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Preface

Tuus book,, brsed upon Henry A Stone s revision of Wilbur Pirdon Bowen s
Apphed Anatoms and Ainestolagy, would have been the bth cdimion of Bowen s
classtc, were 1t not that marhed 1y 1nces 1n basic source fields requited such
extensine fewnting as {o constitute 1n fict 4 new work Among these new
sources are most notably dat1 obtuned from clectromyography and other
clectronic techmques, physical med and rchabilitation, especaally the
extensine chinical myestigations associtied wih post pohio therapy and the
rehabilitation of war disabilities, and the continued research in pure and
applied anatomy nd physiology

The book 1s designed to serve three broad areas of interest—athletics
physical education, and physical medicine -nd rehabilitation  For athletic
coaches and tramers, for adpied physicat educition teachers, and for teach
ers of motor skills 1t provides 1 thorough and up to date factual background,
with extensive Hlustrative applications to particular practical situations For
medical and paramedscal personncl engaged in physical medicine and rehabil
station 3t supplements the existing highly specialized pathelogy-centered
texts by 1ts extensive analyss of the activities of d-uty Iife, work and
sports It provides corrective, physical occupational and recreational thera-
pists with an gxtensive_analysis of normal functiomng, to which all thera
peutic programs must ultimately refer, together with introductory implica
tions for chinical applications

Although we have recogmzed the pedagogical needs of begianing students
no attempt has been made to oversimplfy the subject matter by omutting
difficult materzal or basic factual data necessary to develop an extensive pro
fesstonal knowledge of the field covered Where 1t his not been appropriate
to go beyond the limits of an introductory textbook, references have been
cited i order to guide students into the more advanced arens of research 1nd
specialized application

We are grateful to the authors nd publishers who have granted permussion
to reproduce their matenal, the sources of which have been acknowledged 1n
the text Particular mentron should be made of William R Prerson, Ph D,
FACSM who took some of the photographs, Marion E Yandel, BA,
who posed for some of the iliustritions, Miss Patricia Douglas who supplied

several oniginal drawings and Mrs Audrey Arellanes who typed the manu
script

Los Angeles California Puitir J RascnH

Rocer K BURKE
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Chapter |

The History of Kinestology*

Tt term kinesialogy 16 1 combunition of two Greek verbs linain metng

tomore, and logos, ' todicourse  hnewologits—those who discourse
on mavement—in effect combine anatomy  the science of structure of the
body, with physiolopy the science of function of the body, to produce hinesy
ology, the science of movement of the body

The ttle I ather of Rincsiology 5 usually given to Anstotle (3%4-322

B C) whose trettises Parts of Animals Movement of Ammals and Pro
gression of Ammals, desenibed for the first ime the actions of the muscles 1nd
subjected them to geometnical 1nalysis He recorded such pricuieal observa
tions as the following

the amimal that moves makes its change of position by pressing agmnst that
which 1s beneath it Hence athletes jump farther of they have weights in their
hands than f they have not and runners tun faster 1l they swing their arms
for in the extension of the arms there 13 2 hind of leaming upon the hands
and wnists 1

Austotle was the first to analyze and describe the complex process of w ik
g 1n which rotatory motion s transformed 1nto translitory motion His
discussion of the problems of pushing 2 boit under vartous conditions was
i essence a precursor of Newtons three laws of motion For his time,
Anstotle demonstrated 1 remarhable understanding of the role of the center
of gravity the laws of motion, and of leverage

Another Greekh  Archimedes (287-212 B C) s credited with having de
termined hydrostatic principles governing floating bodies which are still ac-
cepted as valid in the hinestology of swimming 2 Some of them 1re now being

* This matenial oniginally appeared in shghtly different form in the Journal of the American
Osteopathic Association under the title  Notes Toward a History of Kinesiology 58 572~
574 May 1958 58 641-644 June 1958 and 58 713-715 July 1958 Where possible
citations are usually to an edition which the student may readily secure rather than to the

onginal edition In the cases of prolific authors only the item most important or most
typical of their work 15 cited

17
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spongy matenal through winch flow amal spiruts (succus nerieus, sometimes
translated * nerve gas ), that agstation of these spints from the penphery to
the braun produces <ensation, and that agitation from the brun produces
fillng nd enlrgement of the porosities of the muscles, with resulant tur
gescence Reaction of these spinits with 2 substance in the muscles themselves,
sad Borellt wmtested 1 process resembhing fermentation with subsequent
contraction * He disinguished between tonie and voluntary contractions nd
perhaps even vaguely percenned the principle of reciprocal inner 1on of
amagomistic muscles Standler has praused tam s the rend founder of mod
ern hinctics nd as  the father of modern biomech1nics of the locomotor
system @ Singer credited hsm with having effectinely founded and developed
that branch of physiology which relates musculir movement to mechmical
principles 19
Borell 1s also regirded as the founder of the 1trophysicl school of med:
cine, which affirmed that the phenoment of hfe 1nd death are based on the
Taws of physics The tenets of this schoo were supported by Giorgio Baghwt
(1668-1706) who 1n 1700 publshed De Moty Musculorum, which differents
ated for the first ime between smooth muscles designed for long sustained
efforts and stnated muscles, designed for quich movements Esentually,
however the iatrophysicists’ neglect of the mpidly advancing science of chem
1stry caused ther school to fall into disrepute and to disappear
Borelli s theory of muscular contractton was attached qlmost immediately
Among his critics was Francis Ghsson (1597-1677), who contended that the
muscle fibers contract, rather than expand, duning flexton s demonstrated
by plethysmographic experiments He suggested also that 1l viable ussue
possesses the capacity to react to sumuli This capacity he referred to as
“rrtability - Glisson s coneept was Jater elaborated by Albrecht von Haller
(1708-1777) the outstanding phystologist of the Esghteenth Century, into the
theory that contractility s an innate property of muscle which exists inde-
p ly of nervous 1nfl
Although the circulation of the blood through the body w1s first demon
strated by Wilham Harvey, he erroncously tnibuted to the heart the func-
tion of recharging the blood with heat and  vital spit 31 Subsequently, 1n
1664 Niels Stensen made the then sensational declaration that the heart was
merely a muscle not the seat of natural warmth norof vitalspirit Thus
has been acclaimed as the greatest advance 1n our knowledge of the circulatory
system since Harvey s discovery 12 Three years later Stensen who has been
credited with faying the foundation of muscular mechanics, wrote Elemen
torum Mjyologiae Specimen 2n epoch making book on muscular function
In this he asserted that a muscle 1s essentially a collectton of motor fibess
that 1n composttion the center of a muscle differs from the ends (tendons) and
15 lht; o:;:y p}:]ut which c?ntracts Contraction of 1 muscle wrote Stensen 15
merely the shortening of 1ts individual fi
e oo Subs%ance s 1 fibers and 15 not produced by an 1n
The word orthopedics was comned by Ni =
the Greek roots orthos meanming strax);;ht Ch;r]f(\is ?Jl::?sm (nllgiil;’m‘zghr{gn}
1t was the opinson of this author that skeletal deformities result fromgm N it
imbalances during childhood 1In his treatise Orthopedics or the Art g}c;’rir
venting and Correcting in Infants Deformuties of the Body, published 1n 1741,
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he defined the term “orthopedist’ as a physician who prescribes corrective
exercise Although this 1s not the modern defimtion of the term, Andre 1s
recogmzed as the creator of both the word and the science 14 His theories
were directly antecedent to the development of the Swedish system of gym
nastics by Par Hennik Ling

In Principia Mathematica Philosophiae Naturalis which 1s ¢ perhaps the
most powerful and origimal prece of scientific reasoning ever published 15
Isaac Newton {1642-1727) lard the foundation of modern dynamics Par
ticularly important to the future of kinestology was his formulation of the
three laws of rest and movement which express the relationships between
forces (interactions) and therr effects

I Every body continues 1n 1ts state of rest, or of uniform motion 1n a night
Itne, unless 1t 15 compelled to change that state by forces impressed upon 1t
(Thus 1s sometimes known as the Law of Inertia and was oniginally proposed
by Galileo 1n 1638 )

II The change of motion 1s proportional to the motive force impressed,
and made 1n the direction of the right line 1n which that force 1s impressed
(Law of Momentum)

I To every action there 15 always opposed an equal reaction, or the
mutual actions of two bodies upon each other are always equal and directed
to the contrary parts (Law of Interaction) 16

The application of these laws to muscular function may be demonstrated
by the following, analogy While he 1s prvoting a discus thrower must grasp
the discus firmly (exert centripetal force) to prevent it from flymg out of his
hand In accordance with the Third Law the mussile exerts an equal and
opposite reaction (centrifugal force) When his grip 1s released and centripetal
force no longer interacts with the discus the implement flies off in a straight
line tangential to 1ts former ctreular path The distance covered by the missile
15 proportional to the motive force mmparted to 1t 1n accordance with the
Second Law The trajectory of the missile 1s affected by gravity wind velocity
and other forces tending to alter 1ts state of umform motion, as predicted by
the First Law

According to the Newtonian world view, chinges of motion 1re considered
as a measure of the force which produces them From this theory originated
the 1dea of measuring force by the product of mass and acceleration a concept
which plays 1 fundamental role in kinetics The greater the speed with which
the discus thrower whirls the greater the acceleration applied to the mass of
the discus, the farther 1t will fly before gravity returns 1t to earth and the
greater the force said to have been apphed to the discus

Newton 1s also credited with the first correct general statement of the
parallelogram of force based on his observation that 2 moving body affected
by two independent forces acting stmultineously moved along a diagonal
equal to the vector sum of the forces acting independently By further analysis
of the laws of movement as appled by the discus thrower 1t can be demon
strated mathematically that the horizontal and vertical forces acting on the

flying discus are equal The diagonal which 1s equal to the vector sum of the
hornizontal and vertical forces 1s therefore 45 degrees and the mussile should
traverse the greatest distance when 1t travels at this angle In actual practice
of course other factors of hft drag shape gyroscopic rotition and so forth
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enter the stuation 1nd 1t 1s possible that the most effectine angle of release
my not 1lnays be the one which 1s the theoreticl aptimum 17 Howener, since
two or more muscles may pull on 1 common pont of insertion, cxch 1t 1
different ngle 1nd with 1 different foree, the resolution of vectors of this type
1s 2 matter of considertble smportince i the solution of 1cademsc problems
in hinesiology
Within the past few years physiests hne demonstrited that Newton's
theones 1re v1lid only waithin the frime of reference i which they were con
cened, they do not 1pply to relationships between forces i the insteimn
world view This discovery has ttle sipuficance for the hinesiolopist how
ever, since he deals pnmanly with the forces of gross muscultr morement
and these are goserned by the I1ws of motion set forth by Newton
In his studies of muscular contriction James Reill (1674-1719) caleulated
the number of fibers in certun muscles 1ssumed that on contriction each
fiber became spherical and thus shortened, and from this deduced the amount
of tension developed by each fiber to hft 1 guen weight In An Account of
Ammal Sccrenion the Amount of Blood m the Human Body, and Muscular
Mouon (1703) heill drew the erroncous conclusion that a muscle could not
contract to less than two thirds of its greatest length 13
In An Essay on the Vital and Other Imoluntary Motions of Ammals pub
lished 1n 1751, Robert Whytt (1714-1766) rejected Baglivi s theory of muscu
lar action and contended that movement oniginites from an unconscious
sentient sumulus This brought lim wnto disigreement with von Haller
Possibly Whytt may not have comprchended the principle that movement
may originate as reflex action to external stimuli, however it appears that he
was cognizant of the stretch reflex and the fact that a given stimulus may be
adequate to excite one nenve ending but not another Their differences of
opimion arose from the fact that von Haller thought in terms of 1solated
musilsc, Whytt 1n terms of the reflex control of the movements of 1n organ-
1sm
The subject of anatomy, as taught prior to the time of Mane Frangoise
Xavier Bichat (1771-1802) conststed of little more thtn dogmatic statements
handed down through the ages Through his efforts anatomy became a
science soldly founded on the systematic observation of and experimenta
tion with the various systems into which he divided the living orgamsm
Bichat observed that the organs of the body 4re composed of tndividual
tissues with distinctive charactenistics, ind was the first to describe the synovial
membranes 13 He 1s regarded as the author of the modern concept of structure
as the basis of function, which led to the development of rational phystology
and pathology 1%
The six Crooman Lectures on Muscle Motion* delivered
(1728-1793) 1n 1776 1777, 1779 1780 1781 and 1782 20 brofgh{‘:ggef}l]z:;;
of this great anatomust s observations concerning the structuce and power of
muscles and the stimuli by which they are excited Muscle, he declared, while

* Witham Croone 2 professor at Gresham College England w

will a plan for annual lectures on the phystology of musguhr mu}:i:legl:ﬁ;: 8:”::(! mthc:lls
It1s Literally true that the history of muscle phystology in the Eighteenth Nmetcc::;n " d

Twentieth Centuries has been largely developed at these annual lectures  (Muscule Lg o

traction and the Reflex Control of Movement pp 15-16) cutar Con
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1t 1s endowed with hife 1s fitted for self motion and 1s the only part of the
body so fitted He emphasized that muscular function could be studied only
by observations of living persons, not cadavers In his lecture series Hunter
descnibed muscular function 1n considerable detail ncluding the ongin,
sertion, and shape of muscles, the mechanical arrangement of their fibers,
the two joint problem, contraction and relaxation, strength hypertrophy, and
many other aspects of the subject His lectures may be regarded as summanz
1ng all that was known about kinestology at the end of the Eighteenth Cen-
tury, when unwittingly, kinesiologists stood at the threshold of a discovery
which was to revolutionize their methods of 1nvestigation
About 1740 physiologists became excited over the phenomena produced by
electnical sttmulation of muscles Haller summarized many of the early experi-
ments 1n his treatise on muscle irntability and Whytt reported climical ob
servations on a patient treated by electrotherapy Ammal electricity  was
proposed as a substitute for the ammal spiits  which earher investigators
had believed to be the activating force in muscular movement Dunng the
summer of 1786 Luwigi Galvani (1737-1798) studied the effects of atmospheric
electricity upon dissected frog muscles He observed that the muscles of a frog
sometimes contracted when touched by a scalpel, which led him to the con-
clusion that there was indwelling electricity 1n animals and that the move
ment of 2 muscle was the result of its exterior negative charge umiting with the
postttve electricity which proceeded along the nerve In a violent attack on
this theory, Allessandro Volta (1745-1827) contended that activation actually
resulted from the contact of dissumilar metals Galvani riposted with a second
paper, in which he reported that he had produced muscular contraction with-
out the intervention of metals by bringing the vertebral column of a prepared
frog into contact &ith a thigh muscle It 1s now known that this phenomenon
results from the difference 1n potential (injury current) which exists between
an excised frog nerve and a severed muscle 21
The study of ammal electricity at once became the absorbing interest of the
physiologicnl world The greatest name among the early students of the sub
Ject was that of Emul DuBois Reymond (1818-1896) who laid the foundations
of modern electrophysiology
Fascinated by the prospect of investigating muscular response produced by
electrical sumulation Guillaume Benjamuin Amand Duchenne (1806-1875)
set out to classify the functions of individual muscles i relation to body
movements although he recognized that 1solated muscular actron does not
exist 1n nature 22 His masterwork Py siologie des mouvements appeared n
1865 and has been acclaimed one of the greatest books of all times 23
Unfortunately this classic was not translated into Englsh until 1949 and
then appeared 1n only a small edition As a result 1t 1s not generally available
for reference work
The modern concept of locomotion onginated with the studies of Borelli
however, very little was accomplished 1n this field prior to the publication of
Die Mechamh der menschlichen Gerverhzeuge by the Webers 1n 1836 Their
treatise  which still stands as the ¢l | work accomplished by purely
observational methods firmly established the t of lar action
on a scientific basis The Weber brothers Ernst Hemnch (1795-1878) Wi
helm Eduard (1804-1891) and Eduard ¥ nedrick Withelm (1806-1871) be
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Tieved that the body was mantuned in the erect pastion pamanly by tenson
of the hgaments, with Iittle o no muscultr exertion that in wilksng or rund
ming the fornard mobion of the himb s » pendutum swing duc Lo pravaty an
that walkng 15 1 movement of Miling forw atd, arrested b,’ the werpht of the
body thrown on the hmb 151t 1s advaneed forwrd The Webers were the first
1o mvestigte the reduction in the length of 1 individunl muscle during con
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effect of electrical stimulation of the left frontalis muscle (Jokl and Rewch courtesy
of J Assoc Phys & Ment Rehab)

traction and devoted much study to the rolc of bones 1s mechanical levers
They were also the first to describe 1n chronological detul the movements
of the center of gravity 24

The study of animal mechanics was expanded by the talented and versatile
Samuel Haughton (1821-1897) m numerous papers bearing such titles 1s
Outlines of a New Theory of Muscular Action (1863) The Muscular Mecha
msm of the Leg of the Ostrich (1865) On Hanging Consudered from a Mechan
cal and Physiological Pownt of View (1868) and Notes on Ammal Mechanes
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(1861-1865) However, advancement of knowledge concerning body me
chanics was greatly impeded by lack of a satisfactory method of chronological
reproduction of movement This advance was made when Janssen, an astron
omer who had utilized senal pictures 1n 1878 to study the transit of Venus
suggested kinematographic pictures to study human motion Eadweard Muy
bridge (1831-1904) produced his book The Horse in Motion 1n 1882, and his
me al Animal L 1 eleven volumes 1n 1887 an abndgement
of which was reissued 1n 1955 under the title of The Human Figure in Motion 25
Etienne Jules Marey (1830-1904) who was convinced that movement 1s the
most important of human functions and that all other functions are concerned
with 1ts accomplishment, described graphic and photographic methods for
biological research in Du mourement dans les functions de la vie (1892) and
Le mouwvement (1894)

These photographic techniques opened the way for the experimental studies
of Christian Wilhelm Braune (1831-1892) and Otto Fischer (1861-1917),
which today ¢ domnate the study of the human gait > 26 Even more famous
than these investigations was their report of an experimental method of de
terminming the center of gravity published in 1889 Its essence has been pre
sented 1n an article by Hirt Fries and Hellebrandt 27 According to these
authors the major premuse of Braune and Fischer was that a knowledge of
the position of the center of gravity of the human body and its component
parts was fundamental to an understanding of the resistive forces which the
muscles must overcome during movement Their observations were made on
four cadavers, which after having been preserved by freezing were nailed to
a wall by means of long steel spits The planes of the centers of gravity of the
longitudinal, sagittal and frontal axes were thus determined By dissecting
the bodies by means of a saw and locating the points of intersection of the
three planes they were able to establish the center of gravity of the body
The center of gravity of the component parts was determined in the same
manner Because one cadaver began to decompose and the investigators were
not permutted to dissect a second cadaver complete observations were made
on only two of the four bodies When the centers of gravity were plotted on a
life size drawing of one of the cadavers and compared photographically with
those of a soldier having similar body measurements the nvestigators ob
served a remarkable simularity Braune and Fischer concluded that the ongi-
nal position of therr frozen cadavers could be considered a normal one and
referred to 1t as normalstellung  which was ded to indicate only that
1t was the standard position in which their measurements were taken Un
fortunately this term came to be understood as the 1deal position and genera
tions of students were exhorted to imitate 1t

On the basis of subsequent studies, Rudolf A Fick (1866-1939) concluded
that the theory of normalstellung was not entirely valid as the recumbent
position of a cadaver could not be transferred to the vertical stance The
degree of lumbar lordosis 1s much less when the body 1s recummbent than when
vertical 1n the latter position the center of gravity shifts forward considerably
more than Braune and Fischer assumed Fick contended that when peoples
of different races and cultures are considered there 1s no one posture that 1s
normal for all Recent anthropological investigations have confirmed his
opinion 28 Fick concerned himself with nearly every aspect of body mechan
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1es and remruns the leading authonty on the mechanics of articular movement
His work on the mechamies af artticulr nd musculie movement 18 con
aidered by quthonties to be an indipenaable puide for students of kinctics ¢
Unfortunately, his masterworks  Hamdbuch o - Anatonie tnd Mechanil, der
Gelerhe and Speziclle Gelenk und Mushelmechanik, each of which compnises
<everal volumes, hive not been tramdated into Laghsh and remnn largely
inaccessible to those who do not rexd German Tine 1s also true of the works
of Hans Strasser (1652-1927), whose four volume Lehrbuch der Mushel und
Gelenkmechamk remuns untranslited

The late Nincteenth and early Twentieth Centunies wese most productive of
physiological studies closely related to kinewiology Adolf Lugen Fack (1629~
1901) made important contributions to our knowledge of the mechames of
muscular movement and energetics 1nd introduced the terms sometnic and

ssotonie  The study of desclopment il mechimes was antroduced hy Wil
helm Roux (1850-1924) who st1ted th it muscular hypertrophy develops only
after a muscle 1s forced to work intensively, 1 pont of view which was later
demonstrated experimentally by W Sicbert B Morpurgo showed that in
creased strength and hypertrophy are 7 result of an ncrease in the diameter
of the individual fibers of 1 muscle, not a result of an increase 1n the number
of fibers 29 The theory of progressive resistance exercise 13 bised prineipally
on the studies of Morpurgo tnd Siebert

John Hughlings Jachson (1834-1911), a ncurologist made defimte contrr
butions to knowledge pertaining to the control of muscultr movement by the
brain His conclusions® re summed up in these words

the motor centres of every level represent movements of muscles, not
muscles 1n their indivadual ct th- dr between Tes and
movements of muscles 1s excecdingly important atl over the field of neurology
The occurrence of comvulsion of a museular region which 1s already i
perfectly and yet permanently paralyzed ss unintelligible wathout that dis
unctton And without 1t we shall not understand how 1t can happen that there

1s loss of some mosvements of a muscutar region without obvious disability in
that region 30

Jackson mentioned paost epileptiform aphasia and henuplegia 1s practicn)
examples of his dictum His 1deas were cited approvingly by Charles Edward
Beevor (1854-1908) 1n his 1903 Crooninn Lecture on Muscular Movements 31
The aphonsm  nervous centers know nothing of muscles they only know of
movements, which has frequently been ttributed to Beevor should be
credited to Jachson

Beevor himself pointed out that the technique of utihzing electrical simulh
tton employed by Duchenne demonstrated what 1 muscle may do, not what
1t does do, and since only the sumulated muscle responds this method fags to
show the action of associated muscles which may often or always contract
simultaneously n the natural situation, and this may modify the resultant
movement He referred to James Remgnus Winslow s previous objection to
the use of cadavers to demonstrate muscular action 1nd the fallacious con
clusions which had been based on these observations After careful study of
the muscular actions nvolved 1n the movements of certain Jomnts, Beevor

