, flexor carpt
radialis and palmars longus are usually supplied mostly by sixth and
seventh cervical nerve fibers (through the median nerve, of course)
The flexor digitorum superficiahs usually recesves fibers from C7, C8,
and T1 and so does the flexor pollicis longus, whale the other muscles—
the flexor carps ulnars, the flexor digitorum profundus, and the pro-
nator gquadratus—are usually supphed by fibers from the esghth cervical
and first thoracic nerves Lesions of the lower part of the brachal
plexus may badly cripple flexor movements of both wrist and fingers,
winle lesions of the upper part of the plexus wall affect, but not abolish,
only moyements of pronation, wrist flexion and radial abduction

The radial artery 1s one of the two termmal divisions of the brachial
artery (fig 57) After groing off a recurrent branch to the elbow, the
radial artery runs downward, at first under cover of the brachioradiahs
but later covered only by sk and fascia, on the radwal side of the
antertor surface of the forearm At the wrist 3t winds dorsally deep to
the extensor tendons of the thumb to follow a course that 15 best de
scrbed m connection wath the hand

The ulnar artery the other termmal branch of the brachual, 15 at first
larger than the radal, after passing behind the pronator texes it passes
between the two heads of the flevor digitorum superficialis, deep to
which 3t gives off branches about the elbow and also a large common
interosseous artery’ Escaping from under cover of the superficialis the
ulnar artery then passes downward under cover of the Hexor carp:
ulnans and m company with the ulnar nerve, and enters the hand
superficial to the flexor retinaculum, on the radial side of the ulnar
nerve The common mterosseous artery divides into anterior and pos
tertor interosseous branches The posterior artery passes between the
radms and ulna, above the mnterosseous membrane, to become the
chief supply to the extensor muscles of the forearm The antersor anter
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osccous artery pasces down the forearm n company with the corres
ponding branch of the medinn nerve At the lower end of the forearm
1t cupplies branches to the palmar <urface of the carpus and a lirger
perforating branch that pasces through the interosscous membrane to
unite wath the Jower end of the posterior interosseous artery

Review of the Flexor Forearm

There 15 not much bony anitomy to be reviewed on the hving fore
arm The ulna 1s of course subcutaneous throughout 1ts length, and can
be felt to <eparate the anteromedial flexor muscles from the muscles on
the posterior side of the arm The rounded head of the ulna produces a
bulge on the postenor side of the forearm just above the wnst The
upper part of the ridius 15 covered not only laterally and postertorly
but also anteriorly by the extensor muscles However, 1ts distal half can
be palpated and traced to its cxpanded lower end Its rather broad
styloid process can best be felt on the extreme radial border of the
anterior surface of the wrist, just anteromedial to the prominent ten
dons extending 1o the base of the first metacarpal, and at about the level
of the prouimal crease at the wrist Ridges on two of the carpal bones
(scaphoid and trapezium) form the rounded projection, largely distal
to the distal crease of the wrist, at the base of the thenar emmence On
the ulnar side the shghtly mosable pissform bone (one of the carpals)
can be felt just proximal to the distal crease, while just distal to1t, at the
base of the hypothenar eminence, the somewhat larger and unyzeldmg
projection of another carpal (the hamate bone) can be palpated The
flexor retinaculum, although 1t cannot be distinctly felt, stretches be
tween the bony promnences on the radal and ulnar sides

MUSCLES AND TENDONS

The hollow 1n front of the elbow between the lateral and medial
muscle masses 1s the cubital fossa, the biceps tendon has already been
traced into 1t, and the bicipital aponeurosis traced medially over the
medial muscle mass The fact that the lateral mass 1s composed of ex
tensor muscles can be readily confirmed by palpating 1t when the wrist
1s dorsiflexed (hy perextended) Sumlarly, the fact that the medial mass
1s composed of flexor muscles and arises 1n part from the medial ep1
condyle can be confirmed by palpating 1t when the fingers are clenched
or the wnst flexed or both, but few of the mdividual muscles can be
wentified at this level Perhaps the easiest to wdentify 1s the pronator
teres, which can be felt, when the forearm 1s shightly flexed and strongly
Pronated, as the medial horder of the cubital fossa The posteromedial
border of the flexor carpr ulnaris can be identified, and the muscle
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traced to ats tendon at the wrist, by palpating deeply wmn front of the
ulna when the hand with extended fingers 1s sharply abducted ulnar
ward Contraction of the flexor digiterum profundus can be recogmzed
by palpating 1 thuis same place, between the ulna and the flexer carpy
ulnans, and strongly flexang the fingers

Several tendons can be recognized without difficulty at the wrst
Unless the muscle 15 missing, the rather thin sharp tendon of the
pabmaris longus can usually be both palpated and seen m the rmdhne
of the wrist when the hand 15 shghtly flexed at the wnst The tendon
1 particularly promment because 1t passes in front of the flexor rer
naculum Very close 1o 1t on 1ts radial side 15 the broader tendon of the
flexor carp: radiahs, best brought out by flexng the wrist agawmst re
sistance It may seem to end at the bony prommence at the base of the
thenar emmence, but actually runs just medal (ulnarward) to this,
therefore m the carpal groove The most ulnar tendon on the flexor
side of the wrist 1s that of the flexor carpy ulnaris, 1t 15 most easily den
tified when the wrist 1s simultaneously shightly flexed and shghtly ab
ducted m the ulnar direction, and can be traced to the pisiform bone
Between the palmaris longus and the flexor carp: ulnars, lymg more
deeply, flevor digitorum superficiahs tendons can be felt

VESSELS AND NERVES

‘The superficzal vems of the forearm can often be seen fairly clearly
Of the arteries, the radial can be palpated, as 1s usually done m feeling
«he pulse, by pressing 1t hghtly agamnst the radws where 1t 1 super
ficzally located m the lower part of the forearm, it hes Jateral (radial)
to the tendon of the flexor carp radialis The ulnar avtery 1s difficult
to palpate, but at the wrist 1t Iies just radial to the tendon of the flexor
carpt ulnans and the pwsiform bone hnowmg the locations of these
vessels at the wrist, and the posiuon of the parent braclnal artery just
medial to the biceps tendon at the elbow one should easily visuahize
the approxamate courses of the vessels

The ulnar nerve can be identified belund the medial epicond; le just
before 3t enters the forearm It 1s under cover of or too close to the
flexor carpr ulnans to be palpable elsewhere, but at the wrist emerges
from belnnd the radial border of the tendon of this muscle and, wath
the. ulnar artery radsal to 3, passes across the radial side of the pisiform
bone Its course 1s therefore practically straight down the arm The
median nerve also runs practically straight down the arm but i 1ts
ymddle Although 1t 1s not palpable, 1ts course can be visuahzed by re
membering that 1t hes at the elbow just medial to the tendon of the
baceps, and at the wrist hes behind or behind and shghtly radal to the
tandon of the palmaris longus

The mnnervation of the muscles of the flexor group m the forearm,
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Table 3 Nerves and Muscles of Flexor Forearm

Aereeand Muscle
Ongin® Name Segmental Chief action
innervation®
Median Pronator teres C5-C7 Pronation of forearm
C5-Tt Pronator quadratus C7-11 Pronation of forearm
Flexor carps radinls C6, 7 Tlexion at wnist
Palmans longus Cc7,8 Tlexion at wrist
Tlexor digitorum C7-T1 Tlexion of middle phalanges
superfictaliy of diguts
Flexor pollicis longus C7-T1 Tlexion of distal phalanx of
thumb
Flexor digitorum profundus, €8 Ti Flexion of distal phalanges
radial part of digata TI and IIT
Ulnar Flexor digitorum profundus, C8 T1{ Tlexion of distal phalanges
C8, T1 ulnar part of digtts IV and V
Tlexor carpt ulnans c8 T1 Flexion abduction at wrist

* A common scgmcma\ ongin or innervation The comporition of both the chief nerves
and therr hes varies hat among the median nerve may
contain no fibers fram €5 or none from T1 the ulnar nerve frequently contains fibers
from C7 but ther distnibution 15 not known

and the chief actions of these muscles, are summanized 1n Table 3 The
actions of the muscles of the forearm as a whole are discussed 1 more
detul m Chapter 10, and the nnervation of the flexor group 1s shown
diagrammatically in figures 51 and 52 pages 134 and 135



Extensor Forearm

The superficial nerves and vessels and the fascia of the postenor side
of the forearm have already been described (p 139) In mtroduction to
the musculature, the student may recall that all the extensor muscles
are not actually posteriorly placed m the forearm, for some arse from
the front of the lower end of the humerus, pass across the front of the
elbow jomnt, and are wisible anterorly (for imstance, fig 54, p 142)
However, some are entirely posterzorly placed, and the msertions of
the extensor muscles are almost entirely on the radial and extensor
sides of the hmb It mght also be recalled that the tendons of the ex
tensor muscles that cross the wrst are housed 1 a number of separate
compartments deep to a special thickening of the deep fascia, the ex
tensor retnaculum (fig 58) Each compartment has a smgle tendon
sheath, so where two or more tendons share a compartment they also
share the sheath

Musculature

All the muscles of the extensor surface of the forearm are mner
vated through the radial nerve, and many of them have a common
ongn from the lateral epicondyle of the humerus The extensor mus
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cles are consemently divided into two groups, a superficial and a deep
All the members of the superficinl group have an ongin from the hu
merus, but most of those of the deep group do not In the lower part
of the posterior side of the forearm <ome of the members of the deep
group (muscles to the thumb) become superficial and cover some of
the superficial muscles The superfical extencor forerrm muscles are
the brachioradialis, the extencor carpr ridinhs longus, the extensor
carpt radinhis brevis, the extensor digitorum, the extensor digitt minim,
and the extensor carpt ulnaris

The brachioradialis (barely visible in fig 58, nnd scen better 1n fig
54, p 112) s the most anterior member of the superficinl group, 1t
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Figure 58 ‘The superficial extensor muscles of the nght forearm
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arises from the lateral border of the humerus well above the epicondyle
and 1nserts upon the radius Because of this ligh origin and 1ts course
across the front of the elbow jomnt 1t 1s a flexor at the elbow It may also
supinate or pronate shghtly 1f the hand 1s already 1 marked pronation
or supmation

Under cover of the brachioradialis and arising immediately above
the lateral epicondyle 1s the extensor carpr radialis longus (fig 58)
Closely associated wath 1t 1s the extensor carpi radwalis brevis ansing
from the lateral epicondyle The two muscles can be traced downward
deep to the extensor muscles of the thumb, then deep to the extensor
retimaculum, where they have a common tendon sheath, to their
sertions on the bases of the second and third metacarpals (the longus on
the second, the brevis on the third) These muscles extend or dorsiflex
and perhaps help shghtly to abduct the wmst They also assist m
flexion and supination of the forearm

The radial nerve runs under cover of these muscles on the front of
the humerus, between them and the brachialis, and while 1t 1s stilt
anteriorly situated supples all three In this position also 1t divides
nto superficial and deep branches The superfictal branch runs ob
hquely downward deep to the brachoradialis, while the deep branch
enters the supmator muscle (see below) and spirals around the rads
m this muscle It emerges deep to the extensor digitorum and imme
diately breaks up mnto a number of branches for the remaming muscles
of the extensor group

The extensor digutorum occupies much of the posterior surface of the
forearm, 1t arises from the humerus and splits mnto three or four ten
dons as 1t reaches the wrist These tendons pass deep to the extensor
retmaculum 1 a tendon sheath common to them and another muscle
(extensor mdiczs) On the hand they diverge to the four fingers, but
the tendons are umted by obliquely placed bands that lrmt the mde
pendent movement of any one tendon The tendon of the little finger
15 often small and sometimes represented only by a shp from the ten
don of the ring finger

The extensor tendons to the mdex and httle fingers are jomned by the
tendons of the extensor mdicis and the extensor digits munumi, respec
tively (these are among the muscles yet to be exammned) On the
fingers, the tendons receive the insertions of the mterosser and of the
lumbricals (muscles m the hand) and thereafter attach to both muddle
and distal phalanges—see also page 191 Expansions from them form
the postenior capsules of the metacarpophalangeal and interphalange1l
yomnts The extensor digntorum 15 an extensor of all jomnts of the fingers,
but 1t can extend the interphalangeal jomts only when the metacarpo
phalangeal jomts are kept from hyperextending

Closely associated with the extensor digitorum and appearmg indeed
as an ulnar portion of this muscle 1s the extensor digsti munimi Ansing
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1n common with the extensor digitorium, the tendon of the extensor of
the ttle finger diverges at the wrist and passes through 1ts own com
partment decp to the extensor retmaculum On the dorsum of the hand
1t becomes agam assotiated with the most medial tendon of the ex
tensor digitorum, with wihich 1t umtes and runs to an mnsertion on the
middle and distal phalanges of the fifth digt The muscle extends the
httle finger alone, and also abducts 1t

The extensor carp! ulnaris has an ongin from the common extensor
tendon from the lateral epicondyle, and a more extensive orgin from
the ulna Its tendon of msertion can be traced deep to the extensor
retinaculum to an attachment upon the base of the fifth metacarpal
The extensor carpt ulnans aids mn extension and ulnar abduction of
the wrist

The branches of the deep radial nerve to these muscles enter ther
deep surfaces, fanmng out from the nerve just as 1t emerges from the
lower border of the supmator One branch of the deep radial, the poste-
rior 1nterossecus nerie, runs downward on and between the deep group
of muscles in company with the posterior nterosseous artery to supply
these muscles

The deep extensor muscles are the supinator, three thumb muscles—
the abductor pollicxs longus, extensor polhcis brevis, and extensor
polliaas longus—and the extensor mdicis (fig 59) Of these, the supi
nator 1s the most proximal, 1t anses from both humerus and ulna (and
from the radial collateral ligament) and passes oblhiguely downward
and laterally across the arm to insert almost onto the antenor surface
of the radms The deep radial nerve separates 1ts fibers mto a super
ficral and a deep Jaina The muscle supmates, as 1ts name mmplies

Of the three muscles of the thumb, the first two emerge between the
extensor digitorum and the radial extensors and cross superficial to the
latter The abductor pollicis longus takes ongin from both the radius
and ulna and from the mtervening interosseous membrane, and passes
to an attachment on the front of the base of the first metacarpal The
extensor pollicis brevis 1s partly covered by the abductor longus, 1t
anses from the radws and the mterosseous membrane and, after es-
capmg from under cover of the abductor longus, can be traced to the
proxumal phalanx of the thumb The extensor pollicis longus arses
from the ulna and crosses the wnst obliquely to proceed along the
thumb to the distal phalanx It also crosses superficial to the radial ex
tensors, but 1n the hand rather than the forearm

The abductor polheis Jongus extends and externally rotates the first
metacarpal, and thus restores this bone to 1ts normal position (repo
sttions 1t) after opposition of the thumb, by virtue of 1ts position at the
wrist 11 1s also both a radial abductor and a flexor of the hand The ex
tensor polheis brevis extends the metacarpophalangeal jomnt of the
thumb and abducts the metacarpal, and the extensor pollicis longus ex
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The Upper Limb

The deeper extensor muscles of the right forearm

tends both the mterphalangeal and the metacarpophalangeal jomts
The extensor pollics brevis also helps radially abduct the hand at the
wrist, and the extensor pollicis longus helps extend 1t Both the ab
ductor pollicis longus and the extensor polheis longus have been re
garded as assisting in supmation (the extensor brevis obviously can
not, 1n spite of 1ts obliquaty, since 1t arises from the radrs), but sim
ulation of them has failed to produce supmation

The extensor mdicis arises from the ulna and interosseous membrane
distal to the origm of the extensor pollicas longus, 1ts tendon runs lat
erally across the wrist, within the tendon sheath for the extensor dig1
torum, to joun the radial tendon of this muscle at the distal end of the
second metacarpal This muscle therefore, like the extensor digitorum,
extends all jomts of the ndex finger, 1t also adducts this finger
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Netves and Vessels

The radial nerve hies on the lateral side of the lower part of the
front of the arm between the tnceps and the brachialis muscles and
then passes between the brachioradialis and brachialis (fig 60) In this
position 1t gives off branches to both the brachioradialis and the ex-
tensor carpr radiahis longus, the nerve supply to the brevis may also
anise from the radinl nerve proper, but frequently anses from one of
the two chief branches of this nerve Soon after 1t enters the forenrm
the radial nerve sphts mto superficinl and deep branches The super
ficial branch lies under cover of the brachioradinhs muscle for much
of 1ts course but emerges from deep to the tendon of this muscle 1n the
lower part of the forearm to be distnibuted to shin on the dorsum of the
hand, and to a varinble number of jomnts The deep branch of the radal
nerve plunges into the supmator muscle, supplying this as it passes
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Frgure 61 Nerves and arferies of the posterior aspect of the forearm

through, and following the muscle around the radws to reach the
postertor aspect of the forearm Here, under cover of the superficial
posterzor extensor muscles 1t breaks up mto a number of branches to
the r g extensor muscles just as it emerges at the lower border
of the supmmator The continuation of the deep radial called the pos
terior mterossecus nerie extends downward in company wath the pos
terior nterasseous artery to supply the long thumb muscles and the
extensor of the mdex finger a filament bemg also contmned to the
wrist jomnt

The radsal nerve arsing as 1t does from the posterior cord of the
brachial plexus, can recewve fibers from all the nerves entering mnto the
brachial plexus Actually, hawever, the postertor division of the lower
trunk (C8 and T1) to the posterzor cord 15 usually small, and the radial
nerve usually recenves only exghth cervical fibers throngh 1t Thus the
radal nerve contams fibers derived mostly from C5,6 7 and 8 and the
number coming mto the nerve from C5 appears to be varable The
brachioradiabis and the supinator are supphed primanly from C5 and
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C6, especially the latter, the extensor carpi radialis longus and brevis
regularly recenve fibers from C6 and 7, and often from either C5 or C8
or from both, the extensor digitorum, the extensor carpr ulnars, the
extensors of mdex and little fingers, and the long muscles of the thumb
—that 15, all the remaining muscles—are supplied with fibers from
approamately C6, 7 and 8, mamly C7 Obviously, then, lesions of the
brachial plexus centermg around C6 and G7 will marhedly affect the
extensor forearm muscles, while mjuries above or below these levels
may have httle or no effect on these muscles

The posterior Interosseous artery (fig 61) 1s the chief vessel sup
plying the forcarm muscles on the posterior side After leaving the
common 1nterosseous artery on the anterior side of the forearm 1t
passes between the rads and ulna to reach the posterior aspect and
then courses downward on the interosseous membrane, giving off
branches to the various muscles At the wrnst 1t 1s reinforced by the
perforating branch of the antenor mnterosseous artery, and the common
termunal stem thus formed supplies branches to the dorsal aspect of
the wrist

Rewview of Extensor Forearm

The bony anatomy of the forearm has already been reviewed (p
149) The only prominent feature of the posterior surface 1s the
rounded head of the ulna, the styloid process can be felt with some
difficulty as it projects distally at the junction of posterior and ulnar
surfaces of the wnst

The muscular bulge that forms the lateral border of the cubital fossa
15 produced by the brachioradialis and the two radial extensors The
brachioradialis can be differentiated by forceful flexion of the forearm
with the thumb up, 1t then stands out at the elbow lateral to the biceps
tendon Contraction of the radial extensors can be felt when the wrist 1s
extended On the postenor side of the limb, contraction of the extensor
digitorum can be felt when the fingers are extended, but otherwise the
posterior muscles are difficult to identify 1 the forearm The tendons
of the extensor digitorum and the extensor of the mndex and ittle fingers
can, however, be palpated and frequently seen beneath the skin of the
dorsum of the hand

The tendons palpable or visible at the wrist are, begunning on the
ulnar side, that of the extensor carp1 ulnarns, largely cov ering the sty
loid process of the ulna, the extensor digitorum 1n the muddle of the
wrist, the extensor polhicis longus, runmng obliquely from the poste
rior surface of the wrist onto the dorsum of the thumb, at the junction
of postertor and radial surfaces of the wrist, and, anterior to this and
almost at the junction of the radial and antertor surfaces of the wrist,
the tendons of the extensor pollicis brevis and abductor pollicis longus
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The depression on the radsml side of the wrist between the tendon of
the extensor pollias longus and those of the extensor brevis and ab
ductor longus 15 often called the “anatomucal snuff box”, 1n 1t the racal
artery can frequently be palpated as 1t runs onto the dorsal surface of
the hand The tendon of the extensor polhcss brewis overhes that of the
long abductor at the wrst, but 15 thinner and when the thumb 1s ex
tended can usually be traced some distance along the metacarpal The
broader tendon of the long abductor seems to end at the base of the
metacarpal, and 15 best brought out by shght fleion and radial ab
duction of the hand

Except for the radwal artery m the “anatomical snuff box,” neither
vessels nor nerves associated with the extensor muscles can be pal
pated Table 4 shows the mnervation of the extensor musculature and
the chief actions of the muscles These are discussed m more detail 1
follownng chapters The distibution of the radil nerve 1 shown dia
grammatically m figure 53, page 136

Table 4 Nerves and Muscles of Extensor Forearm

Nereve and Atuscle
Ongin*  Name Segmental  Chuef action(s)
mnervation™
Radial  Brachioraciahs Cs 6 Flexion at elbow
C3-C8  Extensar cacpt rachals cs 7 Extension at wrist
longus and brevss
Extensor carpr ulnans C6-C8 Estensson abduction at wrist
Supinator C5 6 Supination of forearm
Extensor digtorum Co-C8 Extension alf jomts of digus I 1o V
Extensor digitt minims C6-C8 Extenston ali jomnts of digit V
Extensor indicws C7 8 Exteasion all joints of digs 11
Extensor pothcs ar s Exty of both phal;
fongus and adducton of metacarpal of
thumb
Extensor polhess Ce 7 Extension of proxumal phalanx and
brevis pal of thumb abd at
wrist
Abductor poliics s 7 £ and abd (rep )
longuy of thumb fevion and abducsion at
wrist

* A common segmental ongin or moenvation The compontion of both the radhal nerve
and 1ts muscular branches varnies among persons the radial nerve may recenc fibecs from
T1 and may reeaive few or no motor fibers from C§



10

Radio-Ulnar

and Wrist Movements

From the descriphons already given, it should be obvious that the
forearm muscles may act on the elbow jomt, the wrist joint, or the
fingers and thumb The part played by the brachioradiahs and other
forearm muscles 1 flexion at the elbow has already been pomnted out
(p 125), and movements of the fingers can best be considered after
the muscles of the hand have been studied Here, however, we must

consider the movements of pronation and supmation, and movements
at the wnist jont

Movements at the Radio-Ulnar Joints

These movements are those of pronaton and those of supination
Pronation 1s brought about (fig 62) by the action of the pronator
teres, the pronator quadratus, and the flexor carp: radialis The palmans
longus contracts when the movement 1s forceful, and the brachiorad:
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The depression on the radial side of the wrist between the tendon of
the extensor pollicis longus and those of the extensor brevis and ab
ductor longus 1s often called the “anatormcal snuff box”, m 1t the radial
artery can frequently be palpated as 1t runs onio the dorsal surface of
the hand The tendon of the extensor pollicis brevis overles that of the
long abductor at the wrist, but 1s thinner and when the thumb 1s ex
tended can usually be traced some distance along the metacarpal The
broader tendon of the long abductor seems to end at the base of the
metacarpal, and 1s best brought out by shight flexion and radial ab
duction of the hand

Except for the radial artery m the “anatomical snuff box,” neither
vessels nor nerves associated with the extensor muscles can be pal
pated Table 4 shows the innervation of the extensor musculature and
the chief actions of the muscles These are discussed m more detail 1
following chapters The distribution of the radial nerve 1s shown dia
grammatically in figure 53, page 136

Table 4 Nerves and Muscles of Extensor Forearm

Nerve and Muscle
Ongin* Name Segmental Chuef action(s)
innervation*
Radial  Brachioradialis C5 6 Flexion at elbow
C5-C8  Extensor carpiradialis c6 7 Extension at wrist
longus and brevis
Extensor carp: ulnans C6-C8 Extension abduction at wrist
Supinator G5 6 Supination of forearm
Extensor digitorum C6-C8 Extension all jomnts of digits 1L to V
Extensor digit1 munim1 C6-C8 Extension all joints of digit V
Extensor indicts a7 8 Extension all joints of drgit IT
Extensor polhicis cr s Ext of both phal
longus and adduction of metacarpal, of
thumb
Extensor pollicis Cé 7 Extension of proximal phalanx and
brevis metacarpal of thumb abduction at
wrist
Abductor pollicis c6 7 Ext and abd {rep )
longus of thumb flexion and abduction at
wrist

* A common scgmental onigin or innervation The composition of both the radial nerve
and 1ts muscular branches varies among persons the radial nerve may recewve fibers from
T1 and may recesve few or no motor fibers from C5
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about (fig 63) not only by the supmator but also by the biceps brachn
and the cxtensor carpr radialis longus The biceps 15 a particularly
strong supinator, but 1s effective only when the forearm 1s flexed Fre
quently the long extensor and the long abductor of the thumb are also
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Figure 62 Pronators of the forearm Note their general direction of pull owing to
the fact that they run obliquely from ulnar to radiil side

alis will pronate shightly from a position of extreme supmation although
1t 15 probably never used normally for pronation

Wiath the exception of the brachioradials, all these muscles are m
nervated by the median nerve, and therefore pronation 1s practically
abolhished by a leston of this nerve at or above the elbow Moreover,
the stronger pronators the pronator teres and the radial flexor, are 1n
nervated primanly by C6, therefore, mjuries to this nerve, or to the
upper trunk or lateral cord of the brachial plexus may seriously
weaken the movement of pronation

Supmation, a much stronger movement than pronation, 1s brought
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Flexor carpi radialis

Palmans longus

— Flexor carpi ulnans

|

/ ~Flexor digitorum superficials
—=Flexor digitorum profundus
- ~Flexor pollicis longus

— ~Abductor pollicis longus

Figure 64 Flexors at the wrist

thumb (fig 66) are usually also regarded as radal abductors, although
some authors have maintamed that none of these really assists 1n pure
abduction The approximately 22 degrees possible m this movement
occurs entirely between the carpal rows, radial deviation 1s said to 1n
volve no movement at the radiocarpal joint

Adduction, or, better, ulnar abduction (fig 66), 1s brought about by
the combined actions of the extensor carp: ulnaris and the flexor carp1
ulnaris This movement 1s freer than 1s radial deviation and mvolves
about 26 degrees of movement at the radiocarpal jont, an additional

6 degrees 15 added by movements between the distal and proximal
carpals
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Listed as supnators, but, as already mentioned, stmulation of them has
not produced this movement The brachioradialis supinates from ex
treme pronation but this movement, as 1s true also of 1ts pronator ac
tion, 1s meidental to 1ts use m flexing the etbow

The supmator muscles are supplied by both the musculocutaneous
nerve (to the biceps) and the radial The biceps, supinator and brachio
radialis are all supplied by fibers from C5 and 6, and therefore much
of the strength of this amportant movement of supination may be ex
pected to be lost mn damage to the upper trunk or lateral cord of the
plexus The extensor carp: radialis Jongus usually receives also fibers
from other cervical nerves, especially the seventh

Movements at the Wrist Joint

These movements have already been defined as flexion, extension,
and abduction (radial or ulnar) Because of the ellipsoidal nature of
the radiocarpal jomnt, rotaton here 1s obviously very Iimited

With the single exception of the flexor carp: ulnans all the muscles
acting upon the wrist pass across the carpals to attach to the metacar
pals, and the flexor ulnaris may be considered as mserting upon the
fifth metacarpal through a prsometacarpal hgament that actually rep
resents a distal part of the tendon Thus all of these muscles exert an
action not only on the radiocarpal jomt but also across the ntercarpal
jonts The jomt between the two rows of carpals (mmdcarpal jomt, p
172) 1s particularly important, for the additional movement occurring
between the proximal and distal rows increases considerably the total
amount of movement at the wnist (see below)

Flexion at the wrist 1s brought about primanly through the flexor
carpr radialis and the flexor carp: ulnans, also assisting 1n this action
are the palmaris longus, and the long abductor of the thumb (fig 64)
The long flexors of the fingers assist 1n wrist flexion only if the fingers
are hept extended, their range of action 1s too short to allow them o
flex the fingers and wrist simultaneously Movement of flexion at the
radiocarpal jomt 1s said to be limted to about 30 degrees, an additional
50 degrees of flexion 1s obtamned by movement at the mdcarpal jomnt

Extension 1s brought about (fig 65) by the extensors carp: radiahs
longus and brevis and by the extensor carp: ulnars, the extensors of
the fingers and the long extensor of the thumb can assist 1 this move
ment 1f the fist 1s clenched Hyperextension (dorsiflexion) 1s somewhat
more limited at the wrist than 1s flexion, the movement at the radio
carpal jomnt 1s said to be about 28 degrees while movement at the
mudcarpal jomnt mncreases the total dorsiflexion by about 16 degrees

Radual abduction or radial deviation (or simply abduction) 1s brought
about chiefly by the long abductor and short extensor of the thumb
Both radial extensors, the radial flexor, and the long extensor of the
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are mnervated by about C6 to C8 The extensors of the fingers are so
short that when an mjury to the radial nerve has produced wristdrop
the wnist can stll be straightened by making a fist, the finger flexors
then tighten the extensors as 1if they were ligaments

Radial abduction obviously nvolves both median and radial nerves,
while ulnar abduction involves ulnar and radial nerves The radial ab
ductors as a group are supphed by most segments contributing to the
braclnal plexus, the two ulnar abductors may both receive fibers from
C8, but otherwise have no mnervation 1 common

As a group, the forearm muscles (and also, as will appear later, the
mtrmsic muscles of the hand) receive most of their innervation through

~Extensor carpi
radsahis longus

It ~Extensor carps
rodialis brevis

i
—Extensor carpi
vinans

Flexor carpi radialis—

Flexor ¢arpi vinaris— —

— ~ -Abductor pollicis fongus

l ~ —~~Extensor pollicis brevis
— — = Extensor pollicis longus

© b
Radial and ulnar abductors at the wrist Posterior view b Anterior
View

Figure 66
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\ N~ ~Extensor carpi ulnans
— ~Extensor carp: radialis longus
— — ~Extensor carp: radialis brevis

— —Extensor digitorum t

il / ~ — =Extensor digii minimu

——-Extensor mdicis

~ —-Extensor pollicis longus

Figure 65 Extensors at the wrist

The flexors of the wrist joint are mnervated by all three nerves of
the forearm—median (most of them), ulnar (flexor carp: ulnans and
part of flexor dizitorum profundus), and radial (abductor pollicis
longus) The abductor pollicis longus will flex the wrist when 1t alone
1s acting, therefore even combined mjury to both median and ulnar
nerves does not abolish wnist flecion The flexors of the wrist receive
most of their nnervation from C7, C8 and T1, however Consequently,
myuries to the lower part of the brachial plexus will more markedly
affect wrast flexaon than will mjures to the upper part of the plexus

The extensors of the wnst are all supplied by the radial nerve—
hence the well known wnstdrop, or mabihty to straighten the wrist
aganst gravity, 0CCWTING upon jury to this nerve These muscles
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The Hand

The hand 1s a particularly complicated organ, for in 1t are concen
trated not only the tendons of the long muscles that we have already
considered but also a large number of intrinsic muscles together with
mmportant nerves and vessels

The terms “lateral” and “medzal,” or “radial” and “ulnar” are used
to distinguish the thumb and Iittle finger sides of the hand just as they
distingwish these sides of the forearm, mnstead of anterior and posterior
surfaces, however, the hand 15 described as having palmar and dorsal
ones The thenar emmence, 1t will be remembered, 1s the promience
that the thumb muscles form on the lateral side of the hand, while the

hypothenar erminence 1s that formed by the little finger muscles on the
medial side

Bones and Joints

As has already been noted, eight carpal bones compose the wrist, the
metacarpals form the skeleton of the major part of the hand, and the
phalanges are the bones of the digats

The carpal bones are eight m number, and are arranged 1n two rows
(fig 67) The three large bones of the proximal row, beginming at the

169
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the lower portion of the brachial plexus We have already seen how
Erb’s paralysis, or mjury to the upper portion of the plexus (C5 and
C6), affects especially muscles of the shoulder and arm Simlarly,
Klumphe's paralysis, imvolving myury to C7, C8 and T1, affects most
of the muscles of the forearm and hand and 1s characterized, there
fore, by severe crippling of the wrist and fingers
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merease markedly the range of movement at the wnst joint (Chapter
10) Distally, the carpals articulate with the clongated metacarpals, of
these the metacarpal of the thumb 1s the most movable, being able to
undergoe moyements of abduction, adduction, flexion, extension and ro
tation, that of the hutle finger 1s next in the freedom of its movements
while the metacarpals of the second, third and fourth fingers so articul
Iate with each other and wath the carpals that hittle free movement here
1s possible Distal to the metacarpals are the phalanges (see also page
138), t0 1n number for the thumb and three for the other digsts The
metacarpophalingeal jomnts are largely, and the interphalangeal joints
are almost purely, hinge ones The proximal end of cach metacarpal
and phalanx 15 1ts base, the distal end 15 its hiead, and the body nter
venes between bise and head

The joints at the wrist are actually multiple and winclude the distal
radio ulnar jont, the radiscarpal joint, often thought of as “the” wrist
jomt, the ntercarpal jomnts, and the carpometacarpal jonts (fig 68)
The distal radio-ulnar joint 1s L-shaped, the verhcal portion of 1ts syno
vial cavaty 1s anterposed between the Jower ends of the radus and ulna,
while the transverse portion hes between the lower end of the ulna and

Interouseous membrane

Uina
Radwy ____

/D.sﬁul radio viner joint

Redocarpal jomr ~ _Artiestar duk
\ /
Scaphord
g - %/ - ~Lunate
_Pform
Copitate 5 Triquetral
Trapezoid
—

- Mideatpol and
- ntercarpol joints
~Hamate °

_Carpametacarpal gomts

Metocarpal

Figure 68 The bones and the jomt cavities of the wris
ot e g o s can) avities of the t. Note that the radiocarpal

tres are separate and distinct that th
Lc(v;‘:: ;s{ :}ulntmuu\;s with the mtercarpal jomts between both the prmumt:!2 ggcs;;::}
p wmm"el :::pa sth and that the carpometacarpal jomts except Sor thay of the thumb
o wentimous w1tk the mtermetacarpal jounts snd with the distal parts of the nte;
Tpat jouts but have no commumication with the rmdcarpal jont. *
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Figure 67 Bozes of the wrist and hand, palmar view

radial xde, are the scaphoid, lunate, and trquetral bones the smaller
paform bone <its on the palmar surface of the triquetral. The distal
row, also named from the radial ssde conasts of the trapezium, trape
zoid, caprtate apd hamate bones Some of thece bones, such as the
scaphod, lunate, pisiform, and hamate can be easily recogmzed by
their shape while the identification of others mvolves more attention
to details The scaphoid, lunate. and tngquetral bones articulate with
the radms and the arhcular dick on the ulna and form a generally con
vex surface upon which movement at the wrist occurs the carpals also
articnlate with each other and, although thev are closely bound to-
gether by numerous chort bgaments some movement between adjacent
carpals 15 possibl& Most of this movement takes place between the
proxmal and distal rows of carpals and 1s great enough fo assist and
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youmay observe, each finger can be moved freely from side to side at
this yont when the fingers are cxtended On the other hand, when the
fingers are flexed such side to side movement becomes almost impossible
This 1s because of the collateral ligaments, one on each side of the
jomnt, which extend obliquely distally and palmarward from the dor
sum of the <ide of the metacarpal to the palmar aspect of the side of
the pronimal phalanx These hignments become tight during flexion
and thus check the roching movement of the digits at this joint In ad
dition to the collateral hgaments, each carpometacarpal jomnt 1s pro
tected on the flexor surface by a dense fibrous pad called the palmar
Iignment Dorsally the jomnt 1s protected by an expansion of the long
extensor tendon, there being no true membranous layer of the articular
capsule 1n this location The heads of the metacarpals of the four fingers
are also connected together by strong transyverse bands, the deep trans
verse metacarpal ligaments, that attach also to the palmar hgaments
The absence of such a bnd between thumb and forefinger allows for
much greater freedom of movement of the thumb than of the other in
dividual fingers

The interphalangeal joints are essentially hike the metacarpophalan
geal ones except that they are much more nearly pure hinge joints
The ligaments m connection with these jomnts are identical with the
ligaments of the metacarpophalangeal jomts The palmar ligaments of
the interphalangeal joints are of especial amportance, as they prevent
hyperextension of these jonts, if one of them 1s ruptured, the assoct
ated phalanx may become locked 1n hyperextension

The Palmar Fasaa

The heavy fibrous palmar apeneurosis bridges the center of the palm
of the hand, this aponeurosis 1s attached above to the lower edge of the
flexor retinaculum and also recerves the isertion of the palmans
longus Dustally 1t gives rise to ships to each finger which not only at
tach to and around the fibrous sheaths for the long flexor tendons but
also attach 1o the proxumal phalanges Thus 1t 1s that fibrosis and con
tracture of the palmar aponeuros:s lead to marked flexion of the digts,
especially at the metacarpophalangeal jomnt (Dupuytren’s contracture)
Medially and laterally the palmar aponeurasis sends septa to attach to
the first and fifth metacarpals, these septa pass medial to the thenar
muscles and lateral to the hypothenar ones, and form the walls of a
central palmar compartment A less dense fascia covers the muscles of
the thenar and hypothenar emmences

Within or adjacent to the central palmar compartment, bordered by
the palmar aponeurosis and the mtermuscular septa to the first and
fifth metacarpals, lie the tendons of the long flexor muscles of the dig
s, associated short muscles connected with these tendons, artenal
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its articular disk This jomnt facilitates pronation and supmnation, 1t 1s
surrounded by 1 weak articular capsule

The radiocarpal jomt 15 between the articular surface of the radus
(and the distal surface of the ulnar articular disk) and the scaphoud,
lunate, and triquetral bones The articular capsule 15 reinforced by
special hgaments, of which the radial and ulnar collateral Ligaments
are narrower bands on the sides of the jomt mdicated by their names
There 1s a small palmar ulnocarpal ligament extending from the distal
end of the ulna, but the most important igaments are the palmar and
dorsal radiocarpal Ligaments The fibers of both these hgaments extend
ulnarward as they pass from the radws to the proximal row of carpal
bones, and ensure that the hand moves with the rads during prona
tion and supmation during pronation the fibers of the dorsal radio
carpal ligament carry the hand wath the radws, and during supmation
those of the palmar radiocarpal ligament do so

The carpals are bound together by numerous small intercarpal liga
ments on both therr palmar and their dorsal surfaces, and also by mter
osseous mtercarpal igaments (situated between the palmar and dorsal
hgaments) that interrupt the continmity of the mtercarpal jomts The
mtercarpal joints between the members of the proxmmal row of carpals,
and also those between the members of the distal row of carpals, allow
httle movement between the bones 1n one row Between the two rows,
however, lies a larger mtercarpal jomt cavity, the mmdcarpal jomt,
through this the distal row of carpals can move rather freely on the
proximal row This jomnt 1s a single cavity that separates the two xows
of bones It sends expansions between the members of the proximal
carpal row to form the intercarpal jomts here, and shorter expansions
between the members of the distal row to form proximal portions of
the mtercarpal jomts of this row Interosseous ligaments intervene be
tween the radiocarpal jomnt and the mtercarpal jomts of the proxmmal
row, and the intercarpal joints of the distal row are divided into prox:
mal and distal parts by simmlar interosseous higaments, the proximal
portions of the distal intercarpal jomnts are, as just stated, contuous
with the mudcarpal jont, while the distal portions are proximal ex
tensions from the carpometacarpal jonts Because of these interosseous
higaments there 15 usually no communication between the midcarpal
jomnt and exther the radiocarpal or carpometacarpal joints The carpo-
metacarpal jomt of the thumb 1s a separate synovial cavity, while the
carpometacarpal joints of the other four digrts comprise a single cavity
which, m addition to 1ts proximal extensions to help form the jomt
cavihes between the members of the distal row of carpals, sends sumlar
extensions distally to form the mtermetacarpal jomts The numerous
small ligaments connected with these jomts do not ment consideration

here
The metacarpophalangeal jomts are not quite pure hinge jomts As
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vou may observe, each finger can be moved freely from side to side at
tlus Jont when the fingers are extended On the other hand, when the
fingers are flexed such side 10 side movement becomes almost impossible
This 15 becauce of the collateral ligiments, one on cach «ide of the
jomt, which extend obliquely distally and palmarward from the dor
sum of the «ide of the metacarpal to the palmar aspect of the side of
the proximal phalana These igaments become tight dunng flexion
and thus check the roching movement of the digits at this jont In ad
dition to the collateral ligiments, each carpometacarpal jont 15 pro
tected on the flevor surface by a dence fibrous pad called the palmar
hgament Doreally the jomnt 1s protected by an cxpansion of the long
extensor tendon, there bemng no true membranous layer of the articular
capsule m thus Jocation The heads of the metacarpals of the four fingers
are 1lso connected together by strong transserse bands, the deep trans
verse metacarpal ligiments, that attach also to the palmar hgaments
The absence of such a band between thumb and forefinger allows for
much greater freedom of movement of the thumb than of the other in
divadual fingers

The Interphalangeal joints are essentially Ithe the metacarpophalan
geal ones except that they are much more nearly pure hinge jonts
The hgaments in connection with these joints are identical with the
hgaments of the metacarpophalangeal jomts The palmar hgaments of
the interphalangeal jomts are of especial importance, 1s they prevent
hyperextension of these jomnts, if one of them 1s ruptured, the assoc
ated phalanx may become loched mn hy perextension

The Palmar Fascia

The heavy fibrous palmar aponeurosis bridges the center of the palm
of the hand, this aponcurosis 1s attached above to the lower edge of the
flexor retinaculum and also receives the insertion of the palmans
longus Distally 1t gives rise to ships to each finger which not only at
tach t0 and around the fibrous sheaths for the long flexor tendons but
also attach to the proximal phalanges Thus 1t 1s that fibrosis and con
tracture of the palmar aponeurosis lead to marked flexion of the digts,
especially at the metacarpophalangeal jomnt (Dupuytren’s contracture)
Med:ally and laterally the palmar aponeurosis sends septa to attach to
the first and fifth metacarpals, these septa pass medial to the thenar
muscles and lateral to the hypothenar ones, and form the walls of a
central palmar compartment A less dense fascia covers the muscles of
the thenar and hypothenar emmences

Withim or adjacent to the central palmar compartment, bordered by
the palmar aponeurosis and the mtermuscular septa to the first and
fifth metacarpals, Lie the tendons of the long flexor muscles of the dig

its, associated short muscles connected wath these tendons, arterial
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arches that supply the hands and fingers and branches of the median
angd vlnar perver The superfical pelmar arch. formed promaniy by
the ulner artery, runs across the hand mmmediately behind the palmar
apomeuro s and m front of the flexo~ tendons (fg 74,p 183) I gves
oF common digital branches thet ron forvard toward the spaces be-
tveen the fingers and. after recervmng a commmmication from the deep
palmar arch (p 182) dmde mto pruper dimtal arternes that proceed
out along the fingers The medien nerve enters the central compart
ment behmd the exor retmaculhum. and a part of the uinar nerve en
ters by mercing the medal septirn vith the ulnar artery The two
nerves may oommect with each other but each gives nse to common
digntal branches that run dactally, wually at first behind the artenes.
to dmde mio proper dymtal werves for the digrts The digtal nerves
and vessel appear m the dutal part of the hand m the connective tis-
sue that he, between the <hips that the palmar aponeuroas sends to the

ngers, on the fingers they be on the sides of the tendon sheaths there.

Tke Flexc» Terxdon Skeeths ond Tendons

The tendan sheaths of the palmar <urface of the hand (figs 69 and
70} provide free movement for the Jong flexor tendons and are situated
both at the yorist and en the dipts themselves At the wnst there are
tvo synosal cheaths honsmg the long flexors of the dipts thet e the
radial sxde (cheath of the flexo~ polhas longus) surrowmds only the
tendon of the flexor poll.as Iongns nmuscle, and 15 contimued arownd this
tendon almort 1o 1t mserbon on the dictel phalanx of the thumb Thus
the d.otal flevor <heath of the thumb 1 cunply a contmnanan of the
fexor sheath at the wrist. The much larger sheath on the nlnar nde
of the flexor poliicts sirrounds the tendons of both flexor superficiabs
and flexor profundn  and therefore 1« the cammon flexo~ tendon sheath.
Thus sheath also begms jnst proxmmal to the upper edge of the fexor
retmacnlum and m paseing behmd thus occupres most of the <pace b
twreen 3t and the carpal bones (the carpal canal) The larger part of
the carmmon Dexor tendon sheath stops about the ruddle of the palm
of the hand. but an wlnar porhion typically continue, out along the httle

nger avound the long flexo tendons to thus finger Thus the digital
shezth of the Iittle finger 15 2 direct contzmation of the comumon flexor
tendon sheath (B2 705 In comtrest 1o this. the digrtal <heaths for the
Feyor tendons 1o the mdex. rpddle. and ning fingers begia bhndlv at
zbomt the bases of the fingere therefore dictal 1o the commen Jexor
4endon sheath, and novmally heve mo comnechion wth the tendon
chezh 2t the vt Beranee of thus discontmoty  mfections within
the 1endon cheaths oo the wdex. zuddle and ring fingers can extend
porand tovard the vt only by rupture of the sheaths mfechons

yothm the tendon cheain of the Intle Snger o the thumb howeser
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routmely present themselves at the wrist because of the contimuty
between these sheaths and those at the wrist At the wrist and i the
palm the synowvial tendon sheaths are thin, for they are supported by
the overlying flexor retinaculum and palmar aponeurosis On the
digits, however, each tendon sheath acquires a heavy outer fibrous
layer, thinner m front of the jomts where 1t mught mterfere with
movement, but thicker over the bodies of the phalanges The tendon
sheath on a finger 1s particularly thick over the body of the proximal
phalanx, and here forms a pulley that holds the flexor tendons close
to the bone

Within the tendon sheaths on the fingers each tendon of the flexor
digitorum superficialis divides (fig 71) to allow the corresponding pro
fundus tendon to pass through The superficial tendon 1s attached by
remans of its mesotendon, the short and the long vincula, to the prox1
mal phalany, but the insertion of the tendon proper 1s on the base of
the nuddle phalanx Simlarly the profundus tendon has vincula at
taching to the muddle phalanx but 1ts real msertion 1s on the base of
the distal phalanx The vincula, especially the short ones, may allow
the flexor tendons to have some direct action on the phalanges proximal
to therr msertions, but serve primanly as pomts for the ingress of ves

sels 1nto the tendons
Associated with the tendons of the flexor profundus mn the hand are
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four mall lumbrical ( wormlihe”) musclea (fig 70) These arse
from the profundus tendons as they diverge townrd the fingers, pass
aver the palmar <urfaces of the deep transver<e metacarpal hgaments,
and then curve doreally on the radinl «ide of each of the four medinl
dimts to meert mto the expanded extencor tendons (often termed “‘ex
tensor aponeuroses”) on the pronimal phalanges These little muscles
ard m fleston 2t the metacarpophalangel jomts and through their at
tachment to the estensor tendons m extension of the nterphalangenl
jomts The firet 15 always, and the cecond (countmg from the radml
ade) 15 usunlly annervated by the median nerve The muscles not
supphied by the median are imnervated by the deep branch of the ulnar
m the hand or both nerves occnstonally supply one muscle

Fascial Spaces of the Palm

Deep to the flexor tendons and their associated lumbnical muscles 1s
an area of looce cannective tissue, the potential space here 15 bounded
on the radinl eide by the septum passing from the palmar aponeurosis
to the first metacarpal and on the ulnar side by the similar septum
passing to the fifth metacarpal Distally 1t ends about at the pont at
which the flexor tendons assume their digital sheaths A more or less
marhed septum tends to separate this subtendinous area into two com
partments, of which the more ulnar 1s known as the midpalmar space
the more radial as the thenar space The associated flexor tendons and
palmar fascin bound these spaces superficially, while deeply they are
bounded by the fascia on the nterosscous muscles and the adductor
muscle of the thumb These palmar fascial spaces are of 1mportance m
mfections of the hand, 15 a considerable amount of pus can collect 1n
the very loose connective tissue that they contam They may be n
fected directly through penetrating wounds of the hand, or directly
through rupture of the flexor tendon sheaths into them

The Muscles of the Thumb

The four short muscles of the thumb (pollex) mteract with the long
thumb muscles and greatly increase the usefulness of 1hus mportant
organ Three of them, the short abductor, the opponens, and the short
flexor, form the thenar emmence, the fourth, the adductor, hes deeply
m the palm of the hand behind the long flexor tendons (fig 70) where
1t forms the posterior wall of the thenar fascial space

The abductor pollicis brevis 15 a flat muscle arising from the flexor
retinaculum and the trapezaium bone and mserting on the base of the
proxumal phalanx, usually, also, a portion of the muscle inserts on the
tendon of the extensor pollicis Jongus 1t 15 a true abductor of the thumb
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Figure 71 The flexor tendons on a finger, anterior and lateral views

routimely present themselves at the wrist because of the contmuty
between these sheaths and those at the wrist At the wnist and 1 the
palm the synoual tendon sheaths are thimn, for they are supported by
the overlymng flexor retnaculum and palmar aponeurosis On the
digits, however, each tendon sheath acqures a heavy outer fibrous
layer, thinner mn front of the jonts where 1t nught mterfere with
movement, but thicker over the bodies of the phalanges The tendon
sheath on a finger 1s particularly thick over the body of the proximal
phalanx, and here forms a pulley that holds the flexor tendons close
to the bone

Within the tendon sheaths on the fingers each tendon of the flexor
digatorum superficialis divades (fig 71) to allow the corresponding pro
fundus tendon to pass through The superficial tendon 1s attached by
remains of 1ts mesotendon, the short and the long vincula, to the prox
mal phalanx, but the msertion of the tendon proper 1s on the base of
the muddle phalanx Swmlarly the profundus tendon has vincula at
taching to the nmddle phalany but 1ts real insertion 1s on the base of
the distal phalanx The vincula especially the short ones, may allow
the flexor tendons to have some direct action on the phalanges proximal
to therr msertions, but serve primanly as pomnts for the mngress of ves

sels mnto the tendons
Associated with the tendons of the flexor profundus m the hand are
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The Muscles of the Little Finger

Lymg 1 the factn over the hypothenar emmence 1s the small pal
mars brevis, a transversely arranged it of muccle that arses from the
palmar aponcurosis and meerts mto the <hn of the hand, and 1s of no
particular importance Ignonng tlus, the muscles of the hypothenar
emmence (fig 70) are only three 1 number, movements of the httle
finger are less complea than those of the thumb The most superficial
of thece muscles on the ulnar border of the palm s the abductor digit
mintmt ansang largely from the paform bone and nserting on the
ulnar aspect of the bace of the provimal phalanx The flexor digiti
mintmi brevis arces from the flevor retinaculum and the hamate bone
and jomns the abductor to m<ert with 1t on the provimal phalank, but
more onto the palmar surface The opponens lies deep to these mus
cles, 1t, also, arses from the flexor retinaculum and the hamate bone
but 1t 1ncerts mnto the ulnar border of almost the entire length of the
body of the fifth metacarpal The abductor and short fiexor aid 1n both
abduction and flexion of the hittle finger while the opponens ads in
opposition of this finger to the thumb, and therefore also in cupping
the hand 1nd in grasping tools firmly All three of these muscles are
supplied by the deep branch of the ulnar nerve as 1t passes among them
to reach a deep position 1n the palm of the hand

The Inferossel

These are deep lyimng muscles that are largely situated, as their name
imphes, between the bones (the metacarpals) of the hand The ad
ductor pollicis lies 1 front of the nterosser on the radial side of the
third metacarpal, but those on the ulnar side of this bone form most
of the posterior wall of the midpalmar fascial space At their proxumal
ends the nterosser are crossed by the deep branch of the ulnar nerve,
extending laterally from the hypothenar muscles, and by the deep
palmar (artenal) arch which enters the palm through the most radial
Interosseous and runs medially across the hand (p 182 and fig 75)
Branches from both the arch and the nerve run distally on the sur
faces of the interosser

The mterosser (fig 72) are divided mto two groups, three palmar
and four dorsal In contrast to the lumbricals, with which they have
certam actions 1 common, all the interosser pass dorsnl to the deep
transverse metacarpal igaments as they run distally to their insertions
However, they are still far enough toward the front of the metacarpo
phalangeal joints to flex them Further, they are arranged about the
mdhne of the hand, which runs through the mddle of the mddle
ﬁ‘:xger, n such a fashion that they abduct and adduct the fingers about
this mudhine  The patmar interossel are the adductors, smce there ave
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wm the sense that 1t moves the thumb almost perpendicularly away
from the plane of the palm of the hand Since 1t hies more palmarly
than dorsally on the side of the metacarpophalangeal jomt 1t 15 also a
flexor at this jount, since 1t mserts m part on the long extensor tendon,
1t ards m extending the distal phalanx The opponens polhicis 15 largely
covered by the short abductor, 1t like the abductor, arises from the
flexor retinaculum and the trapezium bone but nserts along most of
the length of the first metacarpal, rather on the dorsal side It thus
draws the first metacarpal across the palm of the hand, rotating ths
bone as 1t contracts and producing the movement known as opposition
of the thumb The flexor polhcis brewis typically has two heads of
ongn, a superfical and a deep, although the deep head 1s frequently
1l defined The large superficial head anses mostly from the flexor
retinaculum, as do the muscles already described The small deep head,
which may be lacking, arises from several of the carpals and the bases
of the second and third metacarpals where they form the posterior wall
of the carpal canal, and s closely associated with some of the ongm
of the followmg muscle, the adductor pollicis The two heads unite
deep to the tendon of the flexor polhess longus and the muscle wserts
close to the short abductor on the radial side of the base of the proimal
phalanx, but more upon the palmar surface than does the abductor
The tendon of msertion of the flevor polhcis brevis contams the radial
one of the two sesamod hones (fig 67, p 170) of the metacarpophalan
geal jomt of the thumb The flexor policis brevis not only flexes the
metacarpophalangeal jomnt but alse mds m adduction and oppesition of
the thumb

The adduclor pollicis also has two heads, a transverse and an oblique
one The transverse head arises primarily from the palmar surface
of the third metacarpal, the obhique head arises from the hgamentous
floor of the carpal canal over distal parts of the capitate and trapezod
bones and the adjacent bases of the first three metacarpals Both beads
are triangular, the transverse head extends almost transversely, the
oblique head almost parallels the first metacarpal, and the two heads
come together to msert mto the ulnar side of the palmar swface of
the base of the proamal phalanx of the thumb Their tendon of mser
pon contams the ulnar d of the metacarpophal 1 jomt of
the thumb The adductor pollicis both adducts and flexes the thumb

As the median nerve emerges from belund the flexor retmaculum
it gaves off an amportant motor branch mte the muscles of the thumb
“The exact distnbution of ths branch vanes from one mdindual to
another, throngh it, however, the median nerve rather regularly sup
phes the short abductor, the opponens, and the large superficsal head
of the short flexor The adductor pollicis and the deep head of the short
flevor are usually supplied by the deep branch of the ulnar nerve which
runs transversely across the hand to end i these muscles
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and <o forth The firet doreal interoseeous has usually a strong attach
ment to the bace of the proximal phalany of the index finger, and Intle
or no extension 1o the eatencor tendon The second and third interosser
are attached 1 part to the bace of the proximal phalanx of the middle
finger on 1ts radinl and ulnar «des, respectnvely, but also send strong
expmsions 1o the cvtencor tendon The fourth doreal interosscous
anses from the fourth and fifth metacarpals, and, pacang on the ulnar
side of the metacarpophalangeal jomt of the ning finger, nserts ke
the preceding muccles into both the proaimal phialanx and the extensor
tendon of tlus finger The four dor<il mterosser 1 conjunction with
the abductors of the thumb and hittle finger abduct all of the digts,
with the palmar mteroscer they are also flevors at the metacarpophn
Inngeal joints, with the usual exception of the first dorsal interosseous
they are also like the palmar interos<es, extensors of the interphalan
geal jomnts

The deep branch of the ulnar nerve usunlly supplies all of the in
terosse1, the only common exception 1s the first dorsal interosscous,
which 1n some 3 to 10 per cent of cases 15 supplied partially or com
pletely by the mediin nenve

Vessels and Nerves of the Palm

The vessels and nerves of the palm (shown diagrammatically 1 fig
73) are somewhat comphicated, for the ulnar and radial arteries, with
their accompanyng vens, are still large vessels when they reach the
hand, and both the ulnar and medinn nerves are distributed to the
hand The branches of both the arteries and the nerves arc in general
divisible, however, mnto ones that lie m front of the flexor tendons and
those that lie helund them on the front of the interosser The ulnar ar
tery, the median nerve, and the superficnl branch of the ulnar nerve
are the chief contributors to the more superficial vessels and nerves,
the radial artery and the deep branch of the ulnar nerve are the chief
contnbutors to the deeper lying structures

The ulnar artery passes mto the hand superficial to the flexor rett
naculum and forms an arch, the superficial palmar arch across the
hand (fig 74) This arch lies between the palmar aponeurosis and the
long flexor tendons It ends m the muscles of the thumb where 1t usually
1s completed by a branch from the radial artery From the arch are
gwen off a proper digital artery 1o the ulnar side of the little finger and
three common digital arteries which, after being jomed near the heads
of the metacarpals by branches from the deep arch, divide between the
fingers to supply artenes to the adjacent sides of the little and rng,
m:ig and middle, and ymddle and index fingers The radinl side of tln;
lbrl-a::h‘:l;slgferz x:r:;ileb:;}';‘:;d:s of the thumb, are regularly suppled by

rtery These branches may or may not be
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Figure 72 The nterosser the deep muscles of the palm of the hand

three fingers and a thumb to be adducted toward the mmddle finger 1t
should take four palmar mterosse: to carry out this movement How
ever, the thumb has an adductor of its own, therefore there are only
three palmar interosser, these, mserting on the mndex, nng and little
fingers, are sufficient to carry out the movement of adduction, worhing
with the adductor of the thumb The three palmar mterosse1 arise from
the second, fourth, and fifth metacarpals respectively, that 1s, the meta
carpals of the three fingers on which they msert They pass across the
metacarpophalangeal joints on the side nearest the mmddle finger and
their tendons then pass dorsally to jomn the extensor tendons on the
proxmmal phalanges These muscles therefore adduct the mdex, rmng,
and little fingers, flex the metacarpophalangeal jomnts, and also extend
the mterphalangeal jomts

The dorsal interosse: are arranged so as to abduct the fingers from
the mudline of the hand There are thus two of them arranged about
the muddle finger, so that this finger may be abducted 1n exther a radial
or ulnar direction It takes four more abductors to move the remammg
four digts, but both ltile finger and thumb have abductors of thewr
own Thus there are only four dorsal mterosse1 1n all, one for the mdex
and one for the ning finger i addition to the two attaching to the oud
dle finger The four dorsal interossex arise from the adjacent surfaces
of twvo metacarpals, the first dorsal mterosseous amses from both first
and second metacarpals, the second from second and thurd metacarpals,
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arch jon the common digital branches of the superfiennl arch to help
supply the digits

Both the medinn and the ulnar nerves are sull Iarge trunks as they
enter the hand (fig 74), but many of the fibers of ench are sensory
fibers for the digits The digital nerves accompany the digital artenes
The median usually supplies the palmar surfaces of thumb, index and
mddle, and half of the ning, fingers, and also sends branches to the
more distal portion of the dorsum of these fingers The continuation of
the ulnar nerve into the palm (palmar branch) typically supplies one
and a half fingers (and the dorsal branch of the ulnar, ansing above
the wrist, supplics one and a half to two and a half fingers), beginning
with the httle finger and extending radinlly The proximal portions of
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Figure 74 Nerves and arteries of the palm after removal of the palmar aponeurosis
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Figure 73 Diagram of the chuef nerves and vessels of the palm

remforced by one or more branches from the superficial palmar arch
The radial artery enters the palm by a more devious course Just
below the area 1 which 1t 15 usually palpated mn tabing the pulse the
radsal artery gives off a superficial palmar branch mto the thumb mus
cles (thus 15 the branch that may complete the superfical arch) and
then turns sharply dorsally deep to the long abductor and the extensor
tendons of the thumb to reach the dorsum of the hand Here the artery
gves off a small dorsal carpal branch (that helps to guve rise to dorsal
metacarpal and digital arteries) and then passes wto the palm of the
hand (fig 75) by traversing the space between the two heads of the
first dorsal interosseous muscle As it passes through the muscle 1t
guves off the princeps pollics artery, which supphes the thumb and the
radial side of the mdex finger After reaching the palm of the hand the
rachal artery passes m an arch toward the ulnar side, here 3t hes
agamst the palmar surfaces of the mterosser and therefore on the floor
of the palmar fascial spaces The deep palmar arch thus formed by the
radial 1¢ typically completed by the small deep branch of the ulnar ar
tery which passes into the muscles of the httle finger and may emerge
10 jyon the deep palmar arch The metacarpal branches of the deep
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The Dorsum of the Hand

The extensor tendons 1o the dorsum of the hand are retmned at the
wnst by the extensor retinaculum, and are provided with tendon
<henths as they pass between this and the underly ing bones of the wnist
With the exception of the tendons of the extensor digitorum and ex
tensor indicts, which run together 1 a single sheath, of the long
abductor and short extensor of the thumb, which usunlly share a single
sheath, and of the two radial extensors of the wnist, which regularly do,
the vanous tendons each have mdividual sheaths as they pass deep
10 the retinaculum (fig 76) In contrast to the palm of the hand, how
ever, these sheaths are not conuinued much beyond the distal edge of
the retinaculum, so the long tendons lie, for the most part, in direct
contact with the loose connectine tissue of the dorsum As there are no
intrimsic muscles of the dorsum of the hand, the tendons to the digits lie
almost directly upon the metacarpal bones and the dorsal surfaces of the
dorsal mnterosse1, which appear here between the metacarpals On both
the dorsum of the hand and the digits the tendons are subcutaneous
There are no extensor digital tendon sheaths, hence, except for a limited
length at the wrnist, blood vessels can enter the extensor tendons over
much of their surfaces, mnstead of being himited 10 the narrow margins
afforded by a mesotendon or a vinculum Also, the extensor tendons
are much more mtimately associated with the metacarpophalangeal
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Figure 76 Tendons and tendon sheaths on the dorsum of the wnist and hand
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the dorsum of the thumb and remamung fingers (that 15, of about two
and a half digits) ave supphed by the radial nerve

The palmar branch of the ulaar nerve enters the hand m company
with the ulnar artery, thus passmg superficial to the flevor retmac
ulum Close to the lower border of the retmaculum 1t divides into su
perficial and deep branches The superficial branch supphes the pal
mans brevis muscle and drvides mto the palmar digital branches already
mentioned, the deep branch passes deeply among the hypothenar mus
cles, which 1t supphes 1n 3ts course, and then runs across the palm of
the hand m company wrth the deep palmar artermal arch

Here 1t supplies the thurd and fourth umbricals and sometmes the
second, supphies all the interosses, and ends m muscles of the thumb,
usually only the adductor and the deep portion of the short flevor In
1ts deep palmar course 1t also .ends branches to a varable mumber of
the metacarpophalangeal jomts

The median nerve enters the palm behnd the flexor retinaculum,
between this and the common flexor tendon sheath At the distal edge of
the retmaculum 1t grves off 1ts dimtal branches, motor branches to the
first two lumbricals usually arise from the branches to the mndex and
muddle fingers The most important motor branch of the median 1s that
turming uto the muscles of the thumb and supplymg the abductor
brevis, the opponens and most of the short flexor
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contrachion 18 much stronger 1f the thuwmb 1s opposed, but at 15 then
ampossible to know how much 1s due to the flexor and how much to the
underlying opponens The opponens carmot be identified, nor can the
adductor with any certamty, although 1t forms part of the muscle be
tween the first and sccond metacarpals On the dorsum of the hand
between these metacarpals the first doreal interosseous can be felt
distnetly when the mder finger 1s abducted, 1t 1s the only 1nterosscous
that can be plunly recogmzed Of the muscles of the hypothenar
ermmence, the abductor of the httle finger can wsually be recogmzed
along the ulnar border of the hand when the finger 1s abducted, but the
other muscles cannat be recogmzed As il become evident when the
following chapter 1s studied, wethness or paralysis of indiadual muscles
of the hand, especially those of the thenar group, 15 often difficult or
impossible to assess accurately bechuse of the number of muscles that
majy assist 1 carryng out a speafic movement

None of the vessels and nerves of the hand 1s visible or palpable,
except for the superficial v enous network on the dorsum However, 1t 15

Table 5 Nerves and Muscles of the Hand

Nerve and AMuscle
Ongin®  Name Chuef action(s)
Median Abductor pallicis bresis Abduction of thumb
C>-T1 Flexor pollicis brevis Flexion at metacarpophalangeal jont of thumb
superficial head
Opponens polhas Opposition of thumb
Lumbricals I and H Flexion at pophal ! joints
at interphalangeal joints of digats II and III

Ulnar Flexor pollicis brevis Flexion at metacarpophalangeal joint of thumb
Cc8 TL deep head

Adductor polhas

Palmans brevis

Abductor digith munim

Flexor digatt mmum
brevis

Opponens digitt minim

Lumbrcals 111 and TV

Palmar interosse

Dorsal interosser

Adduction of metacarpal flewon at metacarpo-
phalangeal joint of thumb

Wrinkling skin of hypothenar eminence

Abduction of dygit V

Flexion at metacarpophalangeal joint of digit V

Cupping hand

Flexan ot metacarpaphal Lyomts o
at interphalangeal joints of digits IV and V

Adduction of digats IT, IV, and V' flexion at their
metacarf 1 1 jounts n at their
interphalangeal ones

Abduction of digtts 11 1IT IV flexion at ther
metacarp \! oints atnter

J
phalangeal jomts of digits III and IV

* The common segmental origins—see foatnote of Table 3 p 151 The scgmental in

unervations of the individual muscles are not Listed because there 1s stron, d

g evidence that all
of them are supplied by C8 and T{ however some authors hst the muscles supplied by
the median nerve as recenving fibers from C6 and C7
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and 1nterphalangeal jomt cavities than are the flevor tendons The ex
tensor tendons and expansions from them form the dorsal hgaments of
these yomts, and if the extensor tendons are torn off the jont cavities
are laid open

The cutaneous nerves to the dorsum of the hand include the dorsal
branch of the ulnar supplymg one and a half to two and a half fingers,
the radal nerve supplymng the proximal portions of the dorsum of the
thumb, mdex, and mddle fingers, and vanous forearm nerves which
may pass for variable distances onto the hand The sensitive tissue deep
to the nails 15w every case supphed by branches from the palmar
digital nerves The palmar branches of the median nerve also supply
most of the skmn over the two distal phalanges of ndex and mddle
fingers and the radial portion of the ning finger

As there 15 relatively httle hissue to be supphed with blood on the
dorsum of the hand, the blood vessels here are small and msigmficant
The dorsal carpal branch given off by the radral artery before this latter
passes mto the palm of the hand joms twigs from the interosseous and
ulnar arteries to form a dorsal carpal rete (network) This gives off
three small metacarpal vessels that, after bemng remforced by small
perforating branches from the deep palmar arch and the palmar meta
carpal vessels, divide mto proper digital vessels on the dorsum of the
fingers Branches to the dorsum of the thumb and radial side of the
mdex finger anse from the radial artery or the first dorsal metcarpal,
one to the ulnar border of the httle finger arises from the ulnar side of
the rete The dorsal digital vessels are runute, and can rarely be traced
beyond the first uiterphalangeal jomnt, much of the blood supply of the
dorsum of the finger 15 recesved from the palmar digital vessels

Reviewr of the Hand

Relatively httle of the mtricate anatomy of the hand can be made
out m the hving mdividual

On the dorsum the metacarpal bones can be palpated, and on the
palm at the wnst the promnences raned by the scaphoid and trapezium
bones radsally, the pisiform and hamate bones medially (p 149) can
also be palpated The phalanges are palpable, and the extensor tendons
on them are very flat, the flexor tendons and the connective tissue pads
m front of them prevent distinct palpation of the palmar surfaces of
the bones

The muscles of the thenar emmence as a whole are recogmzable,
but are difficult to distmgwsh wath certamty from each other The ab
ductor pothas brevis can be cuthned reasonably well when the thumb
15 strongly abducted (raxsed away from the palm) The short flexor can
be recogmized more vaguely deep to and on the ulnar side of the ab
ductor, as it 1s made to contract for flexion of the proxamal phalanx, the
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Movements of the Digits

Movements of the fingers and thumb involve comphcated integra
tions of the long and short muscles attaching to them The exact share
that any one of these muscles may plyy 1n a particular movement 1s
frequently not well understood As a rule, several muscles participate in
a given movement, and this movement may or may not be partly dis
torted by the absence of some member of the group The following
analysis represents some generally accepted ideas as to how these
muscles cooperate

Flexion of the fingers 1s brought about through the flexor digitorum
profundus, the superficialis, and palmar muscles (fig 77) The flexor
digitorum profundus, through 1ts attachment on the distal phalanges, 15
prunanly a flexor at the distal interphalangeal joints By continued
action 1t wll also flex the proximal mterphalangeal jonts and finally,
less completely the metacarpophalangeal jomts The action of the
profundus on the proximal interphalangeal jomts depends, however,
upon these jomts beng already m shght flexion If, by rupture of the
palmar higament of the jomnt, the proximal interphalangeal jont 1s 1n
shight extenston, contraction of the profundus increases this extension
and the joint 15 therefore locked 1n a hyperextended position Normally,
the integnty of the palmar Ligaments allows the flexor profundus to

189
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not difficult to locate the major vessels and merves in relation to the
surface Remembering that the ulnar artery passes into the palm on the
radial side of the pisiform bone, 1ts course can be approwumated by
drawing a line distally to about the proumal palmar crease, the super
ficaal arch follows this crease across the palm The radial artery, after
passing through the “anatomical snuff box,” dives palmarward between
the bases of the first and second metacarpals, the deep arch lies an mch
or more proximal to the superficial arch, about at the level of the palm
where thenar and hypothenar emnences come together The course of
the median nerve can be approximated by recalling 1ts branches, and
the fact that 1t gives rise to them at about the distal edge of the flexor
retnaculum, stmilarly, that of the ulnar nerve may be approxamated
by projecting 1ts digital branches from just medial to the msiform bone
to the sides of the fingers 1t supphes, while the deep branch, of course,
tends to parallel the deep palmar arch, already located

The usnal nerve supply and the chief actions of the muscles m the
hand are shown in Table 5 They are also discussed i more detail mn the
following chapter The nerve supply 1s also shown diagrammatically
figures 51 and 52, pp 134 and 135
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when extensine paralysis of flexor muscles necesaitates teansferring
extensor tendons to the palm and joming them to the distal ends of
flexor tendons, 11 1s necessary that at least one geod wrist extensor be
left intact

Extension of the digits usually mvolves the cooperation of two sets of
muscles The tendons of the first <et, the extensor digitorum with the
associated extensors of the Iittle and index fingers, expand over the
metacarpophalangenl jomts of each of the four fingers to help form the
jount capsules here, and are so attached to the capsules that, once they
have moved prouimnlly a certain distance, they can hyperextend the
metacarpophnlangeal jomts even though their actual insertions are on
the middle and distal phalanges The extensor digitorum and the specinl
extensors of the index and httle fingers that jon 1t are therefore the
sole extensors of the metacarpophalangeal joints Distal to these joints
however, the extensor tendons are jomned by a sccond set of tendons,
those of the lumbricals and the interosser (fig 78) Over the proximal
phalanx the tendons blend together to form a single tendon that 1s often
referred to as the extensor aponeurosis This divides into a central band
that mnserts on the middle phalanx and two lateral bands that converge
to an sertion on the distal phalinx, hence the long extensor, the
lumbricals, and the interosse: should all cooperate 1n extending the mid
dle and distal phalanges It 1s generally beheved that they do so when
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Figure 78 The extensors of
s of a typical digit The one shown here 15 the fo
others have slightly different arrangements of the interosser and some of course l;::::e
proper extensors but the principle 1s the same for the four medial digats
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act not only on the distal mterphalangeal jomnts but on the other more
proxmmal joints It 1s so efficient m flexing the provumal mterphalangeal
jonts that 1t alone 1s left as the flexor of these jomts, the superficialis
bemng removed, when the flexor tendons are injured on the fingers
The flexor digitorum superficialis through 1ts attachment to the
mddle phalanges acts upon the proximal mterphalangeal joints and
by contmued action will alse axd m fleing the metacarpophalangeal
jomts Under normal aircumstances flexion at the melacmpopha]angeal
yomts 1s brought about primanly through the combmed actions of the
lumbricals and of the palmar and dorsal mterosser the action of the
long flexor tendons at this jomt bemg accessory only to the action of
the short muscles Indeed, m paralysis of these short muscles 1t 1s usual
to find the metacarpophalangeal jomts hyperextended while the mter
phalangeal jounts are held m fleaion by the long flexors, thus givng &
clawhbe hand Although the long tendons may act across all the more
proxumal younts, each of the three jomnts of a finger has its own special
flexor—the profundus for the distal mterphalangeal jomnt, the super
ficsalis for the proximal mterphalangeal jont and the mterossex and
jumbricals for the metacarpophalangeal jomt The long flexors so
essential to the power of gnp of the fingers and hand are at a mecham
cal advantage only when the wnst 1s extended, fleion at the wnst
therefore markedly mterferes with flexion of the fingers For tins reason,
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(fig 80) The long flexor tendons also adduct the fingers as they flex
them the long extensor tendons abduct the fingers as they extend them
These long tendons, however, act upon all four fingers at once and
therefore do not allow for individual abduction and adduction of a given
finger The first and sccond lumbricals aid m abduction of the index
and middle fingers, while the third and fourth lumbricals aid 1n adduc
tion of the ring and httle fingers Similarly the extensor ndicis can
adduct the inden finger and the extensor digitn mumim can abduct the
httle finger

Movements of the thumb, and to a lesser extent those of the httle
finger, are more complicated than are movements of the fingers as a
whole Further, the diagnosis of injury to the musculature or nerves of
the thumb 1s made more complicated 1n clinieal practice because the
mnervation of the muscles of the thumb may vary, a given muscle being
supphed 1n some cases by the median nerve and in others by the ulnar
nerve Tlevion of the distal phalanx of the thumb can be brought about
only by the long flevor of the thumb Tlexion of the metacarpophalan
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Figure 80 The cluef adductors of the digits
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Figure 79 Dorsal view of the chief abductors of the digits

the metacarpophalangeal jomts are straight, when these jomnts are
hyperextended, however, the combined extensors are unable to over
come the pull of the long flexors, so the interphalangeal jomnts are
flexed, and when the metacarpophalangeal jomnts are flexed by the
lumbricals and interosser 1t 15 these muscles alone that can at the same
time actively extend the interphalangeal jomts

The bands uniting the extensor tendons on the dorsum of the hand
(lahelled “intertendinous connections n figure 76) hmder independent
extension of the mdividual fingers at the metacarpophalangeal jomts
This 15 especially true of the mddle and ring fingers, the index and
little fingers are less hampered 1n independent extension because of the
ndividual extensors with which they are also provided

Abduction of the diguts 15 brought about by the dorsal interosser and
the abductors of the thumb and httle finger (fig 79), adduction 1s
brought about by the palmar mterosser and the adductor of the thumb



Movements of the Digits 195

true abduction (through the short abductor) and some extension of the
mterphalangeal jomt (through the usual mcertions of the short ab
ductor and the adductor mto the tendon of the long extensor) It 1s
probably worth notng that a radial nerve injury may also ahohish good
flenion of the fingers, although tlns nerve has no distribution to flexor
muscles The mterference with finger flexion i radial nerve myury s
due to the paralyas of the estensors of the wrist, as has been mentioned
previously, wrist extension 1s necessary to proper finger flexion
The varymg distribution of the median and ulnar nerses to the flexor
digutorum profundus has already been pomted out 1n the discussion of
this muscle Trom tlus it should be apparent that injury to the median
nene supply to the profundus may affect flevion of the termunal
phalanx of the andex finger only, since the portion of the muscle going
to thus finger alone 1s apparently always supphied by the median nerve,
sumlarly, nterference with the ulnar nerve supply to the profundus
may affect only the httle finger While the profundus 1s the only flexor
of the termunal phalanges of the fingers, this varying peripheral nerve
supply (from C8 and T4, whether {from medion or ulnar) mahes more
difficult the assessment of damage to this muscle The fact that the
profundus tendons to the muddle, ring, and httle fingers commonly do
not separate from each other until they he well within the palm of the
hand also complicates the situation Because of this, an unparalyzed
part may pull upon the tendon of a parnlyzed part, and paraly sis of the
muscle fibers connected with any of these three tendons may thus
produce less effect than would otherwise be expected
Flexion of the proximal interphalangeal joints of the fingers, through
the flexar dimtorum superficialis, and of the terminal phalanx of the
thumb (by the long flexor) 1s controlled by the median nerve 1n the
forearm (bringing into these muscles fibers from C7 through T1) Tt
should be recalled, however, that the flexor profundus, by contimung
its action, may flex the proximal interphalangeal jomnts even when the
flexor superficiahis 15 paralyzed or absent
The other movements of the digits are carried out by the short
muscles of the hand, which are mnervated by both median and ulnar
nerves These short muscles have often been described as receiving
fibers of C6 and G7 through the median, G8 and T1 through the ulnar,
however, there 1s evidence that all the mtrinsic muscles of the hand
are supphed primanly by fibers of C8 and Tt
Combmed flexion of the metacarpophalangeal jownts and extension
?}teﬂ;‘inl:terphalanget;ll jomnts of the fingers 1s controlled primanly by
of the n;;ec:e u(t(})‘ 11 ¢ mnterosser and some of the lumbricals) Flexion
fed acuon?; 51 alangeal jomnts may be brought about also by con
Joints may be (;-‘ ong flexors, and extension of the mterphalangeal
produced by the long extcnsors, but the movements as
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geal jomt of the thumb 1s more limited and usually 1s accompanied by
marked movement of the metacarpal The flexor pollicts brevis and the
adductor produce flexion at the metacarpophalangeal joint, and 1f they
move the metacarpal produce also adduction and opposition of the
thumb The short abductor also aids m flexion at this jomt

In contrast to the fingers, the most movable jomnt of the thumb 1s the
saddle shaped carpometacarpal jomt Opposition of the thumb, mvolv
1ng movement of the metacarpal at this joint, 1s most easily carried out
by the opponens, this movement 1s axded by the combimed action of the
long and short flexors and the adductor Pure adduction of the thumb
mvolves the movement of the thumb foward the palm of the hand at
right angles to the plane of the palm This movement can be brought
about only through the combined actions of the adductor and the
extensor pollics longus, the adductor acting alone will necessarily tend
to pull the thumb across the hand as well as adduct 1t Pure abduction
of the thumb 1s brought about by the action of the abductor pollicis
brevis, the abductor polhcis longus abducts, extends, and externally ro
tates at the carpometacarpal joint—brings about a movement (repost
tion) that 15 the reverse of opposition Extension at the mterphalangeal
jomt of the thumb 1s brought about by the extensor polhcis longus and
by the short abductor and the adductor (which mnsert m part mto the
long extensor tendon), extension at the metacarpophalangeal jomt by
the extensor pollicis brevis, which may also jomn the Jong extensor and
thus help to extend the distal phalanx Flexion and extension at the
carpometacarpal joint of the thumb are regularly accompamed by rota
tion of the metacarpal

Both the abductor and the short flexor of the little finger flex the
metacarpophalangeal jomt, and also abduct the finger, the opponens
produces a certamn amount of rotation of the fifth metacarpal

The multiphaity of muscles acting upon the digits the various and
sometimes varymng nerve supplies of these muscles, plus the consider
able substitution by undamaged muscles all make especially difficult
the assessment of the role of any one nerve supply 1n a particular
movement of the fingers and complicate the clinical problem of judg
g the extent of mjury to nerves and muscles of the hand

The muscles acting upon the digits are controlled by all three forearm
nerves—the radial the median and the ulnar—even though only two
of these enter the hand The radial, through 1ts branches m the fore
arm, sends fibers derrved especially from C7 to the long extensors of
the fingers, and to the extensors and long abductor of the thumb Hence
radhal nerve mjury mn the forearm or above may abolish the power of
extension of the metacarpophalangeal jomts of the fingers (but not of
the mterphalangeal jonts, as these are extended also and primarily,
by the terosser) It may also abolish the combined movement of exten

sion, abduction and external rotation of the thumb, leaving, however,
)
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carried out by these long muscles are not compatible and therefore can
not go on simultaneously

Abduction and adduction of the fingers, since they are due also to
the mterosser and lumbncals (and muscles of the htile finger), are also
primarly controlled by the ulnar nerve In myury to this nerve, how
ever, the first two lumbricals, which assist i abduchon of the mndex
and muddle fingers, may be unumpaired Even more unportant 1s the
fact that the first dorsal mnterosseous muscle, smce 1t receives iis nerve
supply from the median 1 some 3 to 10 per cent of cases, may also be
unaffected As this muscle 1s the most easily palpated of the mterosse,
there 15 a tendency to judge the strength of the anterosser as a whole,
and the condition of the ulnar nerve, by exammunng this muscle This
practice may be entwely masleading m a small per cent of cases Also,
m considermg abduction and adduchon of the fingers, the actions of the
long extensor and flexors i these movements must not be forgotien

Smce the short muscles of the httle finger are all controlled by the
ulnar nerve, individual movement of this finger (save for exiension)
may be abolished by an mjury to the ulnar nerve The nervous control
of the movements of the thumb 1s more complicated Aside from the
part played by the radial and median nerves in the forearm, which we
have slready discussed, the movements of the thumb are also controlled
by branches of both mediant and ulnar nerves in the hand The mner
vation of the muscles of the thenar exminence varies, and this obviously
comphicates the situation, the cooperation of most of these muscles m
any one movement adds a further comphication If the median nerve
supphes abductor brevis, opponens and part of the short flevor, as 1t
commonly does mjury to st m the hand may at first interfere with true
abduction even more than wath flevion or opposinon—Jor the adductor
and the deep portion of the short flexor both flex the metacarpopha
langeal jomt, and may together carry out a rather good movement of
opposition umtl the I ts of the carp pal jomt are so
stretched that rotation at thas jomt no longer 15 a necessary concomtant
of flexzon Imjury to the ulnar nerve might be expected to abolish adduc
tion, but does not necessarily do so because of the action of the oppo
nens Flevion at the metacarpophalangeal jomt of the thumb s not
usually affected by mjury to the ulnar nerve, for the long flexor and
the short abductor both a1d the short flexor m this action, thus even if
the latter 1s completely paralvzed flevion may still occur
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The sheleton and musculature of the back are, of course, largely
responsible for the support and movements of the trunk as a whole
In addition to this, the back must be prepared to support and stabilize
the upper limb and head so that these members can move smoothly and
evenly or support stramns put upon them Since the weight borne by
the back increases as one descends to the lumbar region, and greater
leverage 15 also exerted 1n this region, 1t 1s obvious that the lower part
of the back 1s subjected to very great stress The enormous strains on
this part account for the extreme commonness of low back pamm In
view of the importance of the musculature of the back, and of the bony
vertebral column, in stabihizing the body as a whole, 1t should be easy
to realize that crippling of the back results not i simple crippling of
one portion of the body but rather i cripplhing of the body as a whole—
1t may mahe any posture or locomotion pamnful or difficult

The movements of the vertebral column are flexion, or forward bend
ng, extension, or dorsiflexion, lateral flexion, and rotation These van
ous movements do not go on with equal freedom 1n all portions of the
vertebral column, and certain movements are quite regularly a com
bination of two of these primary movements

199
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The Vertebral Column

The ertcbral column, often called the “spinal column” or “the
spme,” consists of a scries of bones termed vertebre, numbering about
tharty thiree At barth OF thece there are mw the adult typienlly seven
separate vertebrae n the neck or cervical region, twelve connected
wath the nibs and clasced as thoracic vertebrae, and five, hnown as the
lumbar vertebrae, mn the lower part of the back Usuaily the next five
are fused together to form the sacrum, and the remaiming three or four,
rudimentary 1n character, form the coccy v The vertebral column serves
two chief purposes that of supporting the trunk and that of protecting
the spinal cord

A typical vertebra (fig 81a) consists of several named parts fused
together 1o form A single bone The hemy, roughly cylindrical base of
the vertebra 1s called the body It as Iargely spongy bone covered gen
crally by a thin layer of cortical or dense bone, but the ends of the
bodies are mostly covered by a thin Jayer of hyahne cartilhge (which
persists throughout hife, but 1s responsible for the growth in length of
the vertebrae during the period of growth) The body bewrs upon its
postenior surface pared pillars or pedicles (roots of the arch) which in
turn support a lamina the pedicles and lamina together formmng the
arch of the vertebra, between the vertebral arch and body 1s the verte-
bral foramen Successive vertebral foramna form the vertebral canal
m which lie the spinal cord and 1ts adnexn In most vertebrae the pedr
cle presents a deep notch (the infersor vertebral notch) on 1ts lower
border, with the much shghter depression on the upper surface of the
pedicle next below, tius notch forms the intervertebral foramen (fig
81b) through which a spinal nerve makes its exat from the vertebral
canal At about the junction of the pedicle and lamina there are
arhicular processes which bear smooth facets for articulation wath the
vertebrae above and below, there are thus four articular processes i
all, two superior and two mnferior The exact postion and the planes
of articulation of these processes vary with the region mn which the
vertebra occurs Projecting laterally from about the pont of umon of
the pedicle and larmuna on either side 1s a transverse process for the
attachment of muscles and 1n the thoracic region, for articulation with
bs, the spinous process (often called ‘spine™), also for the attachment
of muscles, 1s a midline posterior projection from the Jammna

The vertebrae show regional differences so that 1t 1s usually possible
to recogmze the group to which any one of them belongs and some
?\f; t;]l:\oeux:x dz:é_e 510 specialized that they can be individually recogmzed
by the fuct lt(}:x\:; tt)"h;l;l‘u: cervical vertebrae as a whole are characterized
vrse Torsmens oo, hot(‘iansvurse plroces:es contamn a foramen, the trans
ter bemg the latersl o tes are relatively dehcate, therr greatest dinme

ne The articular processes 1re short, the facets
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Figure 81 Structure of the vertebrae 2 Thoracic vertebra viewed from above b

Two adjacent vertebrae lateral view ¢ The first two cervical vertebrae posterior view
the posterior arch of the atlas has been partally cut away and the ligaments that hold
the dens 1n place are not shown

Surface Anatomy

Relatively few bony structures can be felt i the cervical region, as
the spmous processes (fig 81) are buried deeply beneath the muscula
ture on the back of the neck The spmous process of the second cervical
vertebra (axis) can be felt somewhat vaguely 1n the postertor mdline
of the nech about two fingerbreadths beneath the occipital protuberance
(the bump on the back of the head), but Iittle more can be felt pos
terrorly until the sixth and seventh cervical spmous processes project
at the base of the nech Laterally m the neck the transverse process of
the first cervical vertebra can be felt just belund and below the mastod
process (the bonry bump behind the ear), but the transverse processes
of the other cervical vertebrae are difficult to distingmsh In the thoracic
region the rather sharp spinous processes of the thoracic vertebrae can
be seen or palpated and thrown into greater promimnence by flexion of
the trunk The broader lumbar spinous processes can also usually be
wdentified, these and the lower thoracic ones he m an increaswmgly deep
groove formed by the increasingly heavy mass of the back muscles
The back muscles of the cervical and lumbar regions are easily 1dent
fied as a whole, those of the thoracic region are thinner and more
deeply placed between bony elements
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The bodies of the lumbar vertebrae are again more massive than are
tho<c of the thoracic regton, and the spinous processes are much heasier,
and broad when viewed from the side (fig 82) The transverse processes
tend to he long and slender The facets of the superor articular
processes are dirccled upward and posteriorly but largely medially,
those of the mfenor processes downward and anterorly but largely
Interally On the posterior surfaces of the superior articular processes
appear large irregular protuberances the mammllary bodies, for addi
tional Mtrchment of muecles

The five sacral vertebrae arc, m adult hife, fused to form a single
bone, on the pelvic (antero mnferior, concave) surface of the sacrum
are four shght ndges that mark the lines of fusion between the five
elements entening 1nto the bone Laterally, i hine with these ridges,
are the pelvie sacral foramina through which the ventral ramu (p 225)
of the first four <1cral nerves make their exit The modified transverse
processes separating these forinuna fuse again laterally to form the
heavy lateral portions of the sacrum which articulate wath the hip
bones The dorsal surface of the sacrum 1s convex and much roughened
by the attachment of muscles, the roughened posterior projection in the

~ Cervical - -
vertebrae

/
¥~ Thoraaie -+ J

vertebrae '\
\

Figure 82 The vertebral column as a whole anterior and lateral views
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on the superior articular processes face upward and bachward, those
on the inferior articular processes fornard and downward

The first two cervical vertebrae (fig 81c) are markedly different
from the remamder The first cervical vertebra, known as the aflas
(because 1t supports the globe of the head), 1s especially distmguished
by the fact that 1t has no body but only an anterior arch where a body
would be evpected On 1ts upper surface 1t bears two large concave
articular facets for the reception of the occipital condyles, the convex
articular surfaces through which the shull 1s joned to the vertebral
column Its transverse processes are long, and 1t has no true spinous
process but simply a tubercle where the process should occur The
second cervical vertebra or axis 1s also pecuhar 1n structure, as 1t bears
projecting up from 1ts body a toothlike process, the dens Thus pracess
articulates with the anterior arch of the atlas, to which 1t 1s firmly held
by Iigaments 1n such a fashion that rotatory movements only can occur
between the two bones The dens represents the body of the atlas which
has separated from the rest of this bone and fused to the axis

The remammg cervical vertebrae show a gradual mcrease 1n size
as they are followed downward, but otherwise no particularly mdi
vidual characteristics The spinous processes of the mmddle cervical
vertebrae are usually bifid The seventh cervical, the last of the serzes,
may be somewhat transitional between a typical cervical and a typical
thoracic vertebra, and regularly has a rather long spmous process with
a somewhat bulbous extremty

As the vertebral column 15 folloned downward, the bodies of the
thoracic vertebrae (figs 815 and 82) continue the gradual ncrease m
size that was observed in the cervical region The supertor and mnfertor
articular facets are almost 1n the vertical plane, especially m the md
thoracic region, the superior facets face anterrorly, the inferior ones
posterzorly In contrast to the transverse processes of the cervical verte
brae, those of the thoracic vertebrae are solid On the anterolateral
surfaces of the ends of the transyverse processes of the upper ten thoracic
vertebrae there are smooth articular surfaces or costal pits for articnla
tion with the mbs Simular costal pits (costal foveae) occur on the sides
of the vertebrae at about the yjunction of the pedicle and body The first
vertebra and the tenth, eleventh, and twelfth usnally have a complete
costal pit on their upper edges for articulation with the head of the rib
On the others, the costal pits are shared by two adjacent vertebrae, so
that most of the thoracic vertebrae have halfpits (superior and inferior
foveae) situated at both the upper and lower borders of the bone The
spmous processes of theracic vertebrae tend to be long and slender and
directed markedly downward so that they overlap each other Those of
the lower thoracic vertebrae are, however, broader and directed more
posteriorly, 1n this respect being transitional between typical thoracic
and typical lumbar vertebrae
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The synovial jomts are between the articular processes and allow
only smple ghding movements  Although the capsules of these jonts
are lax and thercfore allow more movement than might be expected
from exammnation of the bony clements only, the directions n winch
the articular surfaces face have much to do with determiming what ty pe
of morement (flevion extension, lateral bending, or rotation) 1s allowed
between any two adjacent vertebrae (p 210) These jomts are supplied
by branches of the dorsal ram of spinal nerves (p 225) and arthritic
changes m them or undue strun put upon them as a result of abnormal
postures or movements are common causes of back pun

The higaments that form the fibrous junctions between the arches are
the supraspinous stretched across the tips of the spinous processes, the
interspinous between one spimous process and the next, and the liga
menta flava pured higyments that connect adjacent lnminae and almost
completely fill the spaces between them (fig 83)

The suprispinous and mterspmous ligaments blend together where
they are adjicent and n the back of the neck, between the sixth cerv:
cal vertebra and the shull, these two ligaments form a thin mdhne
membrane, the ligamentum nuchae that ginves nise to muscles on each
side and 1s attached deeply to the short spious processes of the upper
cervical 1ertebrae

The paired ligimenta flva extend from the anterior surface of one
lamina to the posterior surface of the next lnmina below They are sepa
rated from each other by a midhine gap through which pass vemns that
connect a venous plexus mside the vertebral canal with one around
the smgous processes Laterally, the ligamenta flava blend more or less
with the capsules of the synovial joints The higamenta flava thus form
a part of the posterior wall of the vertebral canal In the cervical and
thoracic regions, where the lnmunae overlap or almost do, they are
largely hidden in posterior view by the laminae, but m the lumbar
region they fill 1n an appreciable space between the narrow laminae
here Flexion widens still more the spaces between laminae, so when a
needle 15 to be mtroduced between two of them mn the lumbar region

(the procedure of lumbar puncture) this can be done most easily when
the back 1s flexed, the needle 15 then pushed through a lhigamentum
flavum

anghl(:si mpgrslt‘zngrly placed hgamer‘;ts—-the supraspinous, mterspinous,
fa vmgn menta awna—'n-e composed primarily of yellow elastic tissue
yellow), so that they stretch during flexion of the back
and yet do not become folded, but rather remamn taut, in extension
Xll:é;r: Ei?;r:idenslon of the neck such as may result from 1n auto
of the higam :mi; fxlt:‘l,}; produce a movement that exceeds the elastucity
so that they do become folded, and 1n such cases

may apparently mjure the spinal cord
The bodies also are firmly united to each other by a seres of higa
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mudlne represents rudimentary spinous processes Laterally, the dorsal
sacral foramna for the exat of the dorsal branches of the first four
sacral nerves can be seen At the caudil end of the sacrum the roof of
the vertebral canal 1s commonly deficient, being bridged durmg life by
ligaments only, this deficient area 1s the sacral lmatus

The coccyx consists of three or four elements, typically the latter,
which are hardly recognizable 4s vertebrae They represent essentially
the rudiments of vertebral bodses, the first coccygeal vertebra s best
developed and usually remains separate from the remainder throughout
Iife, while the others are usually fused together

If the vertebral column 1s viewed as a whole (fig 82) i an articu
lated skeleton 1t becomes obvious that the length of the column 1s not
dependent purely upon the length of the bodies, rather, these are kept
apart from each other i Iife by heavy diskhike pads known as the
mtervertebral disks These dishs are responsible for approximately one
fourth of the total length of the vertebral column Besides helpmg to
bind vertebrae together, they serve two mmportant purposes they act
as shock absorbers between adjacent vertebrae and they allow the small
amount of movement between any two adjacent vertebral bodies that,
when added to the sumilarly small movement between other vertebrae,
accounts for the rather surprising mobihity of the vertebral column as
a whole The disks also contribute 1n the cervical and lower lumbar
regions to the curvatures typical of those parts of the column They are
discussed further on page 207

In early fetal hfe the vertebral columm as a whale 15 somewhat G
shaped, and the thoracic and sacral curvatures of the adult, with therr
forward loohing concavities, represent the remams of this origmnal
curve On the other hand, the cervical and lumbar segments of the
column m the adult are so curved that their concavities look postenorly
These two reverse curves develop as a means of better balancing the
weight of the body on the vertebral column, the cervical curvature
develops at the time the mnfant begins to try to hold up s head, the
lumbar curvature develops during the stages of learning to sit, stand,
and walk The curvatures are due i part to unequal growth of the
anterior and postersor borders of the bodies and m part to sumlar
growth on the part of the intervertebral dishs The part that the disks
play m this 1s strikangly shown by a comparison of the curvatures of
an articulated vertebral column with those of one strung on a string
The general forward concavity of the latter 1s remimscent of the stoop
of old age, which 1s also due 1n part to changes i the mtervertebral
disks

The jomnts conneching most of the vertebrae are of three hands
synovaal, of the plane type, formed by the apposition of the articular
processes, fibrous, connecting other parts of the arches, and cartilagt
nous between the bodies, formed by the union of the 1ntervertebral

disks wath the bodies
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heep the patient an hy pereatension at all times, “first md * that allows
flexton may produce wrreparable myury The extensions of the anteror
Tongtudinal hgament on the ades of the bodies are composed of short
fibers only, and arc much thmner than 1s the mam part of the ligiment

On the posterior aspect of the bodies, that 1s, within the vertebral
canl 1 1 <econd longatudinal band, the posterior longitudinal ligament
Tlns conmmences as a broad band attached to the ocaptal bone, and
remans fairly broad throughout most of the cervicnl region In the
thoracic and lumbar regions 1t becomes narrowed over the centers of
the bodies and expanded over the intervertebral dishs so as to resemble
1 <erics of hourglasces It 3s firmly attached to the mtersertebral disks
and the adjcent portions of the bodies but 1s separated from the muddle
of each body by a vemous plexus Both anterior and postertor lang
tudinal Lighments consist of Jong and short fibers, the longest fibers be
mng placed most superficially and extending over a number of vertebrae
while the shortest fibers extend only from one vertebra to the next

The most 1mportant connections between the bodies are the inter
vertebral disks these have been mentioned already several times and
must be described in more detal here Each imtersertebral disk con
sists of two portions—an annulus fibrosus, or outer fibrous layer and
a nucleus pulposus or soft center

The annulus fibrosus consists of a number of layers of dense fibrous
tissue and fibrocartilage which are firmly attached to the ends of the
bodies adjormng the dish The fibers of each of these layers run
obliquely, but thase of any two adjacent layers run at almost nght
angles to cach other so that their fibers cross like the limbs of an X

The nucleus pulposus 1s 1 sermgelatinous mass situated somewhat
eccentrically, shghtly closer to the postertor edge of the dish When
the bodies and dishs are cut the nucleus pulposus bulges outward, g
ing evidence of the dish s elashaity 1nd of the compression to which at
has been subjected Lien in the supmne positon when the vertebral
column 1s not supporting the weight of the body, the disk 1s maintained
under pressure by the ligaments connecting the hodies It has been
shown that 1t takes about 30 pounds of pressure to restore a disk to 1ts
former size after 1t has been freed and allowed to expand

The nucleus pulposus contamns a very high per cent of water-—from
70 to more than 80 per cent—and 1s therefore 1tself essentially incom
pressible However, 1ts softness allows 1t to change shape easily, and
1t 15 the change 1n shape that accounts for the compressibility of the
intervertebral disk as a whole Thus when the vertebral column 15 bent
1 any direction the nucleus pulposus becomes somewhat wedge shaped,
with 1ts thin edge 1n the direction of bending, while the part of the
annulus fibrosus toward thys side bulges out and that on the opposite
side 15 put upon a stretch

Because the central parts of the disks, the nuclex pulpas), have such
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Figure 83 The cluef hgaments of the vertebral column

ments, which partly cover the mntervertebral disks These are collagen
ous rather than elastic, however Anuteriorly, there 1s a broad band, the
antenior longitudinal hgament which stretches from the sacrum to
the occipital bene of the skull The anterior longitudmal igament 15 an
especially strong one, and gives mmportant support to the vertebral
column, 1t 1s of great chimcal ymportance 1n fractures of this column
Such fractures usually mvolve crushing of the anteror portion of one
or more bodies, but without mjury to the anterior longitudinal liga

ment In these cases flexion allows further crushing of the vertebra or
vertebrae mvolved, and posterior displacement at the level of mjury
with consequent danger to the spmal cord In hyperextension, how

eser, the pull of the teut antenor longitudinal hgament wall reahgn
the fragments and hold them mn posttion Use 15 therefore made of the
potential splntmg action of thrs ymportant Ligament whenever 1t 1§
suspected that a fracture of the sertebral column may have occurred

In all potential cases of fracture of the bach (except in the occasional
cervical fractures that result from hyperextension) 1t 1s necessary to
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The mterpretation of the pun as comng from the area of distribu
tion of the nerve 15 spohen of as “reference * of pun to a part, or “rads
ation’ of pun down a nerve Thus protruded lower cervical dishs usu
ally produce pun that seems to come from the hand which 1s supphied
espeanlly by the Jower cervical nerves, and protruded lower lumbar
disks produce pun referred to the lower part of the leg and to the foot
and seenung to extend along the scitic nerve, the large nerve passing
down the back of the thugh to the leg and foot Thus <cintic pain 1s sug
gestine of a protruded lower lumbar diskh Tleving the thigh at the lup
while the leg 1s held strught at the knee draws the nerve roots con
tnbuting to the scintic nerve forward, and therefore presses them more
firmly agunst 1 protruded dish if one 1s present In consequence, this

straght leg rmsing test” can be cypected to reproduce or accentuate
the sc3atic pun af 1t 1s due o a protruded or ruptured dish

The pun produced by a protruded dish also produces reflex spasm
of the muscles of the back, usually more on one side than on the other,
so that the back 1s comewhat laterally flexed Most commonly the flexion
15 toward the side of the protrusion or rupture, but sometimes 1t 1s
toward the opposite side or even alternates, being 1t one time toward,
at another time away from, the punful side

In addition to the pamn produced by pressure upon a nerve root,
protrusion of a disk m1y produce local pain, apparently as a result of
stretchung of the posterior fibers of the annulus and the fibers of the
posterior longitudinal higament, spasm of the back muscles 1s also a
source of pan, and massive loss of the substance of an intervertebral
disk m1y place undue stramn upon the synowial joints between the
affected vertebrae and this may be still another source of pamn

In addition to the jomnts between typcal vertebrae, such as have
already been described, there are special jomnts at the upper end of
the cervical column to facilitate movements of the head The articu
lar pits on the upper surface of the atlas receive the rounded occipy
tal condyles of the shull to form the atlanto occipital joints The atlanto
occipital jomts are surrounded by articular capsules that are rather
weah and do not contribute much 1o the stability of the jomt The atlas
and skull are also unmited by anterior and posterior atlanto occaprtal
membranes which bridge the gap between the first cervical vertebra
an‘d the skull and thus complete the vertebral canal The anteror

oceipital Y, 15 essentially the continuation upward to

the skull of a portion of the anterior longitudinal ligament, the poste
sior ailanto ocaipital membrane 1s broader and thinner and runs only
from thle postenior arch of the atlas to the occimtal bone The sub
?ﬁzl};::; . d:::leltf)lher muscles attaching ta the skull, and the shape of
> Provide strength to the atlanto ocapital jomt Thys

yout allows for a flexion extension
movement of
mvolved in nedding e e suc as 1
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a lugh water content, the dishs are subject to dehydration as a result
of the pressure placed upon them In fresh disks placed 1n a mechanical
press, water droplets can be squeezed out of the disk, and standing and
moving have the same effect save, of course, that as the water 1s
squeezed out 1 mmute quantittes 1t 1s tbsorbed into the blood stream
As the dishs lose water they of course become thinner, and sufficient
dehydration can occur during a day’s activity to result m a loss of
height of 3 mch m an adult man During rest in bed and sleep, when
the pressure upon the disks 1s least, water 1s reabsorbed from the blood
stream by the dishs, and the ongmal height 1¢ regained However, over
the years a Iittle less water 1s reabsorbed than 1s lost, so the water con
tent of the dishs becomes somewhat less with age, and the dishs become
very shghtly thmmer Thus 1s one of the reasons (the mncreased stoop
wth age 15 the other) why old persons are typically less tall than they
were 1 young adulthood

Dehydration results in an imperceptible change mn the thickness of
my one disk, and marked narrowing of a dish (visable m a roentgeno
gram—x ray—because the mtervertebral disks do not mterfere with
the rays as do the adjacent vertebral bodies) 1s therefore a sign of
maséive loss of the substance of the dish This loss may occur as a result
of rupture of the nucleus pulposus through the thin cartilagmous plaie
that separates 1t from the spongy bone of the vertebral body, or may
occur through a break in the annulus fibrosus that forms the periphery
of the disk Degenerative changes hegin to appear m the dishs m early
adulthood, and a weakened annulus fibrosus subjected to excessive
stramn will bulge or break Only massive protrusions of the disk sub
stance will cause narrowing of the intervertebral space but relatrvely
small protrusions or ruptures may cause distressing symptoms and
marhedly mncapacitate the indrvidual

Because the annulus 15 thinner postersorly, protrusion or rupture of
the disk (sometimes called slhipped dish ) 1s more likely to occur pos
teriorly, and 1t 1s posterior or posterolateral protrusions and ruptures
that cause symptoms and are therefore recogmzed chmcally Large
posterior protrusions may exert pressure upon the spmal cord and cause
paralyses and anesthesias simlar to those produced by tumors n the
vertebral can1l However the most common protrusions and ruptures
are posterolateral ones around or through the thin lateral edge of the
postertor longitudinal hgament, which remforces the annulus more
strongly close to the mudline than elsewhere Such posterolateral pro
trusions and ruptures more common n the lower lumbar and lower
cervical regions than clsewhere are very likely to press upon the roots
of a spinal nerve just before 1t leaves the vertebral canal Pam 1s the
most common result of such pressure and 1s mterpreted as cormng from
the area to which that nerve 1s distributed There 15 Iittle loss of sensa
tion because of the overlap between spmnal nerves, and httle motor
defiont because of the multiple segmental mnervation of muscles
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the articular facets allow flexion and extension, lateral flexion when
accompimed by rotation, and {mrly free rotation
In the thoraaic region the intervertebral dicks are relatively small,
and the flatness or <hight concavty of both upper and lower ends of
the bodiee further hnut the usefulness of the disks m allowing free
movements I leaton and eatension are himited also by the fact that
the articular facets are almost in the frontal plane Further, movement
in the thoraaic region 1s lundered by the attachment of the nbs, and
ctension 1s interfered with by the overlapping of the spinous processes
Tlevion and extenaion, therefore, are especially linmted 1n the thoracic
regmon, lteral flevion wath the nibs beng brought clacely together on
one side and sprend <omewhat on the other, 15 the freest movement
of all, rotation 1s more himited
In the lumbar region the large mterveriebral disks and the posterior
direction of the spous processes allow especially good fleion and
extension, Internl movement here 1s also rather free, so that the upper
portion of the trunk can be circumducted by these movements mn the
lumbar region Rotation m the lumbar region 1s very hmited because
of the positions of the articular facets, 1t 1s possible at all only because
these facets do not fit firmly together, the small amount of space per
mitting shight 1aternl and rotatory movements before the joint surfaces
lock The movements of the lumbar vertebral column are especially
free i the lower lumbar cegments
The stability of the vertebral column depends upon a number of
factors Of these, the relationship to a vertical hine representing the
center of gravity 1s among the most important, since when weight 1s
properly balanced on the vertebral column mimmal muscular actinty
Is necessary A constantly mamntamed position in which the weight
1s not reasonably well balanced results in structural changes and a
permanent deforrmty in the growing child, and constant muscular
stramn 1n the adult
In the first place, the line of gravity should Lie m the sagttal plane
of the body If 1t does not do so as a result, for instance, of unequal
length of the lower limbs (which would result 1n a lateral tilt of a
straight vertebral column) the only way m which balance can be
restored 15 by a lateral bending (scohosis) toward the side of the long
hmb Simlarly any scohosis of the column above the sacrum, whether
due to congenital defect or to growth changes, throws the center of
gravity to one side, and 1s therefore best compensated for by the develop
T i S e e s o
3 o, developing as compen
sation for a primary scohotic curve (The development of scoliosis 15
::\‘Lmtl’:m;t[g:epgﬁler:x, and 1s not yet completely understood Tt il
regularty aceomn ¢ 10 say that the lateral curmature of scoliosis 1
panied by a rotation of the yvertebrae forming the curve
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The atlas 15 connected to the axas by laterally placed synowial jomnts
essenhally simlar to those found elsewhere 1n the vertebral column
and also by the special articulation of the dens (p 202) The dens
projects upward from the body of the axis to lie just posterior to the
antenor arch of the atlas It 1s held m place agawnst the atlas by a
heavy transverse ligament, and there are also special hgaments ex
tending from the dens to the skull Between the antertor surface of
the dens and the arch of the atlas, and between the posterior surface
and the transverse higament of the atlas, are synowial joints that allow
the atlas to rotate on the dens as a prnot The atlanto axial articula
tion thus allows for considerably more rotation than can be found
elsewhere 1n the cervical vertebral column and 1s responsible for much
of the freedom of the movement of shaking the head, as m sigmfymg
‘no

The lateral atlanto awial jomnts are not strong enough to prevent
gradual antersor dislocanon of the atlas and skull upon the axs there
fore when the dens 1s congemutally absent or 15 destroyed by disease,
cisplacement does occur The vertebral foramen of the atlas 15 so much
larger than 1s the spinal cord at this level that considerable displace
ment may occur before the cord 1s damaged but eventually pressure
upon the cord will produce mcreasing paraly sts and loss of sensation
Interruption of the spmal cord at this lhigh level 1s incompatible with
Life, the usual cause of death by hanging 1s fracture of the dens with
dislocation between the atlas and axis and severance of the cord

Movements and Stabilily

The movements of the skull upon the atlas and of the atlas upon
the axis have already been briefly discussed It remains, howerver, to
consider the movements of the remamder of the vertebral column
These movements are lunited not only bv the various hgaments
already described as attaching the vertebrae to one another but also
by the posttions of the articular facets the shape and slant of the
spmous processes, the relative sizes of the intervertebral disks, and
various other factors Movement betseen any two adjacent vertebrae
1s exceedingly limted m all vortions of the vertebral column, how
ever, the total amount of movement m a given region may be consider
able In the cervical region the mtervertebral disks are relatively large
1n compansion with the sizes of the bodies, moreover the lower sur
faces of the bodies are concave anteroposteriorly and can thus overlap
the convex anterior border of the upper surface of the succeeding body
durng flexion while lateral flevion s facilitated by the lateral convex
ity of the Jower surfaces of the bodies and the corresponding concavity

of their upper surfaces
In this region all movements are especially free the positions of
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which 1ncierses the sacral obligmty, 15 accompamed by an increaced
Jumbar curve, and upward rotation by a decreased one, and 1 perm
-nent “bnormal mere see i saceal obhiquaty 1s accompmed by a perm
ament lordosis

The compensatory changes of the lumbar curse are brought about
by the back muscles but once brought about they tend to stabilize
the column Movements of the tnmk from the most stabile position
necessanly <huft the relations of the hine of gravity, and as soon as
they occur the muscles actng upon the column (usually the back
muscles, smee the common shufts of the line of gravity are forward
or 1o one side) must spring nto action In the ultimate analy sis, there
fore, 1t 1s the back muscles that are prmanly responsible for the sta
bility of the vertebral column When these are paralyzed 1t 1s ampos
sible to mauntun 1 balance for although the hgaments and articular
facets will help 10 chiech extreme movements they necessartly must
allow an apprecinble amount of movement, far more than enough
to upset the hine of gravy

There are apparently 1 number of causes of low back pain but a
factor common to much such pun 1s the great strun that may be put
upon the lumbar portion of the vertebral column, and especially the
lumbosacral junction When the back 1s used ns a lever, as i hiung
aweght by straighteming the back, the forces acting at the lumbosacral
junction may become very great It has been estimated, for mstance,
that some 200 pounds or more of pressure may be exerted on the
lumbosacral disk during ordiniry movements of n average sized man,
and that ifting a weight of 50 pounds by straighteming the back may
result 1n a pressure of 500 pounds 1t the lumbosacral junction It 15
for this reason that protrusion of the lumbosacral disk, one cause of
low back pain, 15 so relatively common Asymmetry of articular facets
(most common at the lumbosacral junction) 1s ancther cause of low
back pamn, presumably because the struns of movement are unequally
distributed between the two sides Stll other causes of low back pam
referable to the vertebral column are vamations and abnormahtes,
these most frequently affect the last lumbar vertebra

Abnormahtes of the fifth lumbar vertebra occur 1n between 5 and
6 per cent of mdividuals The ymportant types of congemtal 1bnormal
1ties here are nonfusion of the two sides of the lJaminae, resulting m
spina hfida, and separation of the inferior articular processes from the
rest of the vertebra, a condition known as spondylolysis Spina ifida
occurs m shghtly more than 1 per cent of persons, 1 so far as 1its pres
ence weakens the back (and mn one series of patients with low bacl
paw the madence of spma ifida was 10 per cent), such weakness 1s
i:‘:scxl’;m;r:)l)dttl) lthe lessened aren provided for the attachments of
o s pon { olysis was found m more than 4 per cent of a seres

pproximately 750 spmal columns, and 1n three fourths of these
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so that their spinous pracesses turn toward s concavity If 1t 16 m the
Iumbar region, pamn usually results from the rotation—for hittle rotation
15 allowable here, as already noted—while 1f 1t 15 1n the thoracic
regon the entire chest becomes markedly distorted Further, an uncor
rected scoliosis tends to become progressively worse until the period
of growth 15 passed )