* Quoted by permission
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(1861-1865) However, advancement of knowledge concerming body me
chanics was greatly impeded by lack of a satisfactory method of chronological
reproduction of movement This advance was made when Janssen an astron
omer who had utilized serial pictures 1n 1878 to study the transit of Venus
suggested kinematographic pictures to study human motron Eadweard Muy
bridge (1831-1904) produced huis book The Horse in Motion 1n 1882, and his
mor al Ammal L 1n eleven volumes, 1n 1887 an abridgement
of which was reissued 1n 1955 under the title of The Human Figure in Motion 25
Etienne Jules Marey (1830-1904) who was convinced that movement 1s the
most important of human functions and that all other functions are concerned
with 1ts accomplishment, described graphic and photographic methods for
biologcal research in Du mowurement dans les functions de la vie (1892) and
Le mouement (1894)

These photographic techniques opened the way for the experimental studies
of Christian Wilhelm Braune (1831-1892) and Otto Fischer (1861-1917),
which today dominate the study of the human gait * 26 Even more famous
than these 1nvestigations was their report of an expenimental method of de
termining the center of gravity published 1n 1889 Its essence has been pre
sented 1n an article by Hirt Fries and Hellebrandt 27 According to these
authors the major premuse of Braune and Fischer was that a knowledge of
the positron of the center of gravity of the human body and 1its component
parts was fundamental to an understanding of the resistive forces which the
muscles must overcome during movement Their observations were made on
four cadavers, which after having been preserved by freezing were nailed to
a wall by means of long steel spits The planes of the centers of gravity of the
longitudinal sagittal and frontal axes were thus determined By dissecting
the bodies by means of a saw and locating the points of intersection of the
three planes they were able to establish the center of gravity of the body
The center of gravity of the component parts was determuned n the same
manner Because one cadaver began to decompose and the 1nvestigators were
not pernutted to dissect a second cadaver, complete observations were made
on only two of the four bodies When the centers of gravity were plotted on a
life s1ze drawing of one of the cadavers and compared photographically with
those of a soldier having similar body measurements the investigators ob
served a remarkable similarity Braune and Fischer concluded that the origt
nal position of their frozen cadavers could be considered a normal one and
referred to 1t as normalstellung  which was intended to indicate only that
1t was the standard posttion 1n which theirr measurements were taken Un
fortunately this term came to be understood as the ideal position and genera
trons of students were exhorted to mtate 1t

On the basts of subsequent studies Rudolf A Fick (1866-1939) concluded
that the theory of normalstellung was not entirely valid, as the recumbent
position of a cadaver could not be transferred to the vertical stance The
degree of lumbar lordosis 1s much less when the body 1s recumbent than when
vertical 1n the latter position the center of gravity shufts forward considerably
more than Braune and Fischer assumed Fick contended that when peoples
of different races and cultures are considered there 15 no one posture that is
normal for all Recent anthropological investigations have confirmed his
opinion 28 Fick concerned himself with nearly every aspect of body mechan
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could be ignored 1n hus analysis nendeavonng to diw practical applicttions
fram His theoretical studics, Koch commented that alteritions i posture
\ncrense the stress 1 cortun regions and decreise 1t in others and that of
postural nlteritions are muntuncd the sner structure of the affected bones
1s Htered The proper mechameal means of counteracting these alterations,
sud hoch, was to impose new mechameal conditions by the use of braces,
jackets or other suitable devices to reverse the transformative process and
store the onginal structure
a Murk .hnxcrsi s monogriph On Bone Formation (1920) disagreed with many
of Wolll s premuses, including the “dualisuc doctrine that bone formition
15 dependent on both tension and pressure Wolfl s hypotheus that these
forees intersect at night angles in the trbecule of cancellous bone consti-
tuted a Tital Naw 10 the theory, contended Jansen since the myor trabecular
systems do not always cross 1 right angles Jansen reputedly snsisted that the
jerhang 1chion of a comraching muscie, combined Wath grnaty, 15 the chef
‘mechanical sumulus for the formation of bone, mnd, morcover, 1s 1determina
ine factor 1n the structure of cancelious bone 3 36
Eben] Carey37also eriticized koch s demn) of the role of muscular tension
m the formation of bone and asserted that the powerful back pressure
vectors produced by the forces of muscular contraction are the domenant
factors affecting the growth and structure of bone He rejected hoch s empha
sis on static pressure The body, he said 15 sustaned in the upnght posture
by mutual interaction between the sheleton and the muscles, and he expressed
the opimon that the dynamic action of the muscles miy exceed the static
pressure of body weight He contended that the normal growth and structure
of mature bone 1s the result of this dynimic museular tctinity and the in
trinsic capacity of sheletal cells to proliferate centrifugnlly 1gunst extrinsie
centripetal resistances
F Pauwcls endcavored to demonstrate that muscles and ligaments act as
traction braces to reduce the magnitude of stress in the bones His work was
criticized by Evans on the grounds that it was concerned only with the stresses
produced by loads placed on solid models shaped like bones Discussing the
valdity of the vanous theorics Evans concluded that 1 deciston must 1wt
expenmental evidence It 1s possible that Wolff and Roux overemphasized
the importance of mechanical stresses without proper consideration for bio
logical factors which cxceed t 1 anfl es Nevertheless
the theory of functional daptation to static stress rem-uns 1 myor hypothest
in the study of skeletal development
Prior even to the time when the development of bone became a subject of
heated debate, yet more highly controversial hypotheses were introduced 1nto
the scientific world Charles Darwin (1809-1882) published two books The
Origun of the Species (1859) and The Descent of Man (1871), which have since
become classics and have revolutiomzed man s 1deas concerning the human
body 3% His conception of man as a ‘modified descendant of some pre
existing form  whose framework 15 constructed on the same model s that of
other mammals and whose body contauns both rudimentary muscles which
serve useful functions n the lower mammals and modified structures which
resulted from a gradual change from quadripedal to bipedal posture was at
first bitterly opposed Now generally accepted, s concepts have clanfied
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proposed that the muscles be classified as prime movers, synergic muscles,
fixators, or antagomsts He was of the opimuon that the antagonistic muscles
always relaxed 1n strong resistive movements

In this respect Beevor was influenced by the work of Charles Shernngton
(1857-1952), who proposed the theory of the reciprocal mnervation of an
tagomstic muscles 1n a number of papers published near the end of the
Nineteenth Century and later incorporated into his book The Integratine
Action of the Nervous System (1906) a monumental work 1n the history of
kinesiology which has since been republished many times Contemporane
ously, Henry Pickering Bowditch (1814-1911) demonstrated the treppe phe
nomenon (1871) the all or none principle of contraction (1871), and the
indefatigability of the nerves (1890) The Sherrington theory and the all or
none pnncple are considered  fundamental for an understanding of kinetic
events 1n the human body 32 Of inestimable moral value to kinesiologists,
who at that time were insecure 1n thetr profession and depressed by the jibes
of critics who contended that the study of the body was unworthy of man, was
Sherrington s 1nsistence that  the importance of muscular contraction to us
can be stated by saying that all man can do 1s to move things, and his muscular
contraction 1s his sole means thereto 33

Karl Culmann (1821-1881) a German engineer, reviewed 1n Die Graphische
Staulk all that had been accomplished up to 1865 in the solution of static
problems by graphic methods Speaking at a meeting of scientists in 1866, he
called attention to the fact that when the calcium phosphate was dissolved
from the upper end of the femur the tnternal architecture of this bone coin
cided with graphostatic determinations of the lines of maximum internal
stress 1n a2 Fairbairn crane, which he assumed resembled the femur 1n shape
and loading Although his basic assumption has been severely crniticized, his
analyss forms the basis of the trajectonial theory of the architecture of bones
(Seep 39)

The trajectonal theory was supported by Roux and became the basis for
his interpretation of the trajectory system of other bones In 1892 this theory
was classically expressed by Julius Wolff (1836-1902) 1n the famous Wolff s
Law  Every change in the form and function of a bone or of their funetion
alone 1s followed by certain definite changes in their internal architecture, and
equally defimte secondary alteration 1n their external conformation 1n accord
ance with mathematical laws  He belteved that the formation of bone results
both from the force of muscular tensions and from resultant static stresses of
maintaining the body in the erect position and that these forces 1lways inter
sect at night angles

In his paper on the Laws of Bone Architecture 34 which has been pro
claimed the most thorough study of stress and strain 1n 2 bone by mathemati
cal analysis of cross sections 35 Koch concluded that the compact and
spongy materials of bone are so composed as to produce maximum strength
with a2 mimmum of material and that 1n form and structure bones are de
signed to resist in the most economical manner the maximum compressive
stresses normally produced by the body weight Because the stresses from body
weight are so much greater than the tensions which are normally produced
by the muscles reasoned koch the effect of muscular action 1s of relatively
Iittle importance 1n determimng the architecture of the bones and therefore,
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with thess fegs spread ap et Anampact on 4 person sithing wath the knees or
legs crossed tends to drise the hetd of the femur out of the wetbulum buta
sumilar impact on an indinidul sitteng wath his legs apart tends to drive the
head of the femur further into the acelbulum untit the femur buckles and
breaks <4
As erly 16 1680 Wedenskt demonstr ited the exstence of 1ction currents
n human muscles, Although practical use of this discovery hid 1o aw ut the
imvention of 1 more sensitine imstrument This became 1 ulible when w
Linthoven developed the stnng gahinameter 1 1906 The physiolopenl
spects of clectromyoge iphy were first discussed an 1 paper by H Piper, of
Germny, 1n 1910-1912, however, interestin the suhject did not become wide
spread i the Pnghish spethang countries until publication of 1reportby £ D
Adnan in 1925 *“ By utlizing clectromyogeaphic techmiques: Adriin demon
strated for the first ime that 1t w1s possible to determine the mount of
actsity in the human muscles at any stage of 1 movement The devclopment
of the clectromyograph represents one of the greatest 2dvances in kinestology
By means of this instrument many generally necepted concepts of muscle
action have been proved erroncous and new theories h1ve been brought forth
The use of the electromyograph has become so widesprend that it as net pos
sible to cite even the principal students who have employed it
In the study of the physiologtc 1spects of striated musculir ictivity how-
ever, one name stands preeminent The bnllnnt studies of Archibald Hill*s
unquestionably disingwish um s the world s lerding tuthonty an this field
Interest 1n the subject of posture has dechined among hinesiologists in the
Umited States duning the Inst few years In part, this may hase resulted from
general acceptance of the dictum that  the physiologici] benefits obtuned
from correction of common postural defects 1re mostly imagenary, STinpart,
1t may reflect the growing reatization that indivdut differences 1lmost pre
clude valid generalizations Perhaps much of the effort which i easlicr times
was devoted to the study of static posture 1s now directed to research concern
ing dynimic locomotion Wallace Fenn Plato Schwartz, Verne Inman
Herbert Eiftman Dudlcy MortonSt ¢2 and Steindler should be listed 1mong
the scientists who have made important contnbutions to knowledge concern-
ing this phase of kinesiology L wrence Morchouse 1nd John Cooper, Me
Clurg Anderson and Thomas Cureton have made notable contributions to
the study of locomotion 1s well 1s other hinesiological aspects of sports 63 65
Inall probabihity, most coaches nd truners have not yet assimilated into therr
tmx;u;g programs all of the principles which these hinestologists have pre
sente
The use of cinematography for kinesiologicl studics of athletes and indus
:Egls?:gkc;? l;las become commonplice Animportint recent development 1n
! y uman motion 1s the use of cineradiographic techmques In
ime advances 10 technique may make 1t possible to record the complete
sequence of musculoskeletal movements rather than only 1 fraction of them
f;o‘:‘l‘ls::?‘\)glogs Cr:;m; gar:{mct?a g;s opened up with the invention of the elec
exposures a4 shgrt ;lxls o:::rco N gertonr This instrument which 1s capable of
Instantaneous photognphs“zllln l::tth of 1 second can record 1n 1 series of
poteatialities of this g I eduenec of movement Although the
pparatus for kinesiological anlysis have not yet been
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many questions pertaimng to kinestology which might otherwise have re
mained obscure and have attracted to the study of hinesiology many physical
anthropologists whose contributions have been of great value Although the
Iimtations of space do not permit mclusion of all of them Ernest Hooton,
Ethel J Alpenfels, Wilbur Krogman, and N M Tappen may be cited as
typical examples 39 42
Yet another scientist of the Nineteenth Century Angelo Mosso (1848-1910)
made an important contribution to the study of kinesiology, the mvention of
the ergograph 1n 1884 This instrument, now available 1n an endless array of
specialized forms,43 45 has become a nearly indispensable tool for the study of
muscular function 1n the human body
The first extensive compendium on body mechanics, The Human Motor, by
Jules Amar, was published 1n 1914 Inspired largely by the increase mn work
productivity achieved by Frederick Winslow Taylor s46 application of scien
tific principles of body mechanics to industry Amar (1879~ ) sought to
bring together 1n one volume all the physical and physiological elements of
industrial work  The book was translated into English 1n 1920 47 but 1t 15
now out of print and difficult to secure Since 1ts publication countless in-
dustrial studies based on Amar s principles have been published perhaps the
best known of which are the numerous reports of the British Industrial Fa
tigue Research Board and of Frank B and Lillian M Galbreth
This type of kinesiological research initiated studies 1n the unexplored
areas of time and motion Investigations in this field have been greatly ac-
celerated as a result of rapid advances tn engineering and the development of
machmes so complex that the physical abilities of the human operator be
come a limiting factor 1n therr use Scientists working under government
auspices have brought together massive collections of data pertamning to the
application of scientific principles of body mechanics to industry now known
as human engineering 48 5t or the science of ergonomics— the customs,
habits or laws of work It 1s anticipated that attempts to solve the problems
of space flight will provide further impetus to studies of this nature
The 1nsistence of Andrew Taylor Still (1828-1917) that proper structural
alignment of the body 1s of vital importance 1n the maintenance of health and
i the treatment of disease resulted 1n the development of osteopathy as a
separate school of medicine and contnibuted significantly to the general recog
mition of the value of manipulation 1n physical medicine Colin Mackenzie s
text™2 on the medical aspects of kinesiology achieved great populanty early in
the present century but has now been replaced by the book by Goldthwait
and hus collaborators 53 However Stemdler s Kinesiolog)y of the Human Bod)
Under Normal and Pathol ] s seems di d to become the
classic 1n thas field
Knowledge of ths subject 1s still limited as 1s reflected 1n Hooton s dictum
that an adequate comprehension of bodily mechanics has not been achieved
as yet 39 Nevertheless nformation 15 accumulating and some of the facts
and theories which have been presented are both curious and nstructive As
an example 1t has been observed that men frequently sustain femoral frac
tures as a result of automobile acaidents whereas women are more likely to
incur dislocations of the hip This difference 1s attnibuted to the social con
ditioning of women to sit with their knees or legs crossed whereas men st
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According to the old pycholopical stimulus — resposise theory the inds
vidual 1 merely 4 communiction channel beiween the mput wnd the output
This view 16 not acceptible to modern psychologits who contend that s
proponents fuled to connder the contbution which the indimidutd mikes fo
the crrennt n current information theory 3t s recopmized that through expen
ence men aecumuttes certun hnowledpe tbout tus externnl cnvironment, as,
for example how "0 object trovels through spree and that the sgnals he
recesved from hus hnesthetic proprioceptors revenl to fum how hus body s
responding 1o the external presenintion The indnaduit s viewed 45 1 hirmted
cipacty channel, recainng and responding to upnils onmnating from 1n
1ernal sources 4s well 1s from the external display The reltine importance of
these tho types of sumult in determuning indisidunl response appers 1o vany
with practice 1nd with the e1se or difhicutty of the sequired response One of
the chief difficulties confronting % performer 1s {0 sepirite one signal from
another when they are presented in riprd succesaon A distinguishing chars
acteristic of a shalled performer 15 us 1hility 1o seleet integrite and respond
only 1o those ugnils which e germane to the situttion thatys sn cffect to
filter out signals which e mere nowse on the mput arewt The fact that
stimuls may be correlited with exch other my enhanee the difficulty for the
performer 78

The compleuties of the mechanisms imvobed as well as thesr practical
mphicitions for hinessolopists have been revertled by extenstve electroenceph
alographic reserches W Grey Walter tentatively sdvances the hypothesis
that the bran functions ke 1 Dinmasucedly pgantic electronic seapner, mons
otring millions of 1tems of sensory taformation nd cellating them with stems
and patterns previously stored 1a the memory  He sees some evidence that the
master function of the brain 1s paitern seching—the identificition of meaning
ful relationships in the data under s secunty Coupling such 1 theony with
the expanding findings of cybernctics of the psychology of lewrming and of
other fields makes it safe to predict v reaching adsances m the understanding
of human functioning These aew knowledges will hase nich smport for
hinesiology

Although extensive studies have been made concerning the nature of hines-
thesss 77 the findings thus {w e meager and inconclusie wtempts to apply
the admittedly scanty data to practicd problems related to the selection for
trawning in shalied movements have yielded suggestnve rather than conclusne
resulis 73 74 [t has been postulated the hnesthesis is stself 7 complex rather
than a umt perhaps one imolving several looscly related functions ™ This
area presents 1n enormous potentd for kanesiologieal resenreh

The enure trend of current developments indictes that the hanesiologist
€an no longer hinut his scope to the mere mechament wnalysis of movement,
he must consider mcreasingly the mewmng and sigmificance of musculosheletal
movements The human s 1 purposeful bemg nd the study of mechamcat

principles vlone will revent only a fraction of the entire spectrum of his move
ments—perhaps the fraction of the least importance
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determmned 1t seems pirticularly promusing for analyzing the various se
quences of skilled movement In a somewhat related field, the new science of
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Chapter 2

The Frameworh and Joints of the Body

Tiir use of dried bones as sheletal demonstyon materttls frequently gen
erates the impresston that the skeleton 1s 1 hard ngid, statie structure com
parable to steel girders in 1 shyscraper One purpose of this chapter s to show
that shkeletal structures re dynamuc, hving developing growing tissucs
whose metabolism nfluences function and 1s 1nfluenced by function

THE COMPOSITION AND STRUCITURE Ol BONES

Constituents of Bone Tissue Mature Ining bone 1s about 50 per cent water
and other flunds and about 50 per cent solids Of the solids about one third 1s
orgamic and about two thirds are morgame Jfall organic matenal and water
are removed the rematning structure crumbles ¢asily On the other hand of
all norganic salts arc extracted from a long bone the remammng structure,
when fresh and moist can be bent easily and tied into an overhand knot
After matunity the proportions of fimid and of orgame matenal grdually
decrease with age For these and other re-sons, the bones of aged people are
bnttle and healing becomes more difficult

The organic portion of bones can be divided into (1) cells, which constitute
only a minute fraction of the total werght of bone, (2) fibrous matrix, formed
largely of fibnls of collagen n protein substince which can be extracted as
glue or gelatin and (3) amorphous (formless) ground substance, consisting
mostly of muco polysacchandes (protetn sugar compounds) The ground
substance may be regarded as condensed tissue fluid,! and along with the
tissue fluid 1t 15 interspersed among the collagenous fibers All of this organic
matter 15 impregnated with the morganic bone salts, mostly consisting of
calcium phosphate

Orgamzation of Bone Tissue Bone tissue 18 sparsely permeated with blood
vessels lymph channels and nerve branches The microscoptc Haversian
system 15 the structural basis of compact bone Most conspicuous are the
cylindrical tunnels about 005 mm 1n diameter, called the Haersian canals
or central canals, which are usually aligned with the long axis of the bone
They branch wrregularly, and contain ;;nall blood vessels lymph vessels, and
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Fi16 4 —Section paralle! to the surface from the body of the femur X 100 a
Haversian canals & lacunae seen from the side ¢ others seen from the surface 1n
lamellae which are cut horizontally (Gray s Anatomy)

nerve fibers Bone tissue 15 laid down around each Haversian canal o very
thin cylindrical concentric layers known as Jamellae Between the lamellae
are found many small cavittes called lacunae each of which contamns an
osteocyte or bone cell Alacunais roughly cigar shaped, but1s made irregular
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by the cut of numerous munute channels known as eanahenls which commum
cate with other licunae and with the Haversian canals These passapeways
are filled with tissue imd

hinds of Bones Long bones such 1s the humerus and tibin are found in the
limbs Short bones are roughly cubieal, and are represented onty by the carpal
and tarsal bones 77ar bones tepresented by the sterntm nibs, some of the
shull bones, thum, and seapuly, have outer Tiyers of campact bane with an
interior of spongy bone and marrow They are dewgned 10 senve s extensive
flat areas for the attachment of muscles ind hgaments and cxeept for the
scapula to enclose cavities They are usully curved thick where tendons and
fasca sheets attach and thin to the pont of trinclucence where the fleshy
rmuscle fibers attach direetly 10 the bone Irregular bones such as the ischium,
pubis masilla and vertebrae arc adapted to specil purposes

Structure and Functions of the Long Bones Evolutionally the long bones
are adapted for weight beanng and for sweeping speedy exenrvons They
serve these purposes admirably because of their tubulir form  therr broad
and speaabized articular surfaces and shapes at their ends, and therr great
length

'lghc fong centra) tubular part of « fong bone s ealled the shoft, bod, or
diaphysis 1t contains the hollow medullary caviny, filled with marrow and
surrounded with compict bone After matunty, the compact bone of the
shaft blends gradually into the compact bone of the two ends The proximal
end 15 usually called the head Both the provimal and distal ends typically
display protusions called condyles tubcreles or tuberosities which serve as
attachments or pulleys for tendons and ligaments The shapes of the articu
lar surfaces are commonly specinlized to enable the bone to fit sccurcly into
the conformations of its neighbor, and to determine or limt the hind of action
possible at the joint Each articular surfice has 2 cap of hyihine cartilage
This articular hyaline cartilage functions to increse the smoothness of fit
prevent excess wear, absorb shocks and prevent distocations of the joints

Toward the ends of long bones the medullary cavity gives way 1o spongy or
cancellous bone within the external Inyers of comprct bone Spongy bone 1s as
hard as compact bone, but 1s arranged in a complex grillwork These bars of
latticew ork are called cancells or trabeculae (from Latin, meaning Ittice bars
or hittle beams) The basic tubular structure of long bones conserves w eight,
at the same time providing great reststance to stress and strun