In the second place, the weight of the head and trunk 1s more nearly
balanced m the frontal plane when the line of gravity passes bemnd
the bodies of most of the cervical vertebrae but through the bodies at
the junction of the cervical and thoracic parts of the column (then
the postertor curve of the cervical column buttresses the weight of
the head), when 1t passes agan through the bodies at the thoraco
lumbar junction (necessanly passmg in front of the bodies of most
of the thoracic vertebrae), and when 1t passes agamn through the verte
bral bodies at the lumbosacral junction (therefore behind most of the
lumbar vertebral bodies, but with the posterior curve of the lumbar
column acting as a buttress here) This distmbution of weight ap
proaches the 1deal except that the greater weight mn front of most of
the thoracic vertebral bodies tends to increase the thoracic curvature
Becanse of the hrmted movements of flexion and extension of the
thoracic column this cannot be corrected by posture, but fortunately
1t 1s largely the vertebrae and their higaments rather than the back
muscles that prevent further flexion here (although with paralysis
of the back muscles i this region, flevion does become mcreasmgly
severe) Kyphosis (1n 1ts severest state, humpback) 1s an increase m
the anterior curvature of the thoracic region It commonly results from
a collapse of one or more vertebral bodies (usually from tuberculosis)
or if congemtal from absence of one or more bodies but a rmld degree
accounts for the stoop of elderly persons

Smce the lumbar column supports all the weight above 1t, 2t 15
this part of the column that commonly adjusts to forward and back
ward shifts m the line of graviy hyphosis for mstance, shifts the
line forward and the resulting tendency to fall forward 1s most easily
overcome by an increase m the lumbar curvature (lordesis) so that
1t better buttresses the weight thrown upon 1t The lordotic curve 18
then a compensatory one for the hyphotic curve In the same way, a
temporary lordosis develops in the later stages of pregnancy, to counter
act the forward movement of the hne of gravity produced by the weight
of the fetus and its adnexa If on the other hand the center of gravity
s moved backward, the lumbar curve becomes somewhat flattened

The lumbar curve also compensates for the obhquity of the upper
end of the sacrum (which 1s never horizontal but rather slants down
ward and forward) The sacrum 1s shghtly more oblique m women
than 1 men, and consequently the lumbar curve 1s shghtly greater
m women than n men Smmlarly downward rotation of the pelwvis
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1t was bilateral Since the mnferior articular processes of the fifth lumbar
vertebra form the chief anchorage of this to the first sacral vertebra
bilateral spondylolysis produces pronounced weakness m the lower
part of the back With the loss of the anchering effect of its wfenor
articular processes the fifth lumbar vertebra (and therefore all the
vertebral column above 1t) may shde forward on the sacrum (spondy
lolisthesis), thus throwing the entire column out of line

Musculature of the Back

‘With the minor exception of a few very small anterolateral muscles,
the postersor muscles of the back are mnervated by the dorsal ram of
the spmal nerves These muscles were origmally segmentsl, extending
from one vertebra to the next, mn the course of ontogenetic and phylo
genetic development the more superficial fibers have umted to form
longer bundles extending over a number of segments Thus the muscu
lature of the back 15 formed by a number of incompletely separated
layers of muscles, disingwnshable in part by the direction of their
fibers and m part by therr length The longer muscles are placed
superficially, the mtermedrate muscles more deeply, and the shortest
muscles Lie 1mmediately agamst the vertebrae The muscles of the
back are rather completely covered by the musculature of the upper
Limb which has spread over the bacl to attan attachment to the spmous
processes (fig 28, p 96)

The true back muscles (fig 84) present a very comphcated picture,
as they are composed of numerous converging and diverging fascicles
that are arbitrarily grouped together m certamn fashions and described
as mdividual muscles They are, m fact, not muscles 1 the sense that
one speaks of a muscle mn the hmbs, they could be very easily subd:
vided 1nto many more component groups than are usually named, or
could be classified m only a few great groups From the functional
standpoint there 1s little reason to subdivide the back musculature m
any detail, as 1t 15 obvious that these various so called muscles usnally
work together 1n most movements of the vertebral column The subdt
vision and namung of the back muscles are largely, therefore, efforts
to systematize them for descriptive purposes and have, on the whole,
Iittle functional sigmficance

In the cervical region deep to the trapezius and the rhombods,
there are two back muscles that can easily be seen to form a speclal
group because of the direction of their fibers These are the splenius
capitis and the splenius cervicis In contrast to the other back muscles,
which run erther roughly parallel to the rudhine of the vertebral col
umn or run toward 1t as they are traced upward, the splenius muscles
arise medially and pass laterally as they are traced upward The splen

1us capitis arises from the lower half of the hgamentum nuchae and
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by the ongns of the next muscle above it The 1hiocostalis could, there
fore, be furly considered as one continuous muscle, as the three mus
cles described hiere, or could be still further subdivided mto some
eighteen overlapping muscles or muscle fascicles

The <ccond and more medinl dision of the crector spinae 1s the
longissimus dinided nto longissimus thoracls longlssimus cervicls
and longissimus capitis—n other words 1t 15 deseribed as the longest
muscle and divided mto thoracic cervical and head portions The
faccrcles composing the three divisions of this muscle anse from the
common tendon of the erector spimae and from the transverse processes
of the upper four to sin thoracic vertebrae and the articular processes
of the lower four cervical vertebrae They nsert into the lower nine
or ten ribs and the corresponding transverse processes, the transverse
processes of most of the cersical vertebrae, and the mastoid process of
the shull Like the 1hocostalis, each division of the longissimus 1s com
posed of 1 number of fascicles, and these fascicles so overlap cach other,
and the divisions sa overlap each other, that the muscle has attach
ments upon almost every segment

The most medial wnd last division of the ercctor spinae 15 the spinalis
muscle This 1s always poorly developed nd s usually represented
mostly by a slender muscle in the mudthoracic region arsing from
the common tendon and lower thor icic spinous processes and mserting
upon upper thoracic spinous processes Tlis portion 1s called the
spinalis thoracis A shp of muscle representing a spinahis cervicis may
accur 1 the cervical region, attached to the higamentum nuchae or to
this and lower cervical and upper thoracic spinous processes The
spinalis capitis 1s not a separate muscle, but 18 rather the smaller medial
part of the semispimalis capitis, one of the following muscles

When the erector spinae 1s removed a deeper more contimuous set
of fibers 1s seen beneath it This 15 the semuspinalis muscle divided
wmto thoracis cervicis and capitis according to the msertion of the
muscle bundles Much of the semispmalis consists of muscle fibers that
anse from transverse processes and run upward nd medally to attach
10 spinous processes, 1 contrast to the overlying erector spinae thee
fibers are directed not so much upward as upward and mward, taking
an obhque course toward the wudline The fascicles of which thus
muscle 1s composed are of varymng lengths, for the fibers that anse
from any one transverse process attach to about four spinous processes,
some of them runmng for as much as eight segments, others no more
than five The fibers of the semispmahis cerviais have their heaviest
msertion upon the second cervical spinous process and do not extend
upward to the atlas, the seruspmalis capitis covers the semispinahs
cervicis, and runs almost straight upward te the ocapital bone of the
skull The medial part of this muscle, usuaily having some ongin from
Spinous processes, 1s called the spmnalis capitis
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the spinous processes of the seventh cervical and upper three or four
thoracic vertebrae and mserts laterally on the masteid process wd
occapttal bone of the shull (figs 138 and 139, pp 342 and 343) The
spleruus cervicss anses from the spinous pracesses of about the third to
sixth thoracic vertebrae and imserts laterally on the upper two to four
cervical transverse processes The muscles of one side, acting together,
will rotate the head and cervical vertebral column toward the <ame side
when they act bilaterally they axd i extension of the head and neck

In the upper and Yower thoracic regions there are two muscles that
cover the true back muscles, lymng between these and the muscles of
the upper hmb but themeelves belonging to nerther group These are the
superior and mferior serratus posterior muscles, connected vth move
ments of the ibs The sesralus postenor superior arises from the lovar
part of the hgamentum nuchae and the spmous processes of the «eventh
cervical and upper two or three thoracic vertebrae and mserts on upper
ribs, nsually the second to the fifth Ths muscle 1s supphed by branches
from the first three or four mtercostal nerves, therefore from ventral
ram of spinal nerves, and assists m elevating the nbs and therefore
wereasmg the s1ze of the thorax The serratus postenor inferior arises
from the lower two thoracic and upper two lumbar spmnous pracesses
and mserts on the lower four nbs Its nerve supply 15 from the eghth
to eleventh ntercostal nerves, and at drans the lower ribs downward
to enlarge the thorax and steady these ribs agamnst upward pull of the
diaphragm

The mam mass of the back muscles can be more easily studied by
bemnmng i the lumbar regon and following the muscle groups up
ward The beavy musculotendmons mass over the upper sacral and the
lower lumbar 1ertebrae represents the origm of a large segment of the
back musculature, known as the erector spmnae because of its action
1m extending the vertebral column As the erector spmae 15 followed
upward 1t divides mnio three serses of muscles, of which only the lateral
two are well developed The most lateral upward continuation 1s termed
the shocostalis sy stem, this lateral system 1s in turn described as bemng
subdsvided mto three hinear but overlapping portions the iocostalis
Jumborum the i tahs thoracis and the thocostahs cervicis The
hecostahs Jumborum has a commen onigin with the rest of the erector
<pmae and mserts by a serses of shps mto the lover borders of the
Jower half dozen or so nmbs The 1hocostahs thoracis consists of a num
ber of fascicles that arsse from the upper borders of the lower six mibs,
medial to the wnsertions of the shocostahs Jumborum and msert on
the lower borders of the upper six rbs The 1hocostalis cervicts arises
from upper ribs, medhal to the msertions of the thocostahs thoracs, and
imserts upon the transverse pracesses of the cervical vertebrae Thus
each one of these muscles has numerous segmental origus and meer
tions, moreover, the msertions of one muscle are markedly overlapped
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longus colh both anses and imserts on the vertebrae, while the longus
capitis arices from vertebral bodies but mserts on the occipital bone
anteror to the foramen magnum Also situated 1n the nech, and acting
as flevors, laternl flevors, and rotators of 1t are the scalene muscles,
which are described wath other muscles of the neck m Section V

“There are no muscles attached antertorly to the thoracic region of the
vertebral column In the lumbar region the psoas mayjor, although a
Limb muscle (p 254), has a direct action upon the sertebral column,
for 1t tikes ats onign from bodies and transverse processes When the
lumbar vertebral column 1s partially flexed the psoas, taling 1ts fixed
pomt from below, will md n continued flexing It should be noted,
howerer, that when the individual 1s supme and attempts to flex the
lumbar column as n siting up without the use of his hands, the first
action of the psoas 1s to pull fornard the lumbar column and thus
increase the lumbar curvature, only secondanly does st flex the lumbar
column on the pelvis and the pelvis upon the femurs (p 254) A pos
teror abdomnal muscle, the quadratus lumborum (p 376) 1s also
attached to the lumbar portion of the vertebral column (to the trans
verse processes), 1t 1s a lateral flexor of the column

The true back muscles are extensors, lateral flexors, and rotators
of the vertebral column The vanous muscles act speaifically on the
parts mndicated by their names—muscles called “capitis” moving the
head, those called “cervicis” moving the neck, and so forth—but many
movements of the vertebral column involve the simultaneous contrac-
tion of many muscles As a rule, the indivadual actions of the muscles
are not very important, and they have not been analyzed 1n detail

Almost all the muscles of the back, acting hlaterally, extend (dors:
flex) the vertebral column or the head—this 15 true of the three major
groups, the splens, erector spinae, and transverso spmalis systems
The splenus muscles, acting umlaterally, flex and rotate the head
and neck toward the same side (that 15, rotate the face toward that
side) The spinalis portion of the erector spinae apparently extends
only, but the longissimus and particularly the iliocostalis wath ats
greater leverage both laterally flex when they act umlaterally They
are sometimes also regarded as rotators, but stmulation of them has
shown that they will rotate (toward the same side) only 1f the column
15 already rotated to the opposite side The transverso spinalis system
15 said to rotate prnmanly (to the opposite side), but would be expected
also to laterally flex to the same side, 1t apparently extends only when
1t acts bilaterally The mterspmales are obviously extensors only, the
ntertransversaru lateral flexors only

The chief function of the muscles of the back when one 1s erect
18 to resist gravity Regardless of what muscles start the movement,
once the vertebral column 1s bent far enough laterally or forward to
allow gravity to become an umportant factor the muscles of the back



218 The Back

Deep to the pialis 15 the multfidus which much resembles
the senuspialis except that 1ts muscle fasaicles are shorter, bemng only
from two to four segments 1 length, and thus more obhquely placed
m relation to the vertebral column The fasaicles run upward and
medially from transverse processes to spmous procesces, the muscle
forms a continuous mass from the upper end of the sacrum to the
second cervical vertebra, and 1s therefore not divided mto subsidrary
muscles The multfidus 15 particularly heavy m the lumbar region,
thanner m the thoracie, and thickens agam m the upper cervical region,
but does not extend to the shull

The remaimng muscles of the back are small solated ones lymg
ummedhately agamst the vertebrae and passing exther from one vertebra
1o the next above or, skipping one vertebra, to the second above These
small muscles are the mterspmales which are between spinous proc
esses and are not present throughout most of the thoracic region, the
intertransversarn  which ave between adjacent transverse processes
but are poorly developed or absent in the thoracic regron and are double
m the lumbar region where there are medial and lateral mtertrans
versarn, and m the cervical region where there are anterior and pos
tersor ones, and the rofators extendmg from the level of the sacrum
to that of the second cervical vertebra The rotators, as thewr name
wonld 1mply, are obhquely set and thus resemble the shorter fibers of
the multifidus They are small muscles that can be drvnaded mnto two
groups, the long and the short rotators The short rotators, hhke the
intertransversaru and the iterspinales pass only from one vertebra
to the next above, the long rotators pass from one vertebra to the second
above Because of thexr orygins and msertions, the semispinahs, the mul
tifidus, and the rotators are grouped together as the iransverso spmeahs
musele It should be wioted that all the elements of this muscle tend
1o slant irward, and that the deeper any compenent hes the greater
15 the slant and the shorter the muscle bundles

In the uppermost part of the neck just below the skull there are
several short muscles that extend between the awis and the occpital
bone, the atlas and the occiprtal bone or the axis and atlas The poster
10t ones of these, vistble m figure 84, lie deep to the other back muscles
and are mnervated by the dorsal branch of the first cervical nerve,
lateral and anterior ones are mnervated by the ventral branch of this
nerve These muscles (obliquus capitss inferior and supertor rectus
camitis postersor major and munor, rectus capitis laterals and rectus
capitis anterior) are clasafied as muscles of the head and neck and
assist the larger muscles m moving the head More unportant than
these small muscles, which are sometimes grouped together as the
subocaipital muscles are two long ones the longus colh (collum hke
cervix, means neck) and the longus caprtis that he on the anterior
surfaces of the vertebral bodies and help flex the neck and head The
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the outer surface of the column, and smatl arterial branches that supply
the vertebrae, the connective tissue and mennges, and to a varnble
cxtent the spinal cord The space occupied by this tissue 1s called the
eprdurl space, mjections of anesthetic agents are sometimes made nto
1t as n the techme of ¢ cdal analgesia” for reducing the pan of
clnldbirth

The outer covering of the spinal cord 15 the dura mater (figs 85

Dura mater
Nerve rools
{and meninges)
Sensory ganglion

Arachnoid
~Pedicle (cud

Pic mater and
spinal cord

Dorsal root of
nerve {cut)

Dentculate hg

Ventral root
of nerve
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Arachnoid
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N I:lx]gure 85 The spmal cord within 1ts coverings From above downward the cord
b own wxﬂ’un}:!n intact vertebral canal the posterior portions of the vertebrae have
n removed the dura has been removed to show the arachnoid membrane and this

m turn has been removed
o to show nerve roots the denticulate higaments and the pla
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that resist this movement, rather than the ones that promote 1t, must
actively contract 1n order to prevent falling and to make the movement
smooth and controlled

The effect of gravity on the vertebral column must also be con
sidered 1f the distortrons of the column caused by local atrophy of the
muscles of the back are to be understood Thus paralysis of the back
muscles 1n the thoracic region leads to an increased thoracic curvature
(kyphosis), for the center of gravity 15 1n front of most of the thoracic
vertebral bodies The patient then compensates for this forward move
ment of the line of gravity by increasing the Iumbar curvature When
the muscles of the lumbar region are weak, however, the patent can
Leep hus balance only by leaning farther back, thus mstead of allowing
the vertebral column to go mto flexaon he rotates his pelvis upward (by
using his abdomunal muscles) and, by the aid of the thoracic part of
the erector spmae, dorsiflexes his lumbar column Smmilarly, if the
lumbar back muscles are paralyzed on one side only, the pull of the
unparalyzed muscles will produce flexion to the opposite side This
turn puts the center of gravity too far toward the unparalyzed side,
and falling toward that side then has to be prevented by the contrac
tion of unparalyzed muscles that flex toward the paralyzed side Thus
the vertebral column will show two curves, the lower one convex to
the side of atrophy, the upper one convex tg the normal side

Muscles other than those of the back, even muscles that have no
attachment to the vertebral column, also play a very important part i
movements of the back Thus the important flexors, lateral flexors, and
rotators of the trunk as a whole agamst resistance are the anterolateral
abdominal muscles (p 374) Of these, the rectus abdomims, attachmg
to the pelvis and to the sternum and ribs, 1s the best flexor, the two
obliques, lymng more laterally but also attaching to pelvis and nbs,
both flex and laterally rotate the trunk (p 375), and the sternoclerdo
mastoid a muscle of the neck flexes, laterally flexes, and rotates the
head Thus although these muscles are mnervated by ventral branches
of spinal nerves and are very obviously not muscles of the bach, an
1mportant part of their action 1s upon the back

The Spinal Cord and Meninges

The spinal cord continuous above with the bram, lLes withm the
vertebral canal, and the spmal nerves ansing from 1t make ther exit
between adjacent vertebrae, usually through the mtervertebral for
ammna The spimal cord 1s separated from contact with the bony verte
bral canal and 1ts connecting ligaments by a layer of fatty connective
ussue and by special coverings collectively termed meninges The fatty
connective tissue contains vertebral venous plexuses that help to dramn
the vertebral column and the spinal cord and connect with vems about
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aments, project shelflihe from each side of the spinal cord, at the
intervals between each two adjacent spinal nerves, for the length of
the spinal cord, pomnted continuntions from the lateral free edge of
exch denticulate hgament penetrate the arichnoid and attach into
the dura (fig 85) Viewed from belhind or m front, therefore a dents
culate higament looks somewhat hihe a saw

The dura and arichnod send sleeves outward around each dorsal
and each ventrnl root of each spinal nerve as the nerve turns laterally
to leave the dural arachnoidal tube and the p11 also follows out on the
surfaces of the nerve roots These layers become continuous with the
ordinary connective tissuc of the nerve at about the level of the spinal
gangha, but the subarachnoid space surrounds the roots up to this pomnt

The spinal cord vanes from oval to almost round n cross scction
It has already been noted (p 16) that 1 consists of centrally placed
gray matter, primanly nerve cells and peripherally placed white
matter, primanily nerve fibers that connect different parts of the cord
and that connect the cord and bran The cord tends 1n general to be
larger at 1ts upper end than at 1ts lower, because ats upper end contams
more fibers that are either going to or comimg from the bran However,
the number of cells at a given level also affects 1ts size so the levels of
the cord that must supply much muscle and much shin—namely the
levels that supply the Iimbs—show localized enlargements These are
the cervical intumescentia (swelling) for the upper himb the lumbar
one for the lower hmb

Just as the dural and arachnoidal sacs once about as long as the
vertebral column, have been drawn inte 1 thread at their lower ends,
so has the spinal cord Even more than the memnges, 1t fails to grow
as fast as the vertebral column, and n the adult its Iower end les at
about the lower border of the first lumbar vertebra From the lower
end of the cord, the conus medullans, a threadlike strand of tissue
that represents the drawn out origmal end of the cord, runs down
to attach to the ends of the dural arachnoidal sacs and the strand that
anchors them to the coccyx This thread of origmal spinal cord 1s the
filum termnale

Since the spmnal cord has been pulled up durmng growth the lower
part of the arachnoidal sac, between about the second lumbar and
second sacral vertebral levels, contamns no spmal cord but only the
filum termnale and the roots of spmal nerves (which have to run
caudally from the spinal cord to their Jevels of ext between vertebrae)
Ths collection of nerve roots around the filum termmale 15 the cauda
equma (horse’s tail) The p1a covered roots here float in the cerebro
:}i:ﬂ: f:;::?, a:d 1t 15 1n this location  between lower lumbar vertebrae,
flund fgr exafmzztures (for the purpose of drawing off cerebrospinal

1on, or ntroducing medicine or anesthetic agents into
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Figure 86 Relationships of the spinal cord and meninges 1n cross sectron

and 86), a tube of tough connective tissue that s contimuous with a
sumular layer wathuin the skull and tapers to a pomt at about the Jevel
of the second sacral vertebra Beyond this 1t 1s drawn out nto a slender
thread that anchors the lower end of the dura to the posterior surface
of the coccyx The dura also sends tubular sheaths around the roots of
the spinal nerves as these leave the dural sac proper

Immedately mnside the dura, and separated from 1t only by a shtlike
subdural space contammng just enough flnd to keep the adjacent sur
faces moist, 1s the arachnoid This membrane 1s also a tube but much
thinner than the dura, 1ts outer surface 1s smooth but 1ts inner surface,
although lmed by flattened cells, gives off numerous strands (tra
beculae), also covered by flattened cells, that cross the underlymg
space to blend with the mnermost layer of the meninges, the pia mater
It 15 these spider web like trabeculae that give the arachnoid 1ts name

The pia mater 15 also thin, but 1s so tightly attached to the spmﬂl
cord that 1t appears as the outer surface of this, there 1s no space be
tween 1t and the cord although peces of 1t can be stripped off the cord
with some difficulty The pia contains numerous small blood vessels
that supply the spinal cord

The dural and arachnoidal tubes or sacs surround the spnal cord
very loosely, so that there 15 a relatively large space, the subarachnoid
cavity (fig 86) between the arachnod and the pia Durng hife this
space 15 filled with flwd, the cerebrospinal flmd (1t 15 Jargely formed
m the bram, and both fills the cavities of the bramn and surrounds the
bram and spinal cord) Anesthetic agents are introduced mto the sub
arachnoid cavity m the procedure known as spinal anesthesia

The cord and 1ts closely attached pia are thus bathed 1n cerebrospinal
flurd, and the cord 1s suspended within this protectrye medium not only
by the arachnoid trabeculae but also by particularly tough lateral
higaments dev eloped from the pia These ligaments, the denticulate Lig
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aments, project shelfhke from each side of the spmal cord, at the
mtervals between cach two adjacent spinal nerves, for the length of
the spmnl cord, pomnted contmuations from the lateral free edge of
each denticulate hgament penetrate the arachnod and attach into
the dura (fig 85) Viewed from behind or m front, therefore a dent:
culate bgament looks somewhat Itke a saw

The dura and arachnoid scnd sleeves outward around each dorsal
and each ventral root of cach spinal nerve as the nerve turns laterally
to leave the dural araichnodal tube and the pin also follows out on the
surfaces of the nerve roots These layers become continuous wath the
ordmnary connective tissue of the nerve at about the level of the spinal
ganglia, but the subirachnoid space surrounds the roots up to this pomnt

The spinal cord varies from oval to almost round mn cross section
It has already been noted (p #6) that 1t consists of centrally placed
gray matter, primanly nerve cells, and peripherally pliced white
matter, primanly nerve fibers that connect different parts of the cord
and that connect the cord and brain The cord tends in general to be
larger at 1ts upper end than at ats lower, because 1ts upper end contams
more fibers that are either going to or commg from the brain However,
the number of cells at a given level also ffects 1ts size, so the levels of
the cord that must supply much muscle and much shin—namely the
levels that supply the limbs—show localized enlargements These are
the cervical mtumescentia (swelling) for the upper hmb, the lumbar
one for the lower limb

Just as the dural and arachnoidal sics, once about as long as the
vertebral column, have been drawn nto a thread at their lower ends,
5o has the spmal cord Even more than the mennges, 1t fails to grow
as fast as the vertebral column, and 1n the adult 1ts lower end lies at
about the lower border of the first lumbar vertebra From the lower
end of the cord, the conus medullarss, a threadlike strand of tissue
that represents the drawn out omgmnal end of the cord, runs down
to attach to the ends of the dural arachnoidal sacs and the strand that
anchors them to the coccyx Thus thread of origmal spmal cord 1s the
filum termuinale

Since the spimal cord has been pulled up during growth the lower
part of the arachnoidal sac, between about the second lumbar and
second sacral vertebral levels, contans no spinal cord but only the
filum termmale and the roots of spinal nerves (which have to run
caudally from the spial cord to their levels of exit between vertebrae)
This collection of nerve roots around the filum termunale 15 the cauda
equma (horse’s tail) The pia covered roots here float 1 the cercbro
spmal flud, and 1t 15 1n this location between lower lumbar vertebrae,
}1}:3:1 ;Iu):nal punctures (for the purpose of drawimng off cerebrospmal

exammation, or introducing medicine or anesthetic agents mto
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the subarachnoid cavity) are made Punctures at higher levels risk
damage to the spmal cord, but the nerves shp away from the needle

The general composition of the spmal nerves has already been dis
cussed (p 55) After the arachnoidal sac has been opened the dorsal
(sensory) roots of the spmal nerves can be seen amsing from the
posterolateral aspect of the spinal cord The ventral (motor) roots arise
anterolaterally, and therwr origins cannot be seen unless the cord 1s
removed or 1s twisted enough after the denticulate Iigaments have been
cut However, lateral to the denticulate higament the dorsal and ventral
roots of each spmal nerve parallel each other, and go mto therr dural
arachnordal sleeves very close together As already noted, the sleeves
termunate at about the level of the dorsal root gangha and the two
roots jomn at the distal end of the ganghon to form the typical mived
spanal nerve (fig 86)

The 31 pairs of spmal nerves are divided mto eght cervical, 12
thoracrc, five lumbar, five sacral, and a single coccygeal, named accord
wmg to thewr relations to the vertebrae The first cervical nerve passes
out between the skull and the first cervical vertebra and the erghth
cervical nerve between the seventh cervical and the first thoracic verte
brae Howeer, below the cervical region each nerve leaves the vertebral
canal below the vertebra of the same name and number—the eighth
thoracic nerve leaves below the eighth thoracic vertebra, the fifth
lumbar nerve below the hfth lumbar vertebra, and so forth Except
between the stull and the atlas and the atlas and aws, the nerves
leave through mntervertebral forarmna (fig 81, p 200) winch are
bordered above and below by the pedicles of the vertebrae, antenorly
by the vertebral bodies and mtervertebral disks, and posteriorly by the
articular processes The gangha of the nerves he regularly at the level
of the mtervertebral foramna, and the dorsal and ventral roots of a
nerve therefore umte just as the nerve 1s making 1ts exat from the
vertebral canal.

The length of the spmal cord that gives nse to a spmal nerve 15
known as a spmnal cord segment If the spinal cord were as long as the
vertebril column, spinal cord segments and vertebrae would corres
spond, and each nerve would run almest directly laterally to 1ts evat
However smce the cord ends at about the lower border of the first
lumbar vertebra, the spinal cord segments are shorter than the verte
bral segments This 1s especially true of the lumbar and sacral regions
(that 15, the lower end of the cord that gives e to the lumbar and
sacral nerves), where the cord segments are very short In consequence
of the shortening of the cord 1t 1s only the upper cervical nerve roots
that can run almost directly laterally to themwr pownts of exat The lower
the nerve, the more caudally 1ts roots must run to reach 1ts mterverte
bral foramen, for the greater 1s the discrepancy n the levels of the
two fixed pomnts of the nerve—ts ongin from the spmal cord and 1ts
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eut from the vertebral canal Thus as progressively lower nerve roots
are exammed, cach will be found to have a longer conrse caudally
through the subarachnoid cavity than does the preceding one before 1t
turns laterally 1o enter the durl sleeves that surrownd 1t as at renches
1ts mtervertebral foramen It 1s the caudally directed dorsal and ventral
roots of the lumbar and sicral nerves that form the cauda cquina m
the lower part of the subarachnord spice Diagrams such as figure 86
winch show very short dorsal and ventral roots, are therefore approxt
mately ~ccurate only for upper cervical nerves, the roots of the sacril
nerves are mches long

Because of the discrepancy 1 length between spinal cord and verte
bral column, the chnician must bear m mmnd that mjury at a given
vertebral level will affect 2 different segmental level of the cord, and
may 1njure several spmal nerves sumultancously Thus, for nstance,
mjury at the lower border of the tenth thoricic vertebra will affect
the spinal cord segment that lies at this level—usually the twelfth
Further, st may also mjure any or all the nerves ansing at or above
this level but leaving the vertebral column below it—in thus case the
tenth, eleventh, and twelfth thoracic nerves The usual protruded or
ruptured mntervertebral disk (p 208), however, lies far enough later
ally not to affect the spinal cord itself, but rather presses upon the
roots of a smgle spinal nerve as or just before 1t leaves the yvertebral
canal

Shortly after the roots of the spinal nerve have umted the nerve
divides mnto 1ts two mamn branches, a dorsal ramus (ramus means
branch) and a ventral ramus This occurs outside the vertebral fora
men The dorsal ramus then sumply turns posteriorly mto the back
muscles 1o supply them and continue to the shin of the bacl, while
the ventral ramus continues laterally and anteriorly (In the sacral
region, where the transverse processes of the sacral vertebrae have
fused together, the dorsal ram make therr exits through the dorsal
forarmna of the sacrum and the ventral ranu make their exats through
the pelvic foramma ) A few of the dorsal ram exchange branches with
each other, but for the most part they remamn segmental In contrast,
many of the ventral ram: enter into plexuses m which the wdentity of
the contributing nerves 1s lost Thus, the upper cervical nerves form
the cervical plexus (p 361), the lower cervical nerves and the first
thoratic form the brachal plexus (p 80), and most of the lumbar
and sacral nerves form the lumbosacral plexus (p 232) The ventral
ramy of the thoracic nerves are however Lept apart from each other by
the ribs, because they lte between ribs, these ventral rams are therefore
known as intercostal nerves Whether they enter a plexus or not, the
ventral rami of the spmal nerves supply most of the muscle and shn

of the body—essentially everything except the back muscles and a
himited amount of skir covering them
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It 15 also the ventral ramu that are connected to the sympathehc
system (p 57) Those nerves that contamn pregangliomc sympathetic
fibers (all 12 thoracic and the first two lumbar) give off to the sympa
thetic trunk a branch contaming these fibers, and all the spinal nerves
recerve from the sympathetic trunk a branch contaming postganghome
fibers The postganghome fibers are distributed through both dorsal
and ventral ram to blood vessels, certamn other smooth muscle, and
sweat glands The connections between a spinal nerve and the sympa
thetic trunk are known as ramu communicantes All the thoracic and
the first two lumbar nerves should have two ram communicantes,
as n figure 86, one composed of preganghomc fibers and one of
postganghiomec ones (that 15 one leaving the nerve to go to the sympa
thetic trunk, the other leaving the trunk to jom the nerve), and all
the other spinal nerves should have only one, composed of postgan
ghomc fibers There actually 15 a good deal of varation i number of
ramm communicantes, for the preganghomec and postganghomc fibers
may run together m a single branch or, more frequently, there 1s
more than one postganghome ramus connecting a spinal nerve to the
sympaghetic trunk

Approximately the second, third, and fourth sacral nerves also con
tamn preganglionic fibers, but they send these to the pelvic viscera—
particularly urmary bladder and rectum-—directly rather than through
the sympathetic trunk (for these fibers are parasympathetic ones), so
the branches that the sacral nerves give to the pelvic viscera are not
called rarm communicantes The sacral nerves do recerve postganglionic
ramu commumecantes from the sacral part of the sympathetic trunk,
and conduct these fibers to the blood vessels and sweat glands of the
lower Iimb
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General Survey
of the Lower Limb

The parts and regions of the lower hmb (“inferior member”) are
the buttock (nates, clunes, or gluteal region), the lp (coxa), the
thigh (femur, but this noun 1s used only as applying to the bone,
although the adjective “femoral’ 1s used mn the sense of the thigh as
a whole), the hnee (genu) nd pophteal region (region behind the
knee), the leg (crus), the ankle (tarsus), and the foot (pes)

The sheleton of the lower imb (fig 87) 1s divided mto the girdle
and the skeleton of the free hmb The gmirdle, often called pelvic girdle,
consists of two coxal (lnp) bones, formerly hnown as the mnnominate
bones In contrast to the girdle of the upper limb that of the lower limb
1s firmly attached to the axal sheleton (the sacral part of the vertebral
column) 1t the sacro liac jornt In addition, the two coxal bones articu
late anteriorly through the pubic symphysis The two os coxae thus
form a strong a“ch completcd dorsally by the vertebral column, thus
arch only shightly movable at the vertebral column, transms the
weight of the body from the vertebral column to the femora, or thigh

229



230 The Lower Limb

Grrdle
————— Coxal bone
Thgh
R B Femur
—————— Tibie
——————— Fibula
leg
Ankle
—————— Tarsals
Foot M N\ Metatarsals

}-—— ~Phalanges
Frgure §7 The skeleton of the lower limb

bones, and consttutes the bony pelvis ( ‘basin ) In addition to the
weight they recenve from the vertebral column the flared hup bones
directly support some of the weight of the viscera Muscles swingmg
across the pelvic floor from one coxal bone to the other or to the sacrum,
bridge the pelvic outlet (lower end of the bony pelvis) and thus help
support the weight of the viscera

Each coval bone bears a deep cup shaped fossa the acetabulum,
which recerves the rounded head of the femur The hip jomnt 1s thus
2 ball and socket jomt The femur 1s the bone of the tiugh, correspond
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g to the humerus in the arm The tibia and fibula are the two bones
of the leg correspondmng to radius and ulna in the forearm The tibia 1s
the larger bone situated on the g loe swle of the leg, and a portion
of 1t 15 subcutancous throughout its entire length The fibula 15 the
smaller bone on the lateral side of the leg, 1ts upper and lower ends
are subcutancous but most of the body 1s buried 1n the leg muscles In
contrast to the upper hmb i which the ulna forms the chief articula
ton at the elbow while the radws forms the chief articulation at the
wrist, the tibia alone 15 the weight bearing bone of the leg and articu
lates at both knee and ankle The fibula serves for the attachment of
muscles, and enters mnto the articulation of the ankle but not that of
the knce The hnee jomt, formed between the articular surfaces of the
lower end of the femur and the upper end of the tibia, 15 largely a
linge jomt This 1s even truer of the ankle joint, formed by the lower
ends of the tbia and fibula and the uppermost tarsal or ankle bone
The tarsals are seven m number and are so arranged as to transmit
weight both to the heel and to the ball of the foot, between these two
weight bearing ponts 1s the arch of the foot While the ankle joint
proper allows little movement except flexion and extension, movement
between the various tarsals allows some mversion and eversion of the
foot and additional flexion and extension Inversion of the foot 1s the
movement which, if successful, would allow turmng the sole of the
foot 1n so that the two soles could be placed together, 1t thus corres
ponds to supmation of the hand Eversion of the foot 1s turning the foot
outward so that the weight falls on the mner rather than the ocuter
border of the foot, 1t therefore corresponds to pronation of the hand
It should be noted that these movements mn the lower lumb are not
carned out through movements of long bones, as in the upper hmb,
but are rather at the ankle and n the foot Inversion and eversion of
the foot are typrcally combined with other movements, but a foot in
which eversion predominates 1s usually referred to by chmcians as
a pronated foot, while one 1n which mversion predominates 15 stmlarly
referred to as a supmated one
Much of the mnstep of the foot 1s formed by the long metatarsals
With these the proximal phalanges of the digits are articulated, the
big toe has two phalanges, the remaiming toes three cach The distal
phalanges of the toes, with the exception of the big toe, are rather
msigmficant bones, the phalanges of the toes as a whole are obviously
nowhere nearly so well developed as those in the hand
dlfl:’me:};:td };as beeln saxd 1t should be clear that the skeletons of
ok Il]llx’nb o ower limbs are built essentially upon the same plan
s & girdle, followed by a smgle bone femur and humerus
C}‘:n'espond Simlarly, tibia and fibula correspond to radius and ulna
Liﬁ t;fgs;ls correspond to the carpals, and the metatarsals and phalnnge;
oot cbviously correspond to metacarpals and phalanges of the
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hand Many other comparisons hetween the two limbs may be drawn
also, especrally 1 regard to the muscles However, the lower hmb has
undergone considerable torsion ahout 1ts lomg axis m order to get 1t mto
better posttion for weight bearing This torsion results 1 the knee joint s
bendmg backward wiile the elbow bends fornard The two hmbs may
be best compared by thinking of the postertor (extensor) surface of
the arm as bemng comparable to the antersor (extensor) surface of the
thigh, the anterwor surface of the leg as corresponding to the extensor
surface of the forearm, and the dorsum of the hand and the dorsum
(upper surface) of the foot as corresponding to each other—so that, m
the pronated position of the hand, thumb and big toe correspond, and
Iittle finger and hittle toe correspond

While extrinsic muscles of the shoulder girdle are extremely 1mpor
tant in suspending and moving this girdle extrinsic muscles runmng
from the axial skeleton to the gudle of the lower Imb would be of
Iittle use becauce of the relatively shight mobility of the <acro ihac jont
The girdle of the lower limb 1s s0 well stabilized that 1t gives orgm to
vanious muscles acting on the trunk, while 1t 15 acted upon m turn
by a few of these muscles, none of these are, properly speahmg, hmb
muscles therefore there are no real extrmsic muscles of the grdle
As m the upper hmb, there are a few muscles that arice from the axnl
sheleton and pass across the girdle to attich to the sheleton of the free
b However most of the muscles of the Jup region arise from the
bony pelvis and exert therr action on the free hmb that 1, they are
mtrinsic muscles Those w closest association with the girdle cover the
postertor and lateral surfaces of the lip to form the musculature of
the buttock, and act primarily across the hip jont

Some of the muscles of the thigh act primarily at the knee jomnt, but
those attached to the girdle have an action at the hip, these may or m1y
not extend across the knee and have also an action at this jomt The
muscles m the thigh are diisible nto anteror anteromcdial, and
posterior groups The tendons of some of the posterior thigh muscles
are easily felt behund the knee as they horder the popliteal fossa the
depression behind the knee

Muscles of the leg act primanly at the anhle and on the toes They
are divistble mto muscles of the calf and those of the anterolateral part
of the leg Some of the muscles of the calf extend also across the knee
jomt and therefore have an action there In a fashion smmlar to that of
forearm muscles, many of the muscles of the leg contiue nto the foot
by means of long tendons, there <ome of them are associated with the
short muscles of the foot i movaments of the toes, while others act
upon the foot as a whole rather than the toes

Nerves of the lower hmb (fig 88) are derived from two plexuses
the lumbar and the sacral these adjoin, and together are referred to
as the lumbosacral plexus The lumbar plexus arses prmartly from
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the ventral ramu of the first four lumbar nerves, its two chief branches
to the lower hmb are the femoral and obturater nerves which pass to
the front and anteromedinl sides of the thigh respectively, to supply
the muscles there (figs 97 and 98 pp 260 and 262) The sacral plexus
1s formed by the umon of ventral rim from the fifth Jumbar and first
three sacral nerves, usually jomed by branches from the fourth lumbar
and the fourth <acral The branches of the saeral plexus pass posteriorly
between the sacrum and the pelvis The smaller branches supply
muscles of the buttocks but the largest portion of the sacral plexus 1s
continued down the posterior aspect of the thigh as the sciatic nerve,
the largest nerve 1n the body As the sciahic nerve runs down the thngh
1t supplies the posterior muscles there and then divides at the knee mto
common peroneal and tibinl nerves The common peronenl nerve winds
around the lateral surface of the leg to supply anterolateral leg muscles
and be continued onto the dorsum of the foot, the tibial nerve runs
down the posterior aspect of the leg and continues mto the plantar
aspect (sole) of the foot
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The great arterial stem of the lower limb 1s the femoral artery (fig
88), situated antentorly 1n the thigh The femoral artery 1s the continua
tion of the external ihac, whach 1s 1 turn the contmuation and larger
branch of the common 1hac, the two common 1hacs are formed by the
bifurcation of the lower end of the aorta The femoral artery rums down
the anteromedial aspect of the thugh but above the knee passes pos
terzorly around the medal surface of the femur to attam the pophteal
fossa and become the popliteal artery In the upper part of the leg the
popliteal artery divides mto anterior and postersor tibal artenes The
posterior tibial continues postertorly down the leg to the plantar aspect
of the foot, while the anterior tibual passes between the tihia and fibula
to reach the anterolateral portion of the leg and continue onto the
dorsum of the foot The muscles of the buttock are supplied by arterzes
that are associated with the sacral plexus, these arteries arise not from
the external but from the internal iliac artery, which 1s the chief artery
to the pelvis
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The Bony Pelvis, Femur,
and Hip Joint

The bony pelvis 1s formed by the two paired coxal bones and the
sacrum and coccyx (fig 89) Each coxal bone consists of three separate
bones 1n the fetus and nfant, while these three bones are so fused in
the adult that 1t 15 difficult to see any signs of their junction, their names
are still retamed m descrabing the coxal bone Thus, even 1n the adult,
1hum, 1schium, and pubis are referred to as 1f they were separate bones

The 1hum 15 the superior element of the coxal bone, 1ts great wing
(ala) forms the projection of the hip, and the smooth inner and outer
surfaces of this wing give attachment to muscles of the hmb The upper
free edge of the wing, which gives attachment to abdommal muscles,
1s the 1hac crest The crest ends antenorly in the antenor superior 1hac
spine, posteriorly in the posterior superior 1liac spine On the anterior
border of the wing of the 1hum below the anterior superior 1hac spine
15 the anterior inferior 1hac spine, on the posterior border, below the
posterior superior spine and just above the smooth concavity (greater
saiatic notch) on this border 1s the posterior mferior 1hac spine

235
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On a level with the posterior mferior 1hac spme the 1ium bears on
1ts medial aspect a smooth articular surface shaped roughly like an ear
and therefore called the aunicular surface Above and also behmd the
aurncular surface 1s a Jarger rough area that serves for the attachment
of heavy higaments forming an important part of the sacro ihac jomnt
Below the posteror mnfertor 1thac spine and the auricular surface of the
thum 1s a deep notch the greater sciatic notch The lower and narrower
part of the 1hum, the body, extends down to about the level of a lne
drawn through the junction of the upper one third and the lower two
thirds of the acetabulum or hip socket

Of the two inferior elements of the coxal bone, the 1schum 15 the
more posterior Its body forms the posterior half of the lower two thirds
of the acetabulum and 1ts ramus forms the posterior wall and a part of
the mferior wall of the large hole (obturator foramen) m the coxal
bone, extending forward at the lower border of thus foramen to join
the pubis On 1ts posterior edge the 1schium bears a pointed spine,
above this spme the posterior border of the 1schium forms a part of the
greater sciatic notch which was noted on the 1lium, below the 1schial
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spme 15 1 smaller notely, the lesser <ciatic notch The hevy flattened
posterior expinsion of the sscloum 1s the ssehinl tuberosity

The pubis 15 the more antertor of the two lower parts of the cox
al or tup bone, its superior rimus forms appronimatels the anterior
half of the lower two thirds of the acetabulum, and 1ts snferior ramus
curves posteriorly nd downward to jom the 1schial ramus and com
plete the wall of the obturator foramen Its body, at the junction of
superior and mnferior ranu of the pubis, has on ats anterior superior
surface a very marked projection, the pubic tubercle or crest, and 1ts
medinl surface 15 an articular one that enters into the pubic symphysis

All three elements of the cozal bone help form the deep receptacle
for the head of the femur, the acetabulum As the acetabulum 1s ex
amimed 1t will be noted that only a part of its surface 15 smooth and
obviously adapted for articulation, a decper, rougher, portion 1s occu
ped by fat and a hgament The lower edge of the acetabulum s
deficient, thus making this fossa resemble 2 cup with a portion of the
hip broken out

The obturator foramen hes between the acetabulum and the con
jomed 1schnal and mferior pubic rami In the dried condrtion this s a
large foramen, m hfe, however, the foramen 15 almost completely
closed by 1 membrane that gives attachments to muscles on both of s
surfaces, thus mn life this foramen deserves 1ts name of obturator
(closed) foramen

The word * pelvis Iiterally means “basin,” hence the pelvis consists
not only of the two coxal bones, the girdle, but 1lso of the intervening
segments of the vertebral column, the sacrum and coccyx In order to
form a better 1dea of this structure an articulated pelvis with ligaments
m place should be studied The pelvis thus seen actually contans two
cavities The flared wings of the 1ia form a lower boundary to the
abdominal cawity proper, and the cavity here 15 known as the false
pelsis The true pelvis 1s the lower part of the canity and hes between
sacrum  pubes, 1schia and the lower parts of the tha The true pelwis
has an et above, open nto the abdominal cavity, and an outlet
below which, during hfe, 13 bridged by muscles

The two coxal benes are firmly attached posteriorly to the sacrum
through the sacroiliac articulations In additon, the wide nterval
between the lower part of each hip bone and the coccyx and lower part
of the sacrum 1s bridged by two strong fibrous bands named the sacro
tuberous and sacrospimous hgaments (fig 895) The sacroluberous
hgament 1s a broad band stretching from the sacrum and coccy x to the
1schial tuberosity, the sacrospinous hgament 15 o shorter ban
covered posteriorly by the sacrotuberous Dhgament,
the sacrum and cotcyx to the schual spme The sac
converts the greater saiatic notch of the dried bone 1
foramen, the sacrotuberous ligament forms a lowe

d, largely
that extends from
rospinous hgament
nto a greater sciatic
r boundary for the
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lesser sciatic motch, thus converting this notch mto a lesser saahc
foramen

The two pubes are umted 1n front at the pubic symphysis Furmly
attached to the adjacent ends of the two pubes at the symphysis 1s a
heavy fibrocartilaginous pad, the interpubic disk The attachment of
this disk to the pubis 1s strengthened by hgaments surrounding 1t The
pubic symphysis 1s barely movable during most of Life, but in women
1t becomes much more movable during pregnancy

The sacroihac jont consists of a relatively small jomnt cavity be
tween sacrum and 1lum and very powerful hgaments connecting these
elements The jomnt cavity 1s saxd to become partially or completely
obliterated with age, especially mn the male However, as obliteration
of the cavity 1s one of the most frequent findmgs 1n rheumatoid arthritis
of the spmal column, 1t 15 not clear to what extent this should be re
garded as a normal accompanmment of age, and to what extent due to
a more strictly pathologic process The ventral sacro ihac higament 1
relatively thm and hes, as 1ts name imples, across the front of the jomt
The dorsal sacrothac ligaments are exceedingly strong and blend
deeply with the mterosseous sacroihiac hgament which 1s strongly
attached to the roughened area behind and above the jomt cavity In
addition to these hgaments the pelvis 1s braced through 1ts attachment
to the sacrum by the sacrotuberous and sacrospinous ligaments, and to
the last lumbar vertebra by the 1liolumbar hgament

The weight of the body bearing upon the sacrum tends to force at
both downward and backward between the two 1ha, the wedge shaped
sacrum would then tend to spread the two 1ha farther apart or to escape
postertorly and inferiorly from between the tha However, these move
ments of the sacrum exert a greater pull upon the posterior hgaments,
especially the interosseous ligament, and this results therefore 1n more
firm apposition at the sacro thac joint The pubic symphysis serves as
the tie beam to resist flattening of the pelvis and consequent movement
at the sacro ihac jomt Movement at the sacro thac jont 1s also mini
mized by the fact that the opposed surfaces of the sacrum and ihum
actually are not plane but rather wavy This jomt 1s therefore an
exceedingly strong one and allows httle movement As 1s the case at
the pubic symphysis, however, the hgaments of the sacro iliac jomnt
are loosened during pregnancy and the movement there 1s therefore
much mcreased at that tune

Movements of the pelvis mvolve simultaneous movement of the
lumbar portion of the vertebral column and movement at the hip joint
Upward rotation 1s the movement 1 which the anterior part of the
pelvis 1s rawsed, and 1t therefore mvolves a decrease 1n the lumbar
curvature Downward rotation 1s an mncreased tlting of the pelvis,
accompamed by an mcrease mn the lumbar curvature (lordosis) Lateral

rotation, to the same or the opposite side, mvolves swinging the pelvis,
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and therefore the body as a whole, upon one femoral head, this move
ment 15 of partcular mmportance n walking Lateral tilting of the
pelvis 1s rusing one side Ingher than the other, and imvolves a lateral
bending of the lumbar part of the vertebral column

Femur and Hip Joint

The rounded upper end or hicad of the femur the bone of the thugh
(figs 87,90, and 91, pp 230, 240, and 2#5), 15 attached to the body by a
nech that does not continue the direction of the body but rather pro
jects medially at an angle Where the neck jons the body a large
protuberance the greater trochanter, projects upward, the greater
trochanter 1s therefore 1n hine with the body On the posteromedial side
at the junction of neck and body 15 a smaller protuberance, the lesser
trochanter ‘The two trochanters are connccted on the postertor side
of the femur by a trochanteric crest, at the junction of the neck and
greater trochanter on the postenior aspect 1s the trochanteric fossa The
antersor surface of the upper part of the body of the femur 15 smooth
but the postersor surface below the trochanters is roughened, presenting
two ridges that run downward from the approximate regions of the
lesser and greater trochanters to converge to form a roughened raised
lne, the linea aspera, on the posteror surface of the body The lower
end of the femur 1s enlarged and bears two rounded articular surfaces,
the condy les, for articulation at the knee jomt The roughened medial
and lateral surfaces above the condyles are the epicondyles for the
attachment of muscles Anteriorly, the articular surfaces of the two
condy les come together to form a surface for articulation with the bone
of the kneecap (patella), postenorly they are separated by a deep
intercondylar fossa The flat surface of the femur above the mter
condy lar fossa and between the two diverging lower ends of the linea
aspera 1s the popliteal surface

The deep acetabulum recerves the globular head of the femur to
form the hip jomt which 15 the best example m the body of a ball and
socket jomt As compared with the shoulder, the hip jomnt has gained
stability at the expense of some freedom of mov ement, qute obviously
the deep ball and socket jomt at the hip cannot allow as free movement
as can occur between the very shallow glenoid cavity and the head
of the humerus At the same time this deep jomt allows for a great
deal of stabihity an the varsous posttions i which the lower lmb s
placed, the lower lumb must exert its weight bearing function during
many phases of 1ts movement

The smooth artrcular surface of the head of the femur occupres

considerably more than a hemusphere and ends at the neck, but 1s

interrupted at one pownt by a pit mto whch 1 b
(e aied at one § They p 1 bgament (hgament of

sumlarly smooth articular surface of the
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acetabulum forms an mverted U, the open end of the U beng con
turous with the acetabular notch, and 1ts cavity being occupied by
a pad of fat The acetabulum 1s made deeper by a fibrocartilagmous
mass, the labrum attached to 1ts edge, the labrum bridges the notch
as the transverse hgament of the acetabulum The free edge of this
acetabular rim extends beyond the equator of the femoral head and
thus holds the head tightly within the acetabulum

The strength of the hip jomt lies primanly m the shape of the
articular surfaces and 1 the higaments of this jont (fig 90), rather
than m associated muscles In contrast to the weak articular capsule
of the shoulder, the articular capsule of the hp jont 15 very strong
It attaches lower on the anterior aspect of the femur than 1t does pos
terzorly and 1s marked by three thickenings that run a somewhat spiral
course from the coxal bone to the femur These thichemmngs are the
three named hgaments of the capsule The ihofemoral ligament 15
attached to the 1um below the anteror mnferior thac spme and covers
most of the front of the jomt From this origm two main bands tend to
diverge to therr attachments on the front of the femur, thus giving the
thofemoral higament somewhat the shape of an mverted Y, hence, 1t
1s known also as the Y higament of Bigelow * The fibers of the ilio
femoral hgament spiral somewhat medially as they run downward,
this same twist 1s mamtained by the other two ligaments of this jomt
The 1hofemoral higament 1n consequence of its postton m front of
the hip jomt 1s particularly fitted to prevent undue extension at this
jomnt Since the weight of the body upon the femur tends to hyperextend
the ip jomnt, the iliofemoral higament has as ats special function the
marmntenance of the erect posture without constant muscular action

The pubofemoral hgament arises from the pubic portion of the ace
tabular brim, and therefore on the antero inferior aspect of the jomt
Tts fibers help to prevent excess abduction of the femur, and also assist
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the 1hofemornl hgament i cheching extension at the hip Between
the upper edge of the pubofemoral lignment and the medial edge of
the upper prt of the 1hofemoral hgament the cpsule of the hip jomt
prosents a weak tnangular area, this aren durmg hfe 15 protected by
the tendon of the 1hopso1s muscle In later adult hife 1t 15 sometimes
perforated 1o allow a commumication between the hup jont and a
bursq underlying the 1hiopsoas tendon

The ischiofemoral ligament 1s less well developed than are the
preceding two It springs from the 1schial nm of the acetabulum and
therefore covers the lower posterior aspect of the jont The upper
fibers pass 1lmost transversely toward the neck of the femur while the
lower ones pass shghtly upward to thewr attachment there The spiral
of this hgament 1s decreased by flexion at the hip, mcreased by exten
sion The tightening of the higament during extension pulls the head of
the fernur deeper imnto the acetabulum where the curves of the femoral
head and the acetabulum fit best together, and by bringing larger
surfaces 1 contact helps to make the extended posihon of the jomnt the
most stable one

All three of these hgnments aiso have a common action i tending
to limut internal rotation of the femur, as this movement would increase
therr spiral, on the other hand, external rotation tends to unwind their
spiral and 1s therefore cheched entirely by muscles It should be noted
that all the parts of the capsule are relaxed during flexion and cxternal
rotation of the thigh, and therefore dislocation of the hup can tale place
more easily 1 this position

Within the lnp joint there 15 a flattened band, the higament of the
head (once known somewhat mncongruously as the ligamentum teres
or round higament) which 1s attached to the nonarticular surface in
the acetabulum and to the pit on the head of the femur This Ligament
should help check abduction but never becomes tense enough to do so

Movements at the lap jomnt consist of flexion, extension, abduction,
adduction circumduction, internal rotation, and external rotation
Flexion at the hip jomt 1s the movement of bringing the thagh forward
and upward as if to touch the abdomen, extension 15 a backward move
ment of the thigh Abduction 1s drawing one limb laterally and there
fore away from the other, adduction 15 bringing the limbs together
Gircumduction 1s, of course, a combination of all four of these move
ments Internal (medial) rotation 1s a rotation of the hmb around 1ts
long axis so the hneecap pomnts mward, external (lateral) rotation 1s

the movement 1 the opposite direction, so that the knec 1s turned
outward
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The Thigh and Knee

Many of the muscles of the thigh extend across both hip and knee
jomts, and therefore have actions upon both of these The movements
at the hip have becn briefly discussed 1n the preceding chapter and
will be considered agamn more fully in a followmng one The movements
at the knee are largely hinge ones, consisting of flexion and extension
Flexion 1s bending the knee, thus bringing the calf of the leg up toward
contact with the posterior surface of the thigh, while extension 3s
straighteming 1t A shght hyperextension at this jomt s normal m
some people In the partially flexed condition a small amount of rota
tion between the tibia and femur may occur, this 1s said to be lirmited
to about 40 degrees and 1s not very obvious upon mspection of the
movements of the joint

General Anafomy

The fesw umportant landmarks of the thigh are antenorly, the an
teror superior 1l1ac spine, the pubic tubercle, the mgumal higament
extending between these two pomts, and the knee cap and adjacent
enlarged ends of the femur Except for the inguinal hgament, these
are described 1n Chapter 15 The mgunal hgament 1s the lower edge

242
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of the aponcurosis of the most external of the flat muscles of the
abdomen (p 374), and thus marks the boundary between abdomen
and thugh It hies decp to the crease between the two parts, and as 1t
runs between the 1lium and pubs 1s shghtly convex downward Later
ally there 15 the greater trochanter and posteniorly the 1schial tuber
osity, also alrendy identified The hollow belund the knee 15 the pop
Iiteal fossa

The muscles of the thigh are convemently divided nto three groups
an antenor, ongnally dorsal, group, concerned especially with flexion
at the lip 1nd extension at the knee, an anteromedinl or adductor
group, ongmally yentrl, concerned espeanlly with adduction and
flexaon of the thigh, and a posterior group, also ongmally largely ven
tral concerned with extension at the hup and flexion at the knee While
there 1s some overlap 1n the functions and mnervations of these groups
1t 15 usually convement to think of each group as having certain chief
actions and having 1ts own particular nerve supply The anterior mus-
cles are mnervated by the femoral nerve, the anteromedral ones by the
obturator, and the posterior ones by the sciatic The posterior muscles,
nerves, and vessels are described 1n the following chapter

Although the large nerves of the thigh enter 1t antertorly, antero
medially, and posteniorly, there 1s only one mmportant set of vessels
to the thigh These are the femoral vessels, which lie antenorly at the
grom with the femoral nerve The femoral artery 1s a continuation of
the external 1lac artery, the change 1n name occurnng at the ingunal
Lgament, the femoral vem, sumilarly, continues above the mgumal
ligament as the external 1liac vein A httle above the knee the femoral
vessels pass through a gap m one of the muscles, close to the bone,
to attain a position 1n the pophiteal fossa, and have their names changed
to popliteal vessels

The femur, the bone of the thigh, has already been discussed (p
239), but 1ts lower end should be studied 1n more detail as the knee
jomt 1s studied Since some of the muscles of the thigh cross the knee
joint to attach to bones of the leg, the upper ends of these bones must
also be studied now, although a more complete description of them can
be reserved for a later chapter (p 295)

In brief, the expanded lower end of the femur presents rounded
medsal and lateral condyles for articulation wath the tibia, and the
antenor confluence of the articular surfaces of the two condyles 1s the
articular surface for the patella or knee cap The mtercondylar fossa
of the femur gves attachment to hgaments that hie wathin the Lnee
jomt and the medial and lateral epicondyles give attachment not only
to muscles but also to the two important external ligaments of the
knee joint
ior';h:dcﬁpa:ed upper end of the tbia (fig 87, p 230, and fig 91) s

y two tibial condyles that have almost flat upper articular
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surfaces which receive the weight transmtted from the femoral con
dyles, the articular surfaces are separated by a nonarticular area mto
which mternal higaments of the knee jont attach The sides of the
tihial condyles recenve the attachment of the lower part of the capsule
of the knee jomnt and certain muscles and hgaments On the lower
surface of the lateral condyle there 1s an articular facet for the jomt
between the tibia and the head of the fibula On the anterior border
of the body of the tiha below the condyles 1s a roughened rased area,
the tibial tuberosity, that receives the patellar ligament (extendmg
downward from the patella, and really the lower end of the tendon
of the muscle that extends the leg at the knee—the quadriceps muscle)

The upper end of the slender fibula 15 the head, which rises to a
pomted apex It articulates with the lower surface of the lateral iial
condyle, and therefore does not enter mto the knee jomnt

The patella the bone that 1s colloqually known as the kneecap, 15
tnangular with 1ts apex directed downward Postertorly it presents on
1ts upper part a smooth articular surface for articulation wath the
femur, elsewhere 1t 15 rough for the attachment of tendon fibers and
the entrance of blood vessels The patella 1s the largest sesamoid bone
m the body, 1t so interrupts the quadriceps tendon, i which 1t lies,
that the part of the tendon between 1t and the tibia 15 known as the
patellar higament

The Knee Jomt

The knee yomt (fig 91) 15 complicated not so much because of the
fibrous capsule, which 1s relatively simple, as by the structures lymg
within the jomt Antenorly, the msertion of the quadriceps muscle on
the patella, the patella 1tself, and the patellar hgament provide ade
quate protection for the knee jomnt, and the lining synovial membrane
rests agamst parts of these On exther side of the quadriceps tendon,
between the patella and the femoral and tibial condyles, the articular
capsule 1s formed by fibers from the fascia lata and from the quadriceps
tendon 1tself, these parts being called the medial and lateral patellar
retinacula Posteriorly the capsule consists of interlacing fibers that
are remnforced by a strong attachment from the semimembranous ten
don, the band derived from this tendon runs oblhiquely upward and
lateralward as the oblique poplhteal ligament In the posterior part
of the capsule there 15 an opening to allow the exit of the tendon of
ongm of the pophteus muscle, the upper edge of this opemng 15
strengthened by some arching fibers that constitute the arcuate popliteal
lgament

1t 15 typical of hinge joints that they have special medial and Iateral
lhgaments, the knee jomt 1s 10 exception to this The medial higament
of the knee the tibial collateral higament 1s a broad band that 1s fused
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postertorly with the capsule of the knee joint, passing from the medial
epiconds le of the femur 1o the medial surface of the upper end of the
tbn The cordhke Interal hgament of the knee, the hibular collateral
ligoment runs from the lateral emcondsle of the femur to the head
of the fibula In contrast to the medial bgament, however, the fibular
collateral igament does not blend at all with the jomt capsule, but
rather lies Iaternl to and free of this

The fibular collateral higament and the posterior part of the tibial
collaternl ignment are made thut by extension of the knee and relaxed
by flesion, however, the anterior part of the tibia] collateral hgament
remuns tense m all positions of the knee The two higaments together
restrun rotation and lateral movement at the knee, especinlly in the
extended posiion and the tibal collaternl higament 15 an important
stabilizer of the knee 1n all positions Swmnce the tal collateral ligament
and one of the internal hignments of the knee (anterior crucate, sce
below) are usually both torn at the same time m mjuries to the knee,
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Figure 91 The principal structures of the Lnee joint @ From the front b From

above with the femur removed
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1t 1s difficult to assess the relative mmportance of these ligaments m
mamtaiming stability at the knee, and opmuon among climeians vares
on this pomt Apparently, satisfactory restoration of knee function can
often be obtamed by repair or substitution of either of these sets of
hgaments when both of them are torn, proniding the muscle that ex
tends the knee, the quadriceps, 1s of adequate strength

The cavity of the knee jomt 15 extensive, 1t passes some distance
upward 1n front of the femur between this and the overlying quadriceps
muscle and 1s usually continuous with a bursa, the suprapatellar bursa,
which may, however, lie above 1ts upper blind end Below the patella
and between the femur and tibia the cavity 1s much subdivided by
structures lymg withm the capsule of the jomt A fold of synovial
membrane sweeps downward and backward from the posterior surface
of the patella, and, becomung wider as 1t does so, attaches to the mmer
border of the articular surfaces of both the femoral and tibal condyles
In consequence, the cavity of the knee joint between the femur and
tibia 15 divided mto medial and lateral parts that commumcate only
anteriorly, and are separated from each other by the structures extend
g between the mtercondy lar fossa of the femur and the mntercondylar
areas of the ibla—primarily the cruciate hgaments

The medial and lateral parts of the cavity are m turn partly sub
divided by semilunar cartilages, the medial and lateral memisci. These
crescentic carhlages are wedge shaped 1n cross sechon with the thm
mner edge at the concave border of the cartilage Thus border 1s a free
one, and around 1t the part of the synovial cavity between a femoral
condyle and a memscus 15 continuous with that between the meniscus
and the corresponding tibial condyle On their convex or outer border
both cartilages are attached to the synovial and fibrous capsules How
ever, while the medial memscus 15 also anchored firmly to the strong
tibial collateral Iigament, the lateral memscus has only shght attach
ments to the weak lateral portion of the capsule, from which 1t 1s par
tually separated by the tendon of the popliteus muscle, and 1t has no
attachment to the fibular collateral Iigament This marked difference
1n strength of attachment has been held to be responsible for the fact
that the medal cartilage 1s much more often torn, 1 conyunction with
tearing of hgaments at the knee, than 1s the more loosely attached lat
eral cartilage, the concept being that the medial cartilage 15 less mobile
and therefore more likely to be caught and torn as the femur moves
on 1t. Both cartilages are firmly anchored to the tibia by strong fibrous
bands continuous with the ends of the cartilages

The exact function of the meniscs 1s not known They serve 1n small
part to deepen the articular surfaces on the upper end of the tiba and
thus adapt them better to the femoral condyles They have also been
thought to be particularly important ;n mamtaimng an even film of
synovial flurd and thus aiding m lubncation of the jomt If the carti
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lages are torn by violence, as in footlnll, they can be removed with
no marhed subcequent disability to the kuee

The anterior and posterior cruclate (‘ crossed”) ligaments are es
pecially smportant hgaments of the hnee jont, lying wathn the joint
capsule but covered anteriorly and on both sides by reflections of the
synovial membrane The antenor cruciate higament ascends from the
anteror arer between the tibial condyles and runs upward, backward
and somewhiat Jaterally to attach toward the back of the medial surface
of the laternl femoral condyle The posterior cruciate ligament arses
from the posterior intercondy lar area and extends upward and some
what forward and medially to attach to the lateral side of the medinl
femoral condyle There has been considerable argument concerming
the exact functions of these hgaments, both seem to be fairly tense in
all positions, but partrcularly so n extreme extension and extreme
flexion The cruciate hgaments thus apparently contribute much to the
stability of the knee joint 1n all positions, preventing anteroposterzor dis-
placement of the tibia and hmiting lateral rotation of the femur upon
the tibin Tearng of these ligaments sometimes occurs, 1f the antenor
Ligament 15 torn, the leg ¢an be pulled forward on the femur by the ex-
aminer, as this ligiment normally prevents anteror displacement at the
knee Similarly, when the posterior cruciate hgament 1s torn, the leg can
be displaced posteniorly at the knee There are several operations for
remnforcing the knee joint after tears of the cruciate higaments have
occurred, but no firm agreement among clinicians 1 regard to how
much disability results from tears of the cruciate ligaments and how
much 15 due to concomitant tears of the collateral igaments, especially
the tibial one

Closely related to the posterolateral aspect of the jomnt 1s the tendon
of the popliteus muscle, a muscle at the knee (p 302) This tendon
lies deep to the lateral part of the fibrous capsule, separated from the
jomnt cavity only by a coverng fold of synovial membrane As already
noted, 1t emerges through the posterior part of the capsule

The tibiofibular synovial jount 15 of the plane type The small syn
oval cavity 1s surrounded by a capsule with no particular distingwish
ing features Occasionally thuis jomt cavity communicates with that of
the knee jomnt through a diverticulum of synovial membrane that ex

tends downward from the latter jont deep to the tendon of the poplhiteus
muscle

Superficial Nerves and Vessels Fascia

The superficial fascia of the thugh contams superficial nerves and
vessels, the 1mportant superficial mguinal lymph nodes, and a greater
or lesser quantity of fat, but otherwise presents no particular distin
gwishing features The deep fascia of the thigh 1s the fuscia lata (broad
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fascia) and resembles the fascia of the arm and forearm m that 1t 15
a tough layer loosely but completely surrounding the musculature of
the thigh In 1ts lateral aspect 1t 1s thickened and strengthened by add:
tional longitudmal fibers to form the iliotbial tract This important
band receives the attachment of the tensor fasciae latae muscle (p 252)
and also much of the msertion of the gluteus ma<imus (p 265), below
1t reenforces the capsule of the knee jomnt and attaches anteromedially
to the medial tibial condyle Posterolaterally, the fascia lata extends
upward over the gluteus medws and on both sides of the tensor fasciae
latae and the gluteus mawamus, and thus attams attachment to the
ilrac crest, the sacotuberous higament and the schial tuberosity Ante
romedially, 1t 15 attached to the mgunal hgament and the pubis It
sends ntermuscular septa between the muscle groups of the lower
part of the thigh, and about the knee 1s attached to various bony prom
mences to help form the medial and lateral patellar retmacula

The shin of the anterolateral aspect of the thigh is suppled by the
lateral femoral cuianeous nerve a branch of the lumbar plexus which
penetrates the fasca lata a Iittle below the anterior superior thac spme
Most of the antertor and posteromedial surfaces of the thigh are sup
plied by branches of the femoral nerve, these perce the fascia lata at
various levels to ramufy 1n the superficial fascia A small area of shin
on the medial surface of the thigh 1s usually supphed by a branch of
the obturator nerve winle the posterior aspect of the thigh 1s suppled by
the posterior femoral cuianeocus nerve

Many small vems form a network m the superficial fascia of the
thigh, but the promnent vein here 1s the great saphenous (saphen
ous means obvious, probably a reference to the usual mvolvement
of this vemn 1n varicose vemns of the lower imb) The great saphenous
vemn ascends from the medial side of the leg to the medial side of the
tingh and runs upward and shightly forward to attan the anterior
surface of the thigh where, a Ittle below the mgumal hgament, 1t
penetrates the fascia lata and ends in the femoral vem The gap 1n
the fascia 11ta 1s the saphenous hiatus, just before the great saphenous
vem passes through the hiatus 1t usually receives vemns from the lover
abdomunal and pudendal regions

The Lumbar Plexus

The lumbar plexus (fig 92) supphes the muscles and the shin on the
anterior and medzal sides of the thigh and skin on the medial side of
the leg and foot Although 1t arises deep within the abdomen 1ts method
of formation and branching must be studied at this time 1f the nerves
1 the thigh are to be understood Symilarly, the sacral plexus supphes
postertor shin and muscles of the thigh as well as muscles of the but
tock Since the lumbar and sacral plexuses are connected, and both go



The Thigh and Knee 249

prmarily to the lower hmb, they are frequently described together
as the lumbosncral plenus (fig 93) The sacral part of the lumbosncral
plexus 15 described m the followng chapter

The ongm of the lumbar plexus is from the ventral branches of the
first, second, third, and a vanable part of the fourth lumbar nerves,
with usually a small commumention from the twelfth thoracic nerve
Since 1t 15 formed at the umbar level of the vertebral column, the
plexus atsclf lies upon the mnner surface of the postenor abdominal
wall, and must be appronched from the abdormnal cavity, at 1ts origin,
1t 15 1mbedded n the psoas major muscle The defimtive peripheral
nerves ansing from the plexus make their exat from the psoas muscle
and pass 1nto the lower part of the anterior abdominal wall or 1nto the
thigh

The plexus 1s usually arranged as follows the first lumbar nerve,
having recerved a commumeation from the last thoracic, divides mnto
two branches The upper one of these gives nise to the iliohy pogastric
and homguinal nerves, to the lowermost part of the abdominal wall,
the other jomns a small branch from the second lumbar nerve to form
the gemitofemoral nerve to the scrotum (or labia majora) and some
of the shin of the upper anterior surface of the thigh Small antenior
branches from the second, third and fourth lumbar nerves jon to form
the obturator nerve, branches from the third and fourth lumbars form
also an accessory obturator nerve m about 10 per cent or more of the
plexuses

From the larger, postertor, portions of the ventral ram of the second

—————From T12

_____ Lat femoral cut
nerve

______ Femoral nerve

Acc obturator n

Obturator nerve

Diagram of the lumbar plexus from the front The postersor branches
are shaded

Figure 92
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Figure 93 Diagram of the lumbosacral plexus

and third lumbar nerves go branches to form the lateral femoral cutan
eous nerve The remainder of the posterior portions of these two nerves
jom a part of the fourth lumbar nerve to form the largest branch of
the plexus, the femoral nerve The fourth lumbar nerve typically di
vides mto two parts one part gomg mto the lumbar plexus to help
form the obturator and femoral nerves, and the remawnder passing
downward to jom the sacral plexus There 15 considerable vanation
1n the relative sizes of the contributions of the fourth Iumbar nerve
to the two plexuses, if the fourth lumbar nerve fails to participate
10 the Iumbar plexus, but goes entirely to the sacral plexus, the plexus
15 kuown as a prefixed one If all of the fourth Iumbar nerve, and per
haps even some of the fifth lumbar, goes mto the lumbar plexus, this
plexus 1s known as a postfixed one
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In the brachial plexus (p 80) a division between anterior and
postenor parts of the plexus 15 obvious, and we have seen how the
anterior part, as exemplified by medial and Iateral cords and their
branches, supplies the anterior or flexor muscles of the hmb while the
posterior part, consisting of the postenior cord and 1ts branches, supplies
the posterior or cxtensor muscles A simlar division and distribution
also eust 1 both lumbar and sacral plexuses, although 1t 1s somewhat
Iess obvious than m the upper limb because of the extensive rotation
that the lower limb bas undergone during development Thus the ante-
rior portion of the humbar plexus 15 distributed 1o the anterior abdom
1mal wall or 3ts dernvatnves (through the shohypogastric, shoingunal and
gemtofemoral nerves) and to the adductor or medial surface of the
thigh (through the obturator nerve) Tins part of the thugh represents
the cephahic part of the ongmal flexor surface of the hmb Simlarly,
the lateral femoral cutaneous and femoral nerves, the postenor ele
ments of the lumbar plexus, are distributed to the original postenor or
extensor surface of the thigh, even though this surface 1s, 1 the adult,
directed anteriorly In the sacral plexus the gluteal nerves and the
common peroneal, the larger part of the postenor division of this
plexus, are distnibuted also 1o onginal posterior or extensor muscles
of the buttock and of the leg, the tibial nerve and 1ts denvatives supply
the more caudal muscles of the origmal flexor surface of the thigh and
the flexor (orygmal sentral or anterior) muscles 1n the leg and foot

Antertor Muscles of the Thigh

These muscles are shown m figures 94 and 95 The most superficial
muscle on the anterior aspect of the thigh 15 the sartorius or “tailor”
muscle This long ribbon hke muscle runs spirally across the anterior
and medial surfaces of the thigh, attached above to the antenar superior
thac spine and below to the tiha medial to the tuberosity Smce 1t
crosses anterior to the hup yoint 1t 15 a flexor there, and since 1t crosses
posterior to the axis of moton of the knee jomt it 1s also a flexor of the
knee Morever, 1t 1s an abductor of the thigh (although a very weak
one) and, because of 1ts lateral angin and s medial posiion at the
knee, an external rotator of the thugh These four actions of the muscle
together wall produce the crosslegged sittng posiion commonly em-
ployed by talors—hence s mame The sartorms 15 supphed by
branches of the femoral nerve

The sartorius muscle forms the lateral boundary of a triangle situ
ated m the upper part of the thigh, the femoral inangle The floor
and the medial wall are composed of other muscles of the thigh, and
the femoral nerve and femoral vessels enter the thigh behm(’i the
mguinal hgament, the upper border of the tnangle The nerve breaks
up nto 1ts branches m the triangle, and the femoral vessels give off
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Figure 94 The more superficial muscles of the anterior aspect of the thigh The
space between the pectineus and the adductor longus 1s evaggerated so that the position
of the adductor brevis can be shown

their chief branches here before continumng down the thigh deep to
the sartorius muscle, separated from 1t by a heavy layer of fascia
Ansing from the hac crest just behund the anteror superior iliac
spine 1s a short straphle muscle enclosed between two layers of the
fascia lata as they attach to the i1liac crest This muscle, the tensor
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fasclae latae runs downward and shghtly hackward to insert into
the otibil 1ract, and although antenorly placed 1s actwally a muscle
of the buttock (p 267) It recenves 1ts nerve supply from the supenor
glutenl nerve Tt assists mn fleion at the up jomt, because of 1ts ablique
posterior direction 1t assists the anterior fibers of the gluteus medus
and mumsmus an inward rotation of the femur, 1t also works with the
gluteus medins and ymmmus 1n abduction of the thigh, or at least an
preventing undue sygging of the opposite side of the pelus when the
wenght 15 supported on one hmb, and, 1t 15 asserted by some workers
although demed by others, through 1ts nsertion nto the 1hotibial tract
1t perhaps helps muntam extension at the huce

The quadriceps femoris muscle 1s the large mass covenng antenior,
medinl and lateral aspects of the femur, and divisible mnto four parts as
its name indicates The rectus femons 1s the rounded, more antenor,
head of the quadnceps, appeanng as 1 separate muscle except at ats
msertion Tt anses from the antenor mfenor ihac spme and, by a
posteniorly rching port of its tendon of ongn, from the thum just
above the acetabulum It combmes with the other members of the
quadriceps group 1n nserting upon the patella and hence through the
patellar hgament upon the tial tuberosity, 1t thercfore shares waith
these others the function of extension at the knee It 15 the only member
of the quadriceps group that passes across the hip jont, and 1s a flexor
at this jomnt

The other three heads of the quadriceps muscle are the vastus
medialis, the vastus laterahs, and the vastus intermedius, usually
separable only with difficulty throughout much of their course The
vastus medialis seems to cover much of the medial surface of the
femur but 15 actually Lept away from contoct wath the femur here
by the vastus mtermediis The vastus medialis anises chiefly from the
medial lip of the lmea asperi—that 1s, from the posterior aspect of
the femur The vastus lateralis has a shght attachment on the ante
rior surface of the femur above the ongin of the vastus ntermedius
but agam arises primanly from the posterior aspect of the femur, along
the lateral Lip of the hinea aspera The vastus intermedius covers most
of the anterior, medial and lateral surfaces of the body of the femur
and has an extensive ongm from this bone

All three vasti muscles umte with the rectus femons mserting
upon the patella through which their pull 1s transferred 1o the patellar
hgament and then to the tihia The patella not only provides an
ex::urmg s}l]lrface d’(0 withstand the friction that would othervase be
et B e, 1 o e
from the axs of wmonon Smcz o r1 ng, 31 olding the tendon away
iy et ne o o 1s additional leverage becomes increas

g becomes more nearly extended, excision of

the patella 1s sud to mterfere with efficient complete extension of the
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leg All four heads of the quadriceps are extensors of the knee, and
the muscle as a whole forms the chief extensor at the knee The last 15
degrees of extension are due chiefly to the three vast Each head of
the muscle receives one or more branches from the femoral nerve

Under cover of the lower part of the vastus mtermedius a group
of muscle fibers arises from the front of the femur and nserts mto
the upper part of the synovial membrane of the knee jomnt These
fibers form the articularis genu, which 1s mnervated by the nerve to
the vastus mntermedius, and draws the synovial membrane upward
as the leg 1s extended

The iliopsoas muscle conststs actually of two muscles, the psoas
major and the thacus, but they blend as they go to a common insertion
and they have a common action The psoas mayor arises withm the
abdomen from the anterolateral aspect of the lumbar vertebrae and
from thesr transverse processes At its origm 1t has imbedded m 1t the
roots and branches of the lumbar plexus ‘The muscle descends, passmg
stmultaneously somewhat laterally, and leaves the ahdomen behind the
mgumal hgament to attamn the anterior aspect of the thigh As 1t does
sa 1t 15 jomed by the 1hacus, and the conjomed muscle runs posterzorly
around the medial aspect of the thigh to an msertion on and below
the lesser trochanter The ihopsoas passes across the front of the p
jomt, and m this position a bursa usually mtervenes between the
muscle and the capsule of the up In approximately 15 per cent of
adults this bursa communicates with the lup jont

The thacus muscle, hile the psoas, arises watlun the abdomen, but
from the mner surface of the 1um rather than from the vertebral
column The muscle makes its exit behind the ingumal higament m
close association with the psoas major and runs with this to an attach
ment on the lesser trochanter Both psoas major and thacus muscles
are mnervated by branches from the femoral nerve, most of these
entering the muscle above the mguimal ligament, the psoas major alse
recewves direct branches from the lumbar plexus These muscles form
a part of the floor of the femoral triangle, and the femoral nerve enters
the thigh mn the groove that marks their junction The femoral vessels
lie more medially, separated from the nerve by fascia that covers the
muscles

The 1hopsoas muscle 15 a powerful flexor at the hup and, acting upon
the free mb, may incidentally very shghtly rotate the femur exter
nally, and shghtly adduct it

Taking thex fixed pomts from below, the two ihopsoas muscles
flex. the trunk on the up as m sitting up m bed, and are essential
to this movement In so dong, their pull upon the anterior portion
of the lumbar vertebral column results first i an mncrease m the
normal lumbar curvature, thus producing Jordosis or hyperextension
m the lumbar region In the erect posture the pull of the 1liopsoas
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muscles upon the lumbar column may md i flexion of the trunk
agnnst resistance

Associated with the psoas mayjor, lying on 1ts ventral surface, there
may be 1 smnll muscle known as the psoas minor This anses from
the anterolateral surfaces of only two or three vertebrae, usually the
twelfth thoracic and the first lumbar, and ends m a long flat tendon
that 1nscrts on the superor ramus of the pubis It assists an upward
rotation of the pelsis, but 15, of course, not really a muscle of the thugh

Medinl to the 1hopsoas 1s the peclineus muscle, sometumnes regarded
as a member of the anterior group and sometimes as one of the adductor
group It anses from the supenor ramus of the pubis and 1nserts on
the femur just below the lesser trochanter It 1s a better flexor of the
thugh than 1t 15 an adductor Although 1t 15 usually mnnervated by the
femoral nenve, as are the other anterior muscles, 1t may be innervated
m part or entirely by the obturator nerve, and 1s rather regularly
mnervated by the accessory obturator nerve when that 1s present

The Adductor Group of Muscles

The adductor muscles (figs 94 and 95) form an anteromedial group
and are primanly adductors, flexors, and rotators at the lup joint
As just noted, the pectineus 1s sometimes mcluded with this group,
since 1t hies somewhat between the antertor and anteromed:ial groups,
and 15 sometmes supplied by the obturator nerve, the nerve of the
adductor group The more superficial adductor muscles are the adductor
longus and the graciis, the deeper ones the adductor brevis, the
adductor magnus, and the obturator externus

The adductor longus muscle arises from the pubic tubercle and
mserts on the linea aspera between the attachments of the vastus
medialis and the adductor magnus to this hne It 1s both an adductor
and a flexor of the thigh, and tends also to rotate externally as 1t acts
It 15 supphed by the anterior branch of the obturator nerve

Heavy fascia between the adductor muscles and the vastus mediahs
forms a canal here deep to the sartorius muscle and m front of all
the adductor muscles—this 15 called the adductor canal The femoral
vessels plus some branches of the femoral nerve pass downward 1n
this canal, therefore across the adductor longus close to ats msertion,
contmung downward from a sumlar position on the pectineus anri
adductor brevis, and thereafter lying on the adductor magnus (fig 96,
P 258) A large branch of the femoral artery, accompanied by a corres’
ponding vem, passes downward behuind the adductor longus and 1s
the deep femoral (profunda femoris) artery

The gracilis 15 a thmn, straplike muscle on the medial surface of
the thigh, extending from the inferior ramus of the pubis and the
ramus of the 1schium to an insertion on the medial surface of the
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Figure 95 Deeper muscles of the anterior and medial aspects of the thigh after
removal of the more superficial muscles

upper end of the tibia close to the msertion of the sartorius and that
of a posterior muscle of the thigh (semutendinosus, p 271) It s a
good adductor of the thigh, and a flexor of the leg When the knee 15
bent 1t helps to rotate the leg medially It Lke the preceding muscle,
15 supplied by the anterior branch of the obturator nerve

The adductor brevis muscle lies under cover of the pectineus and
the adductor longus It arises from the body and the mferior ramus
of the pubis and 15 mserted on the lower part of the lme between
the lesser trochanter and the linea aspera, and mto the upper portion
of the linea aspera It 1s a flexor, adductor, and external rotator at
the hup jomnt and 15 supplied by the obturator nerve, sometimes by
the anterzor branch of this nerve and sometimes by the postertor The
anterior branch of the obturator nerve runs in front of the muscle,
the postersor branch behind 1t Both the femoral and the deep femoral
vessels run 1n front of 1t
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The adductor magnus muscle 1s by far the largest muscle of the
adductor group It anses from the wferior ramus of the pubns, from the
ramus of the 1schium, and from the 1sclul tuberosity Its upper fibers
run almost fiorizontally 10 msert upon the Iinen aspera winle 1ts Jower
fhers run almost strught downward from the ichinl tuberosity to
the adductor tubercle at the lower medial end of the linea aspera, the
miersemng fibers spread out 1n a fan shaped manner to insert between
the upper and lower fibers along almost the whole Iength of the linca
asper1 The adductor magnus has a double mnervation, the antersor
and more oblique fibers being mnervated by the postenior branch of
the obturator nene winle the straghter, more posterior, fibers are
mnervated by the sciatic nerve The fibers mnervated by the obturator
nerve assist the other ndductors m adduction, flexion, and lateral
rotation of the thigh The fibers runmng from the 1schial tuberosity
to the adductor tubercle, ind mnenvated by the sciatic nerve, work
with the hamstrings 1n extension of the thigh and At the same tume
produce medial rotaton In action and i nnervation, therefore, the
adductor magnus 1s composed of two clements, an adductor portion
and a hamstring portion

A lnttle above the adductor tubercle the adductor magnus presents
i 1ts tendon a gap, the adductor matus Through this hatus the
femoral vessels, ymng on the muscle’s anterior surface, pass to the back
of the thigh and leg where they are then called popliteal vessels

The obturator externus lies deeply 1 the thigh, behind the pectineus
and the upper ends of the three muscles named adductor It arses from
the outer surface of the pelwis, around the obturator foramen, and
from the obturator membrane that almost fills that foramen From
this cxrcular onigin the muscle tapers and runs laterally and postenorly,
so that 1t has somewhat the form of a ymsshapen 1ce cream cone It
passes just below and then upward belund the hip jomt to be nserted
mto the medial side of the greater trochanter (trochanteric fossa)
where 1t can be seen 1n a postertor dissection of the b (p 268) Tt 1s
innervated by a branch of the obturator nerve given off before this
nerve enters the thigh The anterior branch of the obturator nerve runs
anterior to the muscle as the nerve emerges from the obturator canal by
which st leaves the pelvis, while the postertor branch runs through
the muscle The obturator artery largely ends 1n the muscle

Anteromedial Nerves and Vessels

The femoral nerve artery and vemn in that order from lateral to
medial sides pass belhind the inguinal hgament 1o he mn the femoral
trangle The femoral nerve enters the thigh on the anterior surface
ot the ihopsoas muscle, 1 the same fascial compartment with that

muscle, but the femoral artery and vemn enter m a separate, more
s
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Figure 96 The feroral artery and nerve iz the thigh Many of the branches of the
merve have been removed

medial, compartment, and as they do so bring down with them a funnel
shaped contnvation of the fascta lumg the abdomen This fascia
surrounchng the vessels 1s the femoral sheath It contams three com
partments, a lateral one for the artery a rmddle one for the vemn, and
a medal one, empty except for a litle loose connective tissue and a
lymph node or two, which 1s the femoral canal Since the femoral
canal represents a part of the diverticulum from the abdommal fascra
1t 15 open above and perstoneum and viscera may descend mto it
and enter the thugh as a femoral herma

A short distance below the mgumnal hgament the femoral nerve
breaks up (fig 96) mnto muscular and cutancouns branches that are
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distributed 1o the quadriceps, sartorms, and pectineus muscles, and
to the shin of the anteror surface of the thigh One long cutancous
branch, the saphenous merve, runs desply m the thigh (with the
femoral vessels) but becomes subcutancous just above the knee and 1s
distnibuted 10 shin of the medial surface of the knee and leg and the
medil border of the foot as far as the base of the big toe
Just below the ingumnl ligament the femoral artery (also fig 96)
gnes off small branches to the lower part of the abdomen, and soon
thereafter at least one large branch, the profunda femoris (deep
femornl) artery Cloce to ats origm the profunda femons gives off two
branches, the medial and lateral femoral circumflex arteres, which
encircle the imb to anastomose with ench other and with other vessels
1 the upper postenor part of the thigh Tither or both of the crrcum
flex arteries may anse from the femoral artery above the profunda
instead of from the latter vessel The profunda femoris runs downward
on the front of the pectineus, adductor brewis, and adductor magnus
muscles, 1n that order, and belund the adductor longus, to give off
a senes of branches (usually four) that perforate the tendons of the
adductor hrevis and magnus close to the femur and supply the muscu
lature on the back of the thigh
After miving off 1ts deep femoral branch the femoral artery con
tinues down the anteromedial aspect of the thigh between the quadn
ceps and adductor group of muscles, lying in the adductor canal formed
by these muscles and fascia between them At the lower end of the
adductor canal the femoral artery passes through the large gap, adduc
tor hiatus, 1n the msertion of the adductor magnus, and thus attans
the posterior aspect of the lower part of the thigh Here 1t 15 known as
the popliteal artery This 1s described on p 304
The tnbutaries of the femoral vemn and their names correspond to
the branches of the femoral artery The one exception 1s the greater
saphenous vein (pp 248 and 298) to which there 15 no corresponding
artery
The obturator nerve a branch of the lumbar plexus, passes through
the obturator foramen and thus appears deeply within the adductor
group of muscles (fig 95) As 1t enters the thigh 1t divides mto anterior
and postertor branches, between them these branches supply the
muscles of the adductor group, with the excepton of the posterior
portion of the adductor magnus The nerve also supplies a limted
amount of skin on the medial aspect of the tlngh, gives one or more
branches to the lp jomt, and continues along the femoral artery to
E’“? twigs to the knee joint Section of the obturator nerve 1s sometimes
[s):;frmed for the alleviation of pamn from the hip Even when the
on 15 combimed with cutting the nerve to the pasterior part of the
capsule (the nerve to the quadratus femons and nferor gemellus)
complete denervation of the jomnt 18 not attamed, for the femoral nené
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Figure 97 Distrsbution of the femoral nerve

also supphes this jomt The obturator artery wath its accompanying
vem, emerges through the foramen with the obturator nerve but sup
phes chuefly structures ymmediately about the obturator membrane,
therefore primarily the obturator externus muscle and the bone adja
cent to the foramen It also gxves off a branch that enters the acetab
ulum to supply tissue here and contiue through the hgament of the
head of the femur 1o help supply that head

Review of the Thigh

The bony andmarks of the anterior part of the thigh are the anterior
supenior shac spue the pubis and the pulnc tubercle the greater
srochanter, the patella, and the epicondy les of the femur all of wich
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are easily Jocated and most of which have previously been studied
A little below the hnee on the sharp antenor border of the tibia, the
tibial tuberosity 15 esily felt Above at are the expanded tibinl condyles
Just below the Interal abinl condyle the head of the fibula 1s subeu
tncous

Of the muscles the quadriceps as a whole 15 eanly 1dentified on the
frant of the thugh and traced to the patella  The ptellar higament can
also be traced between the patella and the tibal tuberosity The upper
end of the rectus femons 1s the only ecasily 1dentified part of the quad
riceps group, 1t cn be traced upward if thugh and leg are raed, with
the leg extended, winle n a sittng posinon The sharp upper border
of the sartorius cn also be identified, and traced toward the antersor
superior spine, this 1s easiest if, from a situng position, the thigh 1s
sharply flesed so as to hit the foot from the floor, and at the same time
Iaterally rotated

The adductor muscles can be felt 1o contract when the thughs are
forcefully adducted The most easily 1dentified member of this group
15 the adductor longus, whose strong tendon of origin can be traced to
the pulas The gracilis 1s dufficult to recogmze close to 1ts msertion be
cause 1ts flat tendon 15 closely apphed on the medial side of the knee
1o the tendon of a posterior muscle of the thigh (sermmembranosus)
However when the gracibis 1s contracted its sharp posterior border can
be palpated 1n about the middle of the thigh with hittle difficulty The
anteromedial muscles of the thigh and their ynnervation are summar-
1zed tn Table 6

Of the vessels the pulse of the femoral artery can be felt in the
femoral tnangle a hittle below the ingumnal hgament Parts of the
greater saphenous vemn may be visible through the shmm The deep

Table 8 Anferomedial Nerves ond Muscles of the Thagh

Nerve and Muscle
Origm*  Name Segmental Chief action(s)
mnervation®
L2-14 Tiopsoas L2-L4 Flexion at hup
Femoral  Sartorius L2 3 Flexion and rotanon at fup and k
nee
L2-14 Quadriceps L2-14 Extension at knee P
Articularis genu 13 4 Pullssynovial membrane of knee joint
upward
Pectineus 123 Flexion and adduction at hip
Obtusator  Pectineus (sometimes) 123 Flexion and add
uction at by,
L2-14 Adductor fongus 12 3 Adduction and flexion at hxg
Adductor brevis L3 4 Adduction and flexion at hip
Gracilis L3 4 Adducnon at hip flexion at knee
Adductor magnus L3 4 Adduction and flexion at hip
{ant part)

3
dA common segn:emal origin or 1nneriation The composition of both the chief nerves
and their ular hes vanes among persons
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Figure 98 Distribution of the obturator nerve

femoral artery and most of the femoral artery he too deep to be recog
mzable The fact that 1t hies mn the adductor canal should, however,
make 1t easy to visualize the course of the femoral artery

Nether of the two large anterior nerves of the thigh 1s distinetly
palpable—the femoral because it breahs up mto branches in the upper
part of the femoral triangle, and the obturator because 1t hes too deep
The distributions of the femoral and obturator nerves are shown di
gramumatically 1 figures 97 and 98
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Buttock and
Pogterior Thigh

The Sacral Plexus

The sacral plexus supplies the musculature of the buttock, and gives
rise to the large saatic (1schiadic) nerve that runs through the buttock
to supply the postersor muscles of the thigh and all the muscles below
the knee It 1s difficult to study 1n the laboratory, for i1t les deeply,
partly within and partly outside the pelvis, and passes through the
greater sciatic foramen as 1t 1s being formed Its method of formation
can be seen from withm the pelvis, where the nerve trunks contribu
ting to it lie on the anterior surface of the sacrum An even better
concept of 1t and 1ts branches may be obtamed by approachmng 1t from
the postertor aspect This can be done by removing a lateral portion of
the sacrum and the adjacent portion of the ilm after the dissection
of the buttock 1s completed A diagram of the plexus as viewed from
behund 15 shown m figure 99, an anterior view of it and the lumbar
plexus together 1s shown m figure 93, page 250

The sacral plexus 1s typically formed by the umon of a part of the

263
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Figure 99 Dragram of the sacral plexus from belund The anterior elernents of the
plexus are shaded the postersor shovn m outlme only

fourth lumbar nerve with all of the ventral ramus of the fifth lumbar,
1o form a lumbosacral trunk and by the umon of this trunk with the
ventral ram of the first three or four sacral nerves Antenior branches
from abmost all these ventral ram that 1s LA, 15, 81, 52 and 83
usually umite to form the tibial nerve the antersor component of the
sciatic nerve Posterior branches of the Jumbosacral trunk and of the
first 1wo sacral nerves unite to form the postenor component of the
sciatic, the common peroneal nerve These two parts of the sciatic
nerve regularly he m a common connective issue cheath n the thigh,
the tibial nerve lymng more medially and the peroneal more laterally,
and form a smgle large nerve untl they separate from each other &
httle above the knee Occasionally they are separate from thewr ongm
at the plexus bt in any case 1t 1s usually not difficult m the digsecting
yoom to separate the two parts of the sciatic nerve at thewr onigen

Other branches from the posterior part of the sacral plexus mclude
the supenior gluteal nerve denved from the Jumbosacral trunk and
the first sacral nexve the mferior gluteal nerve derived from the hum
bosacral trunh and the first and second sacral nerves, one af more
twigs to the puformus muscle (not shown m figure 99 but derived
from the first and second sacral merves or ether as they he on the
muscle withm the pelvic cavity ), and a part of the posterior femoral
cutaneous nerve Branches from the antersor part of the plexus alse
contribute to the posteror femoral cutaneous nerve and this nerve
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derried from S1, S2 and §3, lies at the boundary between original dorsal
and ventral surfaces of the thigh (now, because of the twisting that
the limb hias undergone, the posterior midhine of the thigh—the onginal
dors1l or posterior surface 1s lateral to this, the ongmnl ventral or
anterior one 1s medinl) The antertor parts of the lumbosacral trunk and
of the first two sicral nerves also give nise 10 the nerves to the small
external rotator museles of the buttock Finally, anterior portions of
the second nd third sicral nerves umte with a part of the fourth
sacr1l nere to form the pudendal nerve, the lowest branch of the
s1cral plexus This 15 distributed to the area (pudendal region) be
tween the thighs—that 1s, to the anal and gemtal regions If 2 very
large contnuation from the fourth lumbar nerve enters the sacral
plesus the contribution of the fourth sicral to the pudendal nerve 1s
often reduced or laching, m other cases, a part of the fourth sacral
nerse may contribute to the tibal nerve

Superficial Nerves and Vessels of Buttock Fascia

The subcutaneous tissue of the butteck 1s thick, for at 15 a favored
area for the deposition of fat The cutineous nerves may therefore be
dafficuit to {ind

Dorsal branches of the first three lumbar nerves pierce the fascia
of the back close together, just ahove the posterior part of the iliac
crest, to run downward over the buttock and help supply sk of this
area Smaller dorsal branches from the first three sacral nerves appear
closer to the midline over the sacrum and spread laterally The pos
terior femoral cutaneous nerve as it runs down the posterior aspect
of the thigh gives off recurrent branches that turn upward to supply
skin of the buttock There are no superficial vessels of any 1mportance

The gluteus maximus, the most superficial muscle of the buttock, 1s
enclosed 1n a strong fasaia of which the deeper layer, between 1t and
underlying muscles, 15 especially well developed The fascia ahout the
gluteus maximus 1s continuous with the heavy deep fasaia of the thigh,
the fasaia lata, and much of the gluteus maximus 1s mserted nto this
fascia The antenior part of the gluteus medius, where 1t 15 not covered
by the maximus, 15 provided with a tendmmous fascia from which some

<11£ the muscle fibers take ongm, thus also 15 continuous with the fascia
ata

Muscles

The musculature of the buttocks 1s shown 1n figure 100 Most super
fictal and covermg the other muscles of this region, 1s the gluteus
maamus a large, coarse quadrangulyr muscle It anses from the
sicrum, the dorsal sacrohac higament, a small area of the 1lum 1n



268 The Lower Limb

— <<~ Hhae crest
Gluteus maximws _{j{/ﬁﬁ? W’/ (///
Gluteus smedius— - ”“ [ . Fasais over
Wi, . aloteus
Gluteus mummus— »-( 'T’ - =" medis
i =N
=2
Supenor gluteal 1~ “ . i \\’\ }
, g i N \\‘\\\\
wiformig—=~m -] e als ST
infenor gluteal n — 4. + J \\ ¥ \J‘\\ Gr’nwéi?;m
Pudendal n == ==t
Obturator iterpys ) ‘\\ \\\E
and gemeth SN | N
Chiturator externug~— -xwm
urator externus o \\ N
Quadratus femons Addudior
fschial tberosity~~ !
Gluteus maximus—

97

|
| -~thatibral tract
SCOHE A e e e L ¥

=R Hamstrings

Frgure 100 “The musculature of the buttocks On the left side the space between
the wferior gemellus and quadratus femons 1s evaggerated so that the insertson of the
obturator evternus can be shown

the remon of the posterior superior thac spime, and the sacrotuberous
hgament The upper half of the muscle 1s mserted entwrely mto the
strong lateral portion of the fascia lata, the ibotibial tract (also called
thotbial band) The fibers of the lower half of the muscle divide at
ther msertion, approximately half of them mserting mto the thotibual
tract vhile the remmmng deeper, ones msert upon the upper lateral
extension from the lmea aspera, the gluteal tuberosity Where the
tendon of the muscle passes over the greater irochanter there 15 8
bursa between the two The gluteus maximus receives an independent
nerve, the mfenor gluteal nerve, from the sacral plevus, this leaves
the pelvis below the pirformus muscle, and close to the lateral edge
of the sacrotuberous Iigament, where 1t 15 accompamed by the infersor
gluteal artery and vem {fig 101, p 269) The muscle 15 an smportant
extensor of the hp bemng employed especially mn straghtenmng up
from a bending position, in walking up stairs and m other movements
that require powerful extension at the hip jomt It 15 also an external
rotator and, i the extended positon of the hmb, an adductor of the
thigh When the thigh 1s flexed however its lower portion axds 1
abduction Because of its extensive wsertion nto the iliotibal tract
and the attichment of the latter to the femur by an mtermuscular
septum, the gluteus maximus attams much greater leverage than
can be obtammed through 1its insertion on the gluteal tuberosity

After the gluteus mawanus 15 reflected, most of the muscles of the
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buttoch, and the nerves and vessels 1o or passing through the buttock,
can be seen The posterior part of the gluteus medius lies under cover
of the ghutews masamus, but the anterior part projects n front of this
muscle The gluteus medius arises from an extensive area on the lateral
surface of the wing of the jlum, including much of the upper and
postenior parts of this surface Because of the convexity of the ihum,
parts of the muscle act across the front of the hup jont as well as
laterally and posteriorly The muscle inserts on the greater trochanter
and 15 supphed by the superior gluteal nerve and vessels, which leave
the pelvis above the upper border of the pinforrms muscle and turn
upwrd and Iaterally to run deep to the gluteus medius

Under cover of the gluteus medius 15 the gluteus minimus ansmg
from the lower part of the lateral surface of the wing of the ahum
and mserting on the greater trochanter This muscle also 1s supphed
by the superior gluteal nerve and vessels as they run between it and
the overlying gluteus medius One branch of the superior gluteal nerve
passes forward to supply the tenser fascige lalae an 1nternal rotator,
abductor and flexor of the hip that 15 a member of the gluteal group
but can best be studied on the front of the thigh (see p 252)

The gluteus medius and the gluteus mimmus have not only the
sarae nerve and blood supply but also the same actions, n their shape
and 1n their actions they somewhat resemble the deltoid muscle 1
the shoulder The lateral fibers of both gluter abduct the femur, the
main function of the muscles, the anterior fibers internally rotate the
femur and assist m fleang 1t, while the posterior fibers externally
rotate and extend 1t In contrast to the deltod, however, none of the
fibers can aid 1n adduction since no part of these muscles passes below
the axis of movement for adduction abduction

Below the postero inferior edge of the gluteus medius 15 a series of
small muscles The pirformis (pear shaped) muscle, the upper one
of these anses from the anterior surface of the sacrum and passes
to an mnsertion on the mner surface of the upper part of the greater
trochanter The muscle largely fills the greater sciatic foramen as 1t
passes from onigin to mserion Above and below this muscle emerge
the unportant branches of the sacral plexus and the branches of the
internal 1hac artery (the artery to the pelvis, p 383) that leave the
pelvis through the greater sciatic foramen The piiformus 1s supplied
by one or two small branches from the ventral ram: of the second or
first and second sacral nerves, which enter 1ts pelvic surface and are
therefore not visible from the buttock It 15 a lateral rotator of the
thigh, but when the thigh 1s flexed 1t becomes an abductar

Below the pinformis 1s the tendon of the obturator mternus asso
tated with two small muscles on its upper and lower borders, the
superior and infertor gemell: The obturator mternus arises on the
inner surface of the peluis, both from the obturator membrane and
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the edges of the obturator forimen The muscle passes postertorly to
round the Jesser sciatic notch and largely fills the lesser sciatic foramen,
becoming tendmous on 1ts deep surface at this point and bemng pro
vided with a bursa to allow free movement over the bone of the notch
The tendon receives the attachments of the two gemell: and passes to
an msertion just above the trochanteric fossa

The superior and inferior gemelli are small muscles accessory to
the obturator mternus, and one or both may be lacking The superior
gemellus arises from the ischial spine to insert on the upper border
of the obturator mternus tendon, while the mferior gemellus arises
from the 1schial tuberosity and mserts on the lower border of this
tendon The superior gemellus and obturator mternus are supphed by
the same nerve, a branch of the sacral plexus It runs across the super
fical surface of the gemellus, lateral to the pudendal nerve and vessels,
and like these disappears mto the lesser sciatic foramen on the surface
of the obturator mternus The mferior gemellus 1s supphed by the
nerve to the quadratus femors, also from the sacral plexus, 1t runs
deep to all the small muscles below the pirzformus, 1ganst the postertor
surface of the capsule of the hip joint The obturator nternus 15 a
lateral rotator of the thigh, when the thugh 1s flexed 1t like the pin1
fornus, may act as an abductor The gemell: obviously have smmlar
actions

The quadratus femons 1s a small quadrangular muscle extending
transversely from the 1schial tuberosity to the postersor side of the
femur just below the lesser trochanter Its nerve supply 1s i common
with that of the mferior gemellus It 15 an external rotator of the thigh
and also, becanse of 1ts position below the head of the femur, an ad
ductor

The obturator externus 1s an anteromedial muscle of the thigh, and
1s therefore described on page 257 with other muscles of 1ts group
However, 1ts msertion 1s visible only from the buttock, and should
therefore be mentioned now It passes backward just below the hip
jomt and then upward and laterally across the posterior aspect of the
jomnt, deep to the quadratus femoris, to msert mto the trochanteric
fossa immediately below the msertion of the obturater internus

In addition to these muscles of the buttock the origms of the ham
string muscles from the 1schial tuberosity can also be noted at this
time While the hamstring muscles constitute the posterzor musculature
of the thugh and have an important action on the knee, they also act
as extensors at the hip jomt where they cooperate with the gluteus
maximus

Nerves and Vessels

The nerves and vessels 1t the buttock all emerge through the greater
sciatic foramen, therefore 1 close contact with the prforms muscle
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(fig 101) Only the superior glutea] nerve and veséels normnlly pass
above the pinformis however and all the remmning ones whether
they end n the buttock or merely pass through at typieally first appear
at the lower border of the pinforme

The inferior gluteal nerve emerges through the greater scatic fora
men below the pirifforms muscle, i company with the infersor gluteal
vessels, and passes directly into the gluteus maamus The larger
branches of the imnferior glutenl vessels are also distmibuted to the
gluteus maumus but there are twigs to the adjacent small muscles of
the buttock and the upper ends of the hamstring muscles (p 271), and
the artery gives off a branch to the posterior surface of the sciatic nerve

The supernior gluteal nerve emerges through the greater sciatic
foramen above the pinformis muscle, m company with the superior
gluteal vessels, and runs laterally between the gluteus medws and
mummus supplying both and bemg continued beyond these muscles
to supply the tensor fasciae Iatre The supenor gluteal vesscls are
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largely distributed with the nerve, but the artery sends a superficial
branch between the pinformis and the gluteus medus to the upper
part of the gluteus maximus

The nerve to the piriformus enters the pelvic surface of the muscle
and 1s dufficult to demonstrate 1n a postertor dissection

The nerve to the obturator internus and superior gemellus emerges
from the greater sciatic foramen beneath the pirformus muscle close
to the 1schial spine and turns around this spine to supply a branch to
the superior gemellus It then enters the lesser sciatic foramen to
run on the permeal (internal) surface of the obturator internus Medial
to the nerve to the obturator internus and also passing around the 1schial
spime from the greater mto the lesser sciatic foramen 1s the pudendal
nerve to the perineal or pudendal region (the region of the anus
and of the external gemtals), and medial to the nerve are the
mternal pudendal vessels These have no distribution to the buttock
but sumply pass through it

The nerve to the inferior gemellus and the quadratus femons usu
ally arises from the sacral plexus as the man elements converge o
form the sciatic nerve It runs deep to the two gemell and the obturator
nternus to enter the deep surface of the quadratus femoris, having
previously given off a branch to the mferior gemellus This nerve
supplies also the posterior aspect of the lip jomnt, and 1s sometunes
sectioned, with the obturator nerve to the front of the hup jownt, 1n
pamful affections of the hup

The two remammg nerves appearing 1n the buttock are the poste
nior femoral cutaneous and the scratic The large sciatic nerve appears
below the lower edge of the piriforrms muscle, thus makmg its exit
from the greater sciatic foramen, and runs down the thigh It gives off
no branches to the buttock Occasionally the sciatic nerve 1s spht at
thus level wto 1ts twa component parts, the tibtal nerve and the common
peroneal nerve, sometimes when this occurs the common peroneal
portion of the nerve may emerge through the piformus mstead of
beneath 1ts lower edge, rarely, the entire nerve passes through the
piniformis The abnormal relation of the nerve to the pirformis muscle
has been held responsible for some cases of sciatic pamn, the concept
being that a spastic pinnformis muscle may so squeeze the nerve as to
produce pamn over 1ts distribution

The small postertor femoral cutaneous nerve runs almost exactly
posterior to the sciatic, giving off recurrent branches to the shin of the
buttock and then passing down the posterior surface of the thugh just
deep to the deep fascia (fascia lata) to supply skin there

Movements of the Bony Pelvis

The muscles that rotate and tilt the bony pelvis form a hetero
geneous group, none of them are, strictly speaking, muscles of the
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pelvis Downward rotation of the pelvis 15 assisted especially by the
anterior thigh muscles attaching to the front of the pelws, and 15
a concomtant of any increase m the lumbar curvature This latter
¢ be brought about by the psors muscles which, taking their fixed
pomts from below, can pull upon the front of the lumbar vertebral
column More commonly 1t 1s brought about by gravity and by relax
ation of the anterolateral abdominal muscles Upward rotation of the
pelvis 1s brought about both by the downward pull of the extensor
muscles at the lp—especally the hamstrings—and by the upward
pull on the pubis of the anterolaternl musculature of the abdominal
wall, espeaially the rectus abdormms (fig 155, p 374) Lateral rota
tion of the pelvis and trunk as a whole upon one femoral head, as in
walling, 15 brought about mostly by certain of the rotators of the
thugh, assisted also by the anterolateral abdormnal muscles

Lateral tilting of the pelvis tends to occur when the weight 1s put
upon one leg, and 1s opposed by the passine chechang action of the
fascin lata, particularly the iliotibial tract, and by the active contrac
tion of the gluteus medius and mimmus, probably assisted shghtly
by the tensor fasciae latac Apparently, 1f the unsupported side of
the pelvis sags more than about 15 degrees from the horzontal the
fascia lata alone will assume the support of the pelwis, if the unsup
ported side 1s raised more than 15 degrees above the horizontal, the
abductors alone support the pelwis, between these two extremes, mus-
cles and fascia coaperate

Postertor Muscles of the Thigh

The three muscles of the posterior aspect of the thugh (fig 102) ave
known as the hamstning muscles, and consist of the semitendinosus, the
serimembranosus  and the biceps femoris The strmght portion of
the adductor magnus, running from the 1schial tuberosity to the adductor
tubercle, functions with these hamstrings (sec the previous chapter)
and has been regarded as the remains of a muscle that once contmued
across the knee joint

The semitendinosus muscle arises from the sschial tuberosity, where
it 1s mntimately blended with the long head of the biceps Dnverging
from this, it passes down on the medial side of the posterior aspect
of the thigh and behind the knee joint, then curves forward and mserts
an the medial side of the titaal tuberosity 1n association with the
msertions of the gracilis and sartorius muscles A bursa intervenes
between the tendons of inserhion of the sermitendmosus and gracihs
muscles, on the one hand, and the overlying tendon of wnsertion of the
sartorius It also extends (or there 15 a separate bursa) between the
two first mentioned tendons and the tibial collateral Lgament The
assoctated tendons of msertion of these three muscles are sometimes
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Figure 102 The posterior muscles of the thigh

referred 1o as the pes anserinus, and the bursa 1s accordmgly named
the ansermne bursa

The serumembranosus anses from the lateral aspect of the 1schnl
tuberosity and crosses deep (anterior) to the sexmtendinosus and leng
head of the biceps The long, vade tendon of origin of the semumemn
pranosus, from which the muscle dernves sts name gves rse t0 2
muscular belly which at the knee 1s succeeded by a thick rounded
tendon that passes on the posteromedial side of the hnee to be mnserted
an the posteromedial side of the medial tibial condsle At the Lnee
the sermmembranosus tendon has a bursa between 1t and the jomnt
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capsule The tendon of msertion of the semmembranosus gives off a
heavy band that runs obhquely upward and laterally, blending wath
the postertor capsule of the hnee jomt, to form the obhique pophteal
higament (p 24)

The biceps femorls has 1ts long head of ongn from the ischial
tuberosty 1 common with the samtendimosus, this head 15 jomed
4hove the hnee by the <hort head swhich anses from the linea aspera
on the postersor aspect of the femur The tendon denved from the
umon of the two heads runs on the posteralateral nspect of the hnee
jot to attach to the head of the fibula

All three hamstring mwccles give off about the hnee expansions to
the fascia of the leg Smmularly all three hamstrings are good extensors
and very weak adductors of the tlugh and good flexors of the leg
Thew length 1s such that they can with difficulty be stretched over
both jomnts dunng comhmed flevion at the hp and extension at the
knee, they therefore act passriely to check such movements as high
lacking or bending over to touch the floor with the hnees straight The
short head of the biceps does nat, of course, participate 1n extension at
the op In addmon to these actions, the dinosus and
branosus serve as nternal rotators at the hip, and as wternal rotators
of the leg at the hnee when the knee 15 flexed The long head of the
biceps acts as a lateral rotator of the thigh, both heads externally rotate
the leg when the knee 15 flexed, and both help to flex the knee Hoyv-
ever, the long head 1s smd to participate m only the early part of
flexaon, and to relax as the leg becomes sermflexed

Each of these three muscles 1s supplied by branches (usually mults-
ple) of the sciatic nerve, when, as somettmes occurs, the sciatic nerve
15 thvaded mto 1ts tibial and common peroneal components at a level
higher than normal, it can be seen that the semtendmosus, the sem
membranosus and the long head of the biceps are supphed from the
tibial portion of the sciatic, while the short head of the biceps 1s sup
phed by the common peroneal portion Mast of the branches of the
sciatic nerve in the thigh thus arise from the medial, or tibial, portion
of the sciatic nerve, and course medially The surgeon takes advantage
of thus fact 1w s operative approach to the postersor aspect of the
thigh as he knows that the lateral side of the sciatic nerve 15 the
side of relatie safety
aslin‘s“l;z;s1 ;:Sl:"lead{ beenhnoted, the addtf:clor magnus can be considered
e nmes ram the standpont of actions and mnervations The

y runnmng portion of the adductor magnus 15 mnervated from
the obturator nerve and belongs functionally with the adductor grou)
of muscles The strarghter portion of the adductor magnus arises fmnxi
the 1schual tuberosity m common with the other hamstrings and 1s
mmervated from the tibial portion of the sciatic nerve
muscles While this portion of the adductor ma '

as are these
gnus mserts on the
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adductor tubercle and therefore cannot exert an action across the
knee, 1t functions wth the hamstrings m extension at the hup