Membranes of Bone The pertosteun 1s 4 connective tissue which covers
the outside surface of bones, except at articular surfaces where it 1s replaced
by the articular hyaline cartilage It has two layers an outside layer of
collagenous fibers and a deep layer which 1s osteogenic (that 1s capable of
producing osteoblasts which in turn may develop mnto osteocytes) Periosteum
1s supplied with blood vessels and nerve branches It s extremely sensitive to
tmury and from 1t onginates most of the pain of fractures bone bruises and

shin splints It adheres to the outer surface of compact bone by sending
tiny processes, similar to small roots into the bone Muscles are attached to
periosteun not directly to the bone

The endosteurn 1s a simular connective tissue which lines the medullary

cavity and Haversian canals, and covers trabeculae of spongy bone It, too
1s osteogenic ’
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Fig 5 —Frontal longitudinal mid
section of the nght femur (After
Koch) -
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Bone Marrow The primary function of red bone marrow i to manuficture
red blood cells although 1t also has osteogeme propesties At brth red mar
tow fills both the meduliary cavities nd the intrimbeeulir spaces of Al long
bones As spongy bone increases i amount with age the red marrow retreats
10 the mtrateabeeultr spaces lewvng the medulliry eny filled with fatty
yellow marrow By the time of puberty 1lmost all of the marrow sn limb boncs
1s yellow and red marrow 1s normally found only 10 parts of the nbs shull
sternum and vertebre

Effeets of Bone I unction upon Bone Strueture Pages 26 to 27 in Chapter |
hase presented an historical 1ccount of the hypothesis tht the trabeeule are
formed tn response to the stresses and struns of weight beanng nd other
functions of bone The trajectortal theary of bone steucture s developed by
Culmann Wolll and Roux, postulated that the trabeculie were Ind down
along lines of compressive or tensile force. Mathematieal analyses were made
1n an attempt to show that the trabeculae did indeed follow the lines of force,
and that they ongnated at nght angles to the suef 1ce of the bone and crossed
cach other at right angles, as was demanded by the engineenng theones and
methods which were employed Wolll's classic statement was that Esvery
change in the form and function of bones or of thair function alone, 15 ol
lowed by certain defimte changes in their internal rchitecture wnd equally
definute sccondary alteration in their external conformation tn accordance
with mathematical laws  The theory has been attached continuously sinee
its proposal An exhaustive eritict] review of the evidence has been made by
Evans,? from whose book the following conclusions are ndapted  First the
mathematical analyses which tended to support the trajectorial theory were
of doubtful validity Second funcuonal siresses undoubtedly influcnce bone
formation and growth, but the extent and nature of this mechnism 1s the
subject of much disagreement Thurd other factors mcluding heredutary
tendencies, nutntion biochemucal influences and sascular conditions mAav
have an nfluence equal to or greater than functional stresses

Wolf’s Law of Bone Transformation scems to have been 1n over state
ment especially with regard to its phrase * 1n accordance with mathematical
law  Yetit cannot be discarded entirely Mamiind? cites numerons ncidents
demonstrating the effects of function upon bone growth repar, and atrophy
Normal bone repair after fractures 1s found to be suuted to the stresses re
cerved, bones atrophy or cease to develop after muscular forces re remosed
by paralysis, constant pressures on bone may cause atrophy but intermittent
pressures seem to result 1n bone growth bone growing 1n tissue culture
separated from any organism, has been known to adapt atsclf to the artificinl
forces present, and snactivity resulting from encisement 1n phster ¢1sts and

from other causes 15 often followcd by atrophy o cessation of growth

GROWTH AND DEVELOPMLNT OF BONES

Ossification of Bones Ossification means the depositing of bone salts 1n 1n
orgame matrix It must be preceded by the differentiation and proliferation
of cells which will lay down the collagenous matrx and this may occur either
I an exisung connectve fissue membrane producing intramembranous
ossification or 1n hyaline cartilage, producing endochrondral or mtracartila
ginous ossification. The clavicle and most shull bones ossify intrmerabran
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ously, the short bones intracartilaginously and the Iong bones by both
methods
Ossification of Long Bones In the embryo hyaline cartilage models of the
bones appear Well before birth a primary center of ossification known as a
draply sis, anses near the center of the future shaft of long bones Ossification
progresses 1n all directions from these primary centers At the same tume, a
bone collar ossifies intramembranously 1n the periosteum around the shaft,
defining 1ts outside diameter One or more secondary centers of ossification
called bom epipnses develop at the ends of the long bones The time of such
development 1s specific for each center some appearng before birth and some
as late as adolescence This epiphyseal (pronounced ep1 FISS € al) ossification
also progresses circumferentially, and finally all the oniginal cartilage has been
replaced except for a comparatnely thin ep physeal cartilage epiphyseal
plate or epiphyseal dish which separates the shaft or draphysts from the end
or epiphysis The most recently formed bone at the end of the diaphysis 1s
called the metaphy sis
Growth of Long Bones Growth n diameter occurs most rapidly before
maturity but can contimue during nearly all of the Iife of the individual The
penosteum produces concentric layers of bone on the outside, while 2 more or
less proportional resorption of bones takes place in the medullary cavity
enlarging its diameter
Growth m length 1s a continuation of ossification of the diaphysis toward
the epiphysis However the epiphyseal cartilage continues to prolhiferate and
heep the diaphysis and epiphysis separated At an age that 1s specific for each
epiphysis varymg from muddle childhood to adulthood the epiphyseal
cartilage ceases to proliferate and bony wmon (closure) takes place between
diaphysis and epiphysis usually leaving an elevated ndge called the epiph) seal
Ime on the surface of the matured bone
Tramed phystcal educators often pay attention to the size of the bones as
seen at the wrist, ankles and hips, 1n order to get a better estimate of an
individual s capacity for bearing weights and stresses
Growth of Short Bones A short bone usually grows as1f 1t were an epiphysis
except that it maintains its independent 1dentity
Influence of Trauma Numerous factors affecting bone growth were men
troned earlier 1n thus chapter 1n the discusston of Wolfi’s Law In addition
bone growth may be affected adversely by trauma Either a single catastrophic
force or repeated severe insults can stop bone growth or dislocate the growing
parts at the epiphyseal cartilage Interrupted growth 1s often considered to be
more sertous than a clean fracture 1 a fully ossified area of the same bone
partly because pain and deformuty are less obvious at the time of injury
resulting 1n the delay of corrective measure until an srremediable defect has
resulted Although cartilage 1s superior to bone 1n its ability to withstand
certamn kinds of stresses because of 1ts greater flexbility and compressibility
the epiphyseal cartilages are areas of great susceptibihity to injury
Most of the major epiphyses do not close until seventeen to nineteen years
of age Therefore many orthopedists regard football wresting pyramid
building and other stressful contact sports as undestrable dunng the period
of bone immatunty From the anatomical pomnt of view the following ques
tions are pertinent



THE TRAMIWORK AND JOINTS OF THI hODY 41

How senous js the danger of anatonet] snyury”

Ts 1t greater n the orpantzad sports progrims than in the unwpervived sand
Tot activaties which st replaces”

Can the rules be modified to rintnnze the danger of trauma?

Is adequate protective equipment 11 uhible and used?

Is there adequite medical supersivon of injunes?

Are medical exanunations requised of participants”?

Are the manapers tewchers enaches, and officals aware of anatomical
physiological factors tn growth and development and do they use thar pres
tige and authonty in sich 1 manner 1< to protect the afety of the prrtapants®

Odification Dates The statement that the ape 2t which epiphyvsenl fusion
takes place 1s specific for each epiphy uis should not be interpreted too hiterally
It 15 true that the fusion ages 1t vanous centers provide an amzingly accurate
physiologcal time cloch but the cloe} ¢1n run slow or Mst 1ccording to state
of endocrine s~cretion health, and nutnition of the individual Undoubtedly

TABI F 1 —Oxsification Dates for Tyvpical Long Bones

Center of Appearance
Ossification Darte Lpiphy sis Closure Date
HUMFRUS
Body Bth fetal weeh  Head with tubercles 6th year
Head 1st year Distal end with body 16th-17th year
Capitulun 2nd year Head wath body 20th year

Greater Tubercle  3rd year
Lesser Tuberele Sth year
Medial Epicondyle  Sth year

Trochlea 12th year
Lateral Epicondyle  13th-14th year
ULNA
Body 8th fetal weeh  Olecranon with body 16th year
Head 4th year Distal end with body 20th year
Olecranon 10th year
RADIUS
Body 8th fetal weeh  Proximal end with body  17th-18th year
Distal end 2nd year Distal end with body 20th year
Proximal end Sthyear
FEMUR
Body 7th fetal week  Lesser trochanter
Dustal end 9th fetal month  with body Puberty
Head 15t year Greater trochanter
Greater Trochanter 4th year with body Puberty
Lesser Trochanter  13th-14th year  Head with body Puberty
Distal end with body 20th year
TIRIA
Body 7th fetal week  Distal end with bod
ly 18th year
Proumal end Birth
Dutar e 1 Proximal end with body  20th year

2nd year
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ously, the short bones intracartilaginously and the long bones by both
methods
Ossification of Long Bones In the embryo hyalme cartilage models of the
bones appear Well before birth, a primary center of ossification knownasa
diaphysis anises near the center of the future shaft of long bones Ossification
progresses 1n all directions from these primary centers At the same time a
bone collar ossifies intramembranously 1n the periosteum around the shaft,
defining 1ts outside drameter One or more secondary centers of ossification,
called bony epiphyses develop at the ends of the Jong bones The time of such
development 1s spectfic for each center, some appearing before birth and some
as late as adolescence This epiphyseal (pronounced ep1 FISS & al) ossification
also progresses circumferentially, and finally all the oniginal cartilage has been
replaced except for a comparatively thin epiphyseal cartilage epiphyseal
plate, or epiphyseal dish which separates the shaft or diaphysts from the end
or epiphysis The most recently formed bone at the end of the diaphysis s
called the metaphy sts
Growth of Long Bones Growth 1n diameter occurs most rapidly before
matunity but can contsnue during nearly all of the life of the individual The
penosteum produces concentric layers of bone on the outside while a more or
less proportional resorption of bones takes place 1n the medullary cavity,
enlarging 1ts diameter
Growth 1n length 1s a contmuation of ossification of the diaphysis toward
the epsphysis However, the epiphyseal cartilage continues to proliferate and
keep the diaphysis and epiphysis separated At an age that 1s specific for each
epiphysis varying from middle childhood to adulthood, the epiphyseal
cartilage ceases to proliferate and bony umon (closure) takes place between
diaphysis and epiphysts, usually leaving an elevated ridge called the epiphyseal
line on the surface of the matured bone
Trained physical educators often pay attention to the size of the bones as
seen at the wnist, ankles and hips 1n order to get a better estimate of an
individual s capacity for bearing weights and stresses
Growth of Short Bones A short bone usually grows as 1f1t were an epiphysis
except that it maintains 1ts independent 1dentity
Influence of Trauma Numerous factors affecting bone growth were men
tioned earlier m this chapter 1n the discussion of Wolff s Law In addition
bone growth may be affected adversely by trauma Either a single catastrophic
force or repeated severe nsults can stop bone growth or dislocate the growing
parts at the epiphyseal cartilage Interrupted growth 1s often considered to be
more scrious than a clean fracture 1n a fully ossified area of the same bone
partly because pamn and deformuty are less obvious at the time of mjury
resulting n the delay of corrective measure until an irremedable defect has
resulted Although cartilage 1s supertor to bone 1 1ts abihty to withstand
certamn kinds of stresses becausc of 1ts greater flexibility and compressibility
the epiphyseal cartilages are areas of great susceptibility to injury
Most of the major epiphyses do not close until seventeen to mneteen years
of age Therefore many orthopedists regard football wrestling pyramid
building and other stressful contact sports as undesirable during the period
of bone immatunity From the anatonncal point of view the following ques
ttons are pertinent
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{rnierlar cattilage
tymetial mombenns

Caprlarl goment

Synorial memlrane

{rtsenlar cartilage
7 - Intra.articular

'“Z £ romrtilacr

Copsular hgament

T 7

Fics 6 and 7 —Typical diarthrodial joints with and without ntra articular fibro-
cartilage (Gray s Anatonn )

partitions the joint cavity mnto two parts This makes i resemble 1 synchon
drosis or cartilaginous 1rticulttion (Table 2) cxcept that the latter has no
cavity or synovial membrane The sterno-clwviculir 1nd dist1l vradio ulnar
Jonts are diarthrodial joints having fibrocartilge disks The attachments of
these disks have peculiantics which enable them to 1ssist in holding the bones
together

The ligamentous capsules sometimes have defimte thickenings on one or
more aspects and these are sometimes nimed 1s seprrate igrments In addi
tion, there ace typically several other hgwaents whuch join the two bones and
which are discrete from the capsule Lignments 1re tough and practically non
elastic Their function 1s to bind bones together to present disloction, tnd to
limut the kinds and ranges of movements 1f constantly pplied, may result in
their gradual lengthening—ecven to the point of destroying thewr function of
maintaiming the integrity of the jotnt

Tendons and sheets of fascia cross most joints Although their function 1s
usually considered to be the transference of muscle tension so as to cause
movement the fact that they hold bones together should never be overlooked
Muscles must be responsibie for bearing most of the gravitational and other
stresses tending to dislocate the bones of 4 Joint Because most muscles 1nsert
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there are racial geographical and hereditary differences although these have
not as yet been adequately determied On the average a given epiphysis will
ossify and growth m the Iength of the bone will cease from one to three years
earlier 1n a female than 1n a male Trauma or overstrain may cause premature
closure but 11l health and malnutrition are likely to delay the datc None of
the epiphyses of the limbs fuse before puberty, but all of the epiphyses will
normally be fused before age twenty one Average times of epiphyseal closure
of typical long bones are gtvent 1n Table 1

A youngster who 1s larger than average or who 1s obese 1s often subjected
to unwarranted epiphyseal stresses His bulk may give a false impression of
the degree of his bony maturity For this reason age should be a factor in
athletic classification ndices and sports leaders should not (for example)
always put the biggest boy on the bottom of a pyramud n gymnastic lessons
X ray pictures of the degree of ossification of carpal bones provide a precise
estimation of skeletal and physiological matunity of pre adolescents but are
seldom used because of the expense

THE ARCHITECTURE OF JOINTS

Types of Jomts The junction of two bones 1s called a joint or articulation
There are three classes of joints the s)narthrodial or immovable the amphiar
throdial or shghtly movable and the diarthrodial or frecly movable The
first two classes have no true jotnt cavity the third class has a joint cavity and
15 subdivided 1nto seven types The classification and terminology of joints
are presented differently by vatious authors A reasonably complete isting
of types and terms 1s presented 1n Table 2 with descriptive explanations but
students are cautioned to be alert for small differences 1n classification when
consulting other source books Each specific joint of the body has its own
peculiarities

Diarthrodial Jomts The drarthrodial freely movable, or synovial joints are
of greatest interest to students of human motion The typical structural aspects
are shown 1n Figures 6 and 7 The weight bearing or articular sufaces of the
bones are covered with a layer of hyaline cartilage known as arficular cartilage
Being resihient but not especially brttle this cartilage absorbs shocks pre
vents direct wear on the bones and modifies the shapes of the bones to insure
a better fit It has no nerve or blood supply of 1ts own In some jomnts the
articular cartilages show specialized modifications and are given distinct
names as 1s the case with glenoid labrum of the shoulder jomnt and the senu
lunar carulages or menisa of the knee

A ligamentous sleeve called the capsule or capsular ligament 1s attached
firmly to both bones of the joint 1 1t completely This capsule 1s lined
nternally by a thin vascular synovial membrane which secretes synovial flurd
or synova nto the joint cavity The synovial flurd provides nourishment to
the articular cartilages and serves to lubnicate the joint Normally only a
tiny bit of synovial flurd 15 present and there 15 a shight negative pressure
(suction) 1n the jont cavity Thus the cavity 1s difficult to find and explore
1n dissection unless 1t has previously been njected so as to expand 1t Injury
or untation however causes profuse secretion of synovial flind sometrmes
causing evident swelling

Some diarthrodial jornts have an intra articular fibrocartilage dish which
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atvers sml] anpler 1 latpe component of Dol foree is iy durected
aleng the bane tan aad the gount tending 1o semferce the jomt by puthing the
tones topcther The hpaments constitute the second hine of defenwe 1pund
dilacanon and theat Jeseer catenululiny enables them to bew droves whieh
have clanpated the muades 1nd s crcame the shility of 1 ¢ tendons Lo protect
the gount The liptesents than provade emergeney protection but saince higt
meaty will vield (o continuous and tepular drcichimp ot semnns for the ten
dony and muwclos fo puurd U ¢ poanty mont of the ime

Ruraac and Tendon Sheathe, Wherover woft atructutes e frequenths sub
mitted 10 fctional rubbung o 1 bony protuberinee the frction i reduced
B the appearance of touph conpectivg bane and son ¢ form of sapoval o
Laen tendons cannot withstand constant fraction on 1 bone sathout further
protection Thesefore they are wsrounded th a evhindneal sae conuding of
wofavers of svnovisl membrang encloung 1 ity mio which svnoviad flud
1 wercted—th i called a ter fon sl eath and s function 1 lubncition
Non wendmotn 3oft structures e umiluly protected Thus the fisct and
shan at the back of the cibawn a1e wpirited from the olecrainon proces by 2
ample sapovial sac cilled a &g Hunae occtr in many other plices Yor
example as the supraymnatus musele prsses under the rcromion process stas
separated from that hard structure by the suh acromibr ol borsa sumibly the
patellar igament 15 protected from the herd of the ubin by the deep imfrapa
tellar bursa Bursae and sendon sheaths are not parts of jomts in a techmcal
sense but may be reparded as avsociited structures

ACTIONS O JOINTS

hanesiologists require precise termunology 10 deseribe jomt movements
and muscle actions 1 or the purpose of defining Jomnt movements, st 15 alw1ys
assumed that the body s 1n amatemical posttion that 15 clonpated as «f
suspended by ns shull from 1 hook with trms 1nd legs dinghng wnd palms
of the hands facing forwrd The shelton 1n 1 1gure § 15 in 1natomucal position
except that sts rght hand has been turned in toward the thagh

Fleion at any yoint takes place when 10y body segment 15 moved 1 an
anlero posterior plane so that s sterior of postenior sutfuce approaches
the anterior or posterior susface respectnely of n adjacent body segment
Thus moving the left hmb from anatonucal position to scratch the back of
the left shoulder blade involves flexion of the arm ot the shoulder jomt of the
forearm at the elbow of the hand 1t the wnist, and of the fingers at the
metacarpo phalangeal and snter phalangest joints Bringing the front surface
of the thugh toward the abdomen 15 hip flexion Bringng the enlf of the leg
toward the back of the thigh 1s hnee fleion Raising the foot toward the
tsbia 1s ankie flexion Curling the toes 15 toe flexion yzension 1s the 76y erse—
the moving from - flexed position bick toward the mtomicl position

Abduction means moving a segment aw 1y from the center line of the body
Once started the movement 1s ¢ led abduction throughout 1ts entire range
even though as in the case of tbducting the atm 1t the shoutder jomt the
part seems to be conming back toward the center hine of the body durnag the
second 90 degrees of its excursion Adduction 1s the reverse of tbduction—the
moving from a position of abduction bick towrd the wnatomicn! position
There 15 no abduction or adduction at the elbow or hnee joints At the wnst,
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abduction 1s also called radial flcvion, and ndduction 15 alco cited winor
Sflevion

Rotation around the fong 1us of 1 bone c1n tthe phice for example at the
shoulder, p, and knec yoints fan ard rotation occurs when the anterior sue
face turns 1nward, oumnard rotation 1s the reverse of this when the antertor
surface turns outward With regard to rotation the nitomical position 1s
often regarded as the neutral position thus from 1 pasition of inward rota
tion the thigh may be rotated outward to the neutral position and then further
rotated outward

Circumduction 15 1 movement in which 1 body part desenibes a cone, with
the apex at the joint and the base at the distal end of the part There s noterm
to distinguish crrcumduction around a base of small ridius from that around
a base of large radius Circumduction docs not tsalve rotation, therefore 1t
may occur 1n biawal jomts bike the metrcarpo-phalingeal jounts by a com
binaton of flexion abduction extension, and adduction

Hiperextension means 1 continuation of extension past anatormcal posi
tion, usually Thus from the normally-cxtended 1ntomical position of the
elbow, slight further extension 15 possible 1n some people This 15 character
wstically seen 1n gymnasts In no case does the prefic hyper indicate a differ-
ent motion but only an exceptiont] contsnuation of the movement tmvolved

Certain movements of some articulations require speasal considertion
Descriptions and terminology for such movements of the radio ulnar joint
first carpo metacarpal joint and thumb, foot and 1nkle and the spinc or
trunk are given 1n detm) in Chapters 11, 12, 15, and 16 of this text

In the tremendously vanied activities of athletics, aquatics combatives,
gymnastics dance, and recreattonal and vocational pursuits the joint actions
can become complex indeed Confusion in terminology must be carcfully
mimmized For this reason, 1t 1s perhaps better to descnibe a joint action as
(for example) hip flevion or shoulder joint abduction rather than  thigh
flexion or arm abduction, although both usages are correct If the term

thigh flexion 1s employed beginming studeats are sometimes confused when
1t 15 used to refer to 1 motion of the pelvis forward onto the thigh as in doing
situps The word thigh seems to indicate to some that the thigh must be
the moving part whereas there 1s no such connotationsf hip flexion 1s used

because attention 1s centered upon the joint rather than on the body part
The preference ts strictly pedagogical

MOBILITY OF JOINTS

The range of motion for any particular joint action may be limited by
ligaments shortness of muscles and fascia occlusion of soft tissues and 1m
pingement of bone against bone The latter 1s a factor only 1n a few 1nstances
such as elbow extension Flexibility 1s a factor 1n physical fitness 4 3 sport;
ability posture correction and rehabilitation

In clinical practice the amount of recovery of an ijured joint 1s sometimes
estimated by measuring 1ts range of movement with a gomometer and com
paring the findings with the values found in tables provided for this purpose
The conclusions reached may be musleading for any of several reasons Exact
techmque 1n the use of the gomometer 1s essential and unless the operator 1s
both skilled and experienced the values obtained may muss the truth even
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Fic 8 —The skeleton as projected on the surface of the body viewed from 1n frong
and from behind (Eycleshymer and Jones Hand Atlas of Clinical Anatomy )
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waeight Tfing nd gymnasties present fleuability patterns which are typical of
cich sport and that there are sipmificint differences between these athletes
and sivteen year old boys 1n generad In nddation to these frctors women tend
to be more fleuble than men nd Aeutulity varses wath body huild obeuty,
and occupitional habite Heavy work through restricted ranges of motion
may lead to musele boundness * as seen in pick 1nd shovel Inborers but 1
rounded progrim of progressne resstance exercine 1s likely to incrense flest

bility beyond normal singes* @
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though a reliable instrument 1s used The effect of gravity, the relative post
tions of contiguous parts or the fact that the axis of motion may shift as
movement proceeds, 1f overlooked may all be sources of possible error Then,
too, two different types of gomometers will not necessanly give the sime
values even when measuring the sume movement on the same joint by the
same wmvestigator Even tables provided may be i error Values for the normal
range of joint motion obtained and published by various investigators exhibit
a remarkable Inck of agreement The dispanity can often be traced to the
factors mentioned above Until satisfactory tables of norms are available for
both sexes 1nd for reasonable age increments, their use should be approached
with caution In most cases 1t 1s usually possible and far more satisfactory to
establish the normal range of joint movement and to estimate the degree of
recovery from imjury by comp iring the tmount of movement possible 1n the
mjured joint with that of the corresponding intact articulation Physiothera

pists must measure range of motion to determine residunl effects of paralysis
and trauma, and must understand ranges which c¢an be tolerated under
mantpulative therapy

S

\

Fig 9-—Voluntary dorsal flewon Fic 10 —Voluntary plantar flexion
Normal dorsiflecion ranges between 10 (Lewin The Foot and Ankle )
and 20 degrees Plantar flexion 1s about
35 degrees (Lewin The Foot and Ankle )

The establishment of normal tables for range of motion of joints 1s ham
pered by the varety of factors giving nise to individual differences Usage 1s
perhaps the greatest vanable as starthingly shown by observing the number
and extent of motions possible in the foot joints of an infant in comparison
to those possible m an adult who has for years restricted motion by wearing
modern shoes Children from ages ten to sixteen show a generalized pattern
of decreasing flexibility ¢ Leighton” 8 has shown that swimmers, baseball
players basketball players, field event performers and champions in wrestling
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however, the flow 15 impeded and the blood pressure rises Smooth muscle 15
mnenated by both the sympathetie and parsympathetic nervous systems
Its action ts usually imvoluntary and st can function the absence of 1ts
extnnsic nenes

Cardize Muscle Cardire muscle 1s stnated but 1s 2 sincfim thatas the
cclls are connected mstead of bang separite. Once 10 impulse starts i any
part of this syncytium at smvolves the entire network of muscle fibers The
sarcophism 1 more 1bundint than in strated muscle the nucler are 1n the
center of the cells and the strtions are fess distinet. This muscle 1s not under
voluntary control The symp ithelic nervous system increascs the rate and the
force of cardiac muscle contraction the parasympathctic diminishes both of
them Cardiac muscle possesses four basic properties (1) rhythmicity, or the
property of generating periodic impulses (2) conductivity or the property of
transmitung these impulses through the musele (3)irntability or the property
of responding to simul 1nd {4) contriculity, or the property of contracting
1n response 10 a sumulus Like smooth muscle 1t probably contuns pan

d but no propr ptors

Stnated Musele Stnated muscles arc composed of thread Iike fibers dis
playing alternauing dark and light bands Each fiber 1s actually 1 greatly
elongated, multiucleated cell 1t my be over 30 cm in length and hve a
diameter of 001 to 0 I mm Each cell 1s separite According to one estimate
there are about 250 mullioa stritted muscle fibers 1n the body ! They are
innervated by the cramial or the spinal nerves and are under voluntary control
This type of muscle contauns both patn endings 1nd proprioceptors Its prninci
pal functions are body movement and the muntenance of posture This 1s the
type of muscle with which Kinestologists are primanly concerned and the
following discussion of muscle structure and function will deal only with
striated muscle

STRUCTURLE OF STRIATED MUSCLE

Orgamzation of Muscle Fibers The elongated polynucleated cell comprising
a muscle fiber 15 enclosed 1n the sarcolemma a thin structureless, selectively
permeable membrane adhering 1o n outer network of reticular fibers termed
endorystum This keeps the adjacent fibers from merging 1nto a single jelly-
Iike mass and 1solates them so that they can act as sepasate units The inside
portion of the cell 15 composed of 1 specialized but undifferentiated proto-
plasm termed sacroplasm This 1s a protein sof (a hiquid solutton of colloids)
of relatively low viscosity Embedded within the sarcoplism are the myofibrils
semt crystalline protein gels (firm solutions of collords) which are responsible
for the contractile activity These run parallel to the axis of the fiber, merging
mto the sarcolemma at each end of the cell They are extremely small, having a
diameter rangng from 0S5 to 20 mcrons Lipoprotein granules termed
sarcosomes Adenosmetriphosphatases, fat granules glycogen granules, and
reticulated structures known as microsomes are alse found 1n the swrcopl’asm

Myofibnls draw the substrates (materials upon which the enzymes act)
necessary for contractton from the sarcoplasm and diffuse back 1nto 1t the
products of the enzymes associated with contraction 2 Seen under polarized
Light the myofibrils consist of alternating dark (anisotroprc) and hight (1s0
tropic) bands, as seen 1 Figure 11 Under plan hight this coloring 1s reversed




Chapter 3

The Structure and Action of Striated Muscle

THE muscles of the body are composed of three different types of contractile
tissue In certain characteristics all are quite stmular They are affected by the
same kind of simul they produce 1n action potential soon after stimulation,
they possess the ability to contract the force of the contraction (within
physiological limits) 15 dependent upon their imtial length they have the
ability to maintain muscle tone they will atrophy from inadequate circulation
and will hypertrophy 1n response to increased work In certain other respects
they may show marked differences
Smooth Muscle Smooth or involuntary muscle forms the walls of the
hollow viscera such as the stomach and bladder and of various systems of
tubes such as are found 1n the circulatory system the alimentary tract the
respiratory system, and the reproductive organs These muscle cells possess
myofibnls but they do not have cross striations and have only one nucleus
Probably smooth muscle contains pam endings but no proprioceptors
Compared with skeletal muscle they display more sluggish contraction
greater extensibility the power of more sustamned contraction and of rhythmic
contraction greater sensittvity to thermal and chemucal sumuli and a longer
chronaxie The mimimum amount of electrical current required to produce a
Tesponse mn a muscle ts termed the threshold stimulus The time required for a
current of twice this strength to produce a response 1s called the chronaxie
The chronaxie of the muscles varies those of nerves innervating pale muscles
are shorter than those of nerves innenvating red muscles the chronaxies of
smooth muscle are longer than those of skeletal muscle The general rule seems
to be that a short chronaxie 1s related to quick contraction a long chronaxie to
slow contraction Charts have been prepared in which the muscles are classified
mto groups according to their chronaxies Since changes in chronaxie are
correlated with changes 1n physiologic function these have considerable
value 10 determuming degeneratne and regenerative changes 1m nerves and
muscles Contraction of smooth muscle forming a hollow organ will cause
that organ to empty In the case of the digestive tract waves of contraction
propel 1ts contents onward If contraction occurs 1n the crrculatory system
50



TI STRUCTURID AND ACTION OF SIRIATED MUscrt 53

transmussion of impulkes from the <ireolemme to the myofibrils The 1rea
1ying between 1ny two Z hines 16 termed 1 sarcomere and 1s behieved to form
1 compatment hiving common nene and blood supphies and tn which
\dentier) chemical proceses occur ¥ 1t has been suggested that the Z hincs
activate the fibnls when stimulited by 1 reduction in membrane potentinl 4
The M band is so-cafled to indicte tts position in the muddle of the sar
comere Tts function and that of the N (Nebenschede) disks s not understood
On cither side of the M bind 1s 1 strp of less dense materl—the H zones It
has been postulated that A T and 1 bands are m wde up of two sets of fila
ments, which shde past each other when the muscle shoriens or lengthens In
this theory the thicker filyments are 1ssumed to be largely compased of
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Fic 13 —Cross sechional view of muscle hbnils showin

§ primary and second:
m:scle Slamems ail sclen undcrrlhc electron mucroscope It has bc?r,\ suggested l;:\’(’
when changes 1n the length of muscle oceur, the two s
e 50,000 (haior ) N ets of filaments slide past

myosin, the thinner ones of actin Actomyosin makes u
p about 80 per cent of
the structural proteins extractable from muscle 1n the rto of GI(’) per cent
myosin to 20 per cent actin The myosmn filaments are found only tn the A
band the actin filaments extend through the I bands into the A bands, but do
not enter the H zone This accounts for the lesser density of this 1rea us
There 15 a great deal of evidence that muscle consists of a contractile com
Slci:;:nttm se?es with afpasswe elastic element through which the contractile
ent must exert 1ts force In part tl
S ement must prt the elastic element may be a property of
Since the investigations of Mor;
purgo 1t has been believed that inci
:igemoiyhy resulted from increases in the cross section of the muscrleea;iel‘?elr:
not from an increase 1n the number of muscle fibers 7 Very recent studies8
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Fi6 11 —Section through striated muscle from a rabbit as seen under the electron
mucroscope at a magnification of 24 000 X The dense A bands bisected by H zones
and the Iight [ bands bisected by Z lines are clearly visible (Huxley )

There 1s some disagrecment wmong students concerning the various bands
and hnes In part this may be becuse certamn of them ewist only at 1 given
stage 1n the contraction cycle The diagram shown 1n Figure 12 represents
only well substantiated divisions of normnl resting myofibnls

The Z hne 1s believed to be a comparatively dense material which 2dheres
to the streolemma stabilizes the structure, localizes damage, 1nd uds 1n the

H LUB LINES 1 BAND H DISK 1 BAND
I~ z w1 1 N ZN 1

DO
A\
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M t M 1
A BAND A BAND I
SARCOMERE

Fi16 12 —Schematic representation of the myofibril from skeletal muscle
(After Perry)
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are extremely thin and provide for an c1sy transfer of needed substances
from the blood to the fiber stse}f There 15 an anternuttent cbb and flow of
blood through the capillary network, duc to the opeming and closing of capil
larics and artenoles in response to local tissue changes 10 the fiber 1nimactive
1ts metabolic needs are shight and httle or no blood flows through ats capil
taries Upon commencing exercuse the acid metibolites resuling from mus
cular contraction causc the capillancs to dilate, thus permuting an nflux
of needed blood
Faster vasomotor chinges are probably due to the sympithetic vasocon
stnction and vasodilition These independent unsynchromized contractility
changes arc believed responsible for the bisal vasomotor tone and re prob-
ably more 1important in the vasodilatation accompanying muscular exercise
than are the locat metabolites The principil regulation of the blood vessels
for homeostatic purposes 1s probably through the sympathctic innervation,}0
although humoral factors also pliy 1 role The working of the nenvous system
15 clearly seen 1n the physiological changes which accompany the anticipition
of exercise
There 15 considerable expenimental evidence indictting that the body re-
sponds to meet the need for a greater blood supply 1n the healy exerersed
muscle by the desclopment of ndditional new capsilanies within the muscle
One expenmental study reported this increase was nbout 45 per cent 11
During a strong sustmned muscular contrction the aircultion 1s tempo-
ranly arrested Withun a short tme howener, the hmb volume begins to nise,
dicating that while strong muscular contraction does compress the vessels
this compression 1s nsufficient to prevent them from dilaing to 2 certain
extent under the influence of dilator substances released from the muscle
fibers 12 Static contractions, such as standing at attention, weight training and
gymnastics may thus hinder the venous retura to the heart espeesally when
the Valsalva maneuver 1s involved 13 Duning dynamuc cxercise the rhythmuc
contractions of the skeletal muscle exert a strong pumping action on the blood
flow Dunng the peniods of relaxation the veins of the muscle become filled
with blood During contraction the blood 1s squeezed out of the muscle The
presence of valves 1 the veins permuts 1t to move only toward the heart
Immediate relaxation after strenuous exercise results 1n a removal of this
pumping action and the venous return to the heart may become insufficient to
matntain the cardiac output If an athlete after an exhausting rice, relaxes
and 1s carried 1n a vertical position by is teammates the sudden stoppage of
this pumping action may reduce the venous return
Innervation of Muscle Not only are the muscles penetrated and seryved by
the vessels of the circulatory system but they are also well supplied with
nerves One or more nerves containing both motor and sensory fibers enter
each muscle from the central nervous system Such nerves contan a large
number of motor axons each of which 1s thought to serve a single fasciculus
At the fasciculus the nerve divides into a number of twigs (Fig 14) each of
which has 1ts end plate embedded i a single muscle fiber, providing 1t with
g:eetcsl ;:g:;mumcauon with the central nervous system The number of muscle
rvated by a single motor nerve fiber varies from one to several

hundred Under normal conditions the group of muscle fibers innervated bya
single nerve fiber contracts as a single muscle unyt
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suggest that exercise may produce an mcrease 1n the number of myofibnls
within the fibers and that disuse atrophy 1s associated with a loss of myo
fibrils but confirmation of this claim will have to await further experimental
evidence
Orgamzation of Whole Muscles Umts of 100 to 150 muscle fibers are
‘bound together with a connective tissue called perimysuan to form a bundle
termed a fasceulus Several fascicult are 1n turn bound together by a sheath
of perimysium to form a larger umit These units are enclosed 1n a covering
of epimysium to form a muscle The various sheaths merge to form the
tendon, which attaches the muscle to the bony surface of ongin or insertion
The thickness and strength of the external sheath will vary greatly depending
upon the location of the muscle It 1s usually very heavy if the muscle 1s
situated near the distal end of a imb where the muscle might be exposed to
blows and abrasions Usually there 15 additional fasoia covenng the muscle
to give further protection On the other hand a muscle situated deep within
the body and consequently well protected such as the psoas, has a minimum
of connective tissue 1n the various sheaths
These sheaths form a sort of structural framework for the muscle This
structure 1s tough and somewhat elastic and will return to 1ts original length
even after having been stretched as much as 40 per cent The fact that the
relative amounts of connective and contractile tissue vary greatly from
muscle to muscle has at times been disregarded and has led to great discrep
ancies when expertmental physiologists have reported the physical properties
of muscle
Red and Pale Fibers In some fibers the sacroplasm contains relatively
large amounts of myohemoglobin and much grinular matenal which gives
them a much darker and redder appearance than other fibers which have less
sarcoplasm few granules, very little myohemoglobin These two types of
muscle fibers are known as red and pale muscle respectively In red fibers the
prgment may serve as a means of storage of oxygen Hence these muscles are
better adapted to long sustained contraction such as 1s required 1n maintasn
ing posture, which has a tendency to produce 1schema (temporary deficiency
of blood) Pale fibers are better adapted to perform fast contractions In the
domestic fowl the legs which are in continuous use are largely composed of
red fibers whereas the wings and breast which are of little use are largely
composed of pale fibers In contrast wild fowl which engage 1n long flights
have red fibers 1n the wings and breast as well In man the common type of
muscle 1s a mixed one contaming varying amounts of red and pale fibers,
depending on 1ts task Leg muscles such as the soleus and extensors which are
engaged 1n the arduous task of posture maintenance have high proportions
of red fibers while the flexors which do not have to be used continually have
relatively higher proportions of pale fibers Experimental findings led Bach®
to conclude that if a red muscle 15 transplanted to do the work of a pale
muscle 1t develops charactenstics typical of a pale muscle
Nutnition and Blood Supply Each muscle receives its supply of oxygen
sugar and other foodstuffs from the crculatory system and 1s therefore
necessanly supplied with one or several artenes Each artery divides into
smaller arterioles and they n turn finally divide into an incredible number of
small capillanies which ke in the endomysium The walls of the capillarjes
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TABIT 4 Motor Units and Mascular Tenshon in the Cat

Sy oof Mot Averase Tenvdon
Mucle L (in Grami)
Soleus 90 95
Fxteasor Jongus dipntorum 110 L)
Gastracnemuunn— mecian hend 430 paR |
Semitendinmin 00 502

which control movements of the eve where prest precivion is reqired Motor
units with s few 1 three fibers hve been identified

Tonus, The feching of fimnews in 1 normal muscle s asenbed to muscular
tone Muscular tone has tradiiomaily been eapluned 1s beng 1 state of
parial tetanus due to Tow frequency dischrpes from the ventral horn cells
1f the motor nenve 1s levioned the tone disappears and the muscle lengthens
and becomes flabby The fevel of actinaty has been consdered 1s beng lower
but not essentially different from that imvolved 1n normal voluntary move
ment More recently this theory has been subjected to strong eniticism on the
grounds that 1 resting muscle 18 clectrically silent and 1t has been suggested
that muscular tone s 4 function of the natural fullness (turgor) of the muscul i
2nd fibrous tnsue ind of the respance of the nervous system to stimuli 17 18

Muscles that tre much used 1re 1pt to hive more tone thin those used less
When the tone in two 1ntiponists 1 different the segments upon which they
act may deviate from thesr norml postton Thus 15 the ¢ wse of one type of
postural defect

The fact that muscle groups c1n be made to deselop sneretsed tonus and
centain muscles ¢an be shortened by exeraise within 1 imited range of move
ment 1s used 1n some phases of corrective physical educrtion Through such
Procedure cert un muscles of the dors wspect of the shoulder girdle miy be
shortened and their tonus increised dducting the seapuly, with resultant
stretching 1nd tempor try change of tone of certun intagomstic muscles of
the ventral aspect This will result in 1 shifung of the relstive positron of the
shoulders, causing them to be pulled bck more thin heretofore St another
factor to be considered 1n this connection 1s that when 1 muscle 1s habitually
held 1n a shortened positton 1nd 15 used 1n time the muscle will shorten 1nd
;‘;:Ommodm: uself to the new length with the restorition of normal tonus
lha{t:;,m affected wall then have 1 new resting position This implies, of course
ol Cl’mmgnmsuc muscle group will be correspondingly stretched, 1nd that
o _f'lhso accommodte itself to the new length ind re establish 1ts normal
™ s readjustment 1s 1+ common expenience of children who wear shoes
of sho:“. g0 birefoot in the summer months ind then revert to the weanng
soleus asn:ilpon the advent of cold weither When footwenr 1s discarded the

hen s gstrocnemius are stretched and the 1ntagomstic muscles shorten

Numbcocs are again worn the reverse process occurs
to4s pcrrs and Types of Muscles The muscles make up approximately 40
25 mllhoccm g[‘adull body weight Tt has been estimated that there are 1bout
cular s N indwvidual striated muscle fibers 1n the body The voluntary mus

Ystem includes approximtely 434 muscles, but only about 75 pairs are
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Fi6 14 —Muscle magnified showing muscle and nerve fibers (Gray s Anatom )

A nerve cell its axon with 1ts various branches, 1nd the muscle fibers served
are known 1s amotor it The motor umit may be considered the fundamental
functional umt of neuro muscular contraction The sarcolemma serves as a
container for the muscle fiber and ads 1n preventing the stimulating effect of
a nerve impulse from spreading from one muscle fiber to 1ts neighbors, al
though there 1s evidence that when therc 1s a2 massine stimulation of one
muscle 1t may rradiate a nearby muscle 14 Estimates have been made of the
number of muscle fibers and motor units in human muscles 15 Some typical
examples are given 1n Table 3

TABLE 3 —Estimated Number of Muscle Fibers and Motor
Untts 1n Human Muscles

Mean Dia No of Calculated No of
Muscle of Mus No of Large No of Fibers
Fibers Muscle Nerie Motor per
(Microns) Fibers Fibers Unues Motor Unmit
Platysma 198 =03 27100 1826 1096 25
Brachio
radialis 340 =08 129 200 528 315 410
Tibralis
antetior 56702 250000 742 445 657
Gastrocne
mius
medial
head 541 =12 1,120000 965 579 1934

Not only does the nurmber of motor units 1n different muscles vary greatly
but the average tension n tetanic contraction developed by the motor umts
of one muscle may differ greatly from that of another A study has been made
of the number of motor umts and the tension which may be exerted by the
muscles of the cat 15 Some typical examples are shown 1 Table 4

In the case of the thumb where not only strength but the ability to do
delicate and accurate work 15 required each motor unit 1 composed of rela
twvely few muscle fibers Because of this structure forces exerted by the thumb
can be changed by relatively small increments as compared with the heavy
postural muscles The smallest motor umits are to be found m the muscles
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TABLE 4 —Motor Units and Muscular Tension in the Cat

Mo of Motor Averase Tension
Muscle Units (in Grams)
Soleus 250 95
Extensor longus digitorum 330 81
Gastrocnemius—median head 430 231
Semitendinosus 630 502

which control mosements of the cyc, where great precision ts required Moteor
units with as few as three fibers have been identified

Tonus The fechng of firmness 1n a normal muscle 1s ascribed to muscular
tone Muscular tone has traditionally been expluned as bemng 1 state of
partial tetanus due to low frequency discharges from the ventral horn cells
If the motor nerve s Iesioned, the tone disappears and the muscle Iengthens
and becomes flabby The level of activity has been considered s being lower
but not essentially different from that nvolved 1 normal voluntary move
ment More recently thus theory has been subjected to strong criticism on the
grounds that a resung muscle 15 electrically silent, and 1t his been suggested
that muscular tone 1s a function of the natural fullness (turgor) of the muscul i
and fibrous tissue and of the response of the nervous svstem to stimuli 17 18

Muscles that are much used are apt to have more tone than those used less
When the tone 1n two antagomists 1s different, the segments upon which they
act may deviate from their normal position This 1s the causc of one type of
Ppostural defect

The fact that muscle groups can be made to develop increased tonus and
certain muscles can be shortened by exercise within a imited range of move
ment 1s used 1n some phases of corrective physical educntion Through such
Procedure certain muscles of the dorsal aspect of the shoulder girdle may be
shortened and their tonus increased, adducting the scapula, with resultant
stretching and temporary change of tone of certun antagomstic muscles of
the ventral aspect This will result 1n a shifing of the relative position of the
shoulders, causing them to be pulled back more than heretofore Still another
factor to be considered 1n this connection 15 that when a muscle 1s habitually
held 1n a shortened posttion and 1s used, 1n time the muscle will shorten and
accommodate itself to the new length with the restoration of normal tonus
the joint affected will then have a new Testing position Thisimplies of course
that the antagomstic muscle group will be correspondingly stretched, and that
1t will also accommodate 1tself to the new length and re establish 1ts normal
tone This readjustment 15 2 common experience of children who wear shoes

onths and then revert to the wearng

of shoes upon the advent of cold weather ‘When footwear 15 discarded the

soleus and gastrocnemyus are stretched and the antagomistic muscles shorten
When shoes are again worn the TeVerse process occurs