Posterior Nerves and Vessels

The sciatic nerve 1s the sole posterior deep nerve of the thugh, al
though the posterior femoral cutaneous nerve runs for much of 1ts
course deep to the fascia lata The sciatic nerve enters the thigh by
passing just lateral to the 1schial tuberosity, and runs straight down
ward 1n about the rmdlme to 1ts division mto commen peroneal and
tibial branches 1 the pophteal fossa (fig 103) Besides its termmal
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branches, 1ts branches 1n the thigh are to the hamstring muscles These
anse m vanable patterns, but the tibinl side of the nerve gives off one
or more branches nto the long head of the ceps and into the serm
membranosus, the senutendinosus, and the postersor part of the adductor
magnus, wlile the peroneal side gives nse only to the nerve to the
short head of the biceps

After they scparate, the tibial nerve continues the downward course
of the saiatic and disappears deep to the muscles of the calf, while the
common peroncal nerve diverges to the lateral side of the leg Both
nenves gine off cutancous branches to the leg before they leave the
thigh

Since there 15 no longitudinal artery in the posterior side of the thigh
above the popliten! fossa, the blood supply to the muscles comes largely
from the perforating branches of the deep femoral artery that come
through the adductor magnus In addition, there are twigs from the
mfenor gluteal artery and from branches of the two femoral crcum
flexes to the upper ends of the muscles, and from the lower end of the
femoral artery to their lower ends

‘The popliteal vessels the continuations of the femoral vessels below
the adductor hiatus, appear only briefly n the thugh With the vein
behind the artery, they run down through the popliteal fossa and
disappear with the tibial nerve deep to the muscles of the calf Their
branches about the knee are small ones primanly to the jomt and the
adjacent soft tissues

Review of the Buttock and Posterior Thigh

There 1s relatively little anatomy of the buttock that can be reviewed
on the hving person The crest of the 1lum 15 easily palpable, since 1t
1s subcutaneous and the abdommal muscles above 1t yield readily
to pressure It can be traced forward with no difficulty to the anterior
superior iltac spine, which 1s also promnent

The postenior superior 1hiac spine, although 1t may not be clearly
palpable, 15 located at the posterior end of the ihiac crest where thus
abuts agamst the sacrum, the permanent dimple of the shin over the
region where the crest meets the sacrum marks ats location The poste
rior inferior spime hes shightly below and anterior to 1t The sacrum
can be 1dentified between the two coxal bones The greater trochanter
1s identifiable on the lateral side of the thigh at 1ts widest part, some-
what more than a hand’s breadth below the iliac crest, and the’xschnl
tuberosity 15 most clearly felt while one 1s sitting and 1t 1s therefore
not covered by the gluteus maximus muscle

Of the muscles the gluteus maximus and medius are about the onl,
two that can be identified 1n the buttock The former can be felt é,
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contract as one straxghtens up from bendmg over, the latter as one
shufts all the weight onto that imb

In the thigh, the hamstrmgs can be felt as a umt as they anse from
the 1schial tuberosity, and at the borders of the pophteal fossa some of
their tendons can be identified The tendon on the lateral side of the
pophteal fossa 1s that of the biceps The first (most lateral) tendon
on the medial side, and the most prominent when the knee 1s forcefully
flexed, 1s that of the scrtendimosus Medial to 1t, and not projecting
so much upon flexion, 1s the broader tendon of the semumembranosus
Closely applied to the medial side of thus tendon, and distngushable
from 1t only with difficulty, 15 the thin flat tendon of the gracibs

Of the vessels and nerves none of those m the buttock can be pal
pated, and the only one m the postertor aspect of the thigh that can be
palpated 1s the pophiteal artery The pulse of even this large artery
may be difficult to obtam because of the depth at which the vesse] hes

Although none of the nerves can be clearly palpated, the courses of

Toble 7 Nerves and Muscles of Buttock and Postersor Past of Thigh

Nerve and Ausele
Origin* Name Segmental Chief action(s)
wnervation*
Superior gluteal  Gluteus medius 14-51 Abduction and mternal ratation at bip
1481 Gluteus mungmus L4-S1 ¢ “ “
Tensor fasciae L4-81 Flexion and internal rotation at hip
latae
Inferior gluteal  Gluteus maximus L5-52 Extenston and adduction at lup
L5-82
N to pitformes  Prreformus 512 External rotation at ip
s
N toobt m¢ Obturater 15-82 External rotation at hip
and sup mternus
gemel Superior 1.5-82
L5-52 gemeltus
N 1w quadr Inferior L4-51
fem andinf gemellus
gemel Quadratus L4-54
L4851 femoris
Tibnal Sermutendinosus L5-82 Extension at lup fiexion at knee
L4-82 Semy L5-82 4
membranosus
Biceps long head  L5~82
Adductor mag L4 5 Extenstan at hup
pus post part
Common Biceps short 15 St Flexton at knee
peroneal hea
14-52

* A common segmental ofigin or mmervation
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the sciatic nerve and 11s tibinl contmuation, and that of the posterior
femoral cutmeous, ¢ be fairly easily visuabzed by remembering
that the saatic nerve runs just lateral to the 1schial tuberosity and
then strught down the midline of the thugh The tibial nerve therefore
hes an the nmddle of the popliteal space The posterior femoral cuta
neous nerve lies posterior 1o the sciatic and tibial nerves, therefore
also m the postersor nudhne of the thigh

Becuee the <atic nernve has a much greater distribution to the leg
and foot than 1t does to the tingh, 1its distribution 15 1llustrated later
(figs 128 and 129, pp 316 and 317) The mnervations and actions of
the muscles of the buttoch 1nd postertor tiugh are summanzed n
Table 7



18

Movements of the

Thigh and Leg

Movements at the Hip Jomnt

The extensors at the hip jomt (fig 104) Lie m the buttock and the
posterior aspect of the thigh, and the chuef abductors are also mn the
buttoch The chuef flexors and adductors he antertorly and medsally,
while the rotators, especrally the external ones, are found both ante
riorly and postertorly

On the posterior aspect of the thigh the large gluteus maxumus,
extending as 1t does from the sacrum, the sacrotuberous hgament, and
the posterzor wing of the 1hum to the fascia lata and femur, 1s an
especially strong extensor at the hip In this action 1t 1s assisted
particular by the part of the adductor magnus arising from the 1schual
tuberosity and mnnervated by the sciatic nerve Since the hamstring
muscles attach above to the 1schial tuberosity they also are extensors
at the hup, but since they are hkewise flexors at the knee they cannot
contribute strongly to hip extension that mnvolves simultaneous exten
cion at the knee Thus the adductor magnus 1s probably the most 1m

278
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portant hip extencor unless a strong movement 1s required, m which
case the gluteus maximus contracts The more posterior fibers of the
gluteus medius and minimus may md 10 extension, as may also the
pinformis and, with decresing effectiveness as the thigh 1s extended
from the sharply fleved position, the obturator anternus It might be
noted that much of the movement of bending over to touch the floor
with the fingers 1s flexion at the lip jont rather than flexion of the
svertebral column and 1s, thercfore, brought about by the proper relaxa

tion of the eatencors at the hup as they oppose the action of gravity

Because they pass across both lnp and knee joints, the hamstrings are
subject to excess stretching when the knee 1s Lept extended as the hip
15 flexed, hence the pun belund the knee associated with floor touching
or hugh acking exercises

— o= Gluteus medius
{postenar part}

— Gluteus minimus
(posterior par)

4 — |- —Pinforms

— — Gluteus maximus

=~ — «— Sciahic part
of adductor magnus

—————— Semitendinosus
’ /
/’ / ————— Biceps
/ / e fr e — Semimembranosus

Figure 104 ‘The extensors of the thigh
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Figure 105 The abductors of the thigh

The chief function of the abductors of the thigh (fig 105) 1 to
Leep the pelvis approximately horizontal when all the weight 1s put
on one leg, if they fail to do <o there will be marked saggmng of the
pelvis on the opposite side and, m an effort to balance the wesght on
one hmb, a lateral protruston of the hip that 1s supporting the weight
and a flexion of the trunk toward that sside From the standpomt of
supporting the pelvis there are only two really good abductors of the
thigh, namely, the gluteus medius and the gluteus rummus VWhle
these two muscles somewhat resemble the deltod at the shoulder,
that various portions of them may abduct, mnternally or externally
rotate, and flex or extend thewr most mportant function 15 that of
abduction When they are weakened bilaterally the gait 15 much dis
turbed by the constant tilting of the pelvis and the consequent side
toside sway of the trunk The other abductors of the thigh are the
tensor fasciae latae, the sartorius and, to an even less extent, the
puformus, the obturator mternus and the lower fibers of the gluteus
maximus (which may function as abductors when the thigh 1s flexed)
While these four muscles may assist in abducting the limb when the
foot 15 free from weght bearing they are by no means capable of
replacing the gluteus mediuss and mummus n the mmportant weight
bearmg function of the abductors The tensor fasciae latae comes
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closest to dong that, but 1t has been estimated that 1t can exert no
more than one {ifth of the combined pull of the two gluter Only if the
thugh 1s flexed to a right angle does the gluteus maximus help abduct
the limb, m other positions this muscle 15 an adductor

The three chief abductors, the gluteus medius, mmmus, and tensor
fascire latae, also have another function m common, that of internal
rotation In contrast to external rotators, mnternal rotators about the
hip are relatnely few When the himb 1s free to move, as i muscle
testing with the patient supine, these three muscles, perhaps assisted

— Gluteus medus

—Gluteus minimus

L — ~Tensor fascioe latae

== -lschio] tuberosity

_____ Semitendinosus

___________ Semimembranasus

Frgure 106 Internal rotators of the thy,
gh The muscl
:;mal rotators of the free imb which taling theyr ﬁxedu;;uezisﬂ;ra:x: li:‘;ls‘::vrred 5 assw
e nternal rotators in swinging the body on the thigh ey assist
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Figure 107 The external rotators on the front of the thigh

shghtly by the semutendinosus, semumembranosus and sciatic portion
of the adductor magnus, are probably the sole internal rotators at the
hip jomt One of the functions of the internal rotators however, 15
that of taling their fixed pomt from below and externally rotatmg
the body on the femur so as to advance the oppostte side, as in takmng
a step In this movement, external rotation of the trunk on the femur
rather than internal rotation of the femur, the three muscles just men
tioned may perhaps be assisted by the psoas major and at least some of
the adductor muscles, and by the two medial hamstrings (fig 106)
External rotation at the hip 1s stronger than internal rotation as
tested on the free limb, and the muscles concerned n this movement
are numerous (figs 107 and 108) Practically all the muscles of the
buttock may act as external rotators, the lateral direction of the fibers
of the gluteus maximus makes this a powerful external rotator as well
as an extensor, and all the short muscles m the gluteal region—that
15, both obturators and the pinforms, the quadratus femons and the
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gemelh—are so pliced as to assist n external rotation The gluteus
medws and mummus have already been considered as abductors and
mternal rotators, but their most posterior fibers may also assist an
eaternal rotation i this 15 combined with extension The adductor
group as a whole are also external rotators at the up The specific
muscles concerned here are the pectineus, the adductor longus and
the adductor brevis, and the adductor or antenor portion of the adductor
magnus These muscles pass to an nsertion primanly on the posterior
aspect of the femur, around the medial side of this bone In addition,
the sartorius has a weak action mn exiernal rotation at the lip, and
the long head of the biceps a stil weaker one, the 1hopsoas 1s regarded
as an external rotator, but rotates very shightly and then only when
1t 1s flexing

To elaborate further upon rotation at the hip jomnt, considerable
confusion exasts as to the actions of some muscles 1n this regard Varous
texts hst the 1hopsoas and the adductor longus, and sometumes others of
the adductor group, as both external and mnternal rotators, or as 1n-
ternal rotators only Stimulation experiments, however, have indicated
that the pectineus, the adductor longus and brewis, and the anterior
part of the adductor magnus all rotate the limb externally (the poste-
nor part of the adductor magnus does rotate imternally), and that
the 1hiacus part of the 1hopsoas has a weak external rotatory action On
the other hand, from the standpownt of the very mmportant function of
advancmng the opposite side of the body 1n taking a step (external
rotation of the body on the femur thus essentally internal rotation
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Figure 108

The postertorly placed external rotators of the thigh
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Figure 107 Flexors of the thigh

of the lower hmb), the psoas and some of the adductor group are
so situated anatomically that they can act as mternal rotators Faking
their fixed pomnts from below, the psoas, the adductor Jongus, and
perhaps others of the adductor group that anse Ingh en the mferor
ramus of the pubis may so pull upon the vertebral column and the
coxal bone as to ard the major internal rotators i swmnging the opposite
aide of the body forward Thus these muscles pechaps funcuon differ
ently according to whether they are working on the free hmb or aré
bemg used m walking, with the foot temporanly fixed by the weght
of the body

The flexor muscles (fig 109) are those lymg mostly on the anterior
or anteromedial surface of the hip The most lateral one of these 15
the tensor fasciae latae The only head of the quadrceps that crosses
the hap jomnt, the rectus femors 1s also a flexor at the hup, 1t can exert
btile power m flexaon, howeser, until this movement has been started
by other muscles The sartorus 1s lihewse a flexor of the lup, although
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not a very strong one The sartorius and the tensor fasciae Intae are
mmportant 1 starting the movement, as most of the stronger flexors of
the lup are 2t 1 mechamceil disndvantage until the himb 1s shightly
flexed The 1hopsons, crossing as 1t does the front of the jont, 1s a
powerful flevor, the strongest of the group, but 1s not used unless 1
strong movement 1s needed The pectineus, the adductor longus, the
adductor brevis, and the more anterior portion of the ndductor magnus
also assist in flexzon of the lup, as do the anterior fibers of those two
versatile muscles, the gluteus medius and minimus

It may not be amss to pomnt out that the adductor magnus has
been mcluded with both the flesors and the extensors of the hip
This 1s because, 1s already stated the muscle actually consists of
two portions blended rather well anatomcally but nevertheless rather
distinct 1 function The portion arising from the ramus of the 1schium,
sweeping obliquely across to msert on the linea aspera, and innervated
by the obturator nerve, acts with other members of the adductor group
m flexing, adducting and externally rotating the femur The second
portion of the adductor magnus, ansing from the 1schinl tuberosity,

Pectinews - - - _ _

Adductor brevis—~
Adductor longus -
Adduetor magnus —

obturator part

Gragihs — - - - —

Figure 110 The antertorly placed adductors of the thigh
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Frigure 109 Flevors of the thigh

of the Joner hmb), the psoas and some of the adductar group are
so situated anatormcally that they can act as mternal rotators ‘Taking
their fixed pomnts from below, the psois, the adductor longus, and
perhaps others of the adductor group that anse hagh on the mfenor
ramus of the pubis may so pul! upon the vertebral column and the
coxal bone as to ard the major internal rotators m swinging the opposite
side of the body forward Thus these muscles perhaps function differ
ently according to whether they wre working on the free hmb or are
bermng used wn walkmg, with the foot temporanly fixed by the weight
of the body

The flexor muscles (fig 109) are those lymg mostly on the anterior
or anteromedial surface of the hip The most laternl one of these s
the tensor fasaae latae The only bead of the quadrceps that crosses
the hup jomt, the rectus femors 1s also a flexor at the up, 1t can exert
httle pover 1 flexion howcver, until this mevement has been started
by other muscles The sartorus 1s likewrse a flexor of the hip although



Movements of the Thigh and Leg 287

The chief abductors and internal rotators, which are the same—
namely, the gluteus medius and mmmus and the tenser fasciae latae—
are mnenvated by the syme nerve, the superior gluteal Thus injury
to this single nerve wall markedly affect abduction and nternal rota
non of the femur The cluel extensors, the glutens mawumus and
hamstrings, are mnervated from the sacral plexus but by separate
nerves, the gluteus maumus beng supphed by the inferior gluteal
nerve while the hamstrings are supplied by the saatic The adductor
group of muscles 15 innervated by the obturator nerve (except for the
posterior part of the adductor magnus) and amury to this single nerve
may much dimimsh the power of adduction, although the movement
may sull be carried out by muscles mnervated through the sacral
plexus

The external rotators i the buttock are, of course, mnnervated by
a number of branches from the <acral plexus, the external rotators
on the anteromedial aspect of the thigh are innervated largely by
the obturator nerve, but the shopsons and usually the pectineus are
mnervated by lugh branches of the femoral nemve Thus marked
disturbance of external rotation by an 1solated nerve njury 1s impos-
sible The same 15 true for flexion, for the flexors of the hip are mner-
vated by the femoral, obturator, and superior gluteal nerves

The segmental innervation of the various muscle groups 1s so
diverse that lumited lesions of the lumbar or sacral plexuses affect
noe one movement 1t particular More extensive lesions of the lumbar
plexus will affect the muscles supphed by the obturator and femoral
nerves, thus especially flevion and adduction at the hip Simlar lesions
of the sacral plexus will affect the gluteal and hamstring muscles, there
fore especrally extension, abduction and mternal rotation

Movements af the Knee Joint

There 15 only one good extensor at the knee, namely, the quadn
ceps muscle The four heads of the muscle mnsert upon the patella
and are continued from this to the bl tuberosity by the so called
patellar hgament which 15, 1n actuahty, the tendon of mnsertion of
the quadnceps muscle Since all four heads of the quadriceps are
wnnervated by the femoral nerve, njury to this nerve will effectively
prevent strong and complete extension at the knee

In the absence of a functional quadriceps the knee may be extended
to and mamtaned m an only shightly flexed condition by several
muscles that, at first sight, would appear to have Iittle to do with
extension at the knee With the foot fixed, the gluteus maximus above

and the gastrocnemms (a

Pposterior muscle i the leg) below, both
pull backward on the femur, and the soleus (anothergznusc]ev;n th
leg) pulls backward o .

m the upper end of the tibia, so that the knee
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Figure 111 The postertorly placed adductors of the thigh

runmng downward to msert on and a hittle above the adductor tubercle,
and mmervated by the tibial portion of the sciatic merve, 1s also an
adductor but acts wath the hamstrings as an extensor and an mternal
rotator of the thigh

The adductors of the thigh (figs 110 and 111) are the pecteus,
the adductors longus, brevis and obturater portion of the magnus
(these are also flexors and n general, the more postertorly they arise
the more important they are as adductors, the less important as flexors),
the gluteus maximus, quadratus femons, and obturator externus, the
hamstrings, mncluding the saiatic part of the adductor magnus, and the
gracilis, and, wath the thigh flexed, the thopsoas
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Tlexion at the knee (fig 113) 1s brought about largely by the
semitendinosus, sermmembranosus, iceps femons, gracihs, and sar
torius The Jong head of the biceps 1s sud to function as a flexor only
until the knee 1s semufleved, becoming relaxed as flexion 1s carried
further In addition to these muscles of the thigh there are also muscles
of the calf of the leg that extend across the knee joint and have a
flexor action here These are the gastrocnemius, the plantans, and
the pophteus, espeanlly the latter The gastrocnemius (the plantins
15 so tiny that 1t can be disregarded) 1s primanly a plantar flexor
at the ankle, and s alrendy noted helps to extend the knee when the
leg 15 supporting weight, but when the leg 1s free it helps to flex 1t

----- Sartonys

= —~~Gastrocnemiys

Popliteus

Figure 113 The flexors of the leg
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{see text)

becomes almast extended This 1s really an meidental action of these
muscles, when the lmb 15 supporhng weight, extension at the hip
and prevention of dorsiflexion at the ankle necessarily heep the knee
almost straight The maun part of the ihotibial tract passes just m front
of the center of the knee jomt on the lateral side of the Lnec, and
therefore both the tensor fasciae latae and the gluteus maxumus (fig
112) can concenvably exert an effect upon the knee through this It
has been both claumed and dened that the tensor fasciae 1atae contracts
when the kuee 1s extended, 1t 1s also doubtful whether the ihotibial
tract, anchored as 1t 1s to the femur by the lateral mtermuscular
septum, can serve as a tendon across the Anee Thus the tensor fasciae
latae, although usually described as domng so may not assist at all
1n extenston of the knee
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position the total range of movement, from full external to full mnternal
rotation, may amount to about 40 degrees on the average Most of the
muscles concerned with rotation are at a mechanical disadvantage
for this movement when the leg 15 extended, and even passive rotation
1 the extended position 1s very much himited by the tautness of the liga-
ments of the knee In complete extension of the knee, howeser, with the
foot ymplanted on the ground, there occurs durng the last of this
movement a shight posterior shidding of the medial femoral condyle
on the corresponding tibial condyle, resulting in a slight medal rota-
tion of the femur If the leg 15 free, 1t 1s correspondingly rotated
externally durmng the last part of extension It 15 1 reversmg this
terminal lateral rotation of the leg or, i the weight bearmg lunb,

Tensor fasciae lotae

= ~Biceps femons

Figure 115 External rotat
ors of thegzge )(The tensor fasciae latae may not belong
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Figure 124 Internal rotators of the leg

The pophteus 1s believed to be particularly important in starting flexon,
although 1t 15 a weak flexor

The rotators at the knee (figs 114 and 115) are the same muscles,
for the most part, that have just been hsted as flexors The sartorms,
gracilis, sermtendmosus and semumembranosus all pass across the
medial side of the knee jomt to msert upon the tiba and are there
fore mternal rotators of the leg The popliteus passing distally and
medially across the posteror aspect of the knee yomt, 15 an especally
good mternal rotator The biceps, passing laterally to msert on the
fibula, 1s the chuef external rotator of the leg, but may be assisted 38
tins, when the hnee 15 bent, by the tensor fasciae latae 3f this can act
through the ihotibual tract

Totation of the Jeg 15 most free wath the knee flexed, n which
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abductors then resist this movement, helping to maintam a horizontal
posiion of the pelas Mention has already been made of the fact that
the fascia lata prssnvely assists i mamtaimng the pelvis as long 5
the unsupported side 15 hited no more than 15 degrees from the hon
zontal, and entirely relieves the abductor muscles of this function when
the unsupported side 15 allowed to sag about 15 degrees below the
horizontal

Wath the weight on both hmbs, the bracing action of the two femora
and the hgamentous checking of hyperextension allow complete relax
ation of the muscles about the lup, except for occasional shight contrac
tions that may be necessary to heep the body properly balanced Thus
the hup 1s equipped to support the weight of the body with little expen
diture of energy

At the hnee, also, somewhat the same fundamental conditions hold
true At tlus joint, the center of weight distribution 1s anterior to the
center of movement through the hnee, so that the weight of the body
also tends to heep this jomnt extended, once it has been completely
extended by the guadriceps Mention has already been made of the
part that the gluteus maximus and muscles of the calf may play n
supporting the weight of the body on the shghtly flexed knee and
preventing marked flexion under this weight The gluteus maximus
15 relaxed durmg quiet standing but since the calf muscles are partly
contracted 1n order to prevent dorsiflexion at the ankle they tend also
to keep the knee extended Extension of the knee results also in a tight
ening of the collateral hgaments with further stabihization of this joint
‘When the weight 15 rested upon one leg only the knee 1s usually further
shghtly extended, the termmal extension mvolves a medial rotabon
of the femur on the tibal condyles with consequent further tightening
of the collateral hgaments and so called locking of the joint While this

locking’ or screwing home” of the knee m extension 1s often de
scribed as if st were an inevitable concomutant of vweight supporting
extension, 1t might be noted that most persons, standing with the weight
equally distributed between the two legs, actually do not completely
extend the knee jonts Rather they stand with kuees very shghtly
flexed, therefore avoiding the final locking of the jomt, but with the
weight so distributed on the condvles of the femur that the jomnt s
casily mamtaned 1n this almost completely extended position

In patients with torn collateral or cruciate ligaments, or both, the
stability of the knee joint of necessity depends largely on muscle tone
Under these circumstances 1t 15 especially important that the quadn
ceps be of good strength, and therapeutic exercises 1o achieve this end
are often prescribed for such patients
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the terminal imternal rotation of the femur, that the pophteus has its
chief function Taking 1ts fixed pomnt from below, when the foot 1s
firmly on the floor, 1t will externally rotate the femur on the fixed
leg, and thus prepare the knee joint for flexion This rotation 1s saxd
to be a necessary concormtant of flexion of the knee from the fully
extended position

The hamstrmg flexors are mmervated by the sciatic nerve, the sar
torus by the femoral, the gracihs by the obturator, and the gastroc
nemus, plantaris and poplteus by the tibral As pownted out m a
preceding paragraph, mjury to the femoral nerve will affect extension
at the knee Similarly, severe mjury to the sciatic nerve as a whole will
mterfere with extension at the hip, since the hamstrings rather than
the stronger gluteus maximus normally carry this out, and will abolish
flexion and rotation at the knee (and also paralyze muscles of the
leg and foot) resulting m a flail like extrermty While the biceps femorts
15 the sole effective external rotator of the leg, both heads apparently
participate 1n this action Since separate nerves arise from the tibial
and peroneal portions of the sciatic to supply the two heads, the muscle
as a whole can be paralyzed by a smgle nerve lesion only when this
affects the sciatic nerve Other movements of the knee are carred out
by several muscles acting together, the diversity of their nerve supply,
both segmental and peripheral, 1s such that mmted lesions of erther
the plexus or peripheral nerves will have no marked effect on move
ments at the knee

The Maintenance of Stability at Hip and Knee Jomnts

The actions of the muscles across the hip and knee have now been
considered, and reference has also been made, in the sections on these
joints, to the parts played by some of the igaments While the following
discussion must be then, at least in part, a repetition of what has already
been said the mmportance of the lower hmb n supporting the body
15 such that the mechanics of the static hmb deserve a summary here

The entre weight of the body, 1 standing, 1s transmutted from the
pelvis onto the heads of one or both femurs Smce the center of gravity
of the erect body falls behind the center of movement of the head of
the femur, the werght of the body tends to force the hp jomt nto
hyperextension The strong ihofemoral particularly, and the pubo
femoral and 1schiofemoral hgaments to a lesser extent, all resist hyper
extension at the hip, therefore the hip can be mamtamed n the ex
tended werght bearing position with hitle or no muscular effort

When the weight 1s supported on one hmb only, the center of
gravity of the body Les to the medal side of the head of the supporting
femur, and therefore tends to force the unsupported side of the pelvis

downward, a movement equivalent to adduction of the lmb The
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the dorsum By use of these terms, then, 1t 1s possible so to quahfy the
terms of direction that there can be no misunderstanding concernmng
what movement at the ankle 1s being described Thus the movement
of nsing upon the toes 15 plantar flexion of the foot, simularly, standing
upon the heels 1s dorsiflexion of the foot

Just as movement of the hand 1s not restricted to movement at the
radiocarpal jomt but occurs also among the carpals, so mosement of
the foot 1s not restricted to the talocrural jomnt but occurs also among
the tarsals Through certamn jomnts among the tarsals the sole of the foot
can be turned inward, 1s if to appose it to the sole of the opposite side,
and this movement, occurring distal to the talocrural jomt, 1s known
as mversion The movement 1n the opposite direction, turmng the sole
of the foot outward, occurs at the same jomnts and 1s known as eversion
Inversion 1s normally accompamed by adduction (a medra) flexion of
the antersor part of the foot on the posterior part) and eversion by
abduction (lateral fleion), these combined movements are frequently
referred to, particularly by chmaans, as supmation and pronation
respectively

There 15 not the confusion regarding flexton and extension of the toes
that there 1s in regard to these movements of the foot Flexion of the
toes always means plantar flevion, and extension of the toes means
straightening or dorsuflexing them As 1s true of the fingers, abduction
1s spreading the toes apart, adduction bringing them together

General Anatomy

The muscles of the leg are convemently divided mnto three groups
postenior muscles or muscles of the calf, lateral muscles, and antenor
muscles The posterior muscles are primarily plantar flexors at the
ankle and flexors of the toes, the anterior ones dorsiflexars at the anlle
and extensors of the toes, and the lateral ones evertors of the foot (cer-
tamn of the anterior and posterior muscles mvert the foot) Although all
three groups of muscles are mnervated by the sciatic nerve, they are
mnervated by different major branches of this nerve The posterior
muscles are mnervated by the tibial nerve, the lateral and anterior
ones by the superficial and deep peroneal nerves, respectively, the two
peroneal nerves are branches of the common peroneal, like the tibial a
termunal branch of the sciatic

The tibia and fibula, the bones of the leg, have been studied 1n part
In connection with the thigh and kee, but should be studied again
connection with the leg The slender fibula presents at 1ts upper end
a head that bears an articular surface for the synovial yomt between 1t
and the ubia, and has a ponted apex Most of the body 15 so twisted
and so marked by the attachments of muscles that its surfaces and
borders are difficult to follow, ats sharp edge, however, 1s 1ts inter
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One muscle of the leg crosses the knee jomt only, and two cross both
the knee and ankle (talocrural) jomts The remaimder orgmnate mn the
leg and therefore have an action at the ankle alone or both here and on
a more distal part of the foot, mcluding the toes

The movements at the knee have already been discussed Those at
the ankle jomnt (called talocrural jomnt because 1t 1s formed by the bones
of the leg—crus—and a single tarsal bone, the talus) are almost entively
hmited to {lexion and extension There 15 no general agreement upon
the use of the terms “flexion  and  extension” 1n regard to movement
at the ankle Some would define flexion as the act of standing upon one’s
toes, while others would call this extension, since 1t results mn more
nearly aligmng the longitudinal axis of the foot with that of the leg
Simlarly, drawing the toes up toward the leg so that one stands upon
one’s heels 15 sometimes described as flexion and sometimes as hyper
extension

While, from an anatomical and embryological standpont, the foot
may be regarded as bemng normally m a positon of hyperevtensxox}:
1t 15 preferable to avoid the unqualified terms * flexion ' and “extension
i tryng to describe movements at the ankle The sole of the foot 15
usually referred to as the plantar surface and the “top’ of the foot as

294
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mosis (nonsy novial yont) provided wath special Irgaments Sometimes
a part of the synovinl ety of the ankle jomt extends upward between
the lower ends of the two bones to convert the jomnt nto a synovial
one

Although the tibia transmuts all the weight from the thigh to the
foot, for the fibuln does not reach the knee joint and articulates on
the side of the anhle joint, the fibula 1s ymportant both because 1t gives
rise to many muscles and becuse 1t helps to stabilize the ankle jomnt
The uppermost bone at the ankle, the talus, 15 normally gripped firmly
between the medinl and lateral malleols, and this 1s the reason that only
flevion and extension occur here When the lateral malleolus 15 frac
tured, or the lower end of the fibuln 15 missing, the foot may be
badly twasted at the ankle

Because many muscles of the leg msert on the foot, the bones of
the ankle and foot should be 1dentified now, although a more thorough
study can be postponed to a later time (p 319) As can be seenn a
dorsal view (fig 116) there are seven farsal bones Of these, the talus
alone enters into the articulation with the bones of the leg It rests
upon the calcaneus, whose posteriorly projecting part gives the plantar
flexors inserting nto 1t much better leverage than the other plantar
flexors have The back end of the calcaneus recenves all the weight on
the heel, 1ts front end, and that of the talus, are ligher and normally
not m contact with the ground, for they are lateral and medial parts
of the arch of the foot Between the talus and the calcaneus 1s the
mmportant subtalar jomt, and at the front ends of both bones, between
them and the more distal ones, 1s the 1mportant transverse tarsal jomnt
These jonts are discussed i the chapter on the foot, they need men
tion here because 1t 15 they that allow inversion and adduction (supy
nation), and eversion and abduction (pronation) The transverse tarsal
jomnt also allows additional plantar flexion and dorsiflexion

Distal to the calcaneus 1s the cuboid bone Immediately distal to the
talus 1s the navicular bone, and distal to that are three cuneiforms,
medial, ntermediate, and lateral The cuboid and the cunexforms artic-
vlate with the metatarsals, essenttally sumilar to the metacarpals
These 1n turn articulate with the proxamal phalanges of the toes Except
m size, the phalanges of the toes are simlar to those of the fingers
and thumb Because of the arch of the foot, the weight m standing
1s normally transmutted to the ground only through the back end of
the calcaneus and the heads (distal ends) of the metatarsals The toes
especially the big toe (hallux), participate i the thrust in wal]\mg’
when the weight 15 shifted forward onto the ball of the foot ’

Superficial Nerves and Vessels Fascia

Posteriorly the shin of the leg 1s supplied by branches from both
the tibial and common peroneal neries, these branches usually unite
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Figure 116 The bones of the ankle and foot, dorsal view

osseous border, directed 1n general medially At 1ts lower end the fibula
enlarges to form the lateral malleolus This bears medially an arhcu
lar surface through which the fibula enters nto the lateral side of the
ankle jomnt

The upper end of the tibia the much heavier medzal bone of the leg,
has already been described (p 243) Its body 1s somewhat triangular
1 cross section, and 1t 1s 1ts medial surface and anterior border that
are subcutaneous Its interosseous border faces laterally, toward the
nterosseous border of the fibula Close to 1ts lower end the tibia expands
to form the medial malleclus On the lateral surface of the downward
projecting malleolus 15 an articular surface that enters mto the medial
side of the ankle (talocrural) jont This 1s continuous with the wnferor
articular surface of the tibia, on the lower end of that bone, through
which weight 15 transmtted from the leg to the foot

The tbia and fibula are umted above by the tibiofibular joint (p
247) Throughont most of their length they are umsted by a heavy
interosseous membrane that stretches between therr nterossenus
porders They are umted at their lower ends by a tbwfibular syndes
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limbs diserge, the upper one going to the medial malleolus, the lower
ane blending wath the fascia of the medial side of the foot The tendons
of the antertor muscles of the leg pass decp to the supertor and through
the inferior retinaculum

As the postenor tendons pass through the fle<or retinaculum, and
as the anterior ones pass through the extensor retnaculum, each
tendon lies witlun 1ts ewn compartment, which 1s lined with a synovial

brane These branes form tendon sheaths that extend for

rarying distances above and below the retnacula The two lateral
muscles pass together through a single compartment and have a com
mon sheath deep to the superior peroneal retinaculum, but the sheath
divides mnto a part around each tendon, separated by a septum, deep
to the wnfenor retinaculum

Muscles of the Calf of the Leg

The muscles of the calf are divisible anto a superficial and a deep
group each lying n 1ts own fascial compartment The muscles of the
superficial group are the gastrocnemus, the soleus and the plantaris
They all insert on the back end of the calcaneus, and the gastrocnemius
and soleus share the same tendon of msertion In addmion to being
separately named, these two muscles are also grouped together and
called the triceps surae

The gastrocnemaus the superficial member of the trceps and the
most superficial muscle of the calf (fig 117) arises by medial and
lateral heads from the corresponding epicondyles of the femur These
two heads quickly umte to form the bulk of the muscle Approxmately
half way down the calf the gastrocnemus ends in a flat tendon that
recerves on its under surface the attachment of the next underlying
muscle, the soleus and then, becommg more rounded, proceeds down
ward as the tendo calcaneus or tendon of Achilles to attach to the
projecting back portion of the calcaneus The tendon attaches to the
lower part of the posterior surface, and betiveen st and the upper part
there 1s usually a bursa The gastrocnemus 1s a powerful plantar
flexor of the foot, and can help flex the knee when the leg 15 not
supporting weight With the foot fixed m weight bearing, however, ats
postertor posinon at the ankle and knee allows 1t to resist both dors:
flexion at the ankle and flexion at the Lnee, so that 1t 1s then an ex-
tensor at the knee It 1s innervated by the tibial nerve, which passes
l&?;vi :ﬁgﬁx:’se ::z?:}eads ta a deeper position 1 the calf i company with

popluteal vessels) that run from the thigh to the leg

The soleus muscle lies immediately deep to the gastrocnemus (f
118) and anises from both tibia and fibula Its two heads umite so thgt
the muscle forms a septum across the calf of the leg, but between the
heads the tibial nerve and the popliteal vessels pass deeply The soleus
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to form the sural nerve which contnues to the lateral side of the foot
Medially, the saphenous nerve from the femoral, supples the leg
and continues onto the foot Anterolaterally, the upper part of the leg
15 supphed from the sural branch of the common peroneal, and the
lower part by the superficial peroneal nerve

Two large superficial veins are located m the leg The greater saph
enous vemn begmning on the medial border of the foot, runs along
the medial side of the leg on up into the thigh where 1t has already
been 1dentified The small saphenous vemn begins on the lateral border
of the foot and runs up the posterior surface of the leg, communicating
with the greater saphenous and sometimes joumng that vem m the
thigh but usually ending by penetrating the deep fascia m the hollow
behind the knee (popliteal fossa) and jomng the great deep vein here,
the pophteal vein

The deep fascia of the leg (crural fascia) resembles the deep fascia
found elsewhere on the lunbs, 1t 1s a tough fibrous layer that m 1ts
upper part gives origm to some of the musculature It blends with
the periosteum of the subcutaneous part of the tibia throughout most
of the length of the log and laterally sends two septa to the fibula,
the anteror one of these separates the anterior from the lateral muscles
of the leg, the posterior one separates the lateral muscles from the
posterior ones Thus each of the three groups of muscles hes m 1ts own
compartment In addition, the fascia of the calf gives nse to another
septum that passes across the calf and separates a superficial group of
calf muscles from a deep group

Close to the ankle the crural fascia 1s thickened by more or less
transverse fibers to form retmacula, sumlar to those at the wrist, that
hold the tendons of the muscles of the leg close to the bone as they
cross the anlle Smce there are three sets of muscles of the leg, there
are three sets of retinacula The flexor retinaculum les posteromedhally
(figs 117 and 119) and extends between the medial malleolus and the
calcaneus The tendons of the deep muscles of the calf pass deep to 1t,
as do also the nerve and svessels that contmue from the calf mnto the sole
of the foot There are two lateral or peroneal retnacula (perone
refers to fibula), the superior peroneal retmaculum (figs 117 and 121)
passes betieen the lateral malleolus and the calcaneus, the mferior
(fig 121, p 306) 1s attached at both rts ends to the calcaneus The
tendons of the two lateril muscles of the leg (peroneal muscles) pass
deep to these retmacula The anterior or extensor rehnacula are also
two (figs 121 and 122), the supertor one 1s a not very distinct trans
verse thickenmg that passes between the tibia and fibula above the
malleoh [he mferior, once called the “cruciate higament,” resembles
aY lymg on 1ts side The stem of the Y 1s attached to the lateral surface
of the calcaneus and blends there with the mferior peroneal retin
aculum, as 1t 18 traced medially across the dorsum of the foot 1ts two
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calcaneus, or sometimes to fuse with that tendon or the flexor retin
aculum In some ammals the plantans 1s a powerful muscle whose
tendon extends over the heel onte the plantar surface of the foot, be
coming continuous there with the heavy plantar aponcurosis (p 326),
thus the plantans 1s the equisalent of the palmaris longus of the fore
arm and hand

The deep muscles of the calf (fig 119) are the pophteus, a muscle
behind the knee, and three muscles that arise from the tibia and fibula
and continue deep to the flevor retinaculum into the foot the flexor
hallucis longus, the flexor digitorum longus, and the tibialis posterior
These muscles are separated from the superficial group by 2 fascial
septum that extends across the leg from the deep fascia and 1s remn
forced 1n 1ts upper part by 2 shp from the semimembranosus tendon
Below the pophiteus thus fascia helps give ongin to the deep muscles,
but lower n the leg 1t covers them more loosely, and 1t 1s this layer

——=Tibiol nerve

------ Plantans

Figure 118 Musculature of the calf second layer
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Figure 117 Musculature of the calf of the leg

mserts on the deep (anterior) surface of the tendo calcaneus Since
1t has no attachment across the knee jomt 1t does not share the function
of flexion of the knee with the gastrocnermus It obviously works with
this muscle, however, m plantar flevion of the foot, and completes
plantar flexion when the knee 1s flexed and the gastrocnermus 1s at a
disadvantage Taking 1ts fixed pomnt from below the soleus, like the
gastrocnemius, prevents dorsiflexion at the ankle and therefore flexion
at the knee, 1t 15 the soleus rather than the gastrocnemmus that does
s during quiet standing It usually receives two branches from the
tibial nerve, one 1nto 1ts superficial and one mto 1ts deep surface

The small plantans muscle arises from the lateral epicondyle of
the femur just above the attachment of the lateral head of the gastroc
nemmus Its muscular belly 1s only a few inches long, but its slender
tendon 15 very long and passes downward between the gastrocnermus
and the soleus to msert on the calcaneus anteromedial to the tendo



The Leg 303

The three remamng muscles of the calf cover the posterior aspect
of the tibia, fibuly, and interosseous membrane They are all inner-
vated by the tibial nerve The flexor hallucis longus, the most lateral,
ances from the posterior aspect of the fibula, 1ts tendon of nsertion
begins just above the ankle and passes obhiquely downward, medially
and fornard to enter the foot deep to the flexor retinaculum The ten
don of the flexor halluais longus 1s the most posterior of the three
tendons behind the medial malleolus, in the foot, 1t runs forward to
an sertion upon the distal phalanx of the big toe The muscle 1s
pnmanly a flexor of the big toe, as 1ts name 1mplies, 1t 1s a very weak
plantar flevor of the ankle

The most medial of the three deep posterior muscles 1s the flexor
digitorum longus which anses from the posteror aspect of the nbia
As this muscle passes downward 1t 15 crossed on 1ts anterior surface
by the tibialis posteror, and therefore at the ankle the tendon of the
flexor digitorum longus lies between those of the tibialis postersor and
flexor hallucis longus The tendon of the flexor digitorum longus begns
somewhat higher above the ankle than does that of the flexor hallucis,
passes through the flexor retinaculum and thus behind the medial
malleolus, and in the sole of the foot spreads out to attam an attach-
ment to the distal phalanges of the four lateral digits In the foot these
tendons are associated with the ongns of the lumbrical muscles, and
pass through the divided tendons of the flexor digitorum brewis, a
muscle located entirely 1n the foot Thus the flexor digatorum longus
of the leg corresponds quute exactly to the flexor digitorum profundus
(pp 144 and 176) of the forearm

The third muscle of the group, the tbialis postenor arses from the
tiha and fibula and from the posterior aspect of the interosseous mem
brane between these two bones, lymg therefore between the flexor
hallucis longus and the flexor digitorum Jongus As the muscle descends
and becomes tendinous 1t runs medially and forward so that 1ts tendon
passes deep to and then 1n front of the tendon of the flexor digitorum
longus, and thus assumes an anterior rather than an intermediate
position beluind the medial malleolus The tendon of the tibialis poste-
rior passes through the flexor retmnaculum in 1ts own compartment,
grooving the back of the medial malleolus as 1t does so, and then passes
onto the medial portion of the plantar surface of the foot where 1t has

an extensive nsertion on tarsals and metatarsals This muscle ads 1n
mversion and plantar flexion

Nerves and Vessels of the Calf

The tibial nerve leaves the sciatic as 1its larger and medial terrm
nal branch 1n the popliteal fossa It 1s, 1n direction and s1ze, the more

durect contmuation of the sciatic It enters the calf of the leg by passing
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Figure 119 The deep muscles of the calf

that 1s thickened at the ankle to form the flexor retinaculum It 15
plerced m the upper part of the leg by the tibial nerve and the pophteal
vessels, the continuations of which therefore lie deep to the fascia and
among the deep muscles

The poplhiteus muscle forms part of the floor of the popliteal fossa,
1ts tendon arises withn the fibrous capsule of the knee jomnt from the
lateral epicondyle of the femur, and runs posteriorly and medally
between the fibrous and synovial layers of the jomt It emerges through
a gap m the posterior part of the capsule and runs oblquely across
the posterior aspect of the knee jont to attach to the posterior surface
of the tibia The popliteus 1s an mternal rotator of the leg on the femur
or an external rotator of the femur upon the leg, and also a flexor at
the knee It 1s mmnervated by a branch of the tibial nerve that typically
passes around the lower edge of the muscle to penetrate the muscle
on 1ts deep (anterior) surface
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magnus tendon The popliten] artery gives off severnl branches about
the hnee and then divides, usually on the posterior surface of the
pophteus muscle, mio antersor and postersor tibial arteries

The anterior tiblal artery passes forward between the i and fibula
to attun the anterolateral aspect of the leg i connection wth which
1ts further course will be deseribed The posterior tibial artery takes
the same course down the calf as does the tibial nerve, 1t gives off
muccular branches i the calf and as 1t passes through the flexor retin
aculum mn the same compartment as the nerve 1t divides, as the nerve
does, mto medinl and lateral plantar branches In addition to 1ts muscu
lar branches and the nutrient artery to the i, the posterior tibial
grves off one large branch i the leg the peroneal artery This artery
anises lngh, from the upper end of the posterior tibial It runs down
ward on the lateral side of the leg deep to the flexor hallucis longus,
Iying close to the interosseous membrane and the fibula At the ankle
the artery commumcates with the posterior tibial, supplies branches
about the ankle, and gives mise to a perforating branch that passes
fornard between the tihn and the fibulh to reach the dorsum of the
foot

The posterior tihal and the peroneal arteries are usually each ac-
compimed by two correspondingly named vemns, the poplteal ven
1s typically single Usually the poplhiteal vem recenves not only the
deep vemns of the leg but also the lesser saphenous vemn, while the
man trunk of the poplteal vemn usually passes through the adductor
hiatus to form the femoral vemn, there 1s frequently a communication
on the back of the thigh with perforating branches of the profunda
femoris vemn

Anterolateral Muscles of the Leg

The lateral muscles are two, the peroneus longus and brevis, and
the antenor ones four, the extensor digitorum longus, the closely asso
ciated peroneus tertws, the extensor hallucis longus, and the tibiahs
anterior The peroneus longus and the peroneus brews (fig 121)
both arise from the lateral surface of the fibula, the peroneus longus
bemng the more superficial muscle and having, therefore, the higher
origin on the fibula The two muscles pass downward 1 close conjunc
tion1, they enter a common synovial tendon sheath above the ankle
and pass behind the lateral malleolus and deep to the two peroneal
retinacula onto the lateral border of the foot Here the two tendons
diverge The tendon of the peroneus brevis passes to an attachment
on the dorsal part of the base of the fifth metatarsal bone, while the
tendon of the peroneus longus rounds the lateral border of the foot
to run 1n a deep position across the sole of the foot and attach to the
base of the first metatars1l and the adjacent medial cuneiform bone
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Nerves and arteres of the calf

The Lower Limb

between the two heads of the gastrocnemius and then almost immed:
ately passes deep to the soleus to he between ths muscle and the
tibalis posterior deep to the fascia covering the deep group of muscles
of the leg It runs downward on the tibialis posterior in company with
the posterior tibial vessels (fig 120), at the ankle 1t hes between the
tendons of the flexor hallucis longus and flexor digitorum longus It
supphes all the muscles m the calf of the leg As st passes through the
flexor retmaculum to reach the plantar surface of the foot 1t divades

mnto medial and lateral plantar nerves

The popliteal artery 1s the direct continuation of the femoral artery
the vessel sumply changmg 1ts name as 1t passes from the anteromedsal
to the postenor aspect of the thigh through the gap in the adductor
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longus 15 the most Iateral It arises from a small portion of the lateral
condyle of the ibia and from much of the anterior surface of the fibula,
and has also some attachment to the mterosscous membrane and the
covering crural fascia The muscle becomes tendinous above the ankle,
and ats tendon then divides mto four that insert upon the four lateral
toes The nsertion of the extensor digitorum longus 1s simlar to that
of the extensor digitorum 1n the hand The tendons help to form the
dorsal capsules of the metatarsophalangeal and imterphalangeal joints
Lach tendon divides into a central shp that inserts on the mmddie
phalanx and two lateral slips that are continued onto the distal phalanx
As the tendons to the second, thurd and fourth toes expand on the
metatarsophalangenl jonts they are joned by the three lateral tendons

— —Peraneus longus (cut)

——Common peroneaf n
.
(= — Artrevlar branch

Q\\\ /‘ J | T[\\—Deep peroneal n
N J

—~Fibula
i ~Tibiahs anterior
/‘ﬁ_ _ __Exfensor digiforym
ﬁ/ Tongus
———Tibia
[ Extensor halluas

~ 77 Tlongus
= _ _ _Supenar extensor
""”(T’}y}{' retinaculum
4 = —— —~—Peroneus terhus
__Inferior extensor

——
2 R “retinaculum
L Extensor hallueis

digitorum brewis

Figure 122 ‘The anterior muscles of the leg
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Frgure 121 The lateral muscles of the leg

Both these muscles are usually innervated by the superficial peroneal
nerve, but the peroneus longus often recerves also a branch from either
the common or the deep peroneal They are sumlar in function, bemg
cluefly evertors of the foot The peromeus longus 1s a weak plantar
flexar, the brevis apparently can both plantar flex from a dorsiflexed
position and dorsiflex from a plantar flexed one The common peroneal
nerve, or the superficial and deep peroneal nerves together, pass deep
to the upper part of the peroneus longus between 1t and the fibula The
deep peroneal continues forward mnto the anterror muscles, but the
superficial peroneal runs downward between the two peroneal mustles
1o become subcutancous m the lower third of the leg

Of the antertor muscles of the leg (fig 122), the extensor digstorum
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casly damaged As it prsees hetween the fibula and the peroneus Jongus
muscle 1t dinides mmto two branches, or sometimes three—superficial
and deep peronenl nerves and an articular branch to the knee jont
that usually anses from the deep peroneal but may anse with both
the deep and the superficinl as a termmnal branch of the common
peroneal The superficial peroneal nerve runs downward between the
peroney, supplying both, and becomes subcutaneous by emerging from
beneath the antenor border of these muscles at about the middle of the
leg Its distribution upon the foot will be descrbed later

The deep peroneal nerve passes forward deep to the peroneus longus
mta the anterior muscles of the leg It gives off branches to all of these
muscles and courses downward close to the nterosseous membrane,
m company with the anterior tinal artery (fig 123) to be continued
onto the dorsum of the foot

Anlenw
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Figure 123 Anterior nerves and arteries of the leg
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of the extensor digitorum brevis, a muscle of the foot that has no
counterpart m the normal hand

Closely associated with the extensor digitorum longus, and contin
uous at its ongm from the fibula with the lower fibers of orgm of the
Iongus, 1s the peroneus terhus The fibers of this muscle end m a
tendon that seems to be a fifth, most lateral, tendon of the extensor
diptorum longus on the dorsum of the foot, however, mstead of pass
g to the toes 1t attaches to the dorsal surface of the fifth metatarsal
bone close to us base

The extensor digitorum longus 18 of course an extensor of the toes
and 15 a dorsiflexor {extensor) and weak evertor of the foot The pero
neus tertius also dorsiflexes and everts, but 1s a better evertor than s the
extensor Both muscles are mnervated by the deep peroneal nerve
(as are the other antenor muscles), this nerve passes deep to the
extensor before turning downward i the leg

The ext hall longus 15, at 1ts origin, covered by the ex
tensor digtorum longus and a more medial muscle, the tibiahs ante
nor Ansing from a portion of the anterior surface of the fibula and
the adjacent milerosseous membrane 1t appears between the extensor
digntorum longus and the tiialis anteror somewhat above the ankle,
3t runs deep to the supenor and through the mnferior extensor retmacu
tum and goes to an msertion on the distal phalanx of the big tee The
first or most medial tendon of the extensor digitorum brews, also
called the tendon of the extensor hallucis brevis, may jom the extensor
halluas longus at the metatarsophalangeal jomt, but usually runs be
neath 1t to msert mdependently on the proxmmal phalanx of the big
toe The extensor halluas longus 1s an extensor of the big toe and, m
consequence of this, a dorsiflexor at the ankle It 15 a weak mvertor of
the foot The deep peroneal nerve supplies it and runs downward
with the anterior tibial vessels between 1t and the tibiahs anteror
muscle, nerve and artery pass deep to 1ts losver part 1n the leg to he
lateral 1o it on the Ioot

The tibiahs anterior anses from much of the lateral surface of the
uhia and from the deep fastia of the leg and the interosseous mem
brane After passing through the extensor retinacula the tendon of this
muscle goes to the medial sude of the foot to attach to the medal cuner
form and the first metatarsal almost over onto the sole of the foot The
tibnahs anteror 1s a good mvertor and dorsiflexor of the foot It recerves
several branches from the deep peroneal nerve

Nerves and Vessels of the Anterolateral Aspect of the Leg

The common peromeal nerve the lateral terrmual branch of the
sciatic 1n the pophiteal fossa runs laterally around the leg It 1 sub
cutaneous just below the head of the fibula, mn which posiion 3t 15
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Dorafleaion (fig 125) 15 due 1o the actions of all the muscles cross
1ng the front of the ankle, the tbinhis anterior and the peroneus terts
are the chief muscles mrolved m this action, but can be assisted 1
dorsiflexing the foot by the two long extencors of the toes When the
thialis antenor 1s parniyzed, the other muscles necessarily contract
more strongly to doraflex the foot and the extensor hallucis longus
therefore doraflexes the big toe The extensor digitorum longus may
dorsiflex the other toes, but this 1s not as noticeable because sts action
15 prmanly on the proximal phalanges and these are usually mam
taned m dorsiflexson anyway Dorsiflexion with paralysis of the tibi-
ahs anterior may be accompamed by eversion of the foot because the
peroncus terius and the extensor diptorum longus, especsally the
former, mny evert more strongly than the flexor hailuais longus nverts

Inversion and eversion of the foot necessanly mnvolve hitle move
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The anterior tbial ariery arises m the upper portion of the leg as
one of the two termunal branches of the popliteal artery, it passes
between the tibia and fibula above the upper edge of the mterosseous
membrane to attam a position on the anterior surface of this mem
brane As 1t runs downward with the deep peroneal nerve 1t supples
the anterior musculature and, after grving off branches around the
ankle, continues onto the dorsum of the foot

Movements of the Foot

Plantar flexion (fig 124) 15 due primanly to the actions of the powerful
gastrocnemius and soleus muscles (triceps surae) on the calcaneus The
other three muscles 1n the calf of the leg that send their tendons pos
terrorly around the ankle joint have usually been described as anding m
this plantar flexion, and mndeed as playmg a very important part therem
Simularly, the peroneus longus and brevis, by virtue of the position of
their tendons behind the lateral malleolus, would seem, anatormcally,
to be plantar flexors These muscles all have much poorer leverage,
however, than does the triceps, for the latter uses the posterior part
of the calcaneus as 1its lever arm while the other muscles pass close
to the malleoli As a result, even the best ones have only about a fifth
of the efficiency of the triceps Because of the shortness of that muscle’s
lever arm, 1t must exert a pull of about 200 lbs n order to plantar
flex the foot agamst a weight of 100 lbs Even this muscle, therefore,
15 at a disadvantage Further, these muscles combined are of much less
strength than 1s the triceps, and calculations taking into account both
therr relative strength and therr efficiency mdicate that they can pro
duce a pull of only about 5 per cent of that of the triceps Persons with
a paralyzed triceps or a divided tendo calcaneus may walk fairly well
but usually tire quickly, and often cannot rise on their toes In addition,
1t has been shown that i many individuals the peroneus longus and
brevis are not normally used to produce plantar flexion of the foot
Among mdividuals 1 whom the tibial nerve had been destroyed, thus
paralyzing all potential plantar flexors at the ankle except the peroneus
longus and brevis, less than half were able to plantar flex the unopposed
foot at all As the percner were used when the patients were asked
to evert ther feet, there was obviously no weakness or disability of
these muscles It seems that human bemgs are accustomed to using
the peroneus longus and brevis primarily as evertors of the foot, and
may not have learned to use them as plantar flexors This finding
emphasizes a long known fact that should, however, be Lept always m
mmnd namely, movements, not mdividual muscles, are represented
the motor cortex of the cerebral hemusphere Using the peroneus longus
as a plantar flexor can be learned, and 1n irreparable paralysis of the
triceps surae the peroneus 1s sometimes attached to the calcaneus to
give 1t better leverage for plantar flexion
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sacral plevus, the fibers distnbuted through it to the muscles of the
calf are mostly from the fifth lumbar and first two sacral nerves

The anterolateral muscles of the leg, bemng all innervated by
branches of the common peroneal nerve, may be paralyzed by mjury
to this nenve Because of 1ts subcutancous position agamnst the upper
end of the fibula this nerve 1s one of the more commonly injured
nerves mn the body The outstanding symptom of 1its mjury 15 an
mability to dorsifies. the foot, resulting therefore 1n so-called foot drop
when the lovwer limb 1s rused from contact with the ground The
common peroneal nerve 1s composed primanly of fibers from the
fourth and fifth lumbar and the first and second sacral segments Most
of the anterolateral muscles of the leg are believed to recerve fibers from
the first three of these segments