Numbers and Types of Muscles The muscles make u:

10 45 per cent of adult body weight 1t has been estimated

250 million individual striated muscle fibers in the bod

cular system includes approximately 434 muscles,

p appro<umately 40
that there are about
y The voluntary mus

but only nbout 75 paurs are
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mnvolved 1n the general posture and movement of the body and will be con
sidered 1 this text The others are smaller and are concerned with such minute
mechanisms as those controlling the voice, facial expression and the act of
swallowing Some muscles are in flat sheets like the trapezius and the trans
versalis, some are long and slender ike the sartorus and the peroneus longus
some are spindle shaped Dike the biceps and the pronator teres, some are
fan shaped, like the pectoralis myjor Most of them are of such rrregular
shape that a classification based on form 1s not practicable Each 1s named
some of the names indicating thetr form, as in the case of the thomboid and
teres major some indicating their action as the levator and the suprnator
some indicating their location, s the intercostal and suprasptnatus some
idicating the bones which they join, as the brachioradiahs and the sterno
mastoid

Longitudinal and Penmform Muscles The musculoskeletal machine 1s
basically an arrangement providing relatively large forces for the rapid mamp
ulation of long lever arms This mechanical system possesses only low mechan
ical advantages with the result that the high speeds of motion are made
possible only at the price of great exertion While the human body may be
said to be specialized more for speed than for strength the forces required
for various movements are relatively enormous It may, for example require
300 pounds of tension 1n the deltoid to enable 1t to raise an arm and hand
holding a 10 pound weight to 80 degrees of elevation

F16 15 —Diagrams showing kinds of arrangements of fibers of skeletal muscles
A Fusiform B U te C B D Mul (Douglas )

The internal structure of muscles that 1s the arrangement of their fibers
bears an important relation to the force and distance of their contraction
There are two main types of muscle structure the longitudinal or Sustform
and the penmform but there re many variations from each basic type The
longitudinal 1s the simpler of the two forms, it conststs of parallel fibers run
ning the length of the muscle In general muscle which 1s long and slender 15
weak but can shorten through 1 relatively Inrge distance while muscle whicl
15 short and broad has much strength of contraction but can exert it through a
proportionately short distance The sartortus for example, 1 a narrow band
of extremely long fibers well swited to contract with litle force through a
relatively great distance, whereas the intercostals consisting of a great number
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of very short fibers are constructed to contrict with considerable force
through a very short distance
Fully three fourths of all the muscles in the human body are so situated that
they need to exert more strength thin 1 longitudinal muscle would afford,
while the ltter s greater extent of contraction would be wasted As a conse-
quence the longitudinal muscles are repliced by the penmiform Penmiform
muscles are shaped like a feather, with the tendon n place of the shaft and the
muscle fibers 1n place of the barbs Smce the muscle fibers are arranged diago-
nally to the direction of pull, more fibers can be brought into play, but the
range of mouion 1s reduced
Penmiform muscles come 1n several different arrangements
Unipennate—Muscle to one side of the tendon, as in the semimembranosus
Bipennate—Muscle converges to both sides of a tendon, as 1n the rectus
femons
Multupennate—Muscle converges to several tendons, giving a herringbone
effect as in the deltod
Some of these arrangements are depicted 1n Figure 15
Ongin and Inserion When a muscle contracts strongly 1t tends to move
both of the bones to which 1t 1s attached, but to simphfy the problem it 1s
usually assumed that the bone moving least 15 stationary The point where
the muscle joms the stationary bone 1s called the origin of the muscle, and 1ts
pomnt of attachment to the moving bone 1s called 1ts insertion By thus defim-
tion the 1mnsertion 1s the place where the force 1s applied to the moving lever
and the distance from the insertion to the jomt which serves as the axis of
movement 1s the force arm of the lever It frequently happens that the bone
that acts as the lever 1n one movement 1s stationary in another for example,
when one lies on his back and then hfts his feet the trunk 1s stationary and the
lower limbs are levers but when from the same starting position he rises to a
sitting posture the limbs are stationary and the trunk 1s the lever The same
muscles are mvolved 1n both cases, and 1t 1s evident that the ongins and 1n
sertions are reversed when the movement 1s changed The question as to which
end of a muscle 1s ongin and which 1s 1nsertion depends therefore on the
movement made Although the matter 15 of importance for kinesiologists
for the sake of clearness of description the custom of the anatomists will be
followed and the end nearer the center of the body will be referred to as the

origin The true origin and insertion can be told with ease when any mechant
cal problem 1s involved

ROLES IN WHICH MUSCLES MAY ACT

A muscle can do only two things develop tenston withun itself or relax
The size shape and number of fibers of a muscle the type of joint traversed
the nature of the tendinous or fleshy origin and msertion the angle and place
of msertion, the mechanical advantage of the bone muscle levers and other
factors may affect 1ts actions In addition muscles may function singly or as
members of a team 1n vanious combimations and patterns of movement The
various roles which a muscle may play are designated by techmecal terms
some of which will be defined 1n the following section Unfortunately, thesé
terms have been given varying connotations in different fields, and m' some
cases the usage has changed with the passage of time Any tea(;her or author
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1s forced to employ these defimtions with a certain amount of arbitrariness
and students who consult a vanety of textbooks must determine carefully
which defimtions are accepted by particular 1uthors

1 The Role of MOVER or AGONIST

If a muscle contracts concentrically, 1t ts sud to be 1 moser or agomst for
the joint actions which result For example the movers for elbow extension
are the triceps brachn and the anconeus Some muscles are movers for more
than one action 1n a given joint, many may have single or multiple 1ctions on
each of two or more joints which they happen to traverse The biceps brachu
for instance, 1s a mover for both elbow flexton and radio ulnar supimation
and 1 addition 1t 1s a mover for several shoulder joint actions, because of sts
two headed onigin on the scapula It 1s an axiom that a muscle, when 1t con
tracts tends to perform all of the actions for which 1t 15 a mover, although
some or all of these actions may be prevented from occurning 1n specific
situations by contraction of other muscles or by some external force such as
gravity

2 The Role of PRIML MOVER and of ASSISTANT MOVER

Movers are often subclassified as prime mosvers or s assistant or secondart
movers for a given joint action A prinie morver 1s a muscle primantly responst
ble for causing a specified joint action An assistant mover 1s a muscle which
aids the prime mover to effect joint action In borderline cases, writers often
disagree 1n distinguishing between prime and assistant movers In this text
an attempt has been made to conform to the most general usage but 1t has
sometimes been necessary to be arbitrary

The term emergency muscle may be used to designate an assistant mover
which 1s called 1nto action only when an exceptional amount of total force 1s
needed The long head of the biceps brachn for example, 1s not often called
into action when performing shoulder jomnt abduction but 1t may assist that
action 1n times of great need and some therapists claim to have taught pa
tients to abduct the shoulder yoint by contraction of the long head after polio
has paralyzed the deltoid and supraspinatus 19

Some writers have stated that every muscle must have at least one prime
mover function This rule appeals to one s sensc of orderliness, but does not
appear to have a clear biological basis The subclavius for example does not
appear to be able to do any joint action very well and 1t 1s usually listed only
as an assistant mover for shoulder girdle depression (See discussion of sub
clavius 1n Chapter 9, p 137)

Most two joint and multyoint muscles are hsted as prime movers for action
at their most distal joints but thus 1s not a hard and fast law The actions of
the biceps brachu the flexor digitorum profundus and the gastrocnemius
for mstance conform to this rule but the actions of the hamstring muscles
do not

3 The Role of ANTAGONIST

An antagomst 1s a muscle whose contraction tends to produce ajount action
exactly opposite to some given joint action of another specified muscle An
extensor muscle 1s antagonistic, potentially to a flexor muscle Thus the
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biceps brachut 15 1n antagonist of the triceps brachu with respect to elbow
extension, 1nd to the pronator teres wath respect to rdio ulnar pronation
The biceps 1s not an antagomst of the brachils, becruse 1t cannot oppose
any motion for which the brachiths 1s a mover

4 The Role of IMATOR or STABILIZER

A fixator or stabilizer 1s 1 muscle which anchors, steadics or supports a
bone of body part 1n order that nother active muscle may have a firm base
upon which 1o pull If a person reaches forward to pull open a resistant door,
he must stabilize his body parts 1f he 1s to overcome the resistance To open
the door, elbow flexion may be needed and 1f the scapula (for example) 1s not
stabilized, the contraction of the biceps may cause a pulling forward of the
shoulder girdle rather than an opening of the door When a muscle contracts,
1t tends to pull both of 1ts ends towrd 1ts center, with equal force Typicaily,
a person 1s destrous of causing motion only 1t one end of the muscle There
fore he attempts to stabilize the bone to which the opposite end of the muscle
15 attached

In the 1deal case, a fixator or stabilizer muscle will be 1n static contraction
In practice these terms are extended to include tnstances 1n which there 1s a
shght motion 1n the  stabilized” part, so as to continuously adjust the stabili
zation to the requirements of the desired motion—this condition may be
called 2 “moving fixation” ora guding action

A good example of fixation or stabilization occurs 1n the floor pushup
exercise The abdominal muscles contract statically dunng pushups, so as to
prevent an undesirable sagging of the body in the hip and trunk region In
this example the fixation 1s necessary not so much to provide a firm base for
the action of other muscles as to counteract the action of gravity upon the
hip and spine joints Turming to another example, the static contraction of
the neck extensors may be eited 25 a fixation of the cervical spine 1n order to
provide a firm base for the action of the sternoclerdomistoid muscles on the
anterior surface of the neck so that the latter can assist 1n lifting the rib cage
duning foreed breathing after runming a race Without such fixation the head
may cur} forward on the chest interfering with deep breathing

5 The Role of SYNERGIST

The term synergist has been used wath so many different connotations, both
historically and 1n contemporary works, that its meaming has become very
generalized 1f not actually ambiguous Some wrters define synergist as a
{nuscle which acts along with some other muscle or muscles as a part of a

eam  others use the term 1n a more restricted sense but there 1s little agree-
ment among these viewponts 20

o '\I?Z:;%htli; 1td}fnt1ﬁed two specific kinds of synergy helping synergy and true
R dels usage Synergy in general 1s defined as a counteracting of
Helpmy o nle * action or secondary action on the part of active muscles
elpng o}n c;gl}toccurs during the action of two muscles both of which have
antamonen Cjtontha:tu:_n and each of which have a second action which 15
neowly at of the other As both of these muscles contract simulta-

ey act together to produce the desired common action, and they

act as
helping synergists to each other as they counteract or neutralize each
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other s undesired secondary action An example occurs 1n the sit up exercise
from supine lymng position Several abdominal muscles cooperate in producing
spine flexion 1n this exercse, but we may for the moment consider only the
right and left external oblique abdommal muscles Both of these muscles
cooperate 1n flexing the spine since each 1s a prime mover for this actron But
the right external oblique 1s also a prime mover for right lateral spine flexion
and for left spine rotation while the left external obhique 1s a prime mover for
left lateral spine flexton and for right spme rotation The lateral flexson and
the rotation tendencies, 1n opposite directions, are mutually counteracted,
ruled out, or neutralized and the resultwnt motion 1s pure spine flexion

True synergy occurs when one muscle contracts statically to prevent any
action 1 one of the joints traversed by a contracting two josnt or multi joint
muscle According to the axtom that a muscle tends to perform all of its pos
sible actions when 1t contracts a two joint muscle will tend to cause move
ment at every joint which 1t crosses Sometimes however a two joint muscle
must contract for the purpose of performing 1its actions at only one of the
Jomnts and 1n this instance another muscle must contract 1n order to prevent
an undestred action from occurring at the other joint For example, when the
fist 15 clenched, the extensors of the wrist act as true synergists If the wrist
were not held extended, then the long flexors of the fingers would produce
wrist flexton as well as finger flexion Now, flexton of the wrist added to flexion
of the fingers stretches the tendons of the long finger extensors until they can
yield no more at which point continued wrst flexion causes the fingers to
open out and the grip to slacken Ths 1s the explanation of the success of the
trick of compelling an opponent to drop a weapon from his hand by forcibly
flexing his wrist

6 The Role of NEUTRALIZER

A neutralizer 1s a muscle which contracts in order to counteract rule out,
or neutralize an undestred action of another contracting muscle Thus the
term neutralizer * 1s a synonym for describing the role played by a helping
synergist or & true synergsst as defined in the preceding section As a technical
term 1t has the distinct advantage of avoiding the several different meanings
which have been attached to the general term  synergist by various authors
and teachers

TEAM WORh AMONG MUSCLES

A muscle seldom 1f ever acts alone The simplest movement 1s based upon
some static or dynamuc posture 1mplying a multitude of stabihizations 1 add;
tion to the function of the agonists Since most muscles have more than one
Joint action as they contract they will ordinanly require the contraction of
other muscles as neutralizers Movements against heavy resistance will ords
nanly require the combrned contraction of several muscles which are capable
of producing a given joint action

The study of the actions of single muscles 1s an artificiality which 1s neces
sary for academic purposes As learners we cannot easily comprehend com
plex muscular interactions at first and we must resort to a precework or part
method of study Further our interest in movement 1s often analytic requir
ing understanding of the elements of movement even when these elements
cannot be performed separately In therapy adapted physical education and
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corrective work, we often need to hnow the limitations which are imposcd by
paralysis or trauma to ndividual muscles, or we may need to predict the func-
tions which remain available by contraction of the non paralyzed or unin
jured muscles These and other reasons Justify the study of individual muscles
and their actions

Qur emphasis on single muscles and upon the components of movement
should never be allowed to obscure the beautiful and complex teamwork
among muscles Individual muscles are not represented 1n the centers or
central pathways of the spinal cord and brain It 1s movements, not muscles,
which are represented 1n the central nervous system In willing or desiring 2
movement, we think 1o terms of movements, not muscles, reflex and uncon
scious movements are 1utiated 1n an analogous way

KRINDS OF MUSCULAR TEAM WORK

Just as a football team may employ several kinds of offensive formations
and play patterns according to the game situation or the alignment of the
defensive team, there are vartous modes of patterned action among muscles,
according to the situation and the desired result A few of these kinds of
muscular team work are described below

Postures A posture 1s a positton or a stance There are obviously an
mfimte number of postures and many of them are important 1n sports and
work, 1n physical education and n therapy The maintenance of posture
often involves static contraction of fixator musculature, continued steadily
for the duration of the pose More often, a posture avolves a balancing
mechamsm, characterized by simultaneous contraction of antagonistic mus
cles usually at a low level of force In this state of unstable equltbnium the
relative force of the contractions 1n the antagomistic muscle groups 1s con
stantly fluctuating The minute tendency of a body part to fall off balance 15
counteracted by contraction of one muscle group usually resulting m a slight
overcompensation which 1n turn results 1n decreased contraction of that
group together with increased contraction of the antagomustic muscle group
In habitually mamtamed postures which are controlled at an essentially
subconscious level, the stretch reflex may be the dominant mechamsm 1n
maintaining balance position Such reciprocating stretch reflexes, or therr
more obvious voluntary equivalents cause a shight swaying which 1s often so
small as to be unnoticeable unless momtored by some measuring device for
recording fine movements Finally 1t should be mentioned that some postures
or aspects of posture can be maimtained by the hyperextension of jomnts, so
that further movement 15 prevented by the tightness of ligaments or by,the
occluston of skeletal parts In this mstance no muscular contraction at all
may be necessary An example 1s the locking of the knee Joint 1n stationary
standing

Maximum Force Tmpulse Movements Where continued force throughout

the total range of movement 1s required such as 15 the case when Liftmn

a heavy weight or when not only continued force but maxmmum speed ai

well 15 necessary a situation exemphfied by the sprint start, the muscles

whu:};1 supply the needed force contract at or near their maxm’mm through

:0:;“{ htc :ocnne“;f‘ :a{lge of r:lcoveme'nt é\nyjundfsnrable or opposing force such
{0 a mimmum

Slow Tension Movements, Where great accuracy and steadiness but not
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force, speed or great range are required, such as wrtting or repainng a watch
the principal movers and the antigonusts as well contract Motion 1s achieved
when there 15 a slhight difference 1n the amount of force exerted by one set of
muscles compared to the other Movements produced 1n this manner are
necessarily weak and slow because the effective force 15 the difference between
the two opposing forces This net difference can be so small that the net force
represented may be that exerted by a very few fibers Such movements are
however under good control because any devintion instantly meets resistance
When we attempt to hold some mstrument as steadily as possible the forces
exerted by the moving muscles and the antagonistic muscles are balanced
First one group and then the other exerts a very slight amount of excess force
This alternate dommation of oppesing muscle groups produces a condition
of dynamic equihibrium known as fremor Our ability to reduce the magmitude
of the differences of force exerted by the two opposing groups 15 the Iimiting
factor of steadiness It 1s also the imiting factor in the delicacy of movement
the magnitude of which 1s dependent upon the smallest difference of force
physiologically possible to achieve

Rapid Tension Movements Movements are the same 1n prnciple except
that the difference mn force exerted by the movers over the antagonists 15
relatively large Because of the relatively large net difference n force the
resultant movement 1s executed with more force and speed but nevertheless 1s
still partly under the influence of the antagonmistic group

Ballistic Movement Ballisic movement 1s exemplified by striking with
1 bat at a ball The movement 1s iitiated by vigorous contraction of the prime
movers and simultaneous relaxation of the antagonists The prime movers
may also relax once the moving part reaches a high velocity and we rely upon
1ts momentum to complete the action Momentum of the moving part may be
checked by passive resistance offered by 1 or opposing muscle groups,
or by contraction of the antagomsts which may occur toward the end of the
movement

Oscillating Movements Oscillating movements such as shaking an object
with the hand or arm are ripid tension movements which are quickly reversed
at the end of each excurston The maximum possible speed of such alternating
movement 15 highly subject to motor learning and 1s also dependent upon the
weight or mertia of the moving parts and upon the strength of the active
muscles

According, to Amar -2 the following * maximum rhythms * h1ve been estab
Iished for movements of the varous segments of the upper extremity

Shoulder 5-6 Movements per second
Elbow 8-9 Movements per second
Forearm 3-4 Flexions per second
Wrist 10-11 Movements per second
Fingers 8-9 Strokes per second

Flexions are said to be faster than extenstons 23 There appears to be no corre
Iation between power and velocity of movement and vanous anthropometric
measurements 24 25 nor do ndwviduals with a fast reaction time of the arms
necessarly have a correspondingly fast reaction time of the legs 26 Apparently
there 1s no general speed ability 27 28 but the maximum rate of high speed



THE STRUCTURE AND ACTION OF STRIATED MUSCLE 65

movement may depend upon some 1intrinsic physiological property of the
reflex crewtt 29 The lmiting factor may be the speed with which excitation
and nhibrtion can be made to alternate 1n the central nervous system 30

KINDS OF MUSCULAR CONTRACTION

In lanesiology the term contraction tefers to the development of tension
within a muscle It does not necessarily wnfer that ny shortening of the muscle
takes place

Static Contraction When a muscle develops tension which 1s insufficient
to move a body part agamst a given resistance 1t 1s said to be 1n stanc con
traction The length of the muscle remains unchanged Examples occur when
an attempt 1s made to hft an immovable object, or when an object 15 held
stationary Physiologists often refer to static contraction as isometric con
traction (See Chapter 4 p 79)

Concentric Contraction When a muscle develops tension sufficient to over
come a resistance so that the muscle agtually shortens and moves a body
part 1 spite of a given resistance 1t 1s sad to be m concentric contraction
For example the biceps brachu muscle contracts concentrically when a glass
of water 1s lifted from a table toward the mouth In this case the resistance 1s
the weight of the arm and the glass of water, and the source of resistance 15
the force of gravity and mnertia

Eccentne Contraction When 4 given resistance overcomes the muscle
tenston so that the muscle actually lengthens the muscle 1s said to be in
eccentric contraction Although developing tension (contractg) the muscle
15 overpowered by the resistance For example when a glass of water 1s
returned from the mouth to the table the biceps brachn muscle contracts
eccentncally Actually of course, muscular contraction 1s not essential in this

mstance If the muscles were simply relaxed gravity would extend the elbow
somnt and lower the glass albeit with unwanted and disastrous consequences
Sull another way of getting the glass to the table would be to contract the
triceps brachn muscle concentrically thus adding to gravitational force and
extending the elbow with great vigor Such an action might be appropriate in
drving nasls with a hammer but not 1n the example cited

Both concentric and eccentric contraction are known to physiologists as
1sotonic contraction

The 1dentification of eccentric contraction 1s & persistent and crucral prob
lem 1 exercise analysis In performung floor pushups 1t 1s clear that the up
phase involves elbow extension and shoulder girdle abduction The resistance
1 gravitational force the weight of the body which tends to flex the elbow
and adduct the shoulder girdle Therefore, the elbow extensors and the shoul
der girdle abductors must contract concentrically, overcomung the force of
gravity to perform the movement When analyzing the down phase of push
ups beginming students do not always find the problem so stmple It 1s easy
to see that elbow flexion and shoulder girdle adduction takes place and it 15
templing to believe that the elbow flexors and shoulder girdle adductors are
contracting concentrically Such 1s not the case Grawity 1s quite sufficient to
energize the movement 1f muscle force were added to it, the body would it
the floor hard enough to cause myury Instead, the elbow extensors and the

shoulder girdle abductors must devilop enough tenston to modify the gravita
5
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force, speed or great range are required such as wnting or repairing a watch,
the principal movers and the antagonists as well contract Motion 1s achieved
when there 1s a shght difference 1n the amount of force exerted by one set of
muscles compared to the other Movements produced in this manner are
necessanily weak and slow because the effective force 1s the differcnce between
the two oppostng forces This net difference can be so small that the net force
represented may be that exerted by a very few fibers Such movements are,
however, under good control because any deviation instantly meets resistance
When we attempt to hold some instrument as steadily as possible the forces
exerted by the moving muscles and the antagonistic muscles are balanced
First one group and then the other exerts a very slight amount of ¢xcess force
This alternate domination of oppcsing muscle groups produces a condition
of dynamic equilibrium known as tremor Our ability to reduce the magmitude
of the differences of force exerted by the two opposing groups 1s the limiting
factor of steadiness It 1s also the miting factor 1n the delicacy of movement
the magmtude of which 15 dependent upon the smallest difference of force
phystologically possible to achieve

Rapid Tension Movements Movements are the same in principle except
that the difference 1n force exerted by the movers over the antagomsts 15
relatively large Because of the relatively large net difference n force the
resultant movement 1s executed with more force and speed but nevertheless 1s
still partly under the influence of the antagonistic group

Ballistic Movement Ballistic movement 1s exemplified by striking with
abatat a ball The movementismitiated by vigorous contraction of the prime
movers and simultaneous relaxation of the antagomsts The prime movers
may also relax once the moving part reaches a high velocity and we rely upon
1ts momentum to complete the action Momentum of the moving part may be
checked by passive offered by or opposing muscle groups
or by contraction of the antagomsts which may occur toward the end of the
movement

Oscillating Movements Oscillating movements such as shaking an object
with the hand or arm are rapid tension movements which are quickly reversed
at the end of each excursion The maximum possible speed of such alternating
movement 1s highly subject to motor learming and 1s also dependent upon the
weight or 1nertia of the moving parts and upon the strength of the active
muscles

According to Amar 22 the following maximum rhythms have been estab
hshed for movements of the various segments of the upper extremity

Shoulder 5-6 Movements per second
Elbow 8-9 Movements per second
Forearm 34 Flexions per second
Wrist 10-11 Movements per second
Fingers 8-9 Strokes per second

Flexions are said to be faster than extensions 23 There appears to be no corre
lation between power and velocity of movement and various anthropometric
measurements 24 25 nor do individuals with a fast reaction time of the arms
necessanly have a correspondingly fast reaction time of the legs 26 Apparently
there 15 no general speed ability 27 8 but the maximum rate of high speed
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tionnl force 1nd lower the body to the floor at 1 reasonable speed In doing
pushups the same muscles 1ct throughout the exercise, contricting con
centrically on the up phase statically during the momentary held position
between phases and eccentricilly during the down phase

During World War II a writer not professionally trained 1n physical educa
tion advocated the following exercise for conditiontng the abdominal muscles
From a position of standing with arms raised overhend, bend forward down
ward and touch the toes on count 1, return to starting position on count 2
The 1bdominal muscles may receive some passtve squeezing during this exer
cise but 1t 1s obvious that the spinal extensors are the active muscles con
tracting eccentrically on the way down and concentrically on the way up
The abdominal muscles remain relaxed during both motions

In exercise analysis 1t 15 always necessary to constder the external forces
which my be operative The most important of these 15 gravity, but 1t 15 by
no means the only onc In sports and work there are countless other forces
acting 1n various directions, which must be considered Muscular forees
exerted by opponents 1n such contact sports as football and wrestling the
force of moving objects such s balls and other sports implements the foree
of waves tides, and currents in swimming—ll these must be carefully evalu
ated 1n the 1nalysis of muscular action of bodily movement
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demonstrated 1t has been supgested that the current causes a chemical sub
stance to diffuse snward, but 1t has been objected that the time between a
stymulus and the active state 1s too short for this explanation to be satisfactory
1t 15 behieved that the delny between stimulus and contraction s due to the
delay 1n the release of the chemicnl energy necessary for contraction 1ithough
recent studies have indicated that the chemical reactions may be well advanced
before any detectnble shortemng begins © Simitarly, the loss of tension at
igher speeds 1s now beheved 10 be related to the rate at which chemieal
entrgy 15 Tde avastable, and pot 10 the viscous resistance of the muscle

Fic 16 —Normal Motor Unit wave sh g large ¢h 1sHC negative phase

both preceded and fotlowed by smaller positive phases (Meditron Co )

Chemustry of Muscular Contracion Muscle chemstry and the energy
of muscle bolism are largely beyond the scope of this book
{ndwiduals desitng detatled snformation on these subjects are referred
1o the varous texts on the physiology of activity However students of kine
swology need at least an elementary understanding of the processes which
enable the muscies to contract and thus move the body The nghly stmphified
explanation presented here 15 subject to several reservations First refearch
i this field 1s progressing so rapidly that radical revisions of its theories ma
appear at any tme Second serious students must recogmze the necesst );’
mastering advanced brocherustry before being able to comprehend yd(x)
technical hiterature of the topic Third any brief presentation of t};c t o ]e
ne'clgfsan}ly Povgsxlmpl;’? or ?m)l much techmeal data ope wil
e A vele ysiologists are nof
upon stimulation of a muscle nor why ,:‘d;:;esow l;i\txss‘cl::t:?:c:h '5 hﬁrtens
traction of muscle consures energy Extensyve research has bs: !de ok
determine how this energy is supplied and how the several kand g f}me v
occur Unuil recently 1t has been almost upyy ersally believed that th emerey o
contraction comes manly perhaps wholly from th S emerey for

called adenosme inphosphate or ATP AP 5 knoi\};;ri?s: :”;zirzasg? s}t‘ance
chouse




Chapter 4

The Physiology of Muscular Contraction

Action Potential The use of microelectrodes has shown that when a neuron
15 at equilibrium the outside of the nerve membrane 1s positively charged
compared with the inside Sodium 1ons are concentrated on the outside of
the fiber potassium 1ons on the inside When a nerve 1s excited an action
potennial 15 generated (Fig 16) There s a sudden reduction of the positive
charge producing the spihe potential which lasts less than 05 msee and
attains an amplitude of approximately 130 m v There ts a change 1n the mem
brane potential of the fiber Sodium 10ns flow inward and potassium tons
later flow outward Sherrington referred to the nerve impulses as  fleeting and
self mending leaks which move along the skin of the nerve thread ! Within
mulhseconds the return of the polanzation of the nerve to normal s indscated
by the negatne after potential which lasts 15 to 20 msec It 1s believed by
some students that the size of a muscular contraction 1s related to the size of
the negative after potential 2 The membrane then becomes hyperpolanized as
indicated by the positne after potenttal which may last from 80 msec to over
a second 1nd resting conditions re restored The duration of action poten
tials 1n persons twenty to forty years of age shows no significant differences
between wndividaals or sexes but becomes prolonged with age or low muscle
temperature thus leading to an increased reflex time
End Plate Potential The electrical disturbance proceeds down the nerve
until 1t arnves at a myoneural junction where 1t causes acefylcholine to be
liberated from the nerve terminals This substance depolarizes the end plate
of the muscle fiber 1nd gives rise to the end plate potential This 1 turn alters
the potential of the muscle membrane 1nd a muscle impulse 1s set up 3 There
1s strong evidence that the function of the muscle membrane 1s to receive the
stimulus from the nerve and transmit 1t to the contractile substance possibly
through the Z bands but how excitation 1s passed from the surface to the
interior 1s unknown In states with either a low or high ratio of mntracellular
to extracellular pc n the les marked weakness may be observed
due 1n part to impaired neuro muscular transmission 4
Direct spread of electrical current from nerve to muscle has never been
68
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to more than a few tenths of 1 per cent, muscle pun occurs and contraction
ceases This 1s what happens under anacrobic conditions, that 1s, when either
cessation of breathing or impeded circulation prevents the supplying of oxygen
to the muscles This sort of fatigue 1s perhaps the most common hmiting
factor to muscular activity, and 1t should be noted that it 1s 1 direct poisonung
(perhaps the result of increased acidity) rather than an interruption of the
energy supply It can be demonstrated 1n the clissroom by having a subject
open and close his fist repeatedly, ind then cutting ofl the blood supply
(oxygen supply) by tightening a flat tourniquet or blood pressure cuff on the
upper arm In work and sports strong static contraction of a muscle may be
sufficient to 1mpede circulation tn a sumilar manner, tight garters, adhesive
tape, or restrictive clothing may cause the same phenomenon

In acrobic work the conditions are quite different An adequate oxygen
supply results 1n the oxidation of about one fifth of the lactic acid present

L + 0, - H20 + CO2

Part of the lactic actd 1s oxidized to produce water and carbon dioxide, which
are 1n turn excreted through the lungs if produced 1n moderate quantities
Furthermore the energy released by the oxidation of one fifth of the lactic
acid 1s sufficient to energize a re synthesis of the remaiming four fifths of the
lactic acid back to glycogen—a sort of supercharging effect which conserves
the available fuel This completes the Glycogen Lactic Aad Cycle but it
should be noted that this cycle unlihe the ATP and PC Cycles, 1s incomplete,
for 1t depends upon mtroduction of glycogen and oxygen from outside the
body In spite of the supercharging effect, some of the glycogen 1s eventually
oxidized into carbon dioxide and water which 1s excreted and thus elimunated

Figure 17 15 a schematic summary of the chemistry of muscular metabolism
Init the three cycles areidentified with phosphate participating in all of
them The imperfection of the Glycogen Lactic Acid Cycle 1s indicated by the
diagrammatic proviston for supply of fuels from and excretion of waste
products to the outside

While this scheme of things appears satisfactorily to explan the working
of muscles MommaertsS has shown a single muscle twitch may take place
without a demonstrable breakdown of exther ATP or PC Buchthal Svens-
mark and Rosenfalk? noted that there was no direct evidence for the break
down of ATP during the contraction of non fatigued muscle i sv0 and
commented that to establish if or when ATP 1s dephosphorylated 1n the
contraction cycle seems to be an essential link in bridging the gap between the
chemical and mechanical processes in muscle What effect these findings will
have on the current theories of muscle contraction 1s a matter of conjecture

Ch 1L of Muscular Performance Muscular work may be
himited 1 a vanety of ways these in effect are kinds of fatigue A few
kinds of fatigue may be understood i terms of the foregoing simplified
version of ‘:‘“Sfd; chemistry others not considered here have a locus 1n
vartous parts of the nervous system
the higher levels of the cereerI cort?:m the myo neural yunction back up to

Oxidation 1s the most mmportant mechanism for preventing the kind of
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of energy When it s triggered by some aspect of muscle stimulation 1t breaks
down 1nto adenosine diphosphate (ADP) and free phosphate (P)

ATP — ADP + P,

yielding great energy for the shortening of muscle Because of depletion of
ATP the duration of muscular contraction would be short were 1t not for the
fact that the reaction 1s reversible Phosphate and ADP can be re synthesized
to replenish the store of ATP

P 4 ADP - ATP

This reversible reaction constitutes the ATP Cycle accounting for continued
muscular work by a repeated breakdown and re synthesis of ATP However
Just as the breakdown of ATP yields energy so energy 1s required for its
re synthesis and another source of energy must be sought 1n order to explain
this seeming perpetual motion
The Phospho-creatine Cycle A second energy rich substance, phospho

creatine (PC) 1s also found 1 muscle fluids It can break down into creatine
(C) and free phosphate (P)

PC—-C+P

yielding energy for the re synthesis of ATP The situation 1s now analogous
to that encountered with the ATP Cycle The phospho creatne would soon
be depleted and muscular work would have to cease were 1t not possible to
reverse the reaction and re synthesize the substance

C+P—PC

Agarn energy 1s needed and since the breakdown energy of PC was consumed
1n re synthesizing ATP, yet another source of energy 1s required for the re
synthests of PC

The Ghvcogen Lactic Aeid Cycle The digestion of carbohydrate foodstuffs
(and to a lesser extent other foodstuffs) results 1n a stmple sugar like end
product called glucose Glucose undergoes a shight chemical transformation
and becomes glycogen (G) as 1t enters erther of 1ts two principal storehouses
n the body the Iner and the muscles Liver glycogen 1s readily mobilized
back to 1ts  transportatton form glucose i order to be carnied through the
blood to replemsh the muscle glycogen (Well trained muscles contamn sigmif
icantly greater amounts of glycogen than do un trained muscles when the
body 1s at rest)

Muscle glycogen can undergo chemical breakdown to produce lactic acid
(L) Ths transformation of glycogen to lactic acid 1s called glycolysis and 1s
not a single direct reaction but rather a complex chain of reactions 1nvolving
1n 1ts ntermediate phases first the uptake of phosphate (phosphorilation} and
then 1ts release Duning glycolysis energy 1s released and 1t 1s this energy
which becomes available for the re synthesis of phospho creatine thus ena
bling completion of the Phospho creatine Cycle Glycolysis (with phosphory
lation and other intermediate phases omitted) 1s symbolized as follows

G —L

Lactic acid 1s a virtual potson m the 1 y If it
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during exercise After exercise when further oxygen s avalable, the chemical
reactions of buffering may be reversed and the re freeing of lactic acid can be
met by the oxidative process during post exercise recovery Traiming over a
pertod of weehks or months will greatly increase the amount of blood buffers
(collectively referred to s the alkalme reserie of the body) but the ingestion
of alkaline substances n attempts to build up the alkaline reserve beyond the
regular phystologic 1l capacity has proven fruitless 3
If only one part of the body 1s active, the locally produced [actic acid may
be diffused by the blood into mactive parts of the body, thus preventing the
build up of acidity 1n any one area This explans why fatigue may be felt in
the arms following vigorous exercise of the legs Also, small amounts of lactic
acid can be excreted 1n the unne and the heart muscle 1s umque 1n being able
to utilize lactic acid as a fuel
An enurely different kind of fatigue 1s caused by the depletion of the stores
of glycogen Since the liver contains large amounts of rescrve glycogen, only
the very strenuous and greatly prolonged activities, such as marathon runming
and endurance swimmng are capable of creating this kind of fatigue 1If
players are conditioned to their sport 1t 15 virtually impossible to exhaust
their glycogen reserves within normal time himuts of most sports In these
sports, fatigue 1s of some other sort The so called * quick energy * which 1s
supposedly supplied by a candy bar, soft drink or glucose tablet 1s almost
entirely psychological Additionally, such concentrated doses of sugar may
irritate an enzymatic reaction which encourages the storage of glycogen rather
than 1ts mobilization thus defeating the purpose of the feeding © Marathon
runners and channel swimmers, on the other hand often perform better 1f
fortihed by honey sweetened tea, or other sugar supply dunng the later
phaszs of thewr grueling performances 10
Muscle Chenustry During Rest Athletes tran by alternating periods of
strenuous activity with rest pauses, the latter being fully as important as the
{Ormer Among the chemical changes 1n the muscles during rest are the fol
owing
(1) ATP and Phospho creatine are completely re synthesized effectively
reconstituting the energy rich substances at the site of contraction
(2) All residual lactic actd 1ncluding that which has diffused into mactive
parts of the body 1s oxidized or re synthesized
(3) Muscle glycogen stores are replemished and under the stimulus of a
traiming regimen, may be increased
(4) Liver glycogen stores are replemushed and inureased, provided that
adequate carbohydrate food 15 ingested and digested
(5) The end products of the neutrahzing activity of the body buffers under-
go reverse chemical reactions freeing lactic acid and other acids for oxidation
or elumnation
(6) Muscle protemn and other tissue proteins which were destroyed during
the acnvnyfa:le repla(cied Moderate to severe actwity usually results not only
n reparr of damaged tissues but als
touglfenmg of the ﬁro\em stn,xcturesI o tn further growth strengthening or
Mechanres of Muscular Contracton T)
take place during muscle contraction are ;gecg:t);sol‘cilrsreixrmngemems which
processes 1nvolved Many students have re; e o the chemical
ported that during contraction the



72 THE PHYSIOLOGY OF MUSCULAR CONTRACTION

fatigue due to accumulation of lactic actd Its efficiency depends upon (1) the
development of cardio respiratory endurance through traimng (2) avoidance
of tight clothing bandages, and work or sports implements (3) avoidance of
continuously held static positions by frequent changes of position and other
means (4) avoidance of breath holding, which may result from hypertension
n chest and arm musculature (related to  tymg up 1n runming) from ex
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————— Chemical reaction C — Creatine
-~~~ Energy exchange G — Glycogen
ATP —  Adenosine Triphosphate L — Lactic acid
ADP — Adenosine Diphosphate Oz — Oxygen
P — Phosphate CO; — Carbon dioude
PC — Phospho creatine HyO — Water

F1G 17 —Schematic summary of the chemstry of muscular contraction For the
sake of clanty many ntermediate steps have been omitted (Douglas)

treme exertion or from abnormal breathing habits (5) use of oxygen masks
self contarned underwater breathing apparatus (SCUBA) or other devices
when working under water in the thin air of high altitudes or 1n oxygen
depleted air and (6) deliberately adjusting the exercise so that it involves a
rhythmzcal alternate contraction and relaxation of large muscle groups so as
to stimulate circulation and the return of venous blood to the heart
Eventually lactic acid must be oxidized but 1t may be dealt with tempo
ranly 1n some other ways The buffers of the blood which are substances
capable of neutralizing acids can neutralize great quantities of lactic acid
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mius 1s about 0 01 sccond It then takes the muscle 1bout 0 04 second to con-
tract and about 005 second for the subscquent relaxation After an impulse
has been produced there 1s an absolute refractory period lasting approximately
04 to 10 mlliseconds during which a nerve fiber will not respond to stimu
lation Ths 1s followed by a relame refractory period of approximately 3
millseconds during which the fiber reguns its trrstability and will respond to
arelatively intense stumulus It has been suggested that the absolute refractory
period corresponds with the front part of the action potential, while the rela
tive refractory period corresponds with the back half During the negative
after potentral a simulus of less than normal strength can excite the neuron
during the posttive after potential a lrger than normal stimulus s required to
excite the neuron
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The conducting system of striated muscle differs only quantitatively from
that of nerve The same sequence of spike potential and negative and positive
after potentials 1s found Adnian and Bronk!5 have commented on the re
markable fact that the discharge of a motor nerve cell can hardly be dis
tinguished from the discharge of a sense organ although there are
differences i therr structural factors major

Treppe When a muscle 1s stimulated 1n such a wa
twitches rapudly follow each other the first few con
mcrease 1 height This 1s known as treppe or the
successive increase in the extent of the contraci
cite it as the mechamsm responsible for the
Karpovich!® has pointed out the fallacy 1n th
occurs (1) only 1n well rested muscle and (2) o

y that complete single
tractions progressively
starrcase effect  This
tion has led some authors to
benefits of warm up 1n sports
IS reasoning noting that treppe
nly as the result of spaced single
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A bands tend to reman relttively constant in length, while the 1 bands
shorten as many others have stated that the A band shortens and the I bands
lengthen shightly on contraction ! Some of the electron microscopy studies
wndicate that when a muscle shortens the diameter of the myofibrils in the A
band ncreases 1n proportion to the shortering Both the A band nd the I
band decrease n width 12 a finding which would appear consistent with Fenn s
view that both the A and I bands have contractile power although the former
are possibly the stronger Classically st has been believed that the myosin
molecules in a muscle re 1n 1 somewht folded conditron during the resting
state When stretched the molecular structure becomes more elongated, when
contracted the 1mount of folding increnses An alternative theory 1s that they
are 1n 1 helical configurntion 2nd stretch and contract Iike a spring Shorten

ng within the physiological range 1s assumed to represent a folding up or a
change in the helical arrangement of the sub units of the myofilaments The
most recent interpretation 15 that when changes occur 1n the length of a
muscle the primary and secondary filaments slide past each other e the
muscle shortens but its filaments do not (See p 53 ) One objection to this
suggestion 1s that 1pparently 1t does not provide for more than 50 per cent
of the amount of shortening which may actually take plice

The problem has been well summarized by Betts

for muscle to do work chentical energy must ultimately be transformed into
mechanical work but how and at what stage this transformation 15 accom
plished remarns controversial 12

All or None Law When an yndividual muscle fiber 1s stimulated under
laboratory conditions it contracts maximally or not at all This s the so called
all or none prnciple In intact muscle however an increased strmulus
results 1n an mcreased mechanical response This has been used as a basis for
arguments that the all or none law does not apply to striated muscle However
any tissue having a definte threshold for excitation and known to be refractory
after excitation must be considered to behave according to thts principle

Nevertheless there are serious difficulties m nterpreting the evidence from
skeletal muscle studies 13 Individual striated muscle fibers respond differently
Therr response 1s a complex series of events liable to vary considerably accord
ing to conditions existing 1n the fibers A weak stimulus excites only the most
wntable fibers whereas 1 strong stimulus may affect even the least irntable
fibers The more fbers are excited the greater the force of the contraction It
has been postulated that one of the benefits of traimng with near maximal
weights 1n progressive Teststance exercise 1s that this brings some of the high
threshold neurons within the orbit of voluntary activity 14

Twitch When studying muscular contraction physiologists use what 1s
known as a muscle nerve preparation This usually consists of a freshly
excised gastrocnemtus of a frog or the tibialis anticus of a dog cat or rabbit
together with its motor nerve When an electrical stimulus of sufficient size 1s
applied to the motor nerve the muscle responds with a spasmodic contraction
known as a muscle psitch Such preparations have been very useful for study
g the events in muscle contraction By their use 1t has been demonstrated
that there 1s a delay between the time the stimulus 1s applied and a response
can be detected This 15 known as the Jatent period and i a frog gastrocne
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muus 15 about 0 01 second It then tikes the muscle about 0 04 second to con-
tract and about 0 05 sccond for the subsequent relaxation After an impulse
has been produced there 1s an absolute refractory period lasting approximately
04 to 1 0 milliscconds, durning which 1 nerve fiber will not respond to stimu
laion Thus 1s followed by a relatne refractory period of approximately 3
miliscconds during which the fiber regains its irntabihity and will respond to
arelatnely intense stumulus It has been suggested that the absolute refractory
pertod corresponds with the front part of the action potential while the rela
tne refractory period corresponds with the back half During the negative
after potential a stimulus of less than normal strength can excite the neuron
duning the positive after potential a larger than normal sttmulus is required to
excite the neuron
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‘h:lhslconductmg system of striated muscle differs only quantitatively from
after 0l;erve The same sequence of spike potential and negative and positive
ma[ksb]er}tlals 1s found Adnan and Bronk!$ have commented on the re-
‘\nguxsh:d a;ct that the discharge of 2 motor nersve cell can hardly be dis
a rom the discharge of a sense organ although there are major
Terences 1n their structural factors
twn:,?s’e, \V:Tn a muscle 1s stimulated 1n such a way that complete single
INCrease l:1113}11 y follow each other, the first few contractions progressively
Successaye eight This 15 known as treppe or the starcase effect This
e it o t‘:lncrease 1n the extent of the contraction has led some authors to
Karporichs : }:nechamsm responsible for the benefits of warm up 1n sports
oceurs (1 as pointed out the fallacy n this reasoning noting that treppe
only 1n well rested muscle and (2) only as the result of spaced single
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nerve impulses In the intact muscle even the briefest sumulation consists of a
volley of closely spaced nerve impulses Treppe would take place 1n a fraction
of a second the first time the muscle 1s used, whereas warm up benefits require
a prolonged prelimmary activity

Wave Summation An adequate stimulus produces a muscle contraction
which lasts for a definte pertod If a sccond stimulus 1s recetved while the
muscle 1s still contracted, its shortening and tension 1s increased The force
finally exerted may be three times as great as that afforded by a series of single
twitches