Because the muscles of the leg, not those of the foot, move the foot,
mmbalance among the muscles of the leg can markedly distort the foot

......... Tibialis postenar

Flexor digitorum langus
Flexor halluais longus

Tibialis anterior

_ .~ Extensor halluais longus

Figure 126 Invertors of the foot
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— —=Tibiahs anterior

\,___Peroneus fertus and
. extensor digitorum longus

Figure 125 The dorstflexors of the foot

ment at the hingelike talocrural jomt, most of this movement occurring
at the subtalar and transverse tarsal jownts Imversion (fig 126) 1s
brought about by all the muscles passing to or around the medzal border
of the foot Thus, posteriorly, the flexor hallucis longus, the tbials
posterior, and the flexor digitorum longus all anvert the foot, antersorly,
the tibialis antertor 1s a strong mvertor of the foot—the strongest of
all— and the extensor hallucs longus 1s a weak one

Eversion of the foot 1s brought about (fig 127) by all three per
one1 and the extensor digitorum longus, particularly of course 1ts Ia
teral part

The muscles of the calf of the leg are all mnervated by the tibal
nerve, therefore ujuries to this nerve may abolish entirely the ability
of the plantar flexed foot to support the weight of the body The tibial
nerve recewves fibers from almost all the elements entering 1nto the
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sacral plexus, the fibers distributed through 1t to the muscles of the
calf are mostly from the fifth lumbar and first two sacral nerves

The anterolateral muscles of the leg, bemng all innervated by
branches of the common peroneal nerve, may be paralyzed by injury
to this nenve Becnuse of 1ts subcutancous position aganst the upper
end of the fibula this nerve 1s one of the more commonly njured
nerves 1n the body The outstanding symptom of 1its ijury s an
mability to dorsiflex the foot, resulting therefore 1n so-called foot drop
when the lower Iimb 15 raised from contact with the ground The
common peroneal nerve 1s composed primarly of fibers from the
fourth and fifth lumbar and the first and second sacral segments Most
of the anterolateral muscles of the leg are believed to recerve fibers from
the first three of these segments

Because the muscles of the leg, not those of the foot, move the foot,
mmbalance among the muscles of the leg can marhedly distort the foot

........ Tibiahs postenior

------------ Flexor digitorum longus
________ Flexor hallueis longus
Tibralis antenor

- Extensor hallveis longus

Figure 126 Invertors of the foot
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There are numerous grades and directions of distortion, but a general
name to cover all of them 1s clubfoot (talipes) It has long been rec
ogmzed that postnatal fibrosis or paralysis of a muscle will lead to
clubfoot of some type, and there 1s now increasing evidence that con
gemtal clubfoot 1s hikewise a result of muscle imbalance

To ate a few sumple examples of clubfoot 1if the triceps surae 15
spastic or fibrotic, or its tendo calcaneus abnormally short, this power
ful plantar flexor wall hold the foot m a permanently plantar flexed
position, so that the heel bears no weight If the tibialis anterior s
spastic or fibrotic 1t will hold the foot 1 dorsiflexion and mversion If
the peroneus longus and brevis are spastic, they hold the foot m ever
sion
In addition to plantar fleion and dorsiflexion, and mversion and
eversion, a clubfoot may also be much abducted or adducted, that 15,
1ts longitudmal axis may be bent laterally or medially The extent of
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this distartion depends upon the particular muscle or muscles involved
for although the mvertors are nlso adductors and the evertors are also
abductors, they are generally much more effective n producing one
movement than they are the other For nstance, the tibtalis anterior
myerts strongly, dorsiflexes strongly , but adducts werkly, so dorsiflexion
and mnversion are the predominant cffects of its overaction or shortness
On the other hand, the hbiahs postertor 15 a weak mvertor, a wenk
plantar flexor, but a strong adductor, so 1ts chief effect 15 adduction

Correction of clubfoot 1s therefore largely a matter of restoring mus
cle balance This can frequently be done, espeaially m congemtal club
foot, by so applying a succession of casts as to lengthen a fibrotic
muscle However, operstions to lengthen or transplant tendons are
sometimes necessary

Review of the Leg

A part of the tibia 15 subcutaneous throughout 1ts entire course m
the leg, and therefore thus bone can be traced without difficulty from
the condyles and tuberosity above to the medial malleolus on the
medial side of the ankle The upper end of the fibula 1s also subcutan-
eons and can eas)y be palpated just below the knee, farther down, the
fibula 35 covered by muscles and therefore can be felt only indistinctly,
above the ankle 1t agamn becomes subcutaneous and can then be pal
pated down to the promnent lateral malleolus

The muscles of the calf are largely covered by the gastrocnemus

Table 8 Nerves and Muscles of the Leg

Neree and Muscle
Ongin* Name Segmental Chuef action(s)
innervation*
Tibial Gastrocnemius St 2 Plantar flexion 1t ankle
L4-83 Soleus S1 2 N ¢
Plantaris L4-51 N €@ %o«
Pophteus L5-5t Rotation and flexion at knee
Tibialis posterior I5-51 Adduction and nversion of foot

Flexor digitorum fongus ~ LS-51 Flevion of lateral four toes
Flexor hallucs longus L5-82 Flexson of big toe

Superficial Peroneus jongus L4-S1 Eversion of foot
peroneal Peroneus brevis L4-S1 s LR
L4-81
Deep peroneal Tibialis antersor L4-51 Inversion and d
arsiflexion of foot

L4-82 Extensor digitorum L4-81 Extension of four lateral toes

» longus . List dorsiflexson of foot

eroneus tertius Everston and dorsiflexion of foot
Txtensor hallucs L4651 Extension of big toe
longus

*
A common segmental origin or 1nnervation
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This muscle alone 1s therefore 1dentifiable 1 the upper part of the
calf The level at which 1ts muscular part gives way to the tendo cal
caneus 15 plamnly visible The tendo calcaneus can be followed without
dufficulty to the heel, and below the gastrocnermus the soleus can be
palpated deep to and on the sides of the wider upper part of the tendon
The long deep muscles of the calf are not identifiable mdnadually,
although their tendons can be ident:fied as a group just behind the
medial malleclus, particularly 1f the foot 1s inverted or the toes are
flexed

The peroneus Jongus and brevis can be felt to contract when the
foot 15 everted, and their tendons can be felt together as they emerge
from behind the lateral malleolus and pass forward beneath 1t
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The anterior muscles of the leg can be felt on the lateral side of the
tibia, and at the ankle some of therr tendons can be recognized As the
foot 1s imverted and dorsiflexed the heavy tendon of the tibialis ante-
rior can be seen and felt runmng across the medial side of the anteror
surface of the anhle and dorsum of the foot If the big toe 15 dorsiflexed,
the sharper tendon of the extensor hallucis longus can be palpated just
latern] to the tendon of the ubalis anterror As the remnning toes are
dorsiflexed, the extensor digitorum longus can be felt lateral to the
extensor of the big toe and some of the tendons can be seen and felt
as they diverge toward the vanous digits The tendon of the peroneus
brevis m1y or may not be promment lateral to these tendons, 1t 15 best
brought out by dorsiflexion and eversion of the foot The muscles of
the leg are summarized in Table 8

tateral
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.
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Of the vessels parts of the greater and lesser saphenous vemns are
frequently visible through the shin The arteries are for the most part
so deep that they cannot be palpated, but the pulse can be obtamed
from the posterior t1bial artery behind the medial malleolus The per
oneal artery lies entirely deep, so does the antertor tibial, although 1ts
pulse can be felt i 1ts continuation, the dorsalis pedis artery, onto the
dorsum of the foot This artery hes between the tendons of the extensor
hallucis longus and extensor digitorum longus muscles, just below the
ankle jomt In about 12 per cent of lmmbs, however, the antertor ibal
artery ends largely m the leg so that the dorsalis pedis 1s not palpable, and
m others the dorsalis pedis has an abnormal course or ongin and 15
largely covered by tendons on the foot

Neither of the two major nerves the tibial and common peroneal,
can be satisfactorily located by palpation, although their courses are
not particularly hard to visualize The tibral nerve contmues the course
of the sciatic through the popliteal fossa and runs down the leg between
the superficial and deep muscles of the calf, 1t diverges just enough
medially to pass behmd the medial malleolus with the postertor tibal
artery The common peroneal nerve runs laterally and downward
leaving the popliteal fossa to cross the fibula just below the head of that
bone, 1ts superficial branch then runs downward between the perone,
and 1ts deep branch continues farther forward and then turns down m
company with the anterior tibial artery The distnbution of the
branches of the sciatic nerve 1s shown diagrammatically m figures 128
and 129
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The Foot

The foot (pes) has necessarily been studied in part m connection
with the leg It should be recalled again that 1ts surfaces are referred
to as plantar and dorsal ones, and 1its borders as medzal or tibial and
lateral or fibular The g toe 1s the hallux, the hittle toe the digitus
munmmus (littlest toe), and the toes are numbered beginming with the
big toe

Skeleton of Foot

The 1ndividual bones of the foot (fig 130, and fig 116, p 296) have
already been identified, but should be reviewed now, and their articu-
lations studied, 1 preparation for the study of the soft tissues of the
foot

The calcaneus the heel bone, projects backward behind the anlle,
thus providing leverage for the triceps surae which iserts upon 1ts
posterior end The lower projecting surface of the posterior end, the
tuber, bears the weight that falls upon the heel The upper surface
has articular facets for the talus, the Jargest surface bemng borne by a
medally projecting ledge called the sustentaculum tali The anterior
end articulates with the euboid bone

The talus rests upon the upper surface of the calcaneus Its upper

319
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posterior part 1s called the trachlea (pulley), 1t 1s shaped somewhat
like a short transversely placed segment of a rod, and 1s provided above
and on its medial and lateral ends with an articular surface The upper
part of the articular surface articulates with the end of the tiba, the
medral part with the medial malleolus of the tibta and the lateral part
with the lateral malleolus of the fibula The antertor end of the talus
15 called the head, and articulates anteriorly with the navicular bone,
below with the calcaneus and a hgament that stretches between the
calcaneus and the navicular The chuef articulations between the talus
and calcaneus are behind the head

The remarunng bones of the foot e both smaller and simpler The
navicular lies anteror to the talus on the medal side of the foot and
has a concave proxamal articular surface for the head of the talus, and
a convex distal aricular surface with three nnpressions for the three
cunesform bones Its lateral surface 15 attached to the cubmd by a
heavy lgawment The three cuneforms medial, mtermediate, and
lateral, hie 1 front of the navicular, and thesr proximal ends articulate
with that through a synowial jont They also articulate with each
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other, and the Inter1l cuneiform articulates with the cubaud, but the
articular surfaces on ther sides are small because the articulations are
only 1 part through synovial jomts, the rough parts of the adjicent
surfaces are umited by heny hgaments The distal ends are, however,
largely smooth for articulation with the bases (prouimal ends) of the
metatarsals The cubold has a proxamal articular surface for the cal
caneus, a distal one for the two lateral metatarsals, and a small medial
one for the laterl cuneiform, to wiuch 1t 1s also bound by a heavy
hgament

The metatarsals resemble 1 general the metacarpals of the hand
Lach consists of a base, 1 body, and a head The phalanges also have
bases, bodics, aind heads, although the middle and distal phalanges are
such short segments of bone that these parts are not very clear The
bases of the metatarsals articulate with cach other and with the cuner
form and cubord bones, their heads articulate with the bases of the
proamal phalanges, whose heads m turn articulate with the bases of the
mddle phalanges, and so forth The distal phalanges, of course, end
freely There are rather regularly two sesamoid bones at the metatarso
phalangeal joint of the hig toe

The bones of the foot are so held together by ligaments that m a
normal foot none of the parts between the posterior end of the calca
neus and the heads of the metatarsal bones transmmts weight to the
ground Thus all the weight transmitted to the talus by the leg 1s in
turn transmtted backward and downward to the back end of the cal-
caneus, or forward and downward to the heads of the metatarsals In
normal standing the weight 1s divided equally, half to the calcaneus
and half 1o the ball of the foot The curvatures of the plantar surface
between these pomnts form the arches or arch of the foot

There 15 no unanimty as to how the concavity of the foot shonld be
described Perhaps the most common descraption 1s of two longitudinal
arches and one transverse one The medial longitudinal arch, higher
than the lateral one, then starts posteriorly with the calcaneus, and
proceeds through the talus, the navicular, and the three cuneiforms
to the heads of the three medial metatarsals The lateral also starts
with the calcaneus, but proceeds through the cuboid to the heads of
the two lateral metatarsals

The transverse arch 1s more difficult to describe The head of the
talus and the navicular bone form the highest part of the arch on the
medial side, the adjacent ends of the calcaneus and cubod the highest
part on the lateral side In front of this level transverse hnes through
the lower surface become successively less arched, so that there are
really a series of transverse arches Behind 1t the arch 1s directed not
only laterally and downward but also posteriorly and downward, so
that this part of the “transverse” arch resembles a segment of a dome,
and when the two feet are together the back ends of the two transverse
arches form approxumately a half dome
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Studies of the way in which weight 1s transmutted through the foot
mdicate that this description 1s at best an anatormcal one, and that
functionally the foot has a single although admttedly complex arch
Stresses on the arch are apparently not proportioned accordmg to a
medial and lateral longitudinal arch, but spread out m all directions
through the foot The stress at any particular pomt 1s proportional to
1ts herght on the curve, not to what curve 1t 1s on, just as 1s stress on
an arch bwlt of stone or concrete

The Ankle Jomnt

The lower ends of the tiba and fibula have already been described
(p 296), as has the articular surface of the talus, and 1t has been noted
that the malleoh so grip the trochlea tali between them that the talo
crural or ankle jomt 1s primanly a hmge one The joint 1s tightened
still further when the foot 1s dorsiflexed, because the trochlea tali 1s
shghtly wider i front than 1t 1s behind

As 1s typical of hinge joints, the capsule of the talocrural jomnt s
thin anteriorly and posteriorly, but 1s remnforced on its sides by special
hgaments That on the medial side 1s called the deltord Ligament (fig
131) because of the way 1t fans out from the tibia It 1s composed of
several parts, which extend from the medial malleolus to the talus, the
calcaneus, and the navicular bone This mmportant hgament resists
eversion of the foot Weakness of 1t, allowing eversion and therefore
throwing a greater weight than usual on the medial side of the arch,
has been thought to be a predisposing cause of flatfoot

There are three lateral Iigaments at the ankle, but they fan out very
much as do the parts of the deltord hgament on the medial side They
are attached above to the lateral malleolus, and are called the anterior
talofibular ligament the posterior talofibular ligament and the cal
caneoftbular hgament These ligaments check mversion of the foot
They and the parts of the deltoid higament are also so arranged that
they check anteroposterior movement at the talocrural jomt In spram
of the anhle some of the ligaments are torn, and the resulting swellng
and disability are marked It 1s, of course, some part of the deltod liga
ment that 15 affected by forced eversion at the ankle, one or more of the
lateral ligaments by forced mversion

Jounis of the Foot

The tarsal bones are umted by three sets of hgaments Those on the
dorsal surface of the foot are called collectively the dorsal tarsal hga
ments those on the plantar surface the plantar tarsal hgaments and
those that stretch between adjacent surfaces of the bones and mterrupt
the synovial cavites, are the tarsal 1 t

The numerous individual hgaments are named, with one exception
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according to the bones that they connect Thus there are dorsal md
plantar cubordeonavicular higaments, dorsal and plantar intercuneiform
ligaments, and the like The dorsal higaments, since they are on the top
of the bony arch, are genernlly thin, wlile the plantar highments, 1ying
below the arch and therefore acting as tie rods that support it, are
very much heavier Two of the plantar hgaments are particularly 1m
portant, and deserve special comment One of these, the plantar cal
caneonavicular ligament (fig 131) passes from the lower surface of
the calcaneus to the lower surface of the navicular and n so doing
forms a shng on which the lower surface of the head of the talus rests
This higament, by resising downward movement of the head of the
talus, thus helps support the highest part of the arch Because 1t has
been supposed to account for some of the elasticity of the arch, it 1s
frequently called the spring higament” The other, the long plantar
ligament (also fig 131) lies more laterally, stretching between the
calcaneus postersorly and the cuboid and lateral three metatarsals an
teriorly This hgament therefore extends for most of the length of the
lateral part of the arch, and 1s the chief support of this side

Of the mnterosseous hgaments, the talocalcaneal 1s particularly strong,
1t fills the grooves on the adjacent surfaces of the talus and calcaneus
and divides the jomt between these two bones mto two synowvial cavities,
one posteror to the ligament and one anterior to 1t (fig 132) There
are also interosseous hgaments between the cuboid and the navicular,
the cuboid and the lateral cuneiform, and the three cuneiforms

The intertareal jomts (also fig 132) are the subtalar, the talo
calcaneo navicular, the calcaneocubord, the transverse tarsal, and the
cuneonavicular

The subtalar jomnt, between the talus and the calcaneus, has a syno
vial cavity both posterior and anterior to the talocalcaneal mterosseous
hgament, the anteror cavity 1s also part of the talo calcaneo navicular
jomt The latter joint, the highest in the foot, 15 closed mnferiorly by the
plantar calcaneonawvicular (“spring ) ligament Lateral to 1t 1s the
calcaneocuboid jomnt The transverse tarsal jomt 15 a name for the talo

_ Talus
7 -Naweulor
. ~Medial cunerform

=~ " Long plantar tig
Plantor calcaneonavicular { spring ) lig

Frgure 131 Some principal ligaments of the ankle and foot seen from the medial
£1de
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Figure 132 An obhque section of the foot to shaw intertarsal jownts

calcaneo navicular and the calcaneocubod jounts combined, the two
stretch across the foot almost transyersely, and work. together and with
the subtalar jomt m allowing the foot to mose 1 inversion and ever
sion The transverse tarsal jomt also allows flesion and extension of
the fore part of the foot, thus mncreasing or decreamng the height of
the arch The cuneonavicular jomt hes, as 1ts name 1mphes, between
the navicular and the cunerforms, and extends a Little bit between the
cunexforms and between the cuboid and the lateral cuneiform

The tarsometatarsal jomt of the ig toe 15 a separate canty, the
corresponding jomis of the second and thurd toes are confluent, ke
wise the tarsometatarsal jounts betwecn the fourth and fifth toes and
the cuboxd bone also embrace a single synovial cavity The miermeta
tarsal jomnts are small extensions from the tarsometatarsal jomts There
15 typrcally none betveen the first and second toes Dorsal plantar,
and mterosseous tarsometatarsal and miermetatarsal hyaments bind
the bones together

The metatarsophalangeal jomts are essentially hinge ones, collateral
higaments, smular to those found m the corresponding jounts of the
hand, are placed laterally while dorsally the extensor tendon com
pletes the capsule On the plantar surface are heavy plantar hgaments
that complete the jomt capsules and serve as gliding surfaces for the
flevor tendons The foots plantar hgaments and metatarsal heads are
connected 1o thewr neighbors by deep transverse metatarsal hgaments,
corresponding to the stmilar hgaments of the hand Wile, hawever,
there 15 no transverse hgament between the thumb and forefinger,
thus allowmg for greater mobihity of the thumb, the big toe 15 simlar
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to the other toes 1 hemng connected to 1ts neighbor by such a ligiment

The interphalangeal Joints arc similar to corresponding joints n
e hand Tach hns collateral hgaments at the sides, and a plantar
higament on the flevor surface, winle the dorsal portion of the capsule
1s completed by the estensor tendon The mterphalangeal jonts are
hinge joints

Superficial Nerves and Vessels Fascia

The cutancous mner ation of the sole of the foot 15 through branches
of the medinl and lateral plantar nerves, the two termmnil divisions
of the ihal nerve The medial plantar nerve 1s distributed 1n the foot
m a manner similar to the distnbution of the median nerve 1 the
hand It gives off branches to the medial side of the sole of the foot
and breaks up into digital branches that supply approximately three
and one half toes The lateral plantar nerve corresponds m ats distnn
bution to the ulnar nenve mn the hand, except that it has no dorsal
cutaneous branch The cutancous distrbution of the lateral plantar
nerve 1s to the laternl border of the plantar surface of the foot and to
the lateral one and one hnlf toes Not mnfrequently a communication
exsts between the digital branches of the medial and lateral plantar
nerves so that the nerve to the adjacent sides of the third and fourth
toes 1s formed from both This nerve and ats branches are particularly
subject to a panful tumor (neuroma) that necessitates resection of
the portion of nerve mvolved The presence of the anastomosis has
been held responsible for subjecting the nerve to more trauma than
usual, with consequent development of the tumor

The skin on the medal side of the foot 15 supphed by the saphenous
nerve which continues to about the level of the metatarsophalangeal
jomt Symilarly, the shin on the lateral border of the foot 15 supplied
by the sural nerve The shin of the dorsum of the foot 1s supphed by
both branches of the common peroneal nerve, but the superfictal per
oneal mnervates most of the area This nerve supplies all the skin on
the dorsum of the foot and the toes except for the adjacent areas of the
first and second toes, a branch of the decp peroneal nerve becomes
cutaneous to supply this small area of skin

Since superficial veins mn the sole of the foot would be constantly
subjected to so much pressure that they would be unable to function
adequately, there 1s no large venous network on this aspect of the foot
Rather, the venous dramnage passes quickly mto the deep vems or
around the borders of the foot and between the toes mto the dorsal
Zi!;:)xsnz;v;ork 'I([i'!lile vemns 2}!11 the dors;\n;lx of the foot are usually fourly
distal I;art ofntlhz fn“:or'fl‘;':s y Y;‘et“ oo t Gred‘hi}' orm an axch on the
of tho foot oe b 0 arch 1s continued along the medial border

greater saphenous vem, and along the lateral margin

of the foot as the lesser saphenous The larger vemns of the dorsal net
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Frgure 132 An obhique sechion of the foot 1o show antertarsal jomnts

calcaneo navicular and the calcaneocuboid jomnts combined, the two
stretch across the foot almost transversely, and work together and with
the subtalar jomt m ellowing the foot to move m mversion and ever
ston The transverse tarsal jomnt also allows fleaon and extension of
the fore part of the foot, thus mcreasmng or decreasmg the height of
the arch The cuneonavicular joint lies, as ats name umphes, betsieen
the naviewlar and the cunerforms, and extends a httle it between the
cunexforms and between the cuboid and the lateral cunesform

The tarsometatarsal jomt of the big toe 1s a separate cavity, the
corresponding jomnts of the second and third toes are confluent, hhe
wise, the tarsometatarsal jounts between the fourth and fifth toes and
the cuboid bone alse embrace a single synowial canaty The mtermeta
tarsal joints are small extensions from the tar<ometatarsal Joints There
1s typically none between the first and second toes Dorsal, plantar

and mter tarst al and mtermetatarsal hgaments bind
the bones together
The phal 1 oimts are essentially lunge ones, collateral

higaments, sumlar 1o those found m the corresponding jonts of the
hand, are placed laterally, wiile dorsally the extensor tendon com
pletes the capsule On the plantar surface are heavy plantar ligaments
that complete the jont capsules nd serve as ghding surfaces for the
flexor tendons The foot's plantar ligaments and metatar<l heads are
conmected to thewr neghbors by deep transserse metatarsal hgaments,
corresponding to the sumlar hgments of the hand Whle, honever,
there 15 no transierse hgament between the thumb and forefinger
thus allowmg for greater mobilsty of the thumb, the byg toe 1s sumlar
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a tendon of the flevor digitorum longus to pass through 1t, and then
umtes agun 1o go to an meertion on the mddle phalanx The tendons
of the flevor digitorum brevis lie with those of the flexor digitorum
longus 1in digital synowial sheaths, mn contrast to those of the hand,
none of these sheaths u<unlly jon the flexor tendon sheath situated at
the ankle The Iateral plantar nerves and vessels run deep to (above)
the muccle toward the lateral part of the foot, but 1t recenves ats inner
vition from the medinl plantar nerve Its action 1s to flex the middle
phalanges of the four Interal toes

The third muscle of the superficial group, the abductor digiti minimi
also arises from the calcancus and from the adjacent fascia, and 1t
nserts on the Iatera] side of the provimal phalanx of the httle toe It
may send 1 ship to the extensor tendon of the toe Occasionally, also, a
portion of the muscle attaches to the tuberosity of the fifth metatarsal
to form an abductor of this bone (abductor ossis metatarst quinti)
This muscle 1s supplied by a branch of the lateral plantar nerve, which
with the lateral plantar artery runs forward between 1t and the flexor

__Tendon of flexor
halluais longus

_ _Flexor digitorum
brevis

_ Abductor
halluais

__Abductor digit
mimmi

_-Plantar aponeuro
ss (cut)

Frgure 133 Superficial muscles mn the sole of the foot
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work unite the two saphenous vems on the foot or dramn upward to end
mn erther but primanly the greater saphenous

The fascia of the dorsum of the foot 15 thin and mernts no particular
description here The plantar fasaa markedly resembles the palmar
fascia of the hand, but 1s even stronger and better developed The
plantar aponeuros:s 1s essentally a strong, superficially placed hga
ment that extends in the rmddle part of the foot from the calcaneus to
the toes, and probably plays an important part m supporting the arch
of the foot Like the palmar aponeurosis, the plantar aponeurosis sends
shps to the diguts, and these slips help remnforce the flexor digital tendon
sheaths, and attach around the tendons to the distal ends of the meta
tarsals and the bases of the proxumal phalanges The plantar aponen
rosis blends laterally and medially with the thinner fascia over the
short muscles of the big and hittle toes, and at these pomts sends a
medsal and a Jateral intermuscular septum to the first and fifth meta
tarsals, respectively The aponeurosis and ats septa thus form a central
compartment 1 the foot comparable to that mn the hand (p 173), and
contayung the flexor digitorum tendons and lumbrical muscles as does
that of the hand Most of the muscles of the big and little toes he
sumlarly m medial and lateral compartments, as do those of the
thumb and httle finger

Plantar Musculature

The muscles of the foot can be grouped exther according to the com
partment 1 which they Lie or, disregarding this, mto layers They can
be more easily dissected m layers than by compartments, and are
therefore so described here They and the long tendons of the toes
form four layers

The supetheal Iayer (fig 133) 1s composed of the abductor hallucis,
the flexor digitorum brevis, and the abductor digtth ymnumm, these lie
respectively 1n the medial, the central, and the lateral compartments
of the foot The abductor hallucis arises from the calcaneus, the flexor
retnaculum, and the medial intermuscular septum, and mserts on the
tiial side of the flexor surface of the proximal phalanx The medal
and lateral plmtar nerves and vessels, the continuations of the tibial
nerve and posterior tibial vessels into the foot, pass deep to 1ts posterior
end as they enter the foot, and the medial plantar nerve and vessels
yun forward at first deep to this muscle The muscle receives 1ts mner
yation from the medial plantar nerve, 1t 1s usually a much better flexor
at the metatarsophalangeal jomnt than 1t 1s an abductor

The flexor digitorum brewvis 15 the most superficial of the muscles m
the central plantar compartment This muscle the equivalent of the
flexor diptorum superficialis 1n the upper limb, arises from the cal
caneus and both mtermuscular septa and gnes nse to four tendons
that run forward to the four lateral toes Lach tendon divides to allow
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usually Joses 11s tendon <heath n the proximal part of the foot It
passes below the tendon of the flexor halluas longus, and as 1t enters
the medial compartment of the foot receres on its Interal border the
msertion of the quadratus plantie muscle As the tendon divides to go
to the four lateral toes the lumbrical muscles take ongin from the
tendons, just as corresponding muscles m the hand take orgin from
the flevor digitorum profundus On the toes the tendons of the flexor
digitorum longus enter digatal tendon sheaths with the flexor digitorum
brevis, pass through the split tendons of the brevis, and msert upon
the distal phalanges of the toes

The quadratus plantac 1s a muscle that has no counterpart in the
hand It arises by two heads of ongin from the calcaneus and 1nserts
on the latern] and posterior margm of the long flexor tendon just be
fore this divides mnto 1ts four termunal ships It aids the long flexor
tendon 1n flening the four lateral toes, helping to convert the pull of
this tendon from a posteromedial one to a more directly posterior one
It 15 innervated by the lateral plantar nerve, which crosses its lower
surface

The four lumbrical muscles are essentially like those m the hand
They anse from flexor tendons and pass across the tibial side of the
metatarsophalangeal jomnts of the lateral four toes to insert upon the
extensor tendons on the dorsum of these toes They therefore ad in
flexson of the metatarsophalangeal joints and, at least theoretically,
in extension of the interphalangeal ones They also move the four
lateral toes toward the big toe The first lumbrnical 1s usually inner-
vated by the medial plantar nerve, the other three by the deep branch
of the lateral plantar nerve

The third layer of plantar muscles (fig 135) 1s composed of the
flexor hallucis brevis, the adductor hallucss, and the flexor digits mmimy
brevis

The flexor hallucis brewss arises from the cuneiform bones and
divides 1mto two bellies, one of which 1s inserted on the medial side of
the flexor surface of the proximal phalanx of the big toe and the other
on the lateral side of thus phalanx The medial head at its mnsertion
fuses with the abductor hallucis, the combined tendons of nsertion
of the two muscles contamn the medial sesamoid bone of the metatarso
phalangeal jomnt of the big toe The lateral head umtes with the adduc
tor hallucis, and the combined tendon of msertion here contamns the
lateral sesamoid of the metatarsophalangeal jomt The flexor hallucs
brevs 1 a flexor of the proximal phalanx of the big toe, 1t 1s nner-
vated by the medial plantar nerve
fo;rie:):c:ll:sln;fhallu;s reseml:lles tthe adductor of the thumb (p 178),
e Torger ot th:n“:o 1q1:1es anf a ri:}r:swfrse helad 'I'h;} oblique head,
lateral tarsals, and £ } ath elsj mmf he o Gament, from
The s o rom the bases of the second and third metatarsals

all transverse head arises from the capsules of the third, fourth
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Figure 134 The second layer of plantar muscles and the long flexor tendons

digitorum brevis 1n the lateral compartment of the foot It both flexes
and abducts the hittle toe

The second layer m the foot (fig 134) consists in part of the tendons
of the long flexors of the toes, the flexor hallucs longus and the flexor
digitorum longus, and 1 part of muscles, the quadratus plantae and
four lumbricals, that are closely associated with the flexor digitorum
longus tendon The flexor hallucis longus tendon enters the foot be
hind the medial malleolus, lymg m a tendon sheath which 1t loses at
about the point at which 1t crosses above the tendon of the flexor digt
torum longus It runs forward on the lower surface of a muscle of the
big toe (flexor hallucis brevis), and as 1t reaches the level of the meta
tarsophalangeal jont acquires a digital tendon sheath essentially sumlar
to those of the other toes and to those of the fingers and within this
sheath goes to 1ts insertion on the distal phalanx of the big toe

The flexor digitorum longus tendon also enters the foot by passing
deep to the flexor retmaculum and behind the medial malleolus, and

-
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to nbduct or adduct about the sccond rather than the muddle toe, thus
the rudline of the foot has to be thought of as passing through the
<econd rather than the third digst as 1s true in the hand In the second
place, all the mnteroscer attach primarily to the provimal phalanges
rather than having strong insertions into the extensor tendons as do
most of those of the hand

The three plantar interossel anse from the third, fourth, and fifth
metatarsals, respectisely, and insert on the medial or big toe side of the
proximal phalanges of the corresponding digits The four dorsal inter
ossel hive two heads of ongin cach thus the first anses from the
adjacent <urfaces of the first and second metatarsals and inserts on
the medinl side of the proxamal phalanx of the sccond toe, the second
antses from the second and third metatarsals and inserts on the lateral
side of the proximal phalanx of the second toe, the third anses from the
third and fourth metntarsals, the fourth from the fourth and fifth

----- From superficial branch
of laterat plantar n

~—=--Deep branch of lateral
plontar nerve

Figure 136 The deepest plantar muscles the interosser
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and fifth metatarsophalangeal jomnts and the mtervenmng deep trans
verse plantar igaments The two heads umite and jomn the lateral head
of the flexor hallucs brevis to msert on the base of the proamal phalanx
of the big toe The muscle 1s wmervated by the deep branch of the
lateral plantar nerve It aids m flexion of the big toe, as well as adduct
mg this digit, Iike other short muscles of the big toe 1t may send an
expanswon to the extensor tendon, and therefore help m extending the
distal phalanx

The flexor digih mimma brevis arses from the cuboid bone and the
base of the fifth metatarsal and blends with the abductor digitz punmt
to attach, however, more onto the plantar than the lateral surface of
the proximal phalanx It 1s a flexor of this phalanx, and 1s mnervated
by the lateral plantar nerve

The fourth or deepest layer of plantar muscles (fig 136) consists
of seven mterosser, three plantar and four dorsal The mterosse1 of the
foot are essentially sumlar to the corresponding muscles 1n the hand,
but vary mn two particulars In the first place, they are so arranged as
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nerve comparable to the ulnar nerve, runs laterally deep to the flexor
digitorum brevis, turns fornard between this and the abductor digits
mimimi, and divides mto superficnl and deep branches In ats course
this nerve supphes the quadratus plantae and the musculature of the
Ittle toe The superfianl branch of the nerve supplies approimately
one and one half or more digits, and usunlly also gives off the muscular
branches to the third plantar and fourth dorsal interosseous muscles
The deep branch runs transver<ely from the lateral to the medial side
of the foot 1n close a<sociation with the plantar artenal arch It supplies
the two or three Iateral Jumbrenals, all the interosse: not supphed by
the superficin], and both heads of the adductor hallucis

The postersor 11l artery also divides mnto medial and lateral plan
tar branches deep to the flexor retinaculum The medial plentar artery
1s small and 15 distnibuted largely to the muscles of the big toe Its
superfiaial branch, however, helps supply the shin of the med:al side of
the sole and sends tiny twigs distally, along the digital branches of
the medin] plantar nerve, toward the toes These jom the metatarsal
branches of the plantar arch, but contribute httle to the airculation
1o the toes

The lateral plantar artery accompames the nerve of the same name
to the lateral compartment of the foot, gives off a branch to the lateral
side of the Iittle toe, and may give a twig that jons the metatarsal
artery between this and the fourth toe It then arches medially across
the foot, with the deep branch of the lateral plantar nerve, as the
Plantar arch (fig 137) The plantar arch 1s completed on the medial
side of the foot by the deep plantar artery, a branch of the dorsahs
pedis (see the following section) that reaches the plantar surface by
passing between the two heads of the first dorsal interosseous muscle
(as the radial artery does m the hand)

Trom the plantar arch are given off a metatarsal artery for the
big toe and adjacent part of the second toe, and three other metatarsal
artenes that run forward to form proper digital branches for the remain
ing toes Between the heads of the interosser the plantar arch is con
nected by perforating branches to the dorsal artenal arch, other per
forating branches pass from the plantar to the dorsal digital vessels
between the heads of the metatarsals or i the webs of the toes

The Dorsum of the Foot

The cutaneous mnervation of the dorsum of the foot has already
been considered

In contrast to the hand, the dorsum of the foot contains a muscle, the
extensor digitorum brewis (fig 122, p 307) Tlus muscle arses later
ally from the upper surface of the calcaneus and divades into four
tendons, of which the lateral three are associated with the second,
third and fourth toes Toward the distal ends of the metatarsals thes;
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metatarsals, respectively, and they insert on the lateral sides of the
proximal phalanges of the third and fourth toes

As m the hand, the dorsal interosser abduct the digts and the plantar
mterosser adduct All these muscles are innervated by the lateral plan
tar nerve

Plantar Nerves and Vessels

As the tibial nerve passes through the flexor retmaculum at the
anhle with the postenior tibial artery, 1t divides 1nto medial and lateral
plantar branches which pass deep to the origin of the abductor halluas
to enter the foot These nerves are distributed 1n the same manner that
the median and ulnar nerves are in the hand (figs 134, 135, and 136}
The medial plamtar nerve comparable to the median nerve, supplies
skin of about three and one half digits, and also mnervates the flexor
digitorum brevis, the abductor hallucis and the flexor halluas brews,
and the first or the first and second lumbricals The lateral plantar
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langeal joints which are normally hyperextended and can be hy per-
extended still more The distal phalanges are usually hept flexed, or
fiexed st more, by the pull of the flexors Since the nterosser of the
foot, 1 contrast to those of the hand, have Ittle or no msertion on the
extencor tendons, they are not effective mn extension of the interphalan
geal jomts Although the lumbnicals do insert into the extensor tendons,
1t 15 obvious that they have hitle effect

Fleaon of the Ing toe 1s carried out by the short and long flexars,
the abductor, and the adductor Flexion of the remaming toes 15 carned
out by the fevor digitorum longus and brevs, assisted by the lumbn
cals, both sets of interosser, and the quadratus plantae The fifth digat
15 flezed also by 1ts own short flevor and 1ts abductor All these muscles
act at the metatarsophalangeal joints, directly or mdirectly The mter-
phalangeal jomnt of the big toe 15 flexed by the flexor hallucis longus
The flexor digitorum brevis acts upon the proximal interphalangeal
jomts of the remaimng toes, wile the flexor digitorum longus, assisted
by the quadratus plantae, 1s the flexor of the distal phalanges Because
of the shortness of the toes, 1 contrast to the fingers, and the relatively
shight importance of their action at specific jomnts, much less 1s known
regarding the roles played by the varous muscles working on the toes

Abduction of the toes 1s brought about by the dorsal interosse:, the
first lumbncal, and the abductors of the big and hittle toes Adduction
15 brought about by the plantar interosses, the second, third and fourth
lumbnecals, and the adductor hallutis

Since all the muscles 1n the sole of the foot are mnervated by the
tibial nerve, tihal nerve mjury may result mn paralysis of them all
Therr segmental mnervation 1s from the fifth lumbar and first and
second sacral nerves The extensor digitorum brevis, mnervated by the
deep peroneal, probably receives fibers from the fifth lumbar and first
sacral nerves, just as do most of the anterolateral muscles of the leg

The Ankle and Foot in Supporting Weight

It has already been noted (p 292) that the center of gravity of the
body passes behund the hip jomt and m front of the knee jomnt, so that
the weight borne on the extended hmb keeps these jomts extended
Thus, smce hyperextension 1s resisted by higaments, no muscular effort
18 required to hold the pelvis, thagh, and leg together as a ngd milar
The situation 15 different at the ankle, however, for here the center of
gravity passes m front of the normally dorsifiexed joint, so that the
werght of the body tends to dorsiflex 1t even farther Thus even quret
standing requires contraction of the plantar flexors of the foot a dut
that normally falls upon the soleus 1f there 15 any difficulty m kee: my
the balance, as there 15 1n standing upon one foot, practically a]]pthg
muscles of the leg contract m order to stabilize the tertarsal joints
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short extensor tendons umte with the long extensor tendons of the
correspondmg toes The most medial portion of the muscle 15 usually
named separately, as the extensor hallucis brevis Its tendon passes to
the big toe, expands to help form the capsule of the metatarsophalan
geal jomt, and attaches to the base of the proximal phalanx It may
send a ship to the tendon of the long extensor The extensor digitorum
brevis (including the extensor hallucis) assists the long extensors m
extension of the toes and 1s mnnervated by the deep peroneal nerve

The deep peroneal nerve after supplying muscles of the leg, passes
onto the dorsum of the foot where 1t supphes the extensor digitorum
brevis, sends branches to the mtertarsal jomts, and ends as the cutan
eous branch, already described, to the adjacent surfaces of the big
and second toes

The anterior tibial artery (figs 123 and 88, pp 309 and 233) gives
off branches about the ankle and 1s continued onto the foot as the
dorsalis pedis artery This artery supplies small branches to the region
of the tarsus, gives off the arcuate artery running transversely across
the foot, and then ends by dividing into the deep plantar and the first
dorsal metatarsal artertes The deep plantar arlery passes between the
two heads of the first dorsal interosseous muscle to form, with the
lateral plantar artery, the plantar arch The first dorsal metatarsal
artery divides mto branches that supply both sides of the big toe and
the medial side of the second toe The arcuate artery as 1t runs across
the foot, gives off three more dorsal metatarsal branches that run for
ward to supply the skin of the digits The arcuate artery or 1ts branches
are connected to the plantar arch by perforating branches of the plan
tar vessels

The arcuate artery 1s often very small and the perforating branches
may be the chief source of blood to the dorsal metatarsal arteries In
about 3 5 per cent of feet the dorsalis pedss 1s not the continuation of
the anterior tibial artery but 1s formed by the perforatng branch of
the peroneal artery

Movements of the Toes

Movements of the toes are generally of httle importance Extension
of the distal phalanx of the big toe 1s brought about by the extensor
hallucis longus, and extension of the proxamal phalanx by the extensor
hallucis brevas The short muscles of the foot that sometimes attach 1
part to the tendon of the extensor hallucis longus—the extensor brevs,
for mstance—can help extend the distal phalanx when they so attach
Extension of the other toes 1s carried out by the extensor digitorum
longus and the parts of the extensor digitorum brewis associrted with
each of these except the little toe These muscles, although they insert
on the muddle and distal phalanges, act primanly at the metatarsopha
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been vared opimons as to which soft tissues contnbute to the support
of the arch, and to what degree Extremes have been (1) that the heavy
plantar higaments normnlly contnbute no support whatever, and (2)
that they are the primary support of the arch

It was once argued that those long muscles of the leg that reach the
foot are pnmanly responsible for muntaning the arch and heeping
weight from falling upon the plantar hgaments, and that when the
plantar hgaments did hive to bear the weight pmn resulted Howeser,
1t can be shown that some muscles that have been supposed to support
the arch are actunlly relaved at the time of greatest strain upon 1t
Lxperiments and calculations bave mndicated that the strength and
leverage of all the long muscles combined are such that they could
not possibly support the arch agmnst the maximat pull of the trnceps
surae, and expermments have also indicated that the arch will bear
heavy weghts without pam winle the muscles of the leg are relaxed
In fact, present evidence therefore indicates that the long muscles not
only do not but cannot contribute much to the support of the arch,
and that 1t 15 the structures on the plantar surface of the foot that really
do this The most important structures seem 1o be the plantar higaments,
but the short muscles of the foot, which stretch along the arch like
tie rods, can assist the hgaments where necessary, and even the plantar
aponeurosis helps preserve the arch

‘The long muscles seem to contribute to the preservation or destruc
tion of the arch 1 one way only they are responsible for Leeping the
foot properly balanced between eversion and imnversion, therefore for
the normal distribution of weight over the arch If they fail to do ths,
excess weight 15 thrown upon either the medial or the lateral side of the
arch, and this may be more than the ligaments and other soft tissues
can withstand without stretching Thus while 1mbalance of the long
muscles may lead to deformation and pam from a normal arch,
strengtheming them by exercise cannot be expected to increase the
support of the arch

Review of Foot

There 15 hittle hving anatomy that can be reviewed on the foot

Of the bones the malleoh, already identified, are useful landmarhs
but do not really belong to the foot The bach end of the calcaneus can
be felt with no difficulty where 1t forms the prominence of the heel
Below and anteror to the medial malleolus the talus and the sustenta
culum tal: can be felt on the medial border of the foot, but otherwise
the tarsals are not 1dennfiable The metatarsals are of course palpable
from the dorsum, especially toward therr heads

Although the actions of some of the muscles of the foot can be ob
served, none of the muscles are 1dentifiable the short extensors because
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as well as the talocrural one and prevent any mversion or eversion of
the foot

Swmce all weight 1s transmutted to the foot through the tibia and the
talus, the position of the talus on the arch of the foot 1s important
For one thing, the talus 15 not centered over the longitudmal mdlme
of the foot but somewhat to the medial side of this line This means
that weight 15 first transimtted to the medial side of the arch, which 1
also the highest side Indeed, although it thereafter spreads out n all
directions through the arch, measurements mdicate that the medial
sude of the anterior end of the arch, represented by the head of the
first metatarsal, bears approximately twice the weight of any of the
other metatarsals Further, the medial position of the talus means that
weight bearing produces a tendency toward eversion (pronation) of
the foot, with therefore greater weight than normal bemng thrown
upon the medial side, and possibly some flattening of the medial side
of the arch If eversion does occur, it can set up a vicrous cycle the
subtalar jomt 1s normally shghtly tilted downward and forward so
that there 1s a tendency for the talus to ship i this direction, eversion
both 1ncreases the weight on the medial side of the foot and increases
the tendency of the talus to be displaced medially and downward, and
thns 1 turn distributes more weight to the medial side and encourages
more eversion and flattening

The fact that the talus 1s situated posterior to the mmddle of the
longitudinal arch of the foot has less obvious consequences, but does
mncrease the stram thrown upon the arch Because of the position of
the talus 1t would normally transmt to the calcaneus, through the
shorter back end of the arch, 80 per cent of the weight 1t bears, and
only 20 per cent forward to the heads of the five metatarsals However,
even mn quet standing the contraction of the posterior leg muscles
pulls upward upon the calcaneus (sufficiently to redistribute the weght
equally, rather than m an 80 20 ratio, between the calcaneus and the
metatarsals), and the arch 1s thus subject not only to the weight bear
mg upon 1t but also to the pull excrted by the posteror muscles Ths
pull obviously becomes much greater when all the weight 15 shifted
forward onto the ball of the foot and the heel 1s hited from the ground
In fact, because of the short lever arm upon which the triceps surae
has to work, the pull must be sufficient to support twice the weight
that 15 on the ball of the foot Thus the stramn upon the arch of a plan
tar flexed weight bearmg foot 1s very great, approximately three times
the actual weight that the foot 15 bearing

In view of the above considerations, 1t 15 obvious that an arch that
remams normal must be very stronglv constructed Probably everyone
would agree that a fundamental consideration 15 the bony conformation
__swhether or not for mstance, the subtalar jomt 1s slanted shghtly
more downward and medially than usual—but beyond ths there have
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been vaned opimons as to which soft tissues contnbute to the support
of the arch, and to what degree T stremes have been (1) that the heavy
plantar hgaments normally contnbute no support whatever, and (2)
that they are the pnmary support of the arch

It was once argued that those long muscles of the leg that reach the
foot are pnmanly responsible for mamtaming the arch and heepmng
woight from falling upon the plantar higaments, and that when the
plintar higaments did have to bear the weight pun resulted However,
it can be shown that come muscles that have been supposed to support
the arch are actually rclnned at the time of greatest strain upon at
Expeniments and calculations have ndicated that the strength and
leverage of all the long muscles combined are such that they could
not posstbly support the arch agmnst the maximal pull of the triceps
surae, and expenments have also indicated that the arch will bear
heavy weights without pun while the muscles of the leg are relaxed
In fact, present evidence therefore indicates that the long muscles not
only do not but cannot contribute much to the support of the arch,
and that 1t 15 the structures on the plantar surface of the foat that really
do this The most xmportant structures seem to be the plantar hgaments,
but the short muscles of the foot, which stretch along the arch lihe
e rods, can assist the higaments where necessary, and even the plantar
aponeurosis helps preserve the arch

The long muscles seem to contribute to the preseryvation or destruc-
tion of the arch m one way only they are responsible for heeping the
foot properly balanced between eversion and inversion, therefore for
the normal distribution of weight over the arch If they fail to do thus,
excess weight 1s thrown upon exther the medzal or the lateral side of the
arch, and this may be more than the hgaments and other soft tissues
can withstand without stretching Thus while mmbalance of the long
muscles may lead to deformation and pan from a normal arch,
strengthening them by exerase cannot be expected to ancrease the
support of the arch

Review of Foot

There 15 ittle hiving anatomy that can be reviewed on the foot

Of the bones the malleoh, already wdentified, are useful landmarks
but do not really belong to the foot The back end of the calcaneus can
be felt with no dufficulty where 1t forms the promnence of the heel

elow and anterior to the medial malleolus the talus and the sustenta
culum tali can be felt on the medial border of the foot, but otherwise
the tarsals are not identifiable The metatarsals are of course palpable
from the dorsum especially toward therr heads

Although the actions of some of the muscles of the foot can be ob
served, none of the muscles are 1dent:fiable the short extensors because
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Table 9 Nerves and Muscles of the Foot

Nerve and Mouscle
Ongin* Name Segmental Chuef action(s)
wmnervation *
Medial plantar  Abductor hallucis Ls, 51 Abduction of big toe
L5 st Flexor hallucis brevis Ls, 81 Flexion of big toe
Tlexor digitorum bresis Ls, 81 Flexion of four lateral toes
Furst lumbrical L5 81 Flexion of second toe
Lateral plantar  Three lateral S1 2 Flexion of lateral three toes
St 2 lumbricals
Quadratus plantae 81,2 Assist flexion of four lateral
toes
Flexor digitx 51,2 Flexion of little toe
mumnimt brevis
Abductor digiti mummr 81,2 Abduction of little toe
Adductor hallucis 81,2 Adduction of big toe
Plantar interosse1 81,2 Adduction and flexton of three
lateral toes
Dorsal interosse 81,2 Abduction and flexion of toes
11, III, and IV
Deep peroneal  Extensor digitorum L5 St Extension of four medtal toes
L4-52 brevis

* A common segmental origin or innersation

they lie deep to the long tendons on the dorsum of the foot (reviewed
on page 317), and the plantar muscles because of the heavy padding
and fascia between them and the skin The muscles of the foot are
summarized in Table 9

The situation 1s not much better concerning the vessels and nerves
The pattern of superficial vems on the dorsum may be wisible, and
when the dorsahis pedis 1s 1 1ts proper position and of normal size 1t
can be palpated on the foot where 1t hes between the long extensor
of the ng toe and that of the other digits No nerves are 1dentifiable
The distnbution of the medial and lateral plantar nerves (fig 129,
p 317), can perhaps be most easily recalled by remembermg that the
medial plantar has a distribution almost exactly comparable to that
of the median nerve i the hand, the lateral plantar one comparable
to that of the palmar portion of the ulnar nerve
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The Head and Neck

The Skull

The skull (figs 138 and 139) may be divided roughly mto two
portions, the cramum proper (cerebral crammum) which supports,
surrounds and protects the bram, and the facial skeleton The bones
of the cranjum are tightly kmt together by sutures (seams) so that
movement between them 1s impossible, and with the exception of the
lower jaw the facial bones are simlarly umted with each other and
with the cranial bones

The roof of the skull (calvarta) 1s formed anteriorly by the un
paired frontal bone, the paired parietal bones succeed this, and the
unpaired eccipital bone forms the most posterior portion of the shull
The ocapital bone surrounds the large foramen magnum for the
transmussion of the lower part of the brain stem as 1t joms the spmal
cord The floor of the cramal cavity 1s formed m part by the ocapital
bone, m part by the sphenord, which 15 an unparred bone Iymg antersor
to the occipital, and 1n part by a honzontal portion of the frontal
bone this portion also representing the roof of the orbut, the cay 1ty that
contans the eyeball and 1its associated muscles, nerves, and vessels
The floor of the skull between cramial cavity and nose 1s formed by
the ethmoid bone Most of the bones of the floor and roof of the cramal

341
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Figure 138 Antertor and lateral views of the skull

cavity also extend laterally to form 1ts lateral walls, which are com
pleted by the temporal bone, on the side of the skull in the region of
the external ear The temporal bone contams the muddle ear cavity
and the mastoid awr cells which commumcate with this, a particularly
hard part of the bone also contams the complicated mner ear

The most mmportant pawred facial bones mnclude the zygomahc or
cheek bone, formmg the promunence of the cheel and havmng a pro
Jectmg process that umtes with a sumlar process of the temporal bone
o form the zygomatic arch, the nasal bone or bone of the brdge of
the nose, and the maxilla, the tooth bearmg bone of the upper jaw
Processes from the maxilla aid mn the formation of the hard palate,
separating the anteror part of the nasal cavity from the corresponding
part of the oral cavity Of the remaming small bones 1n the skull the
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ethmoid 15 perhaps the most 1mportant, thus unpared bone forms a
part of the medial wall of each orbut, of the floor of the cranmum, and
of the lateral wall of the nose, 1t also helps to form the septum separ
ating the two nasal passages from each other It s a fragile bone con
tamng large cavities filled with ar, the ethmoidal air cells or ethmodal
smuses, connecting with the nasal cavity Other paranasal sinuses he
m the frontal, sphenoid and maxillary bones and recerve their names
from these bones All of the paranasal smuses commumcate with the
nasal cavity and are therefore subject to mnfection from this cavity
The mandible 1s the unpaired bone of the lower jaw, 1t consists
of pared ram that articulate with the temporal bone to form the tem
poromandibular joint, and a heavy tooth bearing body The synowial
cavity of the temporomandibular jomt 1s divided into two parts by a
fibrocartilaginous articular disk, the hinge action at this Jjomt takes
place between mandible and articular disk, winle protraction and re

traction of the jaw occur between the articular dish and the temporal
bone

The Braun Meninges and Cramal Nerves

The bramn lies within the cramal cavity and hhe the spmal cord
(p 220) 15 supplied with three menmges, the dura mater, the arach
noid, and the pa mater The dura mater of the bram (fig 140) 1s
largely fused with the periosteum on the mner surface of the cr amum,
m certam locations, however, these two layers are separated by large
venous smuses that receive the blood from the bram Folds of the dura
also pass between the two cerebral hemspheres (as the falx cerebri)



344 The Head Neck and Trunk

————— Supenor sagittal
Sinus

— ~Falx cerebn
~ ~Cavernous sinus

— -Straight sinus
~ Tentorium cerebelli

Figure 140 The dura mater and the chief venous smuses of the cramwm as seen
m & medial view of the hezmsected head

and between cerebral hemmspheres and cerebellum (the tentormum
cerebellr)

The larger and more important cramal venous snuses consist of the
unpaired superior sagital sinus, situated on the convexuty of the cere
bral hemaspheres as they approach each other m the midhine, the pawred
transverse and sigmod smuses which form continuous channels that
first run laterally and then curve downward to leave the skull as the
internal jugular vems, and the pawred cavernous sinuses situated on
the floor of the skull, on the sides of the central portion of the sphenod
bone The superior sagittal smus recerves vems from the bram and also
the dramage of the cerebrospinal flud, which 1s passed into the venous
system through the mediation of arachnod valhi projecting nto thus
smus The transverse smuses recenve the blood from the superior sagit
tal simus and also vems from much of the rest of the bram, and form
the chief venous pathways leaving the skull The cavernous smuses are
smaller than those described above, and are chiefly of importance be
cause they he adjacent to a very xmportant part of the brawn, the hypo
thalamus, and because through these sinuses run the ternal carotd
artery and a number of nerves

The dura mater of the bramn resembles that of the spmal cord m
bemng a tough fibrous membrane Where venous sinuses occur, the
walls of these smuses consist only of the dura, that 15 the vessels have
no special walls except for hming endothelium The dura and arachnoid
are separated from each ather by a potential space contammg a film of
flud The arachnoid 1s more closely apphed to the dura than to the
bram substance (fig 141), and runs smoothly from one ligh pomt to
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another, thus 1t fails fo dip mnto the folds of the cercbral hermispheres
(sce the followimng paragraph) or to dip n far between cercbral herm
spheres and cerebellum  The pia, on the other hand, follows very
eractly the onter surface of the bram, dipping an at every fold of this
organ, thus a considerable amount of space 1s left between the arach
noid and pia This spice 15 occupied by the cerebrospinal fluid, a flwd
that helps to cuslion the bramn and at the same time takes the place
of the lymphatic system, winch 1s Inching in the brun In certamn Jo
cations, such as between cercbral hermspheres and cercbellum, the
subarachnoid space 1s particularly large and considerable accumulations
of cerebrospmal flnd cxist there These larger subarachnoid spaces are
known as cisterns, the largest of these, the cercbellomedullary cistern
or aisterna magna, hes between the lower surface of the cerebellum and
the posterior surface of the medulla It 1s possible to sert needles
mto the asterna magna for the purpose of obtamung cerebrospinal
flurd or measuning the pressure of this flud without mjuning delicate
nerve structures that lie immediately adjacent to thus cawaty

The brain (fig 142) consists of the large cerebral hemuspheres, with
their surfaces thrown into numerous cenvolutions or gy, the smaller
cerebellum which also presents numerous but smaller folds of its
outer layers, and the brain stem representing an upper, much modified
continuation of the spinal cord The cerebral hemispheres and the
cerebellum, nstead of having all therr nerve cell bodies buried close
to their centers, have layers of cell bodies, gray matter, on ther
surfaces also In the bran stem, however, the arrangement of cells
and fibers 1s essentially hhe that in the spinal cord (p 46)—the white
matter 13 on the outside, the gray matter toward the center