Tetanus If successive stimuli are admimstered very rapidly, no ttme s
allowed for the muscle to retax This fuston of superimposed twitches 1s known
as tetanus or tetanic confraction It 1s the normal type of voluntary muscular
contraction and may be muntuned until fatigue intervenes (Figure 19)
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TYPICAL CURVE OF MUSCLE FATIGUED
BY REPEATED CONTRACTYTIONS
Fi16 19 —Summation of adequate stimuli and tetanus

Tetanic contraction 1 voluntary muscle 1s mamtained by a series of nerve
impulses which range from 5 to 50 or more 1 second 1n each nerve fiber 15
Cooper and Eccles!7 studied the contraction time (interval between onset of
electrical response and attamnment of maximum tension) in an sometric
twitch the frequency of the rhythm when each successive stimulus 1s sepa
rated by the contraction time charactenistic of the muscle and the number of
stimult required per second to produce complete mechanical fusion of the
contractions 1n a pale mixed and red muscle Their findings are given 1n
Table 5 From this table 1t 1s seen that pale fibers display a short latent period
but require a high rate of discharge to mawntam tetanus whereas the opposite
1s true of red muscles

Gradations 1n the speed and force of contraction of voluntary muscle
depend upon the number of motor umts 1n action and the frequency of re
sponse 1n the individual units The frequency of response increases quite
evenly with gradually ncreasing effort, whereas the addition of each new
motor umt represents a discrete step It appears that the change 1n frequency
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1s the more deheate method of grading the strength of a contraction, while the
accesston of umis 1s probably 1 quicker and more potent factor Under
experimental conditions the strongest voluntary effort does not drive motor
umts at frequencies above 50 per second Itis possible that under the sumulus
of an emergency or athletic competition this rate becomes increased 17

Under certain conditions of disease or injury either cardrac muscle or skele-
tal muscle may display fibrillation, a rapid, uncoordsnated, rhythmical twitch
1ng of Individual muscle fibers that nccompanies atrophy of muscle followsng
denervation or certaun other injury Fasciculation 1s a spontaneous twitching
of bundles of muscle fiber resulting from single impulses i motor units It
may be produced by ieritations of the cell bodies of the motor neurons as in
poliomyelitis

The contraction of a muscle as a whole 1s smooth because the jerhy re
sponses of the motor unsts are out of phase with each other and there 15 a
continuous alternation of units If the activity of the umts becomes syn-
chronous and the contractions alternately 1nd rhythmrcally appear 1n muscle

TABLE 5 —Contraction Time and Stimulation Requirements in
Mammalian Muscle

Contraction Rate of Sumulus Rate of Stimmnlus
Muscle Time Sor Twitches Jor Tetanus
In Seconds Per Sec Per Sec
Internal rectus 0075 133 350
Gastrocnemius 025 256 100
Soleus 049-120 83-106 31-33

groups and their antagonssts, tremor results If they appear simultaneously in
both a muscle group and 1ts antagomsts rigidity 15 seen Both are character-
1stic of paralysis agitans 18 Coordinated grouping of the discharge of muscle
units results 1n the gross tremor of simering 19

Discharge rates in trained men are said to be slower and more regular than
n untrained men presumably due to afferent impulses from the proprio
ceptors producing a functional rearringement 1n the cerebral cortex 20

The refractory period of cardiac muscle 1s so long that the muscle becomes
almost completely relaxed before a second stimulus can become effective For
this reason tetanus cannot develop 1n normal cardiac muscle and the heart
does not display fatigue n the same manner that skeletal myscle does

Contracture The term contracture 1s used in two different ways When a
normal muscle becomes fatigued the force and amplitude of the contractions
decrease and complete relaxation between stimult will not take place A resi-
due of activity may be indicated by the presence of tremor This condst
maé' be observed ‘;lhen a EUnner ties up when fatigue sets in Hen

ontracture 15 also used to indrcate abnormal respo

result from an agent acting directly upon the contrag\lgsfxfegg:\lg;?iv::;“m
mvolving an action potential This indicates that the contractile mechamoslxln(
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nerve impulses In the mtact muscle, even the briefest stimulation consists of a
volley of closely spaced nerve impulses Treppe would take place 1n a fraction
of a second the first time the muscle 1s used, whereas warm up benefits require
a prolonged preliminary activity

Wave Summation Ap adequate stimulus produces a muscle contraction
swhich lasts for a definite pertod If a second stimulus 1s received while the
muscle 1s still contracted, 1ts shortening and tenston 1s increased The force
finally exerted may be three times as great as that afforded by a series of single
twitches

Tetanus If successive stimuli are admimistered very rapidly no time 1s
allowed for the muscle to relax This fusion of superimposed twitches 1s known
a8 tetanus or tetanic contraction It 1s the normal type of voluntary muscular
cantraction and may be mantamned until fatigue tntervenes (Figure 19)
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TYPICAL CURVE OF MUSCLE FATIGUED
BY REPEATED CONTRACTIONS
Fic 19 —Summation of adequate stimuli and tetanus

Tetanic contraction 1n voluntary muscle 1s maintained by a series of nerve
impulses which range from 5 to 50 or more a second 1n each nerve fiber 15
Cooper and Eccles!7 studied the contraction time (interval between onset of
electrical response and attamment of maximum tension) m an isometric
twitch the frequency of the rhythm when each successive smulus 1s sepa
rated by the contraction time characteristic of the muscle and the number of
stimuli required per second to produce complete mechanical fusion of the
contractions 1n a pale mixed and red muscle Therr findings are given 1n
Table 5 From this table 1t 1s seen that pale fibers display a short latent period
but require a lugh rate of discharge to maintain tetanus whereas the opposite
15 true of red muscles

Gradations 1n the speed and force of contraction of voluntary muscle
depend upon the number of motor units 1n action and the frequency of re
sponse 1n the mdwidual units The frequency of response increases quite
evenly with gradually increasing effort whereas the addition of each new
motor unit represents a discrete step It appears that the change in frequency
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Only muscles 1cting on 4 stngle joint c1n be 1ssumed to be true antagonists
Muscles acting on more than onc joint may at times act s ant1gonists and at
other times 15 synergists The rectus femoris normnily 1ets s an antagonist to
the hamstrings, but 1f the hip nd knee are flexed simultancously, the rectus
femons 7cts synergistically with them In some muscles one part may act as
an antgomst 1nd nother part 1s 1 synergist

As an agomst gocs into the fin1l ringe of contraction, 1t begins to cause
proprioceptive stimulation through stretch reflexes of the antagomst muscle
The resulting contraction of the antagomist then offers resstance to the final
phase of movement of the agonist The angle at which this occurs varies with
the joint and the muscles involved

1t has been possible to demonstrate reciprocal innervation 1n the human in
unreststed voluntary movement, in reflex movements such as the knee jerk,
and 1n cases of spasticity, a condition which leads to a structural shortening
of the muscles involved Electrical sumulition of muscles antagomstic to
those 1n spasm has becn found to result 1n relixation of the spastic muscles
In normal voluntary movement co contraction seems to be the rule rather
than the exception and satisfactory evidence that reciprocal innervation plays
the part usually assigned to 1t by kinestologsts 1s Incking 26

Barnett and Harding27 suggest that antgonistic muscles behave 1n at least
three distinct ways

1 When external resistance 1s so great that the joint cannot move the
antagonists relax

2 When the muscles are acting against moderate resistance, the antagon
1sts become active to decelerate the movement and therr electrical actiaty s
proportional to the rate at which the joint 1s moving

3 When there 1s no external resistance to be overcome and the limb must
move with great precision there 1s no inverse degree of activity 1n the two
opposing groups

Isometric Tension When force 1s exerted by a muscle against an object
which 1t cannot move the muscle remains at the same length but techmeally
accomplishes no work The energy which would normally be displayed as
mechamcal work 1s dissipated as heat In such a case the muscle 1s said to
develop 1sometric tension Actually no muscle action 1s perfectly 1sometric
Even under the most rigid conditions the contractile elements shorten by 5
to 10 per cent of their length by stretching the elastic components There 1s
good evidence that the muscle fibers are not of uniform strength some of the
heat produced may result from the extending of the weaker fibers by the
stronger ones It has been suggested?8 that the development of 1sometric
tension may be analyzed as a gradual internal shortening of a contractile sub
stance of the muscle agamst an elastic, passively extending portion Posture 1s
largelly maintained by 1]somemc contractions of certain muscles of the back

egs where musc
pon the body 1015 also employed for st ey e elets of graviy
g exercises 1n phystcal
medicine

Isotome Contraction When a muscle 1s able to m,
phished and the muscle 1s said to have performed a:J :;Ztaolzziio‘:rorz]:-tlziicisr?h
a given simulus a muscle develops more energy wh d ,
than when developing 1sometric tenstor e doing 1sotonic work

n This 15 known as the Fenn effect and
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15 1tself contractile and that the action potential s to be regarded 1s something
superimposed upon it to make its response more certain Muscles 1n this type
of contracture readily pass into irreversible rigor 21

Cramps Duning vigorous exercise or during sleep healthy persons may
experience an nvoluntary, sustamned painful contraction of skeletal muscle
termed 1 cramp It 1s uncertain whether these have their origin 1n muscle,
peripheral nerve, or the spinil cord For experimental purposes they can be
voluntarily induced by a maximum voluntary effort while the muscle 1s 1n a
shortened position The pattern of the action potentials recorded electromyo
graphically indicates that they are due to excitation of most of the muscle
fibers tn a given motor unit suggesting that the cramp must be explained m
terms of motor umit activity onigmating 1n the central nervous system The
pun seems to be proportional to the total number of active units 22

There 1s evidence that the onset of cramps during vigorous physical activi
ties results from a loss of sodium and chlornide in the serum due to sweating 23
but the actual change n the muscle or nerve 1s unknown Hypertrophied
muscles appear more liable to cramping than are normal muscles but physto

Fic 20 —Effects of repeated stimulation of frog muscle A Treppe B Con
tracture C Fatigue (From Francis Knowlton and Tuttle Textbook of Anatomy
and Physiology courtesy of The C V Mosby Co)

logically hypertrophy 1s not associated with any known change in excitability
m;lEMG pattern and no relief 1s afforded by the ingestion of sodium chio
ride 24

Co contraction and Reciprocal Innervation Sherrington who worked with
decerebrate or anesthesized animals 1n whom voluntary control was abolished
and only reflex movement was present observed that contraction of a muscle
produced by proprioceptive action a central inhibitory effect 1n 1ts antagonist
Thus he labelled reciprocal mnervation  He also noted that antagonists may
be 1n contraction concurrently which he attributed to double reciprocal inner
vation As early as 1935 however Tilney and Pike found that under rormal
conditions they were unable to observe Shernngton s phenomena and con
cluded that muscular coordination depends primanly on the synchronous
co contractive relationship in the antagomst muscle groups 25



THE PHYSIOLOGY OF MUSCULAR CONTRACTION 81

gm through 2 cm of distance, doing the same umount of work 7s before 1If
the above process 1s repeated, the muscle can now pull with a force of 200
gm through 4 cm of distance The number of vaniations in the arrangement
can be multiphied indefimtely, with the sxme amount of work being done 1n
cach case

Negative Work In the case of an eccentric or lengthening contraction, as
occurs when lowering a heavy weght slawly or when walkeng down stairs,
no external worh 1s being done according to the above defimtion In such
cases instead of work being done by the muscles on the weight, 1t 1s done by
the weight on the muscles, and ts referred to 1s negative work Its numerical
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1s typrcal of most active movements of the Irmbs 1n work or sport However,
no contraction ts perfectly 1sotonic since 4 normal muscle 1s lways shorter
than the distance between 1ts origin nd 1nsertion and hence 1s always subject
to some degree of stretching Duning the process of contraction a muscle
gains energy but this s offsct by the fact that its antagomist  loses’ energy

At a constant velocity of shortening or lengthening the electrical activity has
been found to be directly propotrtional to the tenswon, at a constant tension,
the electrical 1ctivity increases hinearly with the veloctty of the shortening 29

In 1sotonic contraction 1t appears probable that the shortening first takes
place mamnly 1n the I bands If the amount of shortemng 1s great, the I bands
disappear and 1t 1s beheved that the A bands must fold 1n some way 3¢ During
1sometric contractions the length of the A and I bands apparently remamns
unchanged 3! The evidence regarding the deformation of the A and I bands
under conditions of stretch 15 thoroughly confusing and no definite statement
concerning 1t can be made In spite of the observed differences, the amount of
tension which may be developed by 1 single isometric contraction of the elbow
flexors and the amount of weight which may be moved 1n a single 1sotonic
flexion do not appear to be appreciably different 32

As a rule the tendon 1s stronger than the muscle, and does not rupture
when a limb 15 subjected to severe strain Loads great enough to produce
lesions usually pull the tendon 1nsertron away rupture the muscle belly sepa
rate the muscle tendinous junction cause the muscle ongin to pull out, or
fracture the bones 33

Work Done By Muscular Contraction The amount of work done by a con
tracting muscle 1s a combmtion of two elements of equal importance The
amount of force used and the distance of the movement Stated mthemat
ically the 1mount of work done 1s the product of the force multiplied by the
distance (W = F X d} One umt of work 15 the amount mvolved 1n exerting
one umt of force through one umt of distance, regardless of what these units
are so that work may be expressed mn gram centimeters foot pounds kilo
gram meters foot tons or any other appropriate combinations, according to
the unnts of force and distance employed

The force that a muscle can exert depends on the number and size of 1ts
fibers the distance through whtch 1t can contract depends on the length of its
fibers 1t follows from the first that the strength of skeletal muscles 1s propor
tional to therr muscular cross sectton Calculations of the strength of muscle
tissue per squ e centimeter of cross fiber vary from 3 6 kg3 to 10 kg 35 It 1s
probable that normal muscle can contract up to about 25 per cent of its re
laxed state 34 Thus a longitudinal muscle that has 2 square centimeters of
cross section and fibers normally 8 centimeters long could do 14 4 kilogram
centimeters of work 1n 4 single contractton 1f the lower figure 1s accepted for
the strength of muscle (36 X 2 X 2 = 144)

In order to illustrate how muscular structure 1s related to muscular work
assume that a muscle has 800 fibers cach 4 cm jong and each able to exert
a force of 1 gm (Figure 21)

Under this supposition the muscle can exert a force of 800 gm ¢m of work
at one contraction Now suppose the muscle sphit lengthwise and the halves
placed end to end making a muscle of exactly the same tot il bulk with half
as many fibers twice as long (Figure 21) 1t can now pull with a force of 400
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METHODS OF STUDYING MUSCULAR ACTION

There are at least five ways of studying, a muscle to determine its action

1 Study of the conditions under which a muscle acts by the use of a
mounted skelton, noticing its ponts of attachment direction of pull leverage,
and any other points bearing upon the problem that can be discovered

2 Pulling upon the partly dissected muscles of a cadaver and noticing the
resulting movements

e oy
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Fic 22 —Electromyograms of arm muscles during the act of driking a glass of
water Subject C Muscles recorded from top to bottom trapezius deltord triceps
biceps brachio radialis The figunines indicate the phase of the movement from

leit to right lifting glass drinking bringing glass down (Hirschberg courtesy of
Am J Phys Med)

Both of these methods have their uses but 1t does not necessarily follow
that the muscle action m yn0 can be deduced from either one of them Syner-
gistic actions cannot be determied by such methods Muscular movements
usually involve groups of muscles and a muscle may work with different
groups 1n different movements

3 Stimulation of individual muscles by
resuling movements This was the method of the classic researches of Du
cht]:nne It has segved1 greatly to mcrease our knowledge but may be applied
only to the superficial muscles and 1s largel
s o et s o gely subject to the objections made to

4 The study of subjects who have Jost
ternune what loss of power and moveme
abnormal postures have been produced

electric current and noticing the

the use of certain muscles to de
nt has resulted and whether any
Studies of this kind have added
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expending energy but since the load 1s not being moved through space tech
nically no work 1s betng accomplished Starr36 has endeavored to develop a
method of measurement whereby both static and dynamic work may be
expressed n symilar terms

Mechanieal Effictency The mechancal efficiency of a muscle 1s expressed
as the ratto of work accomplished (W) to the total energy expended (E)
according to the formula

w
ME = E
Hill37 calculated that theoretically muscle efficiency was about 40 per cent,
for any given activity however 1t 1s usually less than 25 per cent
Work Load The ability of a muscle to perform useful work vares greatly
with the load applied A very light load does not make full use of a muscle s
potentialities 1nd uses an excessive amount of its potential energy n simply
overcomung the frictional resistance of the muscle itself The internal force
exerted by a muscle falls off with an increase of velocity according to an ex
ponential law 38 If the load 1s very heavy, the rate of ifting may be very slow
According to Hill39 the mechanical efficiency of muscle 1s greatest at about
1/5th of its maximum speed In more practical terms 1t has been suggested
that for women the most economical load appears to be about 35 per cent of
the body weight A load of about 45 pounds would appear to be the optimum
for continuous carriage although the average woman should be able to
handle 50 pounds without strain A possible 20 per cent additional load might
be allowed when the burden 1s compact and easily handled The recommended
maximum load for men 1s 130 pounds, although the 2mount of weight that
can be safely handled 15 so aflected by constitutional type strength age,
experience compactness of load and other factors that wide vanations from
this figure may be acceptable 40 For the average man the optimum speed for
walking has been found to be about 3 5 nules hence this 1s the speed at which
soldiers normally march
Two Joint Muscles The fact that some muscles pass over two joints of the

sheleton affects their work effictency For example, when the leg 1s moved
forward the tensing of the rectus femons simultaneously contributes to the
flexing of the hip joint and the extending of the knee joint when the leg 1s
moved backward the tensing of the hamstrings simultaneously contributes to
the extending of the hip joint and the flexing of the knee joint When the
sartorius functions efficiently it tends to flex simultaneously the hip and knee
jomts Thus while one muscle 1s accomplishing positive work at oneend 1t1s
simultaneously accomplishing negative work at the other end If this work
had to be accomplished by two separate muscles each would have to do
positive work Since the total work done 1s the algebraic sum of the positive
and negative work a considerable saving 1n energy expenditure 1s achieved by
the two jont muscles Elftman! has calculated that the work of walking re
qutres an expenditure of 2 61 horsepower by the imb muscles 1f only single
Jjoint muscles were used 3 97 horsepower would be required Other implica

tions of the two Joint muscles have been examined by Markee and his col

laborators 42 and this subject 1s further discussed in Chapter 14 p 253
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matenally to our knowledge of muscular action, but 1t 1s difficult to obtan a
sufficient variety of subjects to study the muscles 1n 1 systematic way
5 Study of the normal ltving body to find what muscles contract 1n certamn
exercises and what movements call certain muscles 1nto action This 1s pechaps
the most practical 1pproach to kinestological problems Normal subjects are
always available Whatever we may deduce from other methods, this one
must provide the final decision, for neither observations made on a cadaver
or a skeleton nor dat provided by electrical stimulation experiments can tell
what a muscle wi// do although they may tell what 1 muscle can do We need
to learn not only what action a muscle 15 able to perform because of its posi
tion and opportunity, but 1lso what, 1n 1n actual case the nervous system
calls upon it to do and when 1t permuts 1t to Ie :dle Some of Duchenne s most
brilliant discoveries by means of electrical stimulation have been found to be
musleading because observation of the hiving body shows that certain muscles
which nught help greatly in « movement actunlly never do so An example 1s
the gluteus maximus which could participate in Ieg extension i walking but
does not
Observations on normal subjects may be made by two quite different tech
niques The first and best surted to beginners 1s to determine the action of
muscles 1n a given exercise by seeing or Actually fecling the muscle contract
This method 1 imited by the f1ct that many muscles are so situated that they
cannot be observed directly nd as a result dependable results cannot be
obtained by 1t
The student with some technical background may make use of 1n electro
myograph With this apparatus small metal disks are placed on the shin over
the muscle or tiny needles are inserted directly into 1t These pick up the action
potentials every time 1 muscle moved These may be amphfied and shown on
an oscilloscope where they may be photographed if desired A morc general
technique 1s to record the potentials on moving paper so that a permanent
record of the action of the muscle throughout a given movement 1s made By
this means the action of a number of muscles my be observed simultineously
and the student can tell at exactly which point each one comes into play and
when 1ts 1ction ceases The primary difficulty with this method 1s that it can
not be used to determmne the action of the deeper muscles such as the psoas
iliacus
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Chapter 5

Neural Control and Motor Learnmg

THE NEURON AND ITS FUNCTIONS

The Neuron The structural and functional umt of the nervous system 1s the
single nerve cell or newron (Figure 23) It consists of a nucleated cell bod)
and two or more processes called nerve fibers The processes may be divided
mto axons and dendrites Usually there are several dendnites which may
traverse either a very long or a very short distance between the cell body and
the multiple branching at thewr terminal arborizations Dendrites serve a
receptive function they normally conduct impulses toward the cell body
Generally a neuron has but one axon which may be up to 3 feet long serving
to carry impulses away from the cell body and to pass the impulse along to the
dendrites of other neurons The cell bodies are located 1n the gray matter of
the spmnal cord and brain or 1n gangha (collections or bunches of cell bodies)
located outside of but relatively close to, the spinal cord Nerve fibers may be
found 1ntermingled with the cell bodies of the gray matter, or they may be
arranged longitudinally i white bundles White bundles withm the spinal
cord and bram are known as tracts columns commussures and so forth
those outside the spinal cord and braimn are known as nerves Neurons should
not be confused with nerves The former are individual nerve cells the latter
are bundles of fibers

The nerve fiber 15 essentially a protoplasmuc extension (axis ¢y hinder) from
the body of the cell This axis cylinder is sometimes clothed with a fatty
melin or medullary sheath In some areas a thinner nucleated membrane
the neurilemma 1nvests the axis cylinder and if a myelin sheath 1s also present
1t hes between the neunilemma and the axis cylinder Both of these coverings,
when present probably serve as insulation to prevent irradiation of 1mpulses’
and the neunllemma 1s an essential factor 1n the regeneration of nerve fibers

Axons and dendntes may or may not have specialized end organs Motor
axons have motor end plates (Figure 24) that lie upon individual muscle fibers
and are necessary for tr of an across the myoneural junc
tion Sensory fibers sometimes have specialized receptor end organs such as
the proprioceptor end organs discussed later 1n this chapter