Since the brawn 15 dertved from a hollow tube, 1ts various parts con-
tam cavities within them The largest cavities he within the cerebral
hemispheres and are known as the lateral ventricles of the bram,
within the lateral ventricles a large part of the cerebrospmal flud 1s
formed This flud then circulates downward through other cavities or
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Figure 141 Diagram of the cramal mennges close to the yudline of the roof of the
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of the bramt and spmnal cord

The cerebral hemispheres are the parts of the bram concerned with
recogmton of sensations, utation of voluntary movements, and the
mincate mental processes mnvolved in memory, judgment and mter
pretation The cortex of a single cerebral hermsphere has been estt
mated to contam approximately 7 billon nerve cells, and these cells
have an almost mfimte number of connections with lower centers,
wath the other cerebral cortex, and wath both thewr close and distant
neighbors 1n the same cortex Different parts of the cortex have differ
ent functions, the locations of those parts having the relatnvely simple
functions of 1utiatig voluntary movement (hence called motor cor
tex) or appreciating sensations of several lands are shown n figure 142
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The diencephnlon, the uppermost part of the brun stem, consists
of two mmportant portions the large pured thalam which recesve
ncomng <encory impulces, integrate them in complex patterns and
fornard them 1o the cerebral hemispheres, and the hypothalamus
which 1s an ymportant center of reflex action, being especially con
cerned with reflexes mvolving the autonomic nervous system, and
correlations between the autonomic and the voluntary nervous system
such as the mantennce of body temperature The mdbrain serves as
a center for refleses mnvolving the eye and ear, but much of st con
sists of fibers prssing to or from lugher centers The medulla hikewsse
contmns numerous importnt sensory and motor pathways, m addiion
1t contains centers that play an important part i the reflex or auto
matic muntenance of respirition and blood pressure The cerebellum
1s especially concerned with voluntary muscle, 1t has much to do with
cantrolling the strength of contraction of the muscles, and their proper
coordination m any gisen mosement The pons 1s a large collechon of
transversely disposed fibers on the ventral surface of the bran stem,
at about the level of the cercbellum It1s concerned with transtmtting
mmpulses from the cerebral hemispheres to the opposite cerebellar herm
spheres By extension, ‘pons” means the general region

The cranial nerves consist of twelve paws of nerves that make
therr exit through the skull and therefore largely anse from vanous
portions of the brain Some of these nerves (fig 149, p 360) are widely
distnibuted, others have a very hirmted distnbution The first and sec-
oud cramal nerves are sensory ones, the olfactory nerve for smell and
the opuic nerve for sight The olfactory nerves jomn small olfactory
bulbs that Lie yust above the nose on the under surface of the cerebral
hemuspheres, while the optic nerves run to the diencephalon The
third (oculomotor), fourth (trochlear), and sixth (abducens) nerves
are motor to the muscles of the eveball, the third and fourth neres
anse from the midbramn, the latter beng the only nerve to leave the
bram dorsally and the sixth nerve arses from the upper end of the
medulla The large fifth, or trigemunal, nerve contamns both motor and
sensory fibers, the motor fibers supply the muscles of mastication, the
sensory fibers supply practically the entire face, mncluding not only
skm but also the teeth and the membranes of the mouth, nose, and
paranasal sinuses This nerve possesses a large sensory ganghon, the
semilunar ganghon, which hes within the skull, the three branches
from which the nerve dersves its name make their exit through sep
arate opemngs m the skull The fifth nerve attaches to the bram stem
at the pontme level Iis long sensorv root between the sermlunar gan
ghon and the bram stem 15 sometumes cut m order to alleviate attacks
of severe pamn n the face (tngeminal neuralga)
m:;}clli Sst;wfe:xhth fm- £ 11:131 nerve has motor fibers distnbuted to all the

e face and to a few other muscles connected with the Jan



348 The Head Neck, and Trunk

and neck In addition to this 1t sends sensory fibers of taste to the
anterior two thirds of the tongue, and parasympathetic motor fibers
to be distributed to some of the sahivary glands (which open mto the
mouth, p 63) and to the mucous membrane of the nose In its course
the facial nerve passes very close to the wmnternal ear and then runs
through the mastoid portion of the temporal bone In tis latter loca
tion 1t may be affected by infection of the mastoid sinuses, or may be
mjured in operations upon ths bone Injury to the facial nerve m s
peripheral course causes paralysis of the facial muscles on that side,
and this condition 1s referred to as facial or Bell’s palsy In such paraly
s1s the muscles of the sound side, by their contractions, pull the mouth
toward that side, producing an asymmetry of the face even at rest
The facial asymmetry 15 more marked if an mdividual so affected at
tempts to simle, frown or close the eyes bghtly

The exghth or stato acoustic nerve passes mto the nternal ear, and
conveys mmpulses from the parts of the ear that are concerned both
with hearmg and with balance, this nerve does not leave the skull, as
the mternal ear 15 entwrely enclosed withm the temporal bone The
mmnth (glossopharyngeal) and tenth (vagus) nerves anse as a seres
of rootlets from the lateral side of the medulla and leave the skull with
the accessory or eleventh cramal nerve through the anteror part of the
foramen (jugular foramen) by which the sigmord sinus passes to the
mternal jugular vem The nmnth nerve contams both sensory and
motor fibers, the motor fibers bemg distrsbuted to a single small muscle
connected with the pharynx, the sensorv fibers bemng distributed to the
pharynx and also to the posterior third of the tongue, m which location
thev subserve taste and general sensations This nerve also contams
parasympathetic fibers for the head, especially for the parotd sabivary
gland

The tenth cramal nerve sends voluntary motor fibers to the muscles
of the pharynx and larynx, sensory fibers to the larynx and trachea
and involuntary motor fibers to most of the thoracic and abdominal
viscera Its wide distribution has earned for this nerve the name of
vagus or wanderer The accessory or eleventh cramal nerve arses m
part by rootlets m lme with the mnth and tenth nerves and n part
by rootlets that arise from the upper four or five segments of the spinal
cord and nn upward to yoin the medullary rootlets As the accessory
nerve passes through the jugular foramen with the vagus nerve the
fibers 1n the eramal rootlets of the accessory jom the vagus and are
thereafter distnbuted with 1t, they are really, therefore, much more
logically regarded as vagal than as accessory nerve fibers The fibers
of the spinal rootlets alone form the accessory nerve of gross anatomy,
which carries voluntary motor fibers to the sternoclexdomastord and
trapezius muscles (pp 355 and 97) The twelfth or hypoglossal nerve
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anses from the floor of the medulla, 1t 15 & purely motor nerve, carry
ng fibers to the voluntary muscles of the tongue

BLOOD SUTPLY OF THE BRAIM

The braun recerves 1ts blood supply from the pared vertebral nd
mterna] carond artenies (fig 143) The svertebrnl arteries, branches
of the subclanan artenies at the base of the neck, run up m a deep
postion m the neck (an part through the holes in the transyerse proces-
<es of cervacal veriebrae) and penetrate the posterior atlanto-occipital
membrane (p 209) to enter the vertebral canal and umte upon the
anterior surface of the medulla to form the basilar artery From the
sertcbrals and the baslar are given off vessels 1o the cerebellum,
medullh and spinnl cord and to the pontine region of the bram The
basiar artery ends m the lower diencephalic region by diiding mto
o postenior cerebr) artenes, these arteries are distnbuted to the
lower part of the medinl surfaces of the cerebral hermispheres and to
the inferior surfaces of the hermspheres Close to 1ts ongin from the
basilar each vessel recenes a posterior commumcating branch that
umtes 1t to the internal carotids

The internal carotid artenes have a devious course through the
skull and come 1n contact with the bram 1t about the front end of the
diencephalon They give off large middle cerebral arteries that are dis
tnibuted to most of the lateral surfaces of the cerebral hermspheres
Smaller anteror cercbral arteries also anse from the internal carotids
and are distributed to the upper portions of the medial surfaces of the
hemispheres The internal carotids are connected by the posterior com
mumecating arteries to the posterior cerebrals and hence to the basilar,
and the anterior cerebrals are connected to each other by an anterior
commumnicating artery, thus a complete “circle of arteres (really
a hexagon), called the artenal crcle of the cerebrum (circle of Wilhs),
1s formed at the base of the bramn A Lnowledge of the detailed distr1

_________ Ant cerebrol art

Ant commun art

nt carond art

—Mid cerebral art

Arfenies of cerebral hemorrhage

Figure 143 Schema of the artene
s at the base of the bramn and thesr co:
through the arterial circle the latter 1s shaded, i nesnons
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bution of the various vessels just mentioned, and of other small but
important branches, 1s of great mmportance to the neurologist and
neurosurgeon but cannot be entered into here It mught be pownted out,
however, that certainn small branches from the muddle cerebral artery
and the arterzal circle supply the important descendmg motor tracts as
they leave the cerebral hermspheres, smce these vessels have no free
anastomoses with other vessels thewr occlusion leads to damage to the
function of the motor pathways, resulting i the more common type
of “strohe * Because of the relative frequency with which these arteries
are mvolved when vascular accdents occur 1 the bram, these vessels
are known as the arteries of cerebral hemorrhage This should not
be interpreted, however, to mean that all cerebral hemorrhages or all
strokes are due to damage to these speafic vessels

The venous dramage of the bramn 1s by numerous, mostly unnamed
vems that 1 general run mto the nearest cramal venous smuses Thus
the vems from the conveuity of the cerebral hemuspheres pass into
the supertor sagittal sinus, those from the inferior surfaces of the
hemmspheres and the upper surface of the cerebellum pass mto the
transverse smuses, and so forth

The Facial Muscles

The facial muscles differ from most voluntary muscles m that,
mstead of moving one bone upon another, they move primarily sk
‘While many have some attachment to the bones of the face their m
sertion 1s mnto the skin, because of their effect upon facial expression
they are sometimes known as the mimetic muscles

The facral muscles (fig 144) may be divaded into four groups, one
group centering about the mouth, a second about the nose, a third about
the eye and forehead, and a fourth about the ear A smgle muscle,
the platysma, forms a fifth group which, although 1t lies chefly n
the neck rather than 1n the face, really belongs to the facial group

The pared muscles about the mouth mclude the depressor angult
ons and the depressor labu mienonts which pull the lower lip down
ward, the nsonus and the zygomaticus major which pull the corners
of the mouth laterally, and laterally and upward, and the levater labu
supenions and the levator enguli ons which hit the upper lip The
orbiculans ons encircles the mouth and therefore closes 1t or puchers
the hps as for a Iass

The buccmator (trumpeter) muscle forms the fleshy wall of the
cheel,, and cooperates with the tongue 1 moving the food about the
mouth during chewing, by its contraction 1t decreases the size of the
mouth cavity, and this action 15 made use of m swallowing blowing

wind mstruments, and the Iike
The muscles connected with the nose are primarily compressors,
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depressors or dhlators of the nares or external opemngs of the nose
They are small and vary consderably m thewr deselopment

The amportant factal muscle connected with the eye 1s the orbicu
laris oculf, a brond muscle that surrounds the orbit and extends nte
both upper and lower hids, this muscle 15 responsible for closing the hds
The upper bd 1s rused by a muscle lymg suthin the orbit

The musculature of the forchead consists of the frontalis (the frontal
belly of the ocapiofrontahs) which runs upward from above the
orbit mto the scalp and wnnhles the forcliend transversely, and the
corrgator superciit which produces the small vertical folds between
the eyebrows that we associate with a worried looh The frontahs
muscle actually moves the scalp forward and downward, so 1t and a
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correspondmg scalp muscle m the ocoypital region of the scalp, the
ocaipitabs (the ocapital belly of the ocapitofrontabs), may move
the scalp backward and forward The occipitofrontals 3s the major
part of the musculature of the scalp, the epicramal muscle

There are several small muscles connected with the ears, so placed
that they may move the ears forward, upward or backward These
muscles are rudimentary i man, and are not subject to voluntary
control m many mdiiduals

The platysma (flattest) muscle hies 1n the superficial fasca of the
neck, extendmg from the upper part of the thorax to the lower jaw,
where 1ts fibers interlace with the musculature about the mouth This
muscle aids m depressing the lower jaw, thus m openmg the mouth,
or taling its fixed pont from above makes taut the superfical fascra
of the neck

The entire group of facial muscles, mcludimg also the platysma, 1
mnervated by branches of the seventh cramal, or facal, neme The
facial nerve rounds the posterior aspect of the ramus of the mandible,
passing through the paroud gland, and branches out to reach all the
muscles of the face

The Orbu

The eyeball 1s moved by a number of muscles (fig 145) all of which
he wathun the orbit They are dreided mto four rectt and two obliques
accordmg to the way m which they wnsert on the eyeball The supertor
mferior medial and lateral rech direct the pupil approximately
straight upward, downward, medially and laterally respectively The
supenor oblique directs the pupil downward and laterally, the m
ferior oblique directs 1t upward and laterally, and the two muscles

o —Levotor palpebras

-~ =—Supersor rectus
Superior oblique —~—

o Qi 11

"L e ~ ~infenior oblique

Medal rectus —mm ] infersor tectus

~Optie n

Superor rectus
—————————— levator palpebrae

P s e e ] Lateral rectus

!

Frgure 145 Veluntary muscles of the orbst Segments have been removed from

ball with
tor palpebrae supenor rectus and optic nerve and the bach of the eyel
:’tlse:tet:hedppogfmn of optic nerve has been rotated up and forwerd
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together tend to avercome the shght medinl pull exerted by the supersor
and mfenor rectr Al these muscles, wath the exception of the nferior
oblique, arise from or close to a tendmous ring pliced at the apex
(back end) of the orhit, the mnfertor obhique arises forward, from the
floor of the orbit In addition 1o these muscles of the eycball, the orbit
contans also the Jevator of the upper hd, termed the levator palpebrae
superioris This muscle works m conjunction with the superor rectus,
<o thit as the pupil 15 turned upward the hd 35 further rused At sts
wnsertion 1to the upper hid the levator palpebrae superioris has two
lanunae, one tendinous but one composed of smooth muscle that by
its contraction awds in mamtuning the open position of the lid

Three craminl nerves supply the voluntary muscles of the orbt, the
fourth cransal, or trochlear, nerve supphes the superior obhque muscle,
the sixth or abducens supplies the latern} rectus, nd the remaimng
muscles of the orbit are supphed by the third or oculomotor nerve The
oculomotor nerve al<o brings into the orbit fibers for the supply of the
smooth muscles regulating the size of the pupil 1nd the shape of the
lens These nerve fibers end 1n the ahary ganglion, a ganghon about
the s1ze of the head of an ordinary pin located between the optic nerve
and the Jateral rectus muscle The activaty of the parasympathetic fibers
m the oculomator nerve and the branches from the ahary ganghon
produces constriction of the pupl of the ey e and accommodation of the
lens for near s1ston Sympathetic fibers derived from the plexus on the
internal carotid artery also supply the eye, to produce dilation of the
pupil

In addition to the three nerves supplymng ocular muscles the ophe
nerve, the large nerve of sight, occuptes a promnent posttion m the
ort The branches of the ophthalmic dnusion of the fifth nerve tra-
verse the orbit in ther course toward the face, and the mawallary
division of the fifth nerve runs for some distance m the foor of the orbst

The Jow and Tongue

Two muscles of the lower jaw are largely superficial (fig 146), others
he deeper The masseter muscle covers the angle of the jaw, and the
temporal muscle covers much of the side of the head in front of the ear
Both these muscles are closers of the jaw In addwon to these, twa
muscles known as the pterygo:d muscles attach 1o the mner surface of
the jaw The lateral (external) pterygod draws its side of the Jan
forward Both sides working together therefore protract the 1aw, a move
ment necessary for wide opemung of the mouth, while alternate contrac
tion of the muscles of the two sides produces the lateral movements of
the jaw so necessary for chewing The medigl (internal) plerygouds
assist the external pterygoids 1 lateral movements of the 72w, and the
masseter and temporal muscles m closing the jaw, they are ;herefore
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corresponding scalp muscle i the occipital region of the scalp, the
ocapitahs (the ocapital belly of the ocapitofrontahs), may move
the scalp backward and forward The ocapitofrontalis 15 the major
part of the musculature of the scalp, the epicramal muscle

There are several small muscles connected with the ears, so placed
that they may move the ears forward, upward or backward These
muscles are rudimentary i man, and are not subject to voluntary
control m many mdividuals

The platysma (flattest) muscle hies i the superficial fascia of the
neck, extending from the upper part of the thorax to the lower jaw,
where 1ts fibers mterlace with the musculature about the mouth This
muscle ads m depressing the lower jaw, thus 1 opeming the mouth,
or taking 1its fixed pomt from above makes taut the superficial fascia
of the neck

The entire group of facial muscles, mncludmg also the platysma, 15
mnervated by branches of the seventh cramal, or facial, nerve The
facial nerve rounds the posterior aspect of the ramus of the mandible,
passmg through the parotid gland, and branches out to reach all the
muscles of the face

The Orbit

The ey eball 1s moved by a mumber of muscles (fig 145) all of which
lie swithin the orbit They are divaded into four recti and two obhques
according to the way m which they msert on the eyeball The supenor
mierior medial and lateral rect diwrect the pupil approxmately
straaght npward, downward, medially and laterally respectively The
superior oblique directs the puml downward and laterally, the m
fonior obhque directs 1t upward and laterally and the two muscles

Cpte n

= e o o e~ Sypenior rectus

Levotor palpebrae

e ] Lateral rectus

Frgure 143 Voluntary muscles of the orat Segments have been removed from

he ey eball with
tor palpebrae superior rectus and optic nerve and the back of ¢
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attached to the hyoid bone, 1t may also assist the digastric 1n opeming
the mouth The digastric (two belhied) muscle estends from the mas
toid process of the shull to the back of the chin, the tendon connecting
the two bellies bemng attached by a shng of fascia to the hyoid bone
The muscle aids 1 opemng the mouth or raising the hy oid bone and 1s
mnervated from both mandibular and facial nerves

The Musculature of the Neck

The heaviest musculature 1 the neck 1s the upward contmuation of
the back muscles, which we have already considered In addition to
these muscles and the trapezius, the sternoclefdomastoid 1s a prominent
component of the neck muscles This muscle (fig 146) anses by a
tendinous head from the manubrium sterm and by fleshy fibers from
the medial third of the clavicle, 1t mserts upon the mastord process
behind the ear Its mnervation 1s by the accessory, or eleventh cramal,
nerve Fibers from upper cervical nerves, usually C2 and sometumes C3,
also reach the muscle exther directly or by joinmmg the accessory, but st 1s
believed that these fibers are sensory rather than motor—the accessory
nerte 1s known ta contain no sensory fibers at 1ts ongin The sternocler
domastords of the two sides acting together, powerfully flex the head
and necl, the muscle of one side laterally fleces the head and neck to
ward this side and at the same time rotates the face toward the opposite
side

The anatomy of the neck 1s so complcated that 1t 1s often convement
to divade the anterolateral parts into subsidiary regions on the basis of
muscular landmarks The sternoclerdomastoid 1s the most promment of
these Jandmarks, and 1s described as drvidmg the neck mto two major
trangles the postertor triangle hies posterclateral to the muscle, between
1t and the trapezius, and the anterior triangle lies medial to the muscle
and extends to the mudline

There are several thmn muscles 1n the neck that are primarly con
nected with the hyord bone and are known collectively as the strap
muscles of the neck These muscles mclude the sternohy oid, the sterno
thyrod, the thyrohyord, and the omohyod The first two extend from
the sternum to the hyoid bone and the thyrod cartilage (the chef
cartilage of the larynx, p 359) respecuvely, the thyrohyoid extends
from thyroid cartilage to hyoid bone and seems to be an upward con
tinuation of the sternothyrord muscle The sternchyord and the sterno
thyroid muscles cover the anterior and lateral surfaces of the thyrod
gland The omohyoid muscle anses from the scapula, hence the name

‘omo,”" and nserts upon the hyoid bone It consists of two bellies, a
supertor and an inferior, united by a tendon that 1s anchored to the
clavicle by a shng of fascia The superior belly of the omohy o1d muscle
runs almost parallel but lateral o the sternchyord, the nfertor belly
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Frgure 146 Some muscles of the jaw and neck

chewmng muscles par excellence These masticator muscles are all m
nervated by the third or mandibular branch of the fifth cramal (trigem
mal) nerve

Most of the other muscles attached to the jaw form the floor of the
mouth or ard n movement of the tongue The tongue muscles attach mn
part to the mandible and i part to the hy oid bone, which may be con
sidered the bone of the tongue The tongue itself (fig 148, p 358) 15 a
fleshy mass composed of interlacmg voluntary muscle fibers arranged
longitudinally, horizontally, and transversely The muscles passing mto
the tongue from the hyod bone and mandible act with the mtrinsic
muscles of the tongue to carry out the various movements of protrac
nom, retraction, changes m shape, and so forth, which this very mobile
organ undergoes 1 speakmg, chewing, swallowing, and the Iike The
muscles of the tongue are mnervated by the hypoglossal, or twelith
cramal, nerve

The most promnent muscle of the floor of the mouth, the mylohyoid
stretches across from one side of the mandible to the other, and 1s inner
vated by the mandibular branch of the fifth nerve By 1ts contraction 1t
raises the floor of the mouth and the base of the tongue, since 1t 18
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Taking ther fixed pomnts from below, they flex the neck laterally or
turn 1t shightly toward the opposite side Taking their fixed points from
above they are respiratory muscles, semung to fix the first two nibs n
quiet mspiration, and to raxse these nbs an forced nspiration Because
of 1ts position between the anterior and muddle scalenes the brachial
plexus 1s subject to pressure from the contraction of these muscles, or to
being stretclied over a first nb rmsed by ther spastic contraction
Spasm of the antenior scalene, in particular, has been thought to be
responsible for certmn cases of myury to the plexus at the base of the
neckh and the operation of scalenotomy or section of the anterior scalene
has been reported to relieve selected cases The “scalenus anticus
syndrome,” like other signs of compression of the brachial plexus, 15
often preaipitated or exaggerated by a lower position of the shoulder,
and 1s therefore often amenable to physical therapy (p 94)

The deepest antenor muscles of the nech are two short ones that
extend between the atlas and the shull, and thus are sumlar to the
muscles lymng deep to the long muscles of the back (p 218), and two
muscles, the longus colli and longus camtis that largely cover the
fronts of the bodies of the cervical vertebrae The longus muscles anse
from the bodies and transyerse processes of cervical and upper thoracic
vertebrae, and insert upon upper cervical vertebral bodies and the skull
They are supphed by twigs from the adjacent spmnal nerves, and
primanly flex the neck and head

An abnormal position of the head and neck (zorticollis or wryneck)
may be mamtaned by various muscles of the nech In the simplest type
the sternocleirdomastoid 1s responsible, but i other types there seems to
be a contraction of many muscles—the large muscles such as the sterno-
cleidomastord, trapezms, scalenes, and vertebral muscles, the short
muscles associated with the shull, and even the hyoid musculature

Frgure 147 The scalene muscles
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runs transversely across the base of the neck to 1ts attachment on the
shoulder

The strap muscles are mnervated by branches from a nerve loop
known as the ansa cervicalis, once known as the ansa hypogloss: be-
cause one lunb of the loop can be traced to the hypoglossal nerve The
other limb arises from the cervical plexus (p 361) In reality, both limbs
of the loop represent cernical nerve fibers, as the fibers apparently
dexived from the hypoglossal nerve have jomed that nerve from the
second or first and second cervical nerves Thus the strap muscles are
mnervated by upper cervical nerve fibers There are usually two nerves
from the ansa cervicalis mto the sternohyoid and sternothyroid mus
cles, and a nerve to each belly of the omohyoid The thyrohy oxd muscle
usually recerves its cervical nerve supply by a branch descending dx
rectly from the hypoglossal nerve As a whole, the strap muscles depress
the hyord bone and the thyroid cartilage, the thyrohyoid can ether
depress the hyoid bone or elevate the thyrod cartilage

The remaimng muscles 1n the neck (those of the pharynx will be
mentioned 1 connection with this organ) are connected exther with the
larynx (voice box) or with the ribs and vertebral column The muscula
ture of the larynx 15 complex and there 1s no necessity of describing 1t
here Most of the laryngeal musculature 1s supphed by the recurrent
branch of the vagus nerve, which leaves the mamn vagus stem mn the
lower part of the nech or in the chest (differing on the two sides) and
ascends alongside the trachea and esophagus to reach the level of the
larynx The recurrent nerve 1s subject to mjury during operations upon
the thyrod gland, and such mjury, if hilateral, may have serious con
sequences Paralysis of the musculature of the larynx may lead to
gradual closure of the air passage, so that breathing becomes more and
more difficult

Most of the muscles connected with the vertebral column m the neck
have already been described m connection with the back muscles,
anterolaterally 1n the neck, however, there are three that anse from the
vertebral column and msert upon the rbs These are the three scalene
muscles anterior, mddle, and postertor, respectively (fig 147) The
anterior scalene muscle arises from anterior tubercles of the trausyerse
processes of approximately the third to sixth cervical vertebrae and
mserts on the upper surface of the first b toward ats sternal attach
ment The scalenus medius h1s a simlar origm from the lower five or
six or all the cervical vertebrae and mserts also into the first mb The
scalenus anterior and the scalenus medius are separated from each other
by the roots of the brachial plexus and by the subclavian artery The
scalenus posterior bes belund the scalenus medrus and arses from the
transverse processes of about the fifth and sixth vertebrae, and passes
down to msert onto the second nib

The scalenes are mnervated by short branches from the ventral ramu
of the cervical nerves corresponding to the levels of therr ongns
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muscle brnidging the gap between the two jaws and thus formng the
substance of the chech The supenor, middle, and inferor pharyngeal
constrictors <o overlip each other that by their contraction they can
pass food or liquids down 1nto the esophagus The pharyngeal constric
tors and most of the muscles of the soft palate are mnervated by the
vagus nerves, the sensory supply to the posterior wall of the pharynx
1s through the minth, or glossophary ngeal, nerves

When the pharynx ends by dividing into a respiratory and a diges-
tive tube, the air passage 1s contnued ventrally as the larymx and
trachea and the food passage 1s continued dorsally as the esophagus
The walls of the air passage are held open by special cartilages mn the
region of the larynx and by a seres of C-shaped cartilaginous rings in
the trachea, the opgming mto the larynx can, however, be closed, as m
holding the breath, by the action of special muscles acting upon certam
laryngeal folds One pair of these folds 1s termed the vocal folds or vocal
cords, which not only can be brought together m the midhine but also
can be lengthened or shortened, these folds are thrown imto vibration by
the passage of air between them to produce sound, and the pitch of the
voice 15 altered by changes 1n the length of the vibrating portions of the
cords

The esophagus, the more direct continuation of the pharynx, 1s a
muscular tube that lies between the trachea and the vertebral column
Except when 1t 15 distended by the passage of food or hquds, the walls
of the esophagus are collapsed

Nerves and Vessels

All the cramal nerves obviously arise 1n the head, and most of them
also have therr distribution within the head This distribution has been
mentioned briefly already (p 347), and will not be elaborated upon
here, with certamn exceptons Figure 149 presents dagrammatically
the major branches of several of the larger cramal nerves

The two nerves that are widely distributed 1n the head are the fifth
or trigemmal and the seventh or facial nerves The tngemnal nerve
consists of three branches, of which the upper two contam only sensory
fibers while the third 1s a rixed nerve The upper, first, or ophthalmic
division of the trigermnal nerve 1s distributed to the shin of the fore-
head, the upper eyehd, and the bridge of the nose, 1t also supphes
certain paranasal siuses

The second, nuddle, or mavllary division of the trigeminal nerve
supplies skin over the promnence of the cheel, the side of the nose, and
the upper hip Tt also supphes much of the mterior of the nose mt;st of
the paranasal simnuses, the roof of the mouth, and the upper ]av.,v and 1ts
teeth This 15 the nerve the dentist blocks for work on the upper jaw

The lowermost, third, or mandibular branch of the fifth nerve sup
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Frgure 148 The digestive and respiratory tracts i the head and neck, as seen 1t
sagittal section

The Pharynx Larynx, Trachea and Esophagus

The essential anatomy of these structures 1s diagrammed m figure
148 The pharynx 15 formed by the umon of nasal and oral caviies
belind and below the soft palate, and 1s therefore the common tube m
the head and upper part of the nech for the passage of both axr and food
At the level of the thyrod carhilage, arway and food passages once
again separate

The soft palate 15 essentially a muscular partition between the back
parts of the oral and nasal caviies The several muscles here hift, depress
or tense the soft palate, some attach to the skull, others extend from the
soft palate to the walls of the pharyn¥ or to the fongue Movements of
the soft palate are essential for proper phonation and for swallowmg
Defects m the soft palate especially as represented m cleft palate but
as also found m paralyss of the musculature of the palate lead to
dfficulty in swallowing and sometimes 1o the outflow of hquds through
the nose

Al<o essential to swallowing 1s the action of the voluntary muscles
the walls of the pharynx, these muscles are so arranged as to compress
the pharynx and are thus termed the Constrictors of the pharynt The
upper constrictor s continuous with the bucainator muscle, the facial



Tho Head and Neck 361

sory fibers for taste that are carried to the tongue by o branch of the
trigemmal nerve, and contams aléo parisympathetic (secretory and
vasomotor) fibers that accompany arious branches of the trigeminal
nerve to some of the salnary glands and blood sessels of the head

The remamng crial nerves distesbuted m the head go to deeper
structures and will not be deseribed here

In the neck, the upper cervical nerves, with the frequent exception of
the first, enter mto the formation of the cervical plexus (fig 149) This
15 ordinanly formed by the union of the ventra ramu of the second to
fourth cervical nerves Trom tlus plexus anse a number of cutancous
nerves that supply shin of the nech and of the head, and muscular
branches mnto adjacent muscles, especially the longus muscles and the
Ievator scapulie A portion of the ansa cervicalis, the major supply to
the strap muscles, 1s derv ed directly from the cervical plevus, the other
portion 15 derived indirectly from the cervacal plexus by the umon of
fibers of thus plevus wath the hypoglossal nerve The phrenic nerve the
nerie to the dsaphragm, 1s also dernved largely from the cervical plexus
since 1t usually contams fibers from €3, C+ and C5 The phrenic nerve
traverses the lower part of the nech almost vertically, lymg on the
antenar surface of the anterior scalene muscle Leaving this muscle,
1t passes the length of the thorax to reach the diaphragm

In additon to the cervical plevus and its branches, mentioned above,
and the brachial plexus and its branches, which have been described m
connection with the upper limb, the nerves m the neck are the tenth
and eleventh cranial and the cervical sympathetic trunk The tenth
cranal or vagus nerve after malang its exat from the skull runs down
ward just belund the internal and common carotid arteries In addition
to supplying the musculature of the pharynx 1t gives off a branch (su
perior laryngeal nerve) that 1s largely sensory to the larynx Most of the
muscles of the larynx are supphed by the recurrent laryngeal branches
of the vagr The nght recurrent laryngeal nerve arises from the right
vagus as thus nerve passes m front of the subclavian artery and turns
upward behund this artery to ascend to the larynx, the left recurrent
laryngeal nerve leaves the vagus n the thorax rather than m the nech,
passing below and then behind the arch of the aorta (fig 154, p 371)

The accessory or eleventh cramal nerve at first hes mn close contact
with the vagus, but leaves this m the upper part of the neck ta pass
through or deep to the sternocleidomastord muscle, which 1t supplies,
and then cross the postertor tnangle and end m the trapezius muscle
The accessory nerve thus supphes motor fibers ta anly two muscles

The pawred cervical sympathetic frunks (also called chams) hLe
deeply on the front of the longus muscles Each 1s an upward contimua
tion of the thoracic sympathetic trunk (sce page 57 for a summary of
the sympathetic nervous system) and hke that 15 composed of gangha
and strands of nerve fibers that connect the gangha The gangha are
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Figure 149 Major branches of some of the pnncipal cranial nerves in the head and
neck, and some connections and branches of the cervical plexus

plies most of the muscles of mastication, and 1s also distributed to the
lower jaw and its teeth, 1o the anterior part of the tongue, and to the
skin over the lower jaw including an area extending upward m front
of the ear

The cutaneous branches of these three divisions of the trgemmnal
nerve appear m varous positions upon the face The mamn branch of
the ophthalmic nerve becomes subcutaneons by rounding the upper
border of the orbit not far from the bridge of the nose The chef cuta
neous branch of the maxsllary nerve appears on the cheeh by passing
through a foramen beneath the ortat The cutaneous branches of the
mandibular are rather widely separated as they approach the skun, one
appearng just i front of the ear one appearing m the cheel, and one
presenting atself on the chin through the promment mental foramen
after having run wathin the lower jaw and suppled the teeth

The facial nerve 15 hlewse widely distributed on the face, m con
trast to the trigeminal nerve the facial 1s almost entirely voluntary
motor The major portion of the facial nerve rounds the posterior border
of the ramus of the mandible, traversing the parotd glnd, and divides
within the gland 1nto a number of branches that spread out to supply
the musculature of the face In addition, the facal nerve contams sen
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(previously called mnomnate artery ), the first large branch from the
aorta, divades 1nto right subclavian and right common carotid vessels
(fig 150) On the left side the left common carotid and left subclavian
arteries appear as <eparate branches from the aorta (fig 154, p 371)
The subclavian arteries arch across the base of the neck to enter the
axillae, winle the common carotid arteries run upward lateral to the
trachea and esophagus The pulse of these latter vessels may easily be
felt n the nech At about the level of the hyoid bone the common ca
rotids branch mto external and internal carotids The wnternal carotids
continue the upward course of the common carotids and end by supply
ing the bramn, while the external carotds branch to supply numerous
vessels 1o structures in the head region The thyrod gland (p 66) 1s
supplied by branches from both external carotids and both subclavians,
the pharyny, laryny and upper parts of the trachea and esophagus re
cenve their blood supplies from numerous branches derived ultimately
from erther the carotid or subclavian artenes

Ixcept for the bram the blood supply of which has already been
described as being dernved from the internal carotid and vertebral
artenes, most of the structures of the head are supplied by various
branches of the external caroud artery The facial artery crosses the
lower edge of the mandible just mn front of the attachment of the mas-
seter muscle and runs upward toward the angle between nose and eye,
givang off branches to the face in 1ts course A second large superficial
branch of the external carotid ascends close mn front of the ear, this 1s
the superficial temporal artery, from which the pulse 15 sometimes
taken Other branches of the external carotid supply the tongue, jaws,
nose, and pharynx The Iargest of these branches 1s the maxllary (for
merly internal maxillary) artery, supplying most of the structures
mentioned above except for the tongue which has 1ts own special branch
from the carotid

The veins m the neck are numerous, and connect rather freely with
each other The largest from the head and upper part of the neck are the
internal and external jugular veins, the former accompanying the com
mon and internal carond arteries and the latter lymg largely subcutane-
ously These vemns jomn the subclavian vems at the base of the neck

Review of Head and Neck

The surface anatomy of the head 15 largely the anatomy of the skull
Thus we speak of frontal, panietal, temporal, and occipital regions of the
head, obviously named from the corresponding bones of the cramum
Below the external occipital protuberance, the promment bump on the
back of the head close to the mudline, the ocaipital bone 15 largely bured
by the muscles attaching to 1t The part of the temporal bone on the
side of the skull m front of the ear 15 also covered by muscle, but this 1s
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not regularly placed, however, and mstead of the expected exght, to
correspond with the eight cervical nerves, there are typically only
three a superior cervical ganghon, placed high 1 the neck, an mfersor
or cervicothoracic (stellate) ganghion at the base of the nech, and a small
‘mddle ganglion lymg closer to the mferior than to the superior one
These gangha give off fibers, gray ranm commumcantes, to all the cer
vical nerves (the mferior or stellate bemg therefore the chief sympa
thetic supply to the blood vessels and sweat glands of the upper hmb}
They also give rise to descending nerves that help supply the heart, m
creasing the rate and strength of the heart beat Finally, the superior cer
vical ganghon sends a great number of fibers upward along the external
and particularly the mternal carotid arteries (see the followang para
graph) These {ibers supply blood vessels, sweat glands, and other
structures of the face and head meluding a muscle govermng the size
of the pupil of the eye B all the pr ghomc fibers to the cer
vical sympathetic gangha come through thoracic nperves (cervical
nerves have no whte ramm commumecantes) mnterruption of the cervical
sympathetic trunh anywhere will cut off the sympathetic mnervation

to the face and head
At the base of the neck on the right side the brachiocephalic frunk
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The Thorax

The Thoracic Wall

The thoracic wall (fig 19, p 78) consists of the sternum anteriorly,
the vertebral column posteriorly, and the ribs (costae) and their connect-
ing muscles betw een the two Internally, the thoraxis separated from the
abdomen by the diaphragm, but there 15 no similar separation between
neck and thorax The sternum consists of three portions an upper part,
the manubrium, a larger part, the body, and a small xipho:id process
It 1s the manubrium and the body of the sternum that meet to form the
sternal angle, and at this location the second nb attaches To the

sternum are attached the clavicle and the costal cartila

ges of the upper
seven ribs

The thoracic vertebrae form the postertor medial aspect of the wall of
the thoracic canity Infections—for example, tuberculosis— of this por-
tion of the vertebral column may therefore present themselves within
the thoracic cavity

The greater portion of the thoracic wall consists of the twelve ribs and
therr cartilages, and the muscles connecting them The majonty of the
ribs articulate wath both the body and a transverse process of their cor
responding vertebrae (for more details see the discussion of the vertebral
column), and freely movable Jomnts exist between vertebral and costa]

365
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thin and the bone can be felt through 1t The mastoid process of the
temporal bone 1s easily felt below and behind the external ear, the
zygomatic process forms the back part of the bony arch stretching from
m front of the ear to the prommence of the cheek The parietal and
frontal bones are largely subcutaneous

On the face, the rim of the orbit (the upper part formed by the
frontal bone) 1s easily palpable, and the bony and cartlagmous parts
of the external nose can be distinguished without difficulty The promm
nence of the cheek 1s formed by the maullary and zygomatic bones,
the tooth bearing alveolar process of the maxilla can be palpated
through or exarmmed by retracting the lips and cheek Much of the
hard palate 1s formed by the fusion of the two maxillae Most of the
mandible can be palpated, 1ts lower border and the back end of its
angle are particularly prormnent, but its ramus 1s largely covered by
muscle

The skeletal anatomy that can be exammed n the mtact neck (ex
cept for parts of the vertebral column) 1s irmted to the hyod Bone and
the Jarynx and trachea The hyoid bone 1s easily palpated in the ante
rior mdlme at about the level of junction of the neck and lower surface
of the jaw Its greater horns curve posterorly on the sides of the
pharynx, and can be followed to thewr tips Below the hyoid bone the
thyroid cartilage 1s palpable (and 1ts projection often visible), especially
close to the rmdlne, 1ts two sides meet m an anterior ndge, and 1ts
upper border 1s notched above this mdge Of the several other cartilages
of the larynx, only a part of the cricord cartilage can be felt, this 1s the
rounded bar of cartlage passmg across the front of the larynx 1mme
diately below the thyrod cartilage The rings of tracheal cartilage that
Lie below the cricond cartilage are palpable with more dafficulty

Of the muscles only a few can be recogmzed easily The masseter
and the temporal can both be felt to contract when the jaws are
clenched, the former where 1t covers the angle of the jaw and the latter
m front of the ear above the zygomatic arch Muscles of the floor of the
mouth can be felt to contract when swallowing occurs or the tongue
15 moved vigorously The only prominent muscle of the neck 1s the
sternoclerdomastoid, best felt and seen when the neck 1s flexed and the
face 1s at the same time turned to the opposite side

Of the nerves and vessels none of the former can be palpated, and
neither can any of the large vems The external jugular vem may how
ever be visible beneath the shin, particularly where 1t crosses the
anterior surface of the sternoclexdomastoid muscle The pulse of the
common carotid artery can be felt lateral to the larynx, and that of the
superficial temporal artery (from the external carotid) just m front
of the upper part of the ear Stmularly the facial artery (another branch
of the external carotid) can be felt as 1t crosses the lower border of the
mandible :xmmedately 1n front of the masseter muscle
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ruang them or fixing the lower nibs agunst the pull of the diaphragm,
and actne contraction of the abdomnal muscles 1s called mnto play
dunng forced expiration

Survey of the Thoracic Viscera

The thoratic cavity contuns three large serous sacs (fig 151) hined
with mesothelium, which enclose the two lungs and the heart, respec
tinely Each s 1 cloced <ac, with one wall carned mmward around the vis
cus with winch 1t 1s related much as the side of a balloon may be pushed
m with one’s fist A pleural sac surrounds each Jung and the pericardinl
<1c surrounds the heart The outer wall of each pleural sac 15 1n contact
with the thoracic wall, with the diaphragm below, and with the pencar-
dial sac medially, this wall 1s known as the parietal pleura The pul
monary or visceral pleura (pulmonary 1s the adjective derved from
pulmo, the Latin name for the lung) 1s that layer of the wall of the sac
which has been pushed inward by the growth of the lung and forms the
smooth outer surface of this organ Visceral and panetal pleura are
normally 1n contact with themselves and each other, and the pleural
cavity consists only of a potential space between the xmmediately ad
jacent surfaces of the pleura Llevation of the rbs and contraction wath
consequent depression of the diaphragm result in an enlargement of the
chest, and the paretal pleura follows the movements of the diaphragm
and thoracic wall, to both of which 1t 15 firmly attached The outward
movement of the panetal pleura naturally results i an attempt to en
large the pleural cawity by separating parietal from visceral pleura
Since, however, the pleural cawity 1s a closed sac, such an attempted
separation results 1 the formation of a vacuum, and therefore the lungs
are expanded by the atmospheric pressure, which has free access to
them through the air passage The elasticity of the lungs tends to keep
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elements Muscles between the two can raise and rotate or depress the
ribs The last five ribs, which do not directly reach the sternum, are
termed false r1bs The upper three false ribs attach by therr costal car
tilages to each other and to that of the seventh b, and thus help to form
the costal arch, but the costal cartilages of the last two ribs end freely
the musculature to which they give attachment The last two ribs are
sometimes referred to as floating ribs

The muscles passing between two adjacent ribs are known as mnter
costals, and smnce they are arranged m two distinct layers, there are
external and internal itercostals (shown m theiwr relations to the
abdomuinal muscles i figure 155, p 374) The external mtercostals
slant downward and forward from one rib to the next below, while the
wmternal intercostals slant downward and backward from one rib to the
next below Connected with the vertebral ends of the ribs are several
small muscles, and ventrally the fransversus thoracis radiates upward
and laterally from the posterior surface of the sternum to attach to the
mner aspects of the ribs Intercostal nerves (the ventral rarm of thoracic
nerves, Lkept apart by the mibs so that they do not form a plexus) run
along the lower borders of the mbs, accompanied by intercostal arteres
that are for the most part branches of the norta (p 370) The muscles
connected with the nbs are mnervated through the intercostal nerves,
they serve to adjust the relations of the rbs to each other, and therefore
are of special value 1n respiration

Between the thorax and abdomen 1s the muscular mass known as the
diaphragm (fig 159, p 384) which completely separates the thoracic
from the abdommnal cavity but 1s of course penetrated by structures
that pass from one to the other The diaphragm consists of voluntary
muscle that arises from the inner surfaces of the sternum and the lower
ribs, and from the bodies of the upper lumbar vertebrae These muscle
fibers msert upon a central tendon that completes the partition between
thoracic and abdominal cavities The diaphragm’s motor mnervation 1s
from the phremc nerve which contams fibers from C3, G4 and C5
Since the phremc also contams sensory nerve fibers, pam from the
chaphragm 1s sometimes felt m the neck Contraction of the diaphragm
lowers 1ts dome so that the length of the thoracic cavity 1s mcreased,
upon relaxation of the diaphragm the elashaty of the abdomunal wall
pushes the viscera and the diaphragm upward m expiration

Breathing 1s usually brought about by movements of both diaphragm
and nbs In insprration, the nbs are somewhat hfted so that therr
downward mchnation 1s lessened, and their upper borders are turned
outward at the same tume, thus resulting m an mcrease i both antero
posterior and lateral diameters of the chest Dunng quet respiration
msprration 15 brought about primarly through the action of the di
hragm and the small muscles connected with the mbs Durmg forced

;P;lsplratmn any of the many muscles attaching to the ribs may assist 1
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the bronchs, the trachea ends in the upper part of the chest by branch
mg mio two prmapal bronehy, one for ench lung The nght principal
bronchus 1 turn branches into three lobar bronchy, as the right lung
contns three farly separte but overlapping lobes, there are only two
lobes 1w the left lung and thus two lobar bronctu on thus side The
bronchi branch repeatedly wathin the lungs Their smallest subdivi
sions, known as bronchioles, finally end 1n connection wath small thin
walled air <acs, or alveoli {(p 65), through the walls of which takes
pice the escential interchange of gnses between air and blood strenm
The lungs recenne blood from the pulmonary trunk, which arises from
the nght ventncle (fig 153), the pulmonary trunk divides mnto night
and Ieft pulmonary artenes, exch of which tends to follow the bronchus
of 1ts own side but g@ves off more numerous branches into the lung than
does the bronchus The pulmonary vamns, usually two from each lung,
empty 1nto the left atrum of the heart

The heart (cor) 15 a muscular pump for propelling the blood It
contans four chambers (fig 153), of which two, known as the atna,
are thin walled and recerse incoming blood, while the other two cham
bers, the ventnicles, are heavy walled and propel the blood nto the
artenal systems As 1s true in all pump systems, the heart contamns
valves to prevent bact flow of flmd and allow a propulsive pressure to
be budt up withan the system The nght atrium recerves blood return
mg from the head and neck, the upper extrermties and the thorax by
the superior vena cava, and from the abdomen and lower extremities
by the inferor vena cava This blood then passes mnto the nght ventricle
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Figure 152 General relation of heart and lungs to the thoracic cage, anterior view

them contracted, but when the negative pressure within the pleural
cavity 1s mcreased, atmospheric pressure 1s sufficient to overcome this
elasticity and therefore to inflate them Thus attempted enlargement of
the pleural cavity results in msprration, or drawmng air mto the lungs

If, however, the pleura has been so injured that air attains access to
the pleural cavity, either from a wound 1n the thoracic wall or through
the lung 1tself, movements of the thoracic wall then sumply draw ur
mto the pleural cavity, and the lung 15 collapsed by 1ts own elasticity
The presence of air m the pleural cavity 1s termed “pneumothorax”
It may occur spontaneously through damage to the thoracic wall or the
lung, or air may be mtroduced purposely mto the pleural cavity to
collapse a lung and thus prevent 1t from following the respiratory
movements Such resting of the lung may allow healing that would not
go on so well when the lung was constantly bemng expanded and
contracted

The pernicardial sac 1s bwlt upon the same fundamental plan as are
the pleural sacs The outer layer of the pericardial sac, the pericardium
15 a tough fibrous membrane hned mternally with mesothelmm, where
the pericardium 1s attached to the great vessels as they leave the heart
the mesothelium 1s reflected down over these vessels and over the heart
to form the epicardium The pericardial cavity consists of the potential
space between epicardium and pericardium ‘While the pericardial sac 15
farrly loose m order to allow for the rhythmic changes m heart volume
necessary for the pump action of the heart, the pericardium 1s so tough
that 1t can be expanded suddenly only very shghtly Thus accumula
tions of flnd withn the pericardal cavity may markedly mterfere with
the abihity of the heart to receive incoming blood

The lungs (figs 151 and 152) recewve air by way of the trachea and
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from the thoracic wall by means of the mtercostal veins, and empty
mto the superior vena cava

The pulmonary circulation has already been briefly described 1n con
nection wath the heart and lungs and need not be repeated here

The important nerves connected with the thoracic viscern are the
parred vagus nerves and the <y mpathetic trunks, both parts of the auto
nomic system (p 57) The vagus nerves descending from the nech,
pass behind the roots of the lungs to lie upon the esophagus with which
they travel through the thorax and enter the abdomen These nerves
supply mvoluntary motor nerve fibers to the heart (which decrease the
strength and rate of the heart beat) and also involuntary motor fibers
to the lungs and esophagus The thoracic sympathetic trunk consists of
some cleven or twelve gangha, or accumulations of nerve cells, con
nected together by fibers which run up or down the trunk The trunk
15 continuous above with the cervical and below with the Jumbar trunh,
the mdividual ganglia are connected to spinal nerves by rim commum
cantes (p 226), through which they receive fibers from the spinal cord
and send fibers back mnto the spinal nerves to be distributed wath these
latter The heart receves 1ts sympathetic innersation largely by branches
which descend into the thorax from the cervical trunk but additional
fibers reach the heart from the thoracic trunk Vagal and sympa
thetic fibers unite to form plexuses 1n connection with the heart Other
fibers from the thoracic trunk enter mto plevuses supplymng the lungs
and the esophagus In general, stimulation of sympathetic fibers pro-
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and 1s pumped by the mght ventricle out the pulmonary trunk and
arteries to the lungs, where the blood 1s aerated The tricuspid valve,
at the openmg between atrium and ventricle, prevents bachflow from
the ventricle mto the atrmum The pulmonary valve, with three valvules
somewhat resembling pockets on a vest, protects the mouth of the pul
monary artery and prevents blood mn this vessel from running back mto
the ventricle as the latter relaxes

Blood returnmng from the lungs by way of the pulmonary vems
enters the left atrium, 15 then passed mto the left ventricle and from the
left ventricle 1s pumped out mto the aorta to be distributed to the body
in general The hicusprd or mitral valve protects the atrioventricular
opening, an aortic valve, stmular to the pulmonary valve, protects the
orifice of the aorta Any of the various valves of the heart may on occa
s1on be thickened or otherwise defective and fail to close properly, thus
allowing blood under high pressure to flow back 1nto the region of less
pressure, this 1s referred to as leaking valves and produces a sound
known as a heart murmur Simce the left ventricle must pump blood
all over the body, while the right ventricle pumps blood only to the
lungs, the left ventricle does considerably more work than does the
nght, correspondingly, the wall of the left ventricle 1s very much
thicker than 1s that of the nght

After giving off 1ts branches to the head and nech and the upper
limbs, the aorta the great artery leaving the heart, descends shightly to
the left of the mudline and passes between parts of the diaphragm to
become the abdominal aorta The thoracic aorta consists of three parts
the ascending aorta, running upward from the left ventricle, the aortic
arch (fig 154), the curved portion of the aorta that succeeds i revers
g the direction of the vessel by curving to the left, posteriorly, and
downward, and the descending aorta The coronary arteries, supplymg
the heart muscle, arise from the ascending aorta just above the left
ventricle The brachiocephahc trunk (divading mto right subclavian and
night common carotid), the left common carotid, and the left subcla
vian are given off m that order from the aortic arch Other branches of
the thoracic aorta are small, the largest and most numerous are the
parred intercostal arteries which run beneath the lower borders of the
ribs Small branches from the aorta supply the esophagus and the
walls of the bronchi

The great vems m the thorax consist of pawed brachiocephalic
(formerly called mnommate) vems, formed by the umon of mternal
jugular and subclavian vewns and therefore returmng blood from head,
neck and upper hmbs, the supertor vena cava, formed by the umon of
the brachiocephalic vems mn the upper part of the chest, the mfenor
vena cava wiich pentrates the diaphagm to end 1n the immediately ad
jacent heart (having, therefore, a very lumted thoracic course), and
the azy gos and hemrazy gos system of vems which recerve blood mostly
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The Abdomen

The abdomen 1s so large that 1t 1s converuent to subdivide 1t for pur-
poses of descripion One method of subdivision consists in the erection
of imaginary lines, according to a defimte plan, that divide 1t 1nte nine
regions The terrunology employed for these regions 1s somewhat cum
bersome, and much of 1t 1s rarely used in actual practice, the most
commonly used term 1s * epigastrium” or “epigastrc region,” referrmg
to the area below the sternum and between the two costal arches The
sumplest and most convement method of subdividing the abdormen s to
thimk of 1t as consisting of quadrants divided from each other by the
anterior rmudlhine and a line passing horizontally through the umbihicus

Thus we can speak of upper right and lower night quadrants, and of
upper left and lower left quadrants

The Abdonunal Wall

The abdomnal wall (fig 155) consists not only of the anterolateral
abdominal muscles and of the lumbar portion of the vertebral column,
but also of the lower ribs and the daphragm Because of the domelike
shape of the diaphragm, the abdominal viscera extend upward beneath
the diaphragm and are therefore part protected by the lower ribs
The diaphragm intervenes between these ribs and the abdormnal viscera

373
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duces effects opposite to those produced by stimulation of the vagus,
thus sympathetic stunulation mcreases the rate and strength of the
heart beat The thoracic sympathetic trunks also send large nerves, the
splanchnic nerves, to plexuses m the abdomen

In addition to these two sets of nerve fibers, concerned primarily
with the viscera, the thorax 1s traversed by the important phremc nerves
These run downward anterior to the hilus of the lungs between pleura
and pericardium, to reach and supply the diaphragm
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to blend with the aponeuroas of the external obhique, and a second
portion passing belund the rectus abdormms and blending with the
apaneurasis of the trains ersus

Thc transversus (iransyversus abdormms) muscle, the decpest of the
Interal abdommal muscles arises ikewice by thoracolumbar fascia from
the trinsyerse processes of lumbar vertebrae, and also from the tips of
the lower <in ribs, from the anterior portion of the 1hnc crest, and from
a Iatera] part of the mngunal hgament This muscle also ends mn an
aponcurosis the fibers of which pass for the most part belund the rectus
abdonumis to attun an attachment to the mdhne

The external and mternal oblique muscles 1 the male are sphit 1n
their lower portions to allow the structures of the spermatic cord to
make their exit from the abdormunal cavity, the transversus may be
mvolved an this, but usually lics above the level of exat The oblique
passageway of the spermatic cord through the abdominal muscles 1s
known as the inguinal canal, and obviously forms a weak place 1n the
antenor abdommAl wall The abdorminal end of the canal 15 known as
the deep inguinal ring, 1ts external opeming (the spht in the external
oblique aponeurosis) as the superficinl ingmnal ring  Approxamately
97 per cent of abdormnal hermas, that 1s, protrusions of abdommal
~viscera through the abdominal wall, 1n the male involve all or a part of
the ngwnal cinal An mguinal canal 1s also present in the female,
although 1t 15 small because 1t transmits only a small hgament and a
few tiny blood vessels Inguinal herma s therefore less predomuinant
m the female than 1n the male, although even in the female 1t 15 the
most frequent type of herma (50 per cent) Other particularly weal
places 1n the abdormnal wall are the femoral canal (medral to the fem
oral vessels behind the mgumnal igament) and the umbihcus Due pre
sumably to the small mguinal canal and the less common exposure of
the abdominal viscera of the female to the excessive 1mncreased pressure
produced by heavy hfting or other exertion, abdommal hermas of all
ty pes are only about one sixth as common 1n females as 1n males

The anterolateral abdominal muscles, working as a group, compress
the abdomen and therefore increase the pressure upon the abdormnal
viscera In so domng, they may cooperate with the diaphragm to fix the
thorax, a fact that 1s tahen advantage of when especially delicate or
powerful movements of the upper hmb are to be carried out, at which
times we ordmnarily hold our breath The external and internal obliques
of both sides, acting together, aid m flexion of the trunk, the external
oblique of one side laterally flexes the trunk upon the pelvis and at the
same time rotates 1t to the opposite side In this latter action 1t 15 aided
by the mternal oblique of the opposite side
“;Ilvlheo!:du: tlilbdomims 15 a straplike muscle of the anterior abdomnal
nall ,m usec lt:zs the pair 1s situated just on each sude of the midline The

correspond, mn the abdomen to the strap muscles mn the
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inguinal ring

Figure 155 The 1 abd 1 wall

The anterolateral abdommal muscles obviously serve as an elastic
corset to retam and support the abdommal viscera, and also through
their attachments to the ribs and sternum play an important part m
movements of the trunk The lateral abdomnal muscles are arranged
m three layers, two of these run obhquely and are therefore known
as the external and internal obliques, while the third runs almost trans
versely and 1s named the transversus abdomims The external oblhigue
muscles arise from about the lower six ribs and form broad sheets whose
fibers run downward and medally to attach to the anterior part of the
iliac crest, the pubis, and the hnea alba (The hinea alba—white line—
Lies deep to the shin mn the antertor rmdline It 1s formed by the union of
the aponeuroses of all three lateral abdommnal muscles of one side with
those of the other side ) Most of the insertion of the external obhique
15 tendmous, the tendon of msertion bemng known as the aponeurosis
of the external oblique The aponeuros:s n 1ts extension to the anterior
midhne passes 1 front of the rectus abdommms muscle, and the lower
edge of the aponeurosis as 1t passes from the anterior superior iliac spme
to the pubis forms the mgmnal hgament

The nternal oblique muscle corresponds m 1ts direction to the inter
nal mtercostal muscles, just as the external oblique corresponds to the
external mtercostals The mnternal obhque arses from the lateral half
of the mgumal hgament, the more anterior portion of the ihac crest,
and by a fascial layer that extends backward to attach to the transverse
processes of lumbar vertebrae and 1s known as the thoracolumbar fascia
The msertion of the internal obhique 1s by an aponeurosis mto the Imea

alba, a portion of thus aponeurosis passing m front of the rectus muscle
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with the superior epigastnic artery, a continuation of the internal tho
raac, this anastomoss affords a connection between subclavian and
esternal 1hne arteries that does not mvolve the abdominal aorta

An important relation of the infertor epigastric artery close to its
ongmn s the deep inguinal ring or abdomimnal end of the ingumal cnal
The mfenior epgnstric artery lies just medinl to this opening, therefore
1 hermin that traverses the whole of the nguinal canal (an indirect
mgumnal herma) must have the neck of its hernial sac situated lateral
to this vescel The <ccond cluef type of mgwnal herma, direct inguinal
herma bulges directly toward or through the superfiein] ingunal ring
rather than starting at the deep ring and therefore lies medial to the
artery

The Pelvic Floor and the Perineum

The walls of the abdomen have already been briefly considered
The diaphragm forms the “roof” of the abdomunal cavity, and since
abdommal and pelvic cavities are contmuous with each other the
floor of the pelvs 1s also the floor of the abdommal cavaty

The gap between the coccy x, the pubic symphysis, the 1schia, and
the nferior rarm of the pubes 1s known as the pelvic outlet, and
the muscles bridging the pelvic outlet constitute the pelvic floor, or
pelvic diaphragm The chief muscle of the pelvic diaphragm 1s the
levator ani (fig 156), which 1s attached posteriorly to the coccy ¥, ante-
niorly to the pubis, and laterally to the lateral pelvic wall This muscle
1s somewhat funnel shaped, converging toward the rectum and anal
canal (p 383) atats apex About the anal canal the fibers of the levator
an1 blend with the musculature of the canal, thus affordmg firm attach
ment to this terminal portion of the digestive tract as it leaves the
relvis Anterrorly, the levator am divides to allow the urethra to pass

Piniforms
-,
Coccygeus
" Ischial spine

-

Obturator int

Arcus tendineus
Levator am

Figure 156 Muscles of the walls and floor of the pelvis
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neck The aponeuroses of the more lateral abdommal muscles as they
pass partly m front of and partly behind the rectus muscles form sheaths
for the two muscles Each rectus has its own sheath, but the two sheaths
are united at the lmea alba The rectus 1s attached above to the sternum
and to the lower costal cartilages, and below to the pubis The muscle 1s
partly subdivided mnto segments by several fibrous bands (tendinous 1
tersections) that crossit In muscular individuals the rectus muscles, even
therr segments, can be planly recogmzed Therr curved lateral borders
are called the semilunar hnes and may be a promnent feature of the sur
face anatomy of the abdomen
The rectus abdomims not only assists the abdormnal muscles 1 com
pression of the abdomen, but also 1s an ymportant flexor of the trunk or,
taking 1ts fixed pont from above, an upward rotator of the pelvs
Obviously, 1t also aids the abdormmnal muscles m forced expiration,
owing both to 1ts action 1n compressing the abdomen and 1ts depressor
action on the thoracic wall
The most postenior muscle of the abdormnal wall, situated in the
lumbar region, 1s the quadratus lumborum muscle It 15 a complex
muscle extending between the medial part of the 1liac crest and the
last rab, just lateral to the vertebral column, some of 1ts fibers also m
sert upon and some arnse from the lumbar transverse processes It 1s
primarily a lateral flexor of the vertebral column, taking 1ts fived point
from above, 1t will therefore tilt upward the side of the pelvis to which
1t 1s attached It 1s mmervated by direct branches from several of the
upper lumbar nerves
The lower antercostal nerves and vessels, contintung the downward
direction of the ribs, run mto the lower part of the abdomen Thus the
tenth mtercostal nerve ends at about the level of the umbilicus, and the
twelfth ends only a short distance above the pubic symphysis
The lower mntercostal nerves, and branches (aliohypogastric and ihomn
gunal) from the first lumbar nerve, supply the musculature and <kn
of the abdomen The mamn branches of the nerves run roughly parallel
to each other between mternal oblique and transversus muscles, they
exchange enough branches so that they form a loose plexus mn this post
non The external oblique recerves fibers from all the mtercostal nerves
corresponding to the ribs from which 1t takes ongmn, that 1s, from the
last s1x or seven, the mternal obhque and transversus receive fibers
from approximately the seventh to twelfth mtercostal nerves and from
the branches of the first lumbar, the rectus 1s supplied by lower mter
coastal nerves that pierce the lateral wall of the rectus _heath to reach
the muscle
Small intercostal arteries accompany the abdommnal portions of the
mtercostal nerves, and anastomose here with ascending branches from
the external 1lrac vessels (fig 159, p 384) and wrth lateral branches Iof
the inferior epigastric artery, also derved from the external ihac In

the substance of the rectus muscle the mferior epigastric anastomoses
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parietal peritoneum The viscera are also covered by a peritoneal layer,
the visceral peritoneum the peritoneal cavity lies between visceral
and partetal pertoneum, and, although more complicated 1n form, 1t 1s
bult upon exactly the syme plan as the pericardial and pleural cavt
ties If we compare the walls of the pcrstoneal cavity to a balloon 1nto
one aide of which most of the viscern have sunk down, carrying the
wall of the balloon reflected over themselves, it will be obvious that
icceral and panetal pertoncum are contimuous with each other Where
the viscer: have decply mvaginated the pentoneal sac the visceral
pentoneum coyermg them 1s 2ttached to the parietal peritoneum of the
body wall by a double lnyer of peritoncum hnown as a mesentery The
vessels and nerves to the viscera run between the two layers of mesen
tery

The pentoneal cavity 1 the male 15 a completely closed sac, 1n the
female the uterme tubes open 1nto the pelvic portion of the peritoneal
cavity Peritorutss, or infection of the peritoneal cavity, mvolves grave
danger to the patient since the peratoneal surface 1s warm, moist, and
very extensive offering almost 1deal conditions for the growth of bac-
teria Infections of the peritonenl cavity in the male usually result
from a ruptured viscus or penetration of the abdommal wall Those in
the female may occur through similar causes, but peritonmtis may also
arise here through infections of the gemtal tract with subsequent spread
through the uterme tubes

The pelvic portion of the peritoneal cavity 15 directly continuous with
the ahdormnal portion, and the division between abdomen and pelwis
15 therefore largely an artificial one The portion between the flared
wings of the ilia 15 usually described as the major or false pelvis and
considered as part of the abdormnal cavity proper The portion below
a plane passing from the sacral promontory to the upper border of
the pubic symphysis 15 described as the pelvis mmor or true pelvis (or
simply as the pelvis)

In brief summary of the abdormnal viscera (fig 157), the hver
(hepar, hence the adjective hepatic ) occupies the upper portion of
the abdomen on the nght side, and extends over to the left It 1s at
tached to the curved dome of the diaphragm and moves with this, 1t 1s
alniost completely covered by the lower ribs The liver 1s by far the
largest gland in the body, as a gland, 1t secretes bile which 1s stored m
a blind sac, the gallbladder that 1s attached to the postero imnferior sur
face of the iver The hver and the gallbladder are connected to each
otl‘lnlel: and to the mtestine (duodenum) by ducts, contraction of the
%:: xlji)deél therefore discharges bile, necessary to proper digestion of

e ntestne  Gallstones, formed from hle, may obstruct a

duct and cause serious symptoms

The hiver 1s also an
chemucal factory schon m

and as such 15 essential to Iife Its function 1
n
storing glycogen has been mentioned (p 40), 1t also stores fat A part
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through, and m the female 1t 15 also perforated by the vagna (fig 158,
p 282) Its attachments to the vagmal wall give support to this viscus
The lower portion of the rectum and, m the male, the prostate rest upon
the upper surface of the levator am By 1ts contraction the levator am
resists downward movement of the pelvic viscera mcident to
creased abdommal pressure, and pulls the anal canal upward durmg
defecation The muscle 1s mmervated, usually on its pelvic surface,
by branches from §3 and $4 Modern concepts of 1its function are that
1t largely controls voluntary emptying of the unnary bladder and 1s
extremely important m the support of the uterus Weakness of 1t pre
disposes to urinary incontinence, and exercise of 1t and adjacent mus
cles may restore continence

Behind the levator am 1s the coccygeus the other muscle of the
pelvic diaphragm This extends from the 1schial spine to the lower part
of the sacrum and upper part of the coccyx It adds Iittle to the pelvic
diaphragm, but spasm of 1t and the part of the levator an1 that attaches
to the coccyx has been thought to be responsible for many cases of
pamful coccyx (coccygodyma or coccydyma)

External to (below) the levator am, passmg transversely from one
mferior ramus of the pubis and an assoctated portion of the ramus of
the 1schium across to the corresponding bony elements on the other
side, 15 a structure known as the urogemtal diaphragm This consists
m part of muscle .md m part of fascia, smce 1t bridges the more
anterior part of the pelvic outlet, between the divergmg inferior pubic
ram, 1t affords additional support to the pelvic viscera The urogemtal
diaphragm 1s perforated by the urethra, and 1 the female by the
vagina also

The external aspect of the pelvic outlet that 1s, the region between
the tlughs mcludmg both the area around the anus and the external
gemtal organs, 1s known as the permneum The musculature of the
permeum mcludes the muscle m the urogemtal diaphragm specal
muscles m connection with the pemis or the vagmma and clitoris, and
an external, voluntary, sphincter muscle of the anus These muscles
are all mnervated by the pudendal nerve from the lower portion (52,
S3, and $4) of the sacral plexus The external surface of the levator
am forms the roof of the permeum, between this muscle, as 1t converges
on the anal canal, and the 15chial tuberosity on each side 15 a consider
able gap filled with fat and tough strands of connective tissue and
known as the 1schiorectal fossa The levator am may be massaged
through the 1schiorectal fossa

Abdomnal Viscera

The abdomen 1s hned by a serous membrane that 15, for the most
part,  mtunate contact with the abdommal wall and 1> known as the
)
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but the remunder of the small mtestne 1s <uspended by a fan shaped
mesentery that allows 1t considerable {reedom of mosement Besides
the duodenum, the small mtestine consists of jejunum and aleum n
that order Somie corls of the dleum usually e within the true pelvis,
and the ternunnl portion of the leum then ascends mto the lower night
quadrant 1o end m the cocum

The small mtestine joms the Jarge mtestme not at the end of the
Iatter but rither on 1ts side and leaves therclore, a short blind end
projecting below the junction of these two parts The cecum 1s this
bhind end of the large ntestine, and the appendix 1s attached to 1t The
appendix was origimally the end of the cecum, but m the adult rarely
retauns this position, most commonly the appendix ltes entirely behind
the cecum  although 1ts position s arzes from one mdivadunl to another
The large intestine begins with the cecum, above the 1leocecal junction
the large mtestine 1s hnown as the ascending colon and runs upward
to come tn contact with the lower posterior surface of the Iiver Here,
m the upper nght quadrmt the large mtestine makes 1 sharp bend to
the left to become thie fransverse colon winch then crosses the abdom
mal cavaty to the upper left quadrant in the region of the spleen The
transverse colom may run almost transsersely or may droop very
marhedly 1n 1ts course across the abdomen On the left side a second
flexure occurs and the descending colon then passes downward Ascend-
ing and descending colons he close agamst the postertor body wall and
are covered with pentoneum only on thewr front and sides, they have
no mesentertes The transverse colon, however, 15 attached by a mesen
tery 1o the posterior nbdommnal wall and 1s also attached to a re
dundant mesentery of the stomnch, the greater omentum The descend
g colon 15 succeeded by a short section of colon having a mesentery,
and known from 1ts shape as the sigmoid colon The sigmoid colon
crosses the brim of the pelvs, loses 1ts mesentery, and becomes the
rectum

The kidneys (renes hence ‘renal ) are also situated in the ah
domen agamnst the posterior abdommal wall on each side of the ver
tebral column and behind the pentonenm The right Lidney usually
but not always lies at a shightly lower level than the left, the upper
pole of the left kidney usually extends up to the level of the eleventh rih
as 1t attaches to the vertebral column, while that of the right ladney
often lies at the level of the twelfth b The ureters run downward
approximately parallel to the vertebral column, and pass along the
lateral pelvic walls to reach the bladder
e e o e e o o g 157) T o
than to the dlgcstlver:n‘) ixm o] ongs, ] ore g system rather

gemtal ones, and are discussed briefly on

page 66

The pelvic viscera m the male (fig 1584) n additon to such
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Figure 157 ‘The general form and position of the chief abdormnal viscera The
coils of the Jejunum and 1lenm which 1n reality very largely fill the abdommal cavity,
are shown here 1n a simplified very diagrammatic manner i order that the other
viscera may be more clearly visible

of 1ts essential activity 15 the removal from the blood stream of certamn
porsonous products of digestion, the blood from the abdominal part of
the digestive tract runs through the liver before reachng the heart

The stomach (gaster, hence “gastric ) Lies mostly to the left n the
upper part of the abdomen and extends over toward the nght, smce
1t 1s a hollow wiscus 1t varies greatly in size and position accordmng to
whether 1t 1s empty or full, according to the degree of fullness of other
parts of the digestive tract, and according to the position of the indi
vidual at any particular time The stomach not only churns the food
and helps to hqufy it but adds to 1t hydrochloric acid and an enzyme
that digests protemns Oversecretion of acid 15 an important cause of
ulcers (peptic ulcers) which usually occur in the distal end of the
stomach or the adjacent first part of the intestine

The pancreas (not shown in figure 157) hes behind most of the ab
dommmnal viscera, across the front of the vertebral column at the level of
the ladneys The majority of its cells secrete digestive enzymes that act
upon all three basic foodstuffs-—protems carbohydrates, and fats—
and ats duct opens wath that of the Inver and gallbladder into the duo
denum In addition to 1ts digestive function the pancreas also has an
endocrine function (p 67)

The spleen 1s an organ of the vascular system rather than the diges
tine system (serving as a storage place for red blood cells and as a
place for formation of certamn types of white blood cells), and les to
the left of the stomach and agamst the diaphragm and nbs

The coils of the small intestine (see also p 63) occupy most of
the abdommal cavity The duodenum, or first part of the small i
testime, Lies aganst the posterior abdominal wall behind the pentoneum,
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peluse portion of the prrtoneal easity extends downward between
bladder and rectum and ends bhndhy some distance above the pelyc
floor, Jeavmg Jower portions of rectum and blwdder without pentoneil
contact As the bowel penetrates the Isvator ans 3t turns bachward,
and thne lower portion 16 the anal ¢anal The seminal vesicles and the
prostate connected with the male gemtal tract, he 1 close connection
with the bise of the bladder and urethra below the level of the pen
tonesl ety Doth are glands and together secrete most of the flwmd
m which the mle germ cells (spermatozoa) are suspended Since the
prostate almost completely surrounds the urethra prostatic enlargement
may marhedly interfere with the emptying of the bladder
In the female pelvis (fig 1585) the bladder and the rectum have
essentially the same pertoneal relations as mn the male, the space
between the two 15 occupred by the ulorns and the broad ligaments
that extend {rom thie sides of the uterus to the pelvic walls The uterus
and the broad hgaments divide the lower part of the perttoneal cavity
m the female mnto two portions, one lymng between bladder and uterus,
the other between uterus and rectum The ovaries hie on the Jateral
peluc walls just betund the broad Iigaments, the vagina extends down
ward from the uterus lymg mostly below the level to which the
penitonevm reaches
The great artery of the abdomen, the abhdommnal aorta (fig 159),
15 the direct continnation of the thoracic aorta and ends below at about
the level of the fourth lumbar vertebra by dividing mto the two com
mon thac arteries In 1ts course the abdemnal aorta gives off humbar
vessels to the abdommnal wall, renal and testicular or ovarian branches
to the Jidney s and gonads and three vessels to the digestive tract The
uppermost of these last mentioned vessels, the cehae trunk or artery,
anses from the aorta as 1t hes between the crura of the diaphragm and
supphes primanly the stomach, biver, spleen, pancreas, and duodenum
The second branch, the supenor mesenteric artery arses from the
front of the aorta directly below the cehac and supphes branches to all
the small mtesune and 1o the ascending and transverse portions of the
large mtestine, including the appendix and cecum The third branch
to the digestive system, the mfenor mesenteric arlery, anses somewhat
lower from the front of the aorta and runs to the Jeft where 1t supplies
the descending colon sigmord, and rectum
The pared common thac arteries the large termunal branches of
b e g o e
of the common 1iac along the pelvic brxmm el"iylconhnues the course
behmd the mgumal by an%ent to be contmy ;;1 eaves the abdomen
feroral artery Th u 1 ued wmto the thigh as the
artery e internal dliac artery (hypogastric) passes into the

pelvis and through s branches supphes all the pelne viscera, some



382 The Head Neck and Trunk

------ Ureter
-j--1 -—Coceyx
Pubis ::)L' Rectum
I~ Seminal
~~.. vesicle
Prostate

&
“~A<._ Bladder
~ Prostate

t

E YRR SR Urethra

Uterine
Ul

- tube
\\%\ Ovary
W
Ty- Uterus

(STeaT)

/) / —Coceyx

} - Rectum

Pobis— Vagina

Blodder
Urethra

Figure 158 The pelvis m sagittal sectton @ Male pelvis b Female pelvis

coils of small mtestine and sigmoid colon as may be present m the
pelvis, consist of the rectum, urmary bladder, prostate gland and
sermmal vesicles The upper portion of the rectum 1s covered anterorly
and on 1ts sides by peritoneum, and lies agamst the postertor pelvic
wall, the bladder (vesica) lies aganst the pubis and anterior abdom
inal wall and 15 covered above and posteriorly by peritoneum The
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teric and mierior mesentenc arteries, but mnstend of youmng the mferior
ven cnva they jom each other to form the portal veln This vem runs
upnard mto the Iner, through which organ all sts blood must pass
m intmate contact with the hepatic cells Blood from the hver, whether
brought there by the cehac artery or the portal sem 15 carried mto
the mfenor vena cava by the hepatic vems just before the former pene
trates the diaphragm

The unerves concerned with the abdonmunal viscera (fig 159) are
a contmuation of those that are concerned with the thoracic viscera
The sympathetic trunks m the abdomen contribute fibers to the lumbar
nerves and olso help form a plexus, the aortic plexus, across the front
of the abdominal acrts The upper portion of this plexus m the region
of the celinc and superior mesentenc artenies, 1s especially well de
veloped and contamns several gangha, the cebac gangha being the largest
of these The fibers to thus upper portion of the plevus (celiac or solar
plexus) are derived only m small part from the lumbar trunks, large
nerves come mto 1t from the thoracic trunks These nerves from the
thorax are the splanchrmc nerves

From the cehac and aortic plexuses numerous nerve fibers pass
along the varous arteries to the gut and supply both the blood vessels
to 1t and the smooth muscle of 3ts wall The aortic plexus 1s also con
tinued mto the pelwis, where 1t aids 1 the mmervation of the organs
there

The vagus nerves also are distributed to the digestive tract, or at
least to the major portion of st They prve off bramches to the stomach
while they lie on the lower end of the esophagus, and parts of them then
leave the stomach to reach the celiac plexus, through the branches of
wiich they are distributed to most of the abdomunal viscera, and at
least as far down the digestive tract as the descendmg colon

The pelvic viscera are mnervated mn part through the sympathetic
fibers that are a continuation downward from the aortic plexus, m
addition they recewve fibers from approxymately the second, third and
fourth sacral nerves These latter fibers form the sacral parasympathetic
nerves (pelvic splanchme nerves, nerv: engentes), which are the
chief nerves concerned wath the emptymg of the bladder and the rec
tum, and the most mmportant mnervation of the pelvis

In general, stmulation of the sympathetic nerves of the abdomen
and petvis produces constrchon of blood vessels and cessation of move
ment m the gut Parasympathetrc stamulation, whether of the vag or of

the sacral parasympathetc nerves, meress
es the peristaltic
the digestive tract : P 1 activity of
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Figure 159 The abdomunal aorta and the larger autonomc gangha and plexuses of
the abdomen

branches of this vessel also leave the pelvis to supply the musculature
of the buttocks and the permeal region

There are two great venous systems withimn the abdomen, the m
ferior vena cava and the portal vem with 1ts tnibutaries The inferior
vena cava parallels the abdominal aorta, lymng to its right, and re
ceves vessels corresponding to the branches of the abdominal aorta
with the exception of vems from the digestive tract The vemns from
the digestive tract parallel the branches of the celiac, superior mesen



Synonyms

A complete list of synonyms would be far too long for this text, since
many structures have i the past been known by several names The
following list, therefore, includes only commonly used terms that the
student 1s Iikely to encounter 1 reading older texts or i conversation
with people tramed 1 a different terminology The older term here
comes first, followed by the presently accepted one

Angle of Louts = sternal angle
Ansa hypogloss1 = ansa cervicalis
Artery or artenes
external maxillary = facal
hypogastric = mnternal 1liac
te = bract halic
internal maxillary = maxllary
nterosseous, dorsal and volar = posterior and anterior
superficial cervical = transverse cervical
transverse scapular = suprascapular
volar interosseous = anterior 1nterosseous
Astragalus = talus
Band, :hotibial = tract, ihiotibial
Bone or bones
mnominate = coxal

multangular, greater and lesser = trapezium and trapezoid
navicular (of hand) = scaphoid

387






Synonyms 389

labn superions = 7y gomaticus minor and levator labn superions
sacrospinalis = erector <pimae
tnangulans = depressor angul oris
THEOMALCNS = 73 gommatlicns maee
Nerve, acoustic = stato acoustic
anterior thoraaic = pectoral
dor<a] interosscous = post nterosseous
spinal accessory = acces<ory
volar interosseous = ant nterosseous
Pitwitary gland = hypophysis
Posterior (for <pinal nerves) = dorsal
Process, odontoid == dens
Quinti = mimm
Trangle, Searpa s = femoral tnangle
Tube, Eustaclnn = auditory tube
Falloman = utenine tube
Tuberosity, of humerus = tubercle
bhiapital = radial
Tunne), carpsl = carpal canal
Vas deferens = ductus deferens
Ven, innominate = brachiocephalic
Volar = ant 1n forecarm, palmar in hand
Xiphisternum = xiphoid process



388 Synonyms

Canal, Hunter s = adductor canal
Cartilages, sermilunar, of knee = memsci
Centrum (of vertebra) = body
Chain, sympathetic = trunk
Circle of Willis = circulus arteriosus cerebri
Cisterna magna = csterna cerebellomedullans
Dorsal (for forearm) = posteror
Epistropheus = axis
Fascta, Camper s and Scarpa s = superficial fascia of lower abdomunal wall
coracoclavicular = clavipectoral
Fossa, infra and supraspinatus = mfra and supraspious
1schie anal = 1schiorectal
ovale, of thigh = saphenous hmatus
Ganglion, Gasserian = semlunar
Gland, lymph = lymph node
pituitary = hypophysis
submaxillary = submandibular
Joint, transverse carpal = mudcarpal
Lacertus fibrosns = bicipital aponeurosis
Lagament, carpal
dorsal == extensor retinaculum of wrist
transverse = flexor retimaculum of wrist
volar = no longer named
collateral, medial and lateral = ulnar and radial collateral at elbow,
tibial and fibular at knee
costocoracoid = no longer named
cruciate crural = mfertor extensor retinaculum of ankle
mtercapitular = deep transverse metacarpal or metatarsal
lacimate = flexor retinaculum of ankle
plantar, short = calcaneocubord
round, of huip = hg of femoral head
teres, of hip = lig of femoral head
transverse carpal = flexor retnaculum of wrist
transverse crural = superior extensor retmaculum
trrangular = urogemtal diaphragm
vagmnal, of digits = fibrous, or annular and cruciform parts, of tendon
sheaths
volar accessory = palmar or plantar of digits
Mauscle or muscles
abductor digiti quuinti = abd digiti mumm
camnus = levator anguli ors
extensor digitt quunt = ext digitt mumm:
digitoruun commums = ext digitorum
wndicis proprius = ext mdias
flexor digats mumm: proprins = flex digitr mimim
digit quint proprius = flex digiti mumm
digatorum sublimis = flex digit superficiahs
opponens digitt qunti = opp digith mumm
quadratus Jabn inferioris = depressor labu inferioris



Index

Aspomen 373
musculature of 373
nerves of 376 385
vessels of 383
viscera of 63 379
wall of, 373

Abductors of arm 107
of fingers 192
of thigh 280
of thumb 194
of toes 335
of wnist or hand 164

Acetabulum 230 237 239

Acromon 84

Adductors of arm 108
of fingers 192
of thigh 286
of thumb 194
of toes 335

Alveoh 65

Anatomy surface See Surface anatomy
terminology of 3

Angle sternal 78 365

Anlle bones of 297 319
joints of 296 322
movements at 294 310
retinacula of 298
stability at, 335
surface anatomy of 317 337

Annulus fibrosus 207
Ansa cervicalis 356
Antagorust 39
Aorta m abdomen 383
1n thorax 370
Aponeurosts abdormnal 374
biciprtal, 122
palmar 140 173
plantar 326
Appendrx 381
Arachnowd. See Memnges
Arc reflex 50
Arch dorsal carpal {rete) 186
of foot bony 297 321
support of 337
palmar arterral 181 182
plantar arterial 333
vertebral 201
zygomatic 342
Arm movements of 80 106
muscles of 122
nerves and vessels of 127
skeleton of 72 86 118
superficzal structures of 121
surface anatomy of 130
Artery or artenies 60
of abdomen 383
aorta 370 383
arcuate 334
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Index

Bone or bones of shoulder 82
of skull, 341
sphenond 341
structure of, 14 23
talar 297, 319
tarsal 297, 319
temporal 342
of thigh 230, 239
of thorax, 78 365
trapezium 170
trapezoid 170
triquetral 170
of vertebral column 201
of wrst, 169
7y gomatic, 342
Bramn blood supply of 3++ 319
parts of, 315
Breathing mechamism of, 366 367
Bronchi 65 369
Bursa, 12 33 75 See also descriptions of
wdividual muscles
anserine, 272
defimition of 12
subacromial 112
subcutaneous of upper hmb 75
suprapatellar, 246
Buttock 263
mavements of 270
musculature of 265
nerves and vessels of 268
surface anatomy of 275

Carcaneus 297 319
Calf See Leg
Calvana 341
Canal or canals adductor 255
femoral 258
Haversian 15 24
mgumal 375
vertebral 201
Capillaries 61
Capitulum 119
Carpals 73 138 169
Carpus See Wrist
Cartilage 13
epiphyseal 24
Cauda equina 223
Cavity glenoid 82 83
Cecum 381
Cells See Tussue or Tissues
Cerebellum 48 54 345
Cham sympathetic See Trunk or trunks
Circle arterral (of brain) 349
Cirenlation 60
through heart 369
Cisterns subarachnoid 345
Clavicle 71 84
Clubfoot 314
Coceyx 204
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Colon 63 381
Column, vertebral, 201 Sec alsa Back
curvatures of, 20+
abnormal 211 212, 220
defects of, 213
mtervertebral disks of, 20+ 207
joints of, 204
ligaments of 205
movements of 199, 210 219
musculature of, 214
stabulity of, 211
Compartments of foot, 326
of hand 173
Condyles femoral 239 243
tibial 243
Connective tissue, 10
Contracture of muscles 43
Dupuytrens 173
Cord or cords of brachial plexus 81 92
93
spermatic 375
spinal gross anatomy of 220
meninges of 220
nerves of 55 224
reflexes mn 50
segments of 224
structure of 46
tracts of 47 53
Cormum 11
Corpus stnatum 54
Cranum 341
Cuboid bone 297 321
Cuff musculotendinous or rotator 87 100
113
Cunerform bones 297 320
Curare 42

Denprire 18
Dens 202
Depressors of scapula 103
Dermatome
Dermis 11
Diaphragm (thoraco abdomunal) 366
pelvic 377
urogemtal 378
Diaphysis 24
Digestion 64
Disk or dishs intervertebral 204 207
rupture of 208
structure of 207
Dorsiflexors of ankle or foot 311
Duct thoracic 61
Ductus deferens 65
Duodenum 63 380
Dura mater See Meninges

Epena 62
Elbow See Jornt
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Artery or artertes axillary 74 91 94
basilar 349
brachial 75 123 129
brachiocephalic 362 370
of bram 349
carotid common 363 370
external 363
internal 349 363
celiac 383
cerebral 349
crcumflex femoral 259
humeral 95
scapular 95
coronary 370
digital of foot 333
of hand 181
dorsabs pedis 334
epigastric 376
facial 363
femoral 234 243 259
arcumflex 259
deep or profunda 259 275
gluteal 269
humeral circumflex 95
i1hac 383
wferior mesenteric 383
mtercostal 370
nterosseons 148 159
lateral thoracic 94
of limbs general 74 234
maxillary 363
metatarsal 333
obturator 260
peroneal 305
plantar 333
popliteal, 234 304
profunda femons 259
pulmonary 369
radial 75
1n forearm 148
m hand 182
scapular circumflex, 85
structure of 60
subclavian 74 363 370
subscapular 95
superficial temporal 363
superior mesenteric 383
suprascapular 101
supreme thoracic 94
thoraco acrommal 94
thoracodorsal 95 99
of thorax 369 370
tibial antersor 234 305 310 334
posterior 234 300
transverse cervical 97 101
ulnar 75
1n forearm 148
1 hand 181
vertebral 349

Index

Articulations See Jomnt or jounts
Atlas, 202

Autononuc nervous system, 57
Axilla 91

Axis 202

Axon, 18

Bacx 199 See also Column, vertebral
‘bones of, 201
movements of 199 210 219
musculature of 214
pamnn 209 213
surface anatomy of, 200
Bell s palsy 348
Bladder, gall 379
urmary 65 382
Blood arculation of, 60
composition of, 20 62
Bone or bones 14 23 See also under
names of mdividual bones
of ankle and foat 231 297 319
of arm 72 86 118
articulations of See Jount or jonts
of back 201
calcaneal 297 319
capitate 170
carpal 169
coxal 229 235
cuboid 297 321
cuneiform 297 320
epiphyses of 24
ethmord 341 343
of face 342
fontanels between 26
of forearm 73 119 137
frontal 341
growth of 24
hamate 170
of hand 73 169
of up 229 235
hyod 354
of leg 231 243
of mbs 71 229
lunate 170
mandibular 343
marrow cavity of 24
maxllary 342
membrane 26
metacarpal 73 138 171
metatarsal 231 207 321
nasal 342
navicular 297 320
occaprial 341
partetal 341
of pelvis 229 235
psiform 170
pubic 237
scaphord 170



Index

Bone or bones of shoulder 82
of skull 341
sphenoid, 341
structure of, 14, 23
talar 297 319
tarsal, 297, 319
temporal 312
of thigh 230 239
of thorax 78 365
trapezium, 170
trapezond 170
triquetral 170
of vertebral column 201
of wrist 169
zygomatic 342
Bramn blood supply of 3% 319
parts of 315
Breathing mechamsm of 366 367
Bronch: 65 369
Bursa 12 33 75 Sce also descriptions of
individusl muscles
ansenine, 272
defimition of 12
subacromial, 112
subcutaneous of upper imb 75
suprapatellar, 246
Buttock, 263
movements of 270
musculature of 265
nerves and vessels of 268
surface anatomy of 275

Carcangus 297 319
Calf See Leg
Calvana 341
Canal or canals adductor 255
femoral 258
Haversian 15 24
mgumal 375
vertebral 201
Capillaries 61
Capitulum 119
Carpals 73 138 169
Carpus See Wrist
Cartilage 13
epiphyseal 24
(auda equina 223
Cavity glenad 82 83
Cecum 381
Cells See Tissue or Tissues
Cerebellum 48 54 345
Cham sympathetic See Trunk or rrunks
Circle artersal (of bramn) 349
Circulation 60
throngh heart 369
Cisterns subarachnad 315
Clavicle 71 84
Clubfoot 314
Coccyx 204

393

Colon, 63 381
Column vertebral 201 See also Back
curvatures of 20%
abnormal 211 212 220
defects of 213
intervertebral disks of 204, 207
jomnts of 204
ligaments of 205
moyements of IQ'J 210 219
musculature of 21+
stability of, 211
Compartments of foot, 326
of hand 173
Condyles femoral 239 213
tibal 213
Conncctrve tissue, 10
Contracture of niuscles 43
Dupuytrens {73
Cord or cords of brachtal plexus, 81, 92

spermatic 375
spinal gross anatomy of 220
mennges of 220
nerves of, 55 224
reflexes in 50
segments of 224
structure of 46
tracts of, 47 53
Corium 11
Corpus striatum 54
Cranmm 341
Cuboid bone 297 321
Cuff musculotendinous or rotator 87 100
113
Cunerform bones 297 320
Curare 42

DENDRITE, 18
Dens 202
Depressors of scapula 103
Dermatome 56
Dernus 11
Dlaphragm (thoraco abdommal) 366
pelvic 3
urcgemtal 378
Diaphysis 24
Digestion 64
Dish or disks intervertebral 204 207
rupture of 208
structure of 207
Dorsiflexors of ankle or foot 311
Duct thoracic 61
Ductus deferens 65
Duodenum 63 380
Dura mater See Meninges

Epena 62
Elbow See Joint
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Elevators of scapula 103 Flexors of fingers 189
Emunence, hypothenar, 132 179 of forearm or elbow, 125
thenar 132 177 of hand or wrist 164
End plate motor 36 41 of leg or knee 289
Endocrmes 66 of thuigh 284
Endosteum 26 of thumb 193
Endothelum 10 61 of toes 335
Epicondyles, humeral 119 Flwd cerebrospinal, 222 345
Epdidymus 65 Fontanels, 26
Epiphysis of bone 24 Foot 319
Epitheha 8 arch of, 297 391 336
Erythrocytes 20 bones of 297 319
Esophagus 63 359 dorsum of 333
Evertors of foot, 312 fascia of 326
Exercise effect on muscle 42 Jonts of, 322
Extensors of ankle or foot (dorsiflexors) movements of, 294 310
31 muscles of sole of 326
of arm 107 nerves and vessels of sole of 332
of back 219 superficial structures of 325
of fingers, 191 surface anatomy of 337
of forearm or elbow 126 Footdrop 313
of hand or wrist 164 Foramen ntervertebral 201
of Jeg or knee 287 magnum 341
of thigh 278 obturator 237
of thumb 194 scatic, 237
of toes 334 vertebral 201

Forearm 132 141 152
movements of 124 161

Face bones of 342 muscles of extensor 152

muscles of 350 of flexor 141

nerves of 347 359 termunology of 133
Falx cerebr1 343 nerves and vessels of extensor, 157
Fascia 12 of flexor 146

of arm 121 skeleton of 73 119 137

of buttock, 265 surface anatomy of extensor 159

clavipectoral 90 of flexor, 149

crural 298 Fossa coronoid 119

of foot 326 infraspmatous 83

of forearm 140 1schiorectal 378

of hand 140 173 olecranon 119

lata 247 popliteal 243

of leg 298 subscapular 83

palmar 140 173 supraspmatous 83

plantar 326 trochanteric 239

of shoulder 87 Fracture of back 206

of thigh 247 of bone general 14 26
Fascicul of spmal cord 47 Fumcul: of spmal cord 47
Fat 11
Fatigue of muscle 41
Femur 230 239 243 GANGLION or ganglia autonomic 59
Fibula 231 244 295 defimtion of 18
Fingers movements of 136 189 semlunar 347

muscles nerves skeleton and vessels of of spmal nerve 48 55 224

See Hand Gurdle of lower imb 229

tendons of 154 174 of upper limb 71
Fixator muscle 39 Glands ductless or endocrine 66
Flexors of ankle or foot (plantar flexors) hypophysis or pitmitary 66

310 effect on bone growth 25

parathyroid 66

of arm 125 and bones 1§

of back or vertebral column 220



Index

Glands parotid 63
sahvary, 63
subhingual 63
submandibular 63
suprarcnal or adrenal G5 381
thyroid 66

Gonad 65

Hanp dorsum of 185
fasaa of 140 173
fascial spaces of 177
movements of 133 16+
muscles of 177
neres and vessels of 184 186
palmof 173
skeleton of, 73, 138 169
surface anatomy of 186
tendonsan 174 185

Haversian canals 15

Head 341
surface anatomy of 363

Heart, 60 369

Herma femoral 258
inguipal 375

Hiatus saphenous 248

Hip See Jornt and elso Thigh

Hormones 66
and bone growth 25

Horns of spinal cord 46

Humerus 72 86 118
articulations of 86 120

Hjy pertrophy of muscle 42

Hypoplysis 66
effect on bone growth, 25

Ireunm 63 381

Thum 235

Impulse nerve 19

Innervation Sec also each indivadual mus
cle as listed under Muscle or muscles
and movements at specific jonts un
der Jownt or jonts

of abdarmnal end pelvic viscera 385
cutaneous of ahdomen 376

of arm 121
of back 225
of buttock 265
of face 347 359
of foor 325
of forearm 139
of hand 139 186
of leg 297
of neck, 361
of shoulder 87
of thigh 248

395

Tanervation of larynx 356 361
of muscles in general 3t 41 49 50, 53
of abdomen 376
of arm, 128
of back 214, 248
of buttock 268 276
of face 347, 352
of foot 332 334 338
of extensor forearm, 157 160
of flexar forearm, 146 15t
of hand 184, 187, 104
of jan, 35+
of leg 303,308 315
of neck (strap muscles), 356
of orbit, 353
of pharynx, 348 359
of shoulder 106 108 115
of thugh, 258 259, 261, 275 276
of tongue 35%
of thoracic viscera 371
Insertion of muscle defimition of 30
Intestne 63, 380 38t
Invertors of foot 312
Ischium 236
Islands pancreatic 67

Jeyunur, 63, 381
Jomt or jounts, 27 See also Arm Hand

Foor ete

ankle movements at 29% 310
muscles acung at, 310
stabshity at, 335
structure of 322

acromioclavicular, 85

atlanto-axial, 210

atlanto acciprtal 209

calcaneocubord 324

carpal 172

carpometacarpal, 172

cartilaginous 27

cuneonavicular 32+

elbow, movements at, 117 124 161
muscles acting at 125 161
structure of 120

fibrous 27

of foot, 322

hip movements at 241 278
muscles acting at, 278
stability at 292
structure of 239

humeroradiel, 120

humero ulnar 120

ntercarpal 172

mtermetacarpal 172

ntermetatarsal 324

mterphalangeal of fingers 173
of toes 325

mtertarsal 323
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Jomt or jomts mtervertebral 204
knee movements at, 242, 287
muscles acting at 287
stability at 292
structure of, 244
of lower jaw 343
metacarpophalangeal 172
metatarsophalangeal 324
mudcarpal 172
radiocarpal, 172
radichumeral See Jawnt, elbow
radio ulnar, 120 171
sacro thac 238
1ot al See Joint
shoulder, movements at 80 106
muscles acting at 106
structure of 86
sternoclavicular, 84
subtalar 323
synovial general 27
talo calcaneo navicular, 323
talocrural movements at 294
structure of 322
tarsal 322, 323
tarsometatarsal 324
temporomandibular 343
tibiofibular 247 296
transverse tarsal 323
types of 27
of vertebral column 20+ 209 210
wrist movements at 133 164
muscles aching at 164
structure of, 171

Lol d,

Kmoney 65 381
Kknee 244
Kyphosis 212 220

Lasrum acetabular 240
glenoidal 83 87
Lamma of vertebra 201
Larynx 63 359
mnervation of 356 361
Leg 294
cutaneous nerves of 297
fascia of 208
movements of 242 287
muscles of anterolateral surface 30>
of calf 299
nerves and vessels of anterolateral sur
face 308
of calf 303
skeleton of 231 243 295
surface anatomy of 315
Leukocytes 20

Index

Ligament or higaments 13 See also Liga
mentum
of ankle, 322
annular, of radius 120
arcuate pophteal 244
broad of uterus 383
calcaneofibular, 322
calcaneonavicular, plantar, 323
carpal 172
collateral, of elbow, 120
of fingers 173
of knee, 244
of toes 325
of wrist 172
conoid, 85
coracoclavicular 85
coracohumeral 86
costoclavicular 83
cruciate 247
defimtion of 13
deltod 322
denticulate 222
of elbow 120
of femoral head 241
fibular collateral 245
of fingers 173
of foot 322
of hand 172
of hip 240
1lrofemoral 240
iliolumbar 238
mngumal 242 374
mtercarpal 172
mterclavicular 85
mtermetatarsal 324
mnterosseons carpal 172
sacro thac 238
talocalcaneal 323
tarsal 322 323
nterspinous 205
mtertarsal 322
1schiofemoral 241
of knee 244
longrtudmal of vertebral column 206
207
oblique popliteal 244
palmar 172
plantar 322
long 323
of toes 324
pubofemoral 240
radrocarpal 172
sacro iiac 238
sacrospimous 237
sacrotuberous 237
of shoulder 84
spring 323
sternoclavicular 84
supraspmous 205
talofibular 322
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Ligamrnt or hpamenis taral 322
tarsometatarsal 324
titial enllateral 244
of toes 325
trancierse  acetabular 240
of atlas 210
metacarpal 173
metataral 324
traperord 66
of vestebiral calumn 20
of wnet 172
Y 2K
Ligamentum or ligamenta See nlen Tiga
ment or ligaments
flava or flavum 205
nuchae 97 20,
Limb Jower general suney 229
upper general suriey 71
Tme semilunar 376
Liner acpera 239
Liver 6+ 370
Lordosis 212
Lungs 6% 368
Lymph nodes and vessels 61
Lymphatic vessels 61

Marrrotus 296
Mandible 343
Manubrium sterm 78 365
Marrow of bone 2%
Manlla 342
Membrane arachnoid Sce Mennges
atlanto-ocaipital 209
interosseous of forearm 121
of leg 296
synovial of joints 29
of tendon sheaths 33
Menmges of brain 343
of spnal cord 220
Menssa of knee 246
Mesentery 379
Mesothelum 10
Metacarpals 73 138 171
Metatarsals 231 297 321
Motor umt 37
Movement or movements See also parts
of body as Arm Forearm etc
at ankle 294 310
of back 199 210 219
at elbow 117 124 161
of fingers 136 189
of foot 294 310
athip 241 278
at knee 242 287
of pelvis 238 270
of scapula 79 101
ot shoulder 80 101 106
substitute or trick 44
terms describing 6
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Aavement or mavements of thumb 134

of tocs 334
atwnst 133 164
Mutcle or muscles 16 30 See also Nerre
or nerves and Muscles (Tables)
of ahdomen 374
abductor digitt mumm of foot 327
of hand 179
halluas 326
pollicis brevs 177
longus 155
actions of general 31 36 10 42 Seealso
indisidual muscles here funcuonal
groupings as I'lexor or Iztensor, and
parts of body as Arm or Forcarm
adductor brovis 256
halluas 329
longus 25>
magnus 257, 273
pollicts 178
anconeus 12+
of anterolateral aspect of leg 303
of arm 122
articulans genu 254
avllary arch 101
of bick 214
biceps brachn 122
femons 273
brachialis 123
brachioradralis 153
bucainator 350
of buttoch 265
of calf 299
cardiac 16
coccypeus 378
contraction of 32 36 40
coordination of 35 38
coracobrachialis 123
corrugator superciln 351
depressor angul: ons 350
labu inferions 350
deltoad 99
draphragm 366
digastric 355
effect of trainmg on 42
erector spmae 216
extensor carpt racdwhs 154
ulnanis 155
extensor digiti mumm 154
extensor digitorum 154
brevis 333
longus 306
of extensor forearm {52
extensor hallucis brevis 334
halluais longus 308
mdiais 156
pollicts brevis 155
pollicss longus 155
of eyeball 352
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Jomt or jomts intervertebral 204 Ligament or igaments 13 See also Liga
knee, movements at 242 287 mentum
muscles actng at, 287 of ankle 322
stability at, 292 annular, of rads 120
structure of, 244 arcuate popliteal 244
of lower jaw, 343 broad of uterus, 383
metacarpophalangeal 172 calcaneofibular 322
metatarsophalangeal 324 calcaneonavicular, plantar 323
mdcarpal 172 carpal 172
radiocarpal 172 collateral, of elbow 120
radiochumeral See Jount elbow of fingers 173
radio-ulnar 120, 171 of knee 244
sacro tiac 23§ of toes 325
scapulohumeral See Jownt shoulder of wnist 172
shoulder, movements at 80, 106 conoid, 85
muscles acting at 106 coracoclavicular 85
structure of 86 coracohumeral, 86
sternoclavicular 84 costoclavicular 85
subtalar 323 cruciate 247
synovial general 27 definttion of 13
talo calcaneo navicular, 323 deltord 322
talocrural movements at 294 denticulate 222
structure of 322 of elbow 120
tarsal 322 323 of femoral head 241
tarsometatarsal 324 fibular collateral 245
temporomandibular 343 of fingers 173
tibrofibular 247 296 of foot 322
transverse tarsal 323 of hand 172
types of 27 of hip 240
of vertebral column 204+ 209 210 liofemoral 240
wrist movements at 133 164 1hiolumbar 238
muscles acting at 164 mgumal 242 374
structure of 171 mtercarpal 172

nterclavicular 85
mtermetatarsal 324
mterosseous carpal 172
sacro thac 238
II:;DE’:E; 425 381 talocalcaneal 323
Kyphoss 212 220 tarsal 322, 303
nterspmous 205
mtertarsal 322
1scmofemoral 241

of knee 244
Laerunm acetabular 240 longitudmal of vertebral column 206
glenoidal 83 87 207
Lamma of vertebra 201 oblique popliteal 244
Larynx 63 359 palmar 172
mnervation of 356 361 plantar 322
Leg 294 long 323
cutaneous nerves of 297 of toes 324
fascia of 298 pubofemoral 240
movements of 242 287 radiocarpal 172
muscles of anterolateral surface 305 sacro thac 238
of calf 299 sacrospmous 237
nerves and vessels of )! l sur berou:
face 308 of shoulder 84
of calf 303 spring 323
sheleton of 231, 243 295 sternoclavicular 84

supraspious 205

tomy of 315
surface anatomy talofibular 322

Leukocytes 20
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Muscle or muscles, splemus 214
sternalis 101
sternocterdomastord, 95 335
sternohyand 355
stermothyrmd 333
strap of peck 353
strength of 3t
structure of 16 32
subclavius 95
subscapulans 104
supmator 155
supraspinatus 100
temporal 353
tensor fasaise fatae 252 267
teres major 101
mnor 100

of thagh 251 235 271

of thorax 366

of thumb 177

thyrehyoid 353

tibialis antenior 308
posterror 303

tramtng effect of 42

transverso spinalis 218

transversus abdomimis 375
thoraas 366

trapezius 97

tnceps brachn 124
surae 299

types of 16 32

vastus wtermedius laterabs and meds
alis 253

of sertebral columm 214

voluntary striated 17

zygomsticus 150

Navicuran bone 297 320
Neck, muscles of 355

nerves and vessels of 361 362

surface anatomy of 364

viscera of 358

erve or nerves 55 See also descriptions
of mdividual muscles under Muscle
and of movements at vartous jonts
under Jomnt

of abdormnal wall 376

of abdomunal viscers 385

abducens 347 353

accessory 95 348 361

antebrachzal 139

of anterolsteral aspect of leg 308

of erm 127

axllary 82 93 100 10t
distnnbutian of {dragram) 136

of back, 225

of brachial plexus &9 92

of buttock 268

of calf of leg 303

cell 18

399

Nerve or nerves cervical lower, 80
upper, 361
eramal, ongm and distnbunon 347,
359

cutancous  Sec Innervation culaneout

degeneration of 19

dorsat scapular, 82, 97

endings 41 45

epsgentes 385

facial 347 352, 360

femoral 233, 213 218 250 258
distnibution of (diagram) 260

of foor, 332 33t

of forcarm 146 157

to gemelht 270

genitofemoral 219

plossopharyngeal 348 359

gluteal nfenior and superior 264 269

of hend 183 1B6

af head onig and distribution 347 359

hypoglossal 348 35+

ihichypogastnie 249

hiomgumal 219

impulse 19

mtercostal 225 366 376
interasseous 146 158
of larynx 361

lateral fernoral cutaneous 248 250
plantar 325 332
of leg 303 308
of Iimb lower 232
upper 74
Yong thoracic 82 99
of fumbar plexus 248
medal plantar 325 332
median 82
marm 123 127
m aalla 92
distribution: of (dragram) 134
w forearm 137 141 146
m hand 139 183 184
1o muscle general 34
and muscles (Tables) of arm 13t
of buttock and postentor thugh 276
of extensor forearm 160
of flexor forearm 151
of hand 187
of leg 315
of thigh 261 276
of shoulder 115
of foot 338
musculocutarteous 81
marm 123 124 128
w anila 92
distribution of (dxagram) 118
m forearm 1
of neck 361
obturator 233 24/3 248 249 259
accessory 240 2
distribution of (dxagram) 262
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Muscle or muscles of face 350
fatigability of, 41
flexor carpr radiahis 143
ulnans 143
flexor digit1 mintm brevis of foot, 330
of hand 179
flexor digitorum brevis 326
longus 303, 328
profundus 144
i hand 176
superficialis 143
m hand, 176
of flexor forearm 141
flexor hallucis brevis 329
longus 303, 328
flexor pollicis brewis 178
longus
of foot, 326 333
of forearm 132 142 152
frontalis, 351
functional groups of 39 See also under
Flexor, Extensor Abductor, etc
gastrocnemtus 299
gemell), superior and inferior, 268
gluteus maximus 265
medws 267
mimmus 267
gracilis 255
hamstring 271
of hand, 177
of heart 16
hypertrophy of 42
thacns 254
ihocostahs 216
1liopsoas 254
mnfraspmatus 100
mnervation of general 34 41 53 See
also descriptions of mdivadual mus
cles under Muscle and of movements
of speaific joints under Jownt
mtercostal, 366
mterosser of foot 330 331
of hand 179
mterspinales 218
mtertransversarn 218
of jaw 353
of larynx, 356
latissimus dorst 98
of leg 299 305
levator anguli oris 350
am 377
Jabu superionis 350
palpebrae 353
scapulae 97
of Little finger 179
longissumus
long:xs capitis and colli 218 357
lumbricals, of foot 329
of hand 177
masseter, 353

Muscle or muscles numetic 350
of mouth and tongue 354
multfidus 218
mylohyoid 354
of neck 355
oblique of abdomen, 374
of orhit, 352

obliquus capitis 218

obturator externus, 257 268
ainternus, 267

ocapitalis 352

omohyoid 355

opponens digith pumm 179
polhais 178

orbicularis ocul, 351
ons 350

of orbat 352

origms and msertions of, 30

palmans longus 142

paralysis of 43, 50, 53

pectineus, 255

pectoralis major 88
munor

peroneus brevis and longus, 305
tertius, 308

of pharynx 358

pinforrms 267

plantaris 300

platysma 352

pophiteus, 302

pronator quadratus 146
teres 141

psoas major 219 254
mumor 25

pterygaid 353

quadratus femoris 268
lumborum 376
plantae 329

quadriceps femoris 253

range of movement of 31

rectus abdomims 374
capiis 218
femorrs, 253
of orbrt 352

re education of 43

rhomborder 97

nisorrus 350

rotators of vertebral column 218

sartorius 251

scalene 356

semimembranosus 272

semispinales 217

semutendmosus 271

serratus anterior 99
posterior 216

shortenmg of 33

of shoulder 88 95

smooth 16

soleus 299

spmalis 217

Index
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Index

Nerve or nerves to obturator internus 270 Nerve or nerves trigemmal 347, 359

oculomotor 347 353
olfactory 347
optic 347 353
of orhit 353
parasympathetic 58 226
m pelnis 385
pectoral 81 82 89 90
of pelvic viscera 385
peroneal, common 233 308 325
ongm of 26%
distribution of (diagram) 316
deep 1n foot 325 334
m leg 295 309
superficial 1 foot 325
m leg 295 298 309
of pharynx 359
phremc 82 361 366 372
to pirformus, 270
plantar lateral and medial 325 332
posterior femoral cutaneous 248 264
270

pudendal, 265 378
to quadratus femons 270
radial 82
m arm 123 124 128
m axilla 93
distribution of (diagram) 136
1 forearm 137 139 154 157
m hand, 139 186
recurrent of vagus 356 361
regeneration of 19
of sacral plexus 263
saphenous 298 325
sciatic 233 243
m buttock 270
ongm of 264
m thigh 273 274
spmal 48 55 224
branches of 225
ongm of from cord 224
roots of §5 224
splanchmc 385
stato acoustic 348
structure of 55
subclavian 82
subscapular 82 101
superficial peroneal 295 298 325
suprascapular 82 101
sural 298 325
sympathetic 57 226 361
of thigh 207 274
thoracte 225 366 376
thoracodorsal, 82 99
of thorax 366 371
tibial 233 20
m calf 303
distribution of (diagram) 317
m foot 325 332
ongm of 264

trochlear, 347 353
ulnar 82
mn arm 123 127
m axilla 92
distribution of (dxagram) 135
1 forearm 137 146
m hand 139 184 186 ¢
vagus 348
m abdomen 38>
n neck 361
m thorax 371
of voluntary muscle general, 34 41
50

Neurogha 18
Neuromuscular ending 36 41
Neuron or neurons
of autonomic system 57
lower motor 49 54
1 and 1 57

59
of sensory fibers 48 55
upper motor 53
Node or nodes lymph 61
axllary 95
Nose 64
Notch radial 120
trochlear 119
Nucleus pulposus 207

Orecravon 119

Opposition of thumb 194

Orbit 341 352

Organ defimtion of 22

Origm of muscle defimtion of 30
Ovary 65 67 383

Parnv back 209 213
saiatic 209
Palate 64 358
Pancreas 64 380
Paralysis Erbs 110 168
factal or Bells 348
flacaid 54
Klumpke s 168
spastic 54
of voluntary muscle 50 53
Parasympathetic nervous system 58 348
353 371 385
Patella 244
Pedicle of vertebra 201
Pelvis bony 229 235
movements of 238 270
musculature of 377
viscera of 381
Pericardumm 368
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Index

Nerve or nerves to obturator internus 270  Nerve or nerves trigemunal 347 359

oculomotor 347 353

olfactory, 347

optic 347 353

of orbit 353

parasympathetic 58 226
n pelvis 385

pectoral 81 82, 89 90

of pelvic viscera 385

peroneal common 233 308 325

ongm of 264

distnbution of (diagram) 316

deep 1 foot 325 334
m leg 295 309
superficzal m foot 325
m leg 295 298 309
of pharynx 359
phrenic 82 361 366 372
to piriformus 270

plantar lateral and medial 325 332
postertor femoral cutaneous 248 264
27

pudendal 265 378
10 quadratus femorrs 270
radial 82
m arm 123 124 128
m axlla 93
distribution of (diagram) 136
m forearm 137 139 154 157
m hand 139 186
recurrent of vagus 356 361
regeneration of 19
of sacral plexus 263
saphenous 298 325
saatic 233 243
m buttock 270
ongm of 264
m thigh 273 274
spmal 48 55 224
branches of 225
ornigm of from cord 224
roots of 55 224
splanchme 385
stato acoustic 348
structure of 55
subclavian 82
subscapular 82 101
superficial peroneal 295 298 325
suprascapular 82 101
sural 298 325
sympathetic 57 226 361
of thigh 257 274
thoracic 225 366 376
thoracodorsal 82 99
of thorax 366 371
ubal 233 295
m calf 303
distribution of (dagram) 317
m foot 325 332
orgm of 264

trochlear 347 353
ulnar 82
m arm 123 127
m axilla 92
distibution of (diagran
1n forearm 137 146
m hand 139 184 186 ¢
vagus 348
m abdomen 385
m neck 361
1n thorax 371
of voluntary muscle general 34 41
50

Neurogha 18
Neuromuscular ending 36 41
Neuron or neurons 18
of autonomic system 57
lower motor 49, 54
pr 1 and Tiome 57
59
of sensory fibers 48 55
upper motor 53
Node or nodes lymph 61
axillary 95
Nose 64
Notck radial 120
trochlear 119
Nucleus pulposus 207

Orecranon 119

Opposition of thumb 194

Orbat 341 352

Organ defimitron of 22

Ongmn of muscle definition of 30
Ovary 65 67 383

Parv bach 209 213
scatic 209
Palate 64 358
Pancreas 64 380
Paralysis Erbs 110 168
facial or Bells 348
flacad 54
Rlumplkes 168
spastic 54
of voluntary muscle 50 53
Parasympathetic nervous system 58 348
353 371 385
DPatella 244
Pedicle of vertebra 201
Pelvis bony 229 235
movements of 238 270
musculature of 377
viscera of 381
Pertcardium 368


