87
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If a cell body 1s sufficiently damaged the entire newron will degenerate
wrreversibly But if a process 1s severed or d imaged, usually only the portion
petipheral to the cell body will degenerate, and if the cell body and the
neurilemm~ of the degenerated portion remun intact, the central end of the
process m1y grow out (regenerate) along its former course by following the
path provided by the neunlemmn In the c1se of 1 cut nerve, the suturning to
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Fi6 23 —A motor neuron (Stohr)

gether of the severed nerve ends may enhance the possibility of regeneration
by approximately restoring the contimuty of the neurilemma pithway Un
fortunately no regenerition s possible if the cell bodies of motor nerves lymg
1n the spinal cord are destroyed 7s 1s the c1se in poliomyelitis When a muscle
atrophies both the muscle fibers and the motor endings dimsnish in size as
1s shown 1n Figures 25 and 26
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Peripheral neurons (those extending outside the brun and spinal cord) may
be divided into affercnt or sensory ncurons, and effireat or motor neurons
Most nerves are niced nerses—that 1s, they contun both afferent and efferent
fibers Neurons within the spinal cord 1nd brun are known 1s mternuncial or
mtercalated neurons serving as connectors collators, integrators 1nalyzers,
and orgamzers of sensory and motor impulses

Neural Conduction A neuron is potentially capable of responding to
electrical mechanical, chemtcal, or thermal simuli although a receptor end
organ may make 1t especially susceptible to 1 certan kind of stimulation In
any event, an adequate stimulus causes a physico chemical change knownasa
local exaitatory state (f e s) ¥ the simulus has sufficient strength duration
and rate of change of intensity, the 1 e s triggers the propagation of a wave of
excitation (nerve impulse) along the fiber—this 1s known as conduction The

Fi6 24 —Muscular fibers of Lacerfa viridts with the termmation of nerves a Seen
i profile P P The nerve end plates S S The base of the plate consisting of a
granular mass with nucler 5 The same as seen m looking at a perfectly fresh fiber
the nervous ends being probably still excitable (The forms of the vanously divided
plate can hardly be represented in a woodcut by sufficiently delicate and pale con-
tours to reproduce correctly what 1s seen 1n nature ) ¢ The same as seen two hours
after death from poisoning by curare (Gray s Anatomy )

nerve 1mpulse 1s self propagating Iike a spark traveling along a stung of
gunpowder It 15 carried from the point of stimulation to all parts of the neu
ron at speeds up to 100 meters per second depending upon the d of
the fiber and its physiological state at that moment A neuron obeys the
all or none law—that 15 conduction depends on a stimulus whose 1ntensit
reaches a certamn threshold value A stimulus of greater than threshold valuZ
has no extra effect on the quality of the impulse although st may wradiate at
its point of application and cause conduction 1n adjacent neurons as v\e?l
Muscle responses of varying magmitudes are not achieved by differences
the quality of the nerve impulse but as the result of (1) the number of neuro:;

stimulated and (2) the fi
neurons (2) the frequency of tmpulses from repeated stimulation of

After conduction there 1s an absolute refractory period (about 00004
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Fic 25 —Motor ending 1n gastrocnemius of normal male rat (X 450) (Cole)
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FI1G 26 —Motor endiny, 1n gastrocnemius of a male rat whose femur has been
mmobihized for twenty-eight days (X 450 ) (Cole )

second 1n mammals) during which no stimulus will arouse a response from
the neuron This 1s followed by a relaine refractory period (about 001 to
002 second) during which excitability gradually returns to normal and only
an intense stimulus will arouse a response from the neuron



NEURAL CONTROL AND MOTOR LEARNING 91

The Synapse The junction between two nerve fibers 1s called a synapse
Here the ends of the 1xons are 1n very close contact with the brush like end-
ings of the dendrites of other ncurons Because cach neuron 1s a discrete
anatomical umt, the synapse becomes the point of communication between
one neuron and another The nervous impulse travels along an axon and
across the synapse to the dendrites of the other neuron, never in the reverse
direction The synapse offers some resistance to the passage of the nervous
wmpulse which may vary from one synapse to another It also causes a shght
delay about 0 002 second 1n the transmssion of the nervous impulse

The synapse acts as a one way valve or gate which permuts the passage of
the nervous impulse from one neuron to another Because of their variable
resistance, synapses may tend 1o be sclective and to direct the pathway of
the nervous impulse nervous smpulses resulting from fecble stimul being
conducted across only the synapses with Jow resistance but nervous impulses
resulting (rom powerful stimuli crossing those with high resistance as well

ORGANIZATION OF THE NERVOUS SYSTEM

Drvistons of the Nervous System The nervous system may be divided nto
(1) the central nervous system consisting of the brain and spinal cord, and
(2) the peripheral nervous system consisting of all gangha and nerves outside
of the brain and spinal cord From another aspect the nervous system may be
divided 1nto the autononuc nervous system, which mvolves responses of the
endocrine glands receiving a nervous supply, the heart, mtestines, urogenital
tract and blood vessels, and the somartic system which deals with sensory
impulses and motor responses of the skeletal musculature

Cramal Nerves The penpheral nerves ansing from the brain mnervate
sheletal muscles such as the muscles of the eyeball face and tongue but they
are maimnly concerned with oifaction vision taste balance audition and
other sensory functions and with mvoluntary control of the heart lungs
stomach and other viscera The spinal part of the accessory nerve (11th
cramal nerve) 1s the only cranial nerve which innervates important postural
muscles It arises by several roots from the cervical area of the spinal cord
and 1s jomned by branches of the spinal nerves from the cervical plexus before
sending motor fibers to the sterno clerdo mastoid and trapezius muscles

Spinal Nerves There are usually 31 pairs of spinal nerves arsing from the
spinal cord and leaving the vertebral canal through the intervertebral fora-
mina Each of the § pairs of cervical nerves 1s named for the vertebra just
below 1t (except the 8th which arises between the 7th cervical and the Ist
thoracic vertebrae) and each of the 12 thoracic 5 lumbar 5 sacral and 1
coceygeal pairs 1s named for the vertebra just above 1t Spinal nerves are called
muxed neries because they are made up of both sensory and motor fibers
along most of their length They are mixed 1n another sense too for most of

them carry fibers of both the autonomic and somatic nervous systems

The Spmnal Cord The spinal cord 15 a fluted column about 18 inches long
and about one haif inchn diameter althoughts diameter differs considerably
at various levels Its features are best 1dentified 1n cross section (Figures 27
and 28) Atts center 1s the vertical central canal surrounded by an H shaped
mass of gray (non medutlated) matter The two dorsal extensions of the H
nre called posterior horns the ventral extensions are called anterior horns
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FiG 26 —Motor endming 1n gastrocnempus of a male rat whose femur has been
1mmobihized for twenty eight days (X 450) (Cole )

second i mammals) during which no stmulus will arouse a response from
the neuron This 1s followed by a sclame refractory period (about 001 to
0 02 second) during which excitability gridually returns to normal and only
an intense sumulus will arouse a response from the neuron
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Fi6 30 —Cross section of spinal cord on the border of gray and white portions
(Klemn)

been specifically named Their function 1s to connect different levels of the
spinal cord with one another and with various higher centers of the brain
Microscopie study of the gray part of the cord shows 1t to consist mainly of
cell bodies and non meduliated nerve fibers of various sizes, having no um
formuty of direction (Figure 30) Some of the fibers seen are the dendrites of
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Fic 27 —The central portion of the ner  F16 28 —A spinal nerve withits antertor
vous system and postenor roots {(Gray s Anatomy)

and the cross bar 1s called the gray comnussure Surrounding the gray matter
15 the medullated w/ute matter of the cord and this1s marked off into right and
left halves by a posterior median septim and by an anterior median fissure
The horns gray commissure septum and fissure block off the white matter
roughly 1nto 6 parts antertor lateral and posterior white columns on each
side

Microscopic study of the white columns shows them to be composed of
medullated nerve fibers, the medullary sheaths being responsible for the white
appearance Most of these white fibers are arranged vertically appeanng in
microscopic cross section as circles with dots i the center (Figure 29), 2
smaller number pass horizontally The vertical fibers of the white columns
have been functionally subdivided 1nto numerous #racts each of which has
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Fi 29 —Cross section of a white column of the spinal cord (klem)
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the cell bodics, some are the axons of these cells, some are the terminals of
axons from nenve cells situted in distant parts of the nervous system A large
number of synapses occur in thus wrea

Pathways of the Spmal Nerves The peripheral course of a typical spinal
nerve 1s shown 1n Figure 31 As the spinal nerve root approaches the spine, it
bifurcates 1nto an aflerent root carrying impulses of proprioception touch
pamn heat, cold, and so forth and an cfferent root The former enters the
spinal cord 1n the regton of the posterior horn of the gray matter and1s there
fore termed the dorsal or posterior root, the latter enters the spinal cord 1n
the regron of the ventral hora of the gray matter and 1s termed the ventral or
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Fic 34 —Plan of brachual plexus (Gray s Anatomy )

antertor root (Figures 28 and 32) After entening the cord the afferent fibers
take various courses some ending 1n the gray matter at the same level s

taking a vertical course m the white columns and sending termunal ¢ dome
into the gray mattet at higher or lower levels and some traverssn. then l}?gs
columns as far as the base of the brain They make synaptic coﬁ‘ t white
exceptionally versatile manner either Jonmg dendrites of mot act 1 an
directly or joumng dendrites of internuncial neurons The inte; orl penrons
serve as middlemen 1n transferring impulses to motor ot i pourons

different spinal levels or to higher centers 1n the bmmneurons at the same or
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Fic 36 —Plan of sacral and coccygeal plexuses (Gray s Anatomy )

THE SIMPLE SPINAL REFLEX

A reflex s an mvoluntary muscle movement or glandular secretion resulting
from some sensory stmulation Reflexes may be very complex and may
invoh e the higher braun centers The simplest reflex 1s the spmal refle v which
does not depend on any part of the bramn (although a sensation of both the

T
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The dendrnites and cell bodies of efferent (motor) neurons are located 1n the
gray matter of the spinal cord They collect ympulses from fibers descending
from the brain from internuncial neurons or directly from afferent spinal
neurons of the same or different levels of the cord

The basic plan of distnbution of spinal nenves 1s clearly an evolutionary
holdoser from that seen tn limbless segmented lower forms At the cervical
and upper thoracic spinal regions and 1n the lumbar and sacral spmal regrons,
the adjacent spinal nerves interconnect with each other in complex patterns
These iterconnections are called plews of which there are five the cervical
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Fi6 35 —Plan of lumbar plexus (Gray s Anatom )

plexus (Figure 33) the brachial plexus (Figure 34) the lumbar plexus (Figure
35) the sacral plexus (Figure 36) and the coccygeal plexus (Figure 37) The
details of arrangements of these plexi and of the resulting penipheral nerves
are important to students of medicine corrective therapy physical therapy
and occupational therapy who will need to refer extensively to detailed
anatomy and neurology books 1n their studies of advanced Kinesiology
Phystcal educators generally require a less detailed knowledge of penipheral
neurology but 1t 1s important for them to understand that athletic injuries
may tmolve nerve trauma
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Fic 39 —Dmgrammatic representation of simple spinal teflec arcs Arrows mdicate
durection of conduction {(Kuntz Newro Anatomy )}

hand cavses withdrawal of the himb, this could occur without wakening a
sleeping person but the response 15 equally imvoluntary during wakefulness
The sensation of pam reaches levels of consciousness after the fct, as it were
and any further movements exclamations or other nctions although perhaps
reflective 1 nature counld not be chssified as ether * simple  or ‘spinal
These additional by products of the sumple reflex give some msight nto the
complexity 1nd extent of neural connections since the original stmulus sn
volved only a very few sensory neurons Such diagrams as Figure 39 indicate
only the essentsal and basic efements of 1 simple spinal reffex 1 stimtus, ¢
sensory ending 4 sensory neuron perhaps 1n mterauncil neuron, 1 motor
neuron and a muscle or gland

Corrective tnd physical thezapists make use of some of the more complex
reflexes in the treatment of certan types of pattents Thus the spastic hand
may be unlocked by placing it palm up over the buttocks of the prone
patient and turning his head away from the 1nvolved side The evolutionary
mechanisms underlying such phenomena and the ways in which reflexes of
this type may be utilized have been summaned by Fay 1

hINESTHESIA

Asnesthesia s the perception or consciousness of muscular movement and
the posttion of one s bady parts n space In part kinesthesia depends upon

Fiu 40 —Middle third of a terminal plaque m the muscle spindte of an adult ¢at

After Ruffint )
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stimulus and the resulting motor action may be sent to the bram, even to the
levels of consciousness as a by product of the workings of the reflex)

Anatomically, a mintmum of two neurens 1s necessary for a spinal reflex
A sensory neuron must carry the impulse resulting from the stimulus through
the dorsal root pathway to the spinal cord In the cord the sensory neuron
makes synaptic contact with a motor neuron which then carries the impulse
through the ventral root pathway to 1 muscle or gland More frequently, a
third neuron (an nternuncial neuron) may mediate the impulse between the
sensory and the motor neurons Perhaps several internuncial ncurons may be
involved

FiG 37 —A sensory neuron and its F16 38 —An association neuron of the
branches in the cord (Kolliker ) spinal cord S, sensory neuron, 4 assoct
ation neuron M M, M motor neurons

Figures 37 and 38 make 1t clear that the motor activity resulting from a
simple spimal reflex may take place at spmal levels other than the one through
which the sensory neuron entered the cord Also the motor response may
take place on the opposite side of the body The pathways shown m the figures
have been kept to a nummum for simplicity the actual pathways might be
much more complicated Further the diagrams assume that only one sensory
neuron has been stimulated—an unlikely oversimplification of the probable
situatton 1n hife

A great proportion of our actions are reflex 1n nature A pinprick on the
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the proprioceptors, which receve sensations from the muscles, tendons, and

joints and transmut them to the central nervous system .
There are three min types of propriocepiive receptors the muscle spmdie,

the Golgs tendon argan wnd the Pacuman corpuscle The muscle spindle con

v

FIG 42 —Munel Davis member of the 1956 United States Olymapic Team nd
1957 National A A U Women s all around gymnastics champion, holding a
difficult version of the yogistand Note that the position of the head makes it
impossible 1o utihize visual clues to assist 10 maintanming the balance and the per
formers must depend almost entirely upon proprioceptive impulses from the hands
for knowledge of the adjustments which must be made The ability to thus sacrifice

certain wnput chanaels and still function perfectly 18 a sign of unusually fine kines
thetic proficiency

sists of a comphicated structure of 1ntrafusal muscle fibers 1nnervated by

sensory nerve endings These are enclosed 1n a capsule of connective tissue

filled with Iymph Some of the fferent fibers 1n these spindles are flat and

wound in rings or spirals (annulo spiral endings) around the intrafusal fibers

others Le on the surface of these fibers lthe a spriy of flowers (flower spray
¢

1] U B
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Fig 41 —Distribution of nerve fibers to a striated muscle The muscular nerve
(MN) contains approximately 50 per cent of fibers derived from the antenor roots
Of these the medium sized fibers (3,3 3) are distibuted to motor end plates and the
small fibers (4 4) to the end plates of muscle spindles Of fibers denived from the
sensory nerve roots the largest (55 7) are distributed to muscle spmdles (to the
annulo spiral ending AS and the flower spray ending FS) and to tendon organs
(TO) Small sensory fibers (1) often non medullated 1n their peripheral part are
distnibuted 1n the connective tissue surrounding blood vessels Fibers derived from
the sympathetic nervous system (2) are distributed to the muscular coats of arterioles
and the smaller arteries (Adams Denny Brown and Pearsont Diseases of Muscle
courtesy of Paul B Hoeber Inc 1954)

A,
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Fic 43 —Schema of the reciprocal innervation of the fiexor and extensor muscles
of the leg Cord has been rotated 90 degrees to the left (Papez Comparatne Neu
rology courtesy of Thomas Y Crowell Company )

INHIBITION

1t must not be supposed that because a reflex action can result from an
adequate stimulus that 1t necessanily must result from such a stimulus The
fact that 1t 1s possible for a person to hold still while recewving an intramuscu
lar hypodermic mjection shows that a withdrawal reflex 1s not always the
result of pricking the skin Some combinations of nerve impulses result 1n
inhibition of motor output In the somatic nervous system 1nhibrtion 1s always
a function of synapses n the spinal cord and brain 1t does not occur periph
erally or within a single neuron

Inhibition does not follow the all or none law a gradation or fluctuation
n the degree of inhibition 15 possible 2 The reason 1s that inmibition raises the
thresholds at the synapses, rather than blocking a nerve mmpulse directly or
completely As thresholds rise fewer motor neurons respond to a stimulus of
givenstrength Or asthresholdsnise a stronger sumulus 1s required to make a
given number of motor neurons respond The mdividual neurons stdl act
under the all or none law

Examples of graded mhibition are seen 1n most voluntary movements
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endings) The muscle spindles are stimulated by stretch of the muscle fibers
wherens contraction tends to decreasc therr rate of discharge Golgt tendon
organs 1re also composed of 1 bundle of fibers surrounded by lymph and
enclosed 1n a fibrous capsule They are stimulated by erther stretching or
contracting Since the muscle spindles respond only to stretching the nervous
system 1s able to distinguish between stretching and contraction according to
whether both the spindles 'nd Golg orgns are simufated (stretching) or
only the Golgt organs are stimulated (contraction) The anatomctl arrange
ment of these organs 1s shown 1n Figure 40 and Figure 41

‘The Pacinian corpuscles are oval, lJamuinated bodies somewhat lihe an onion
in appearance They are organs of deep pressure sensitivity and are stimulated
by deformation of the body tissucs Some authors ilso consider free nerve
endings as kinesthetic receptors, since these fibers accept the pain sensations
and thus heep the nervous system informed of certun wternal conditions
Free nerve endings apparently do not penetrate the muscle fiber but seem to
be numerous around tendons and joints

The kinesthetic receptors furnish the central nervous system with data re
garding the position and movements of the limbs and other body parts This
enables the nervous centers to produce the coordination of muscular tenstons
necessary for efficient movements In combinition with the sensory organs
they enable the body to make the changes in position necessary to maintain
balance and to execute body movements Disturbances in the afferent motor
impressions re one cuse of the incoordimited movements known as ataxia

MYOTATIC OR STRETCH REFLE\

When muscles contract a stretch 1s exerted upon the tendons of their
antagomsts The proprioceptors 1n the stretched muscle set up a simple spinal
refléx which causes the stretched muscle to contract Simultaneously, afferent
impulses from the stretched muscle set up responses which inhbit the working
muscles Passive movements such 1s gravity or some other external force
may also 1uttate stretch reflexes

The best known and most studed stretch reflex 1s the Anee yerk (Figure 43)
When 1 person sits on the edge of a tible with the lower leg hanging passively
a tap on the patellar ligament about mudway between the lower edge of the
patella and the insertion of the ligament on the tib1a stretches the quadriceps
femoris muscle group There 1s 1n immeduate reflex contraction of this muscle
group causing extension at the knee josnt

True stretch reflexes re a property of the antigravity muscles only In erect
posture gravity tends to cause flexion at the neck spine hip knee and ankie
Jonts Indoing so it stretches the extensor tendons passing across the joints
The myotatic contraction of these extensor muscles promptly corrects the tend
ency of the body to collapse The workings of the antigravity stretch reflex
are clearly and amusingly seen in the bobbing nodding head of a person who
goes to sleep while sitting 1n a chair During wkefulness such falling tend
encies are much more finely controlled and erect balance 15 usunlly main
tained smoothly The adjustments are ordinanly impercepuible but their total
effect can be recorded with a sway meter which graphicilly indicates head
movements during erect standing
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the possible wisdom of starting 1 double plyy than with specific direction of
his bodily nctions

MOTOR LLARNING

1t has been suggested that the properties of bone and muscle nd the way
in which they are constructed mAy 1ccount for miny psychomotor abihities 4
However, the field of motor learming 15 so broad, so complicited, and so
poorly understood that it would be 1bsurd to attempt even 1n overview of
principles within the scope of a text 1n kinesiology The following discussion,
therefore, 1s fragmentary, and 15 himited to 2 few elementary applications of
anatomic and kinesiological principles to the problem of learming to perform
neuromuscular skills
Maturation and Motor Learmng Maturation means growing accompanted
by changes in functional ability, the emphasis 1s on * ripening  rather than on
changes 1n size shape, ind volume Every teacher of motor skills should be
familiar with the crucial relationship between physical or physiological matu-
ration and motor learming For example, motor learming during the first two
years of Iife 1s mited by the degree of myelination of nerve fibers, which 1s
mcomplete during this period Certain coordinations such as creeping and
walking must await the development of myelin sheaths 1n the approprnate
nerves and spinal tracts, perhaps to prevent a chaotic short airemting * of
the necessary 1mpulses Because maturation 1s correlated highly with 1ge,
parents and teachers should become familiar with descriptions, such as those
of Gesell and Iig 3 of average abilities at various age levels so as to adjust
teaching processes to the known periods of readiness of the chuld But because
maturation 1s not perfectly correlated with age, an intelligent person should
guard against a blind application of such norms Norms are gwides and
should never substitute for observation and testing of the individual child
Gurls for example mature faster than boys
Rathbone® has emphasized the progressive sequence in the development
of motor skills dependent partly upon maturation Although a particular
kind of slall cannot be mastered prior to the necessary physical maturation,
attunment of the skill can be by passed perhaps rretrievably 1f the environ
ment does not allow 1t to be mastered m the normal sequence, soon after
maturation produces the potentiality Rathbone contends that crawling, for
example 1s a vital activity 1n the development of trunk musculature, and that
children who for some reason omit the crawling stage before learming to walk
have missed 1 valuable neuromuscular experience which can never be re
placed The relationship of such omissions to posture, visceral function, and
physici] development in later hife needs to be nvestigated expcrlmenta!’ly It
15 well hnown wmong physical education teachers that basie attainments 1n
s;lac;\ns q‘r]\d{]lqu itic sktllls a;e n"\‘osl easily achieved before or during adolescence,
although the proportional influence ’
logical ¢ \uorf rcr’;mms obscure of physical factors and sociaf or psycho
Perceptual Learmng Many psychologists refer not to
percepiuo motor learning, emphasizing the umty of
response Both reflexive and consciously directed mo
dependont upon cues and the interpretation of senso
motor cutput may be mappropriate because of inatil

motor learning but to
perception and motor

ity to perceive the mean-



104 NEURAL CONTROL AND MOTOR LEARNING

The concept of co contraction (Chapter 4, pp 78-79) specifies that movement
usunlly involves the simulttneous contraction of antagonistic muscle groups,
although there may be 1 distinct difference 1n the forces exerted by the mem
bers of the pur When the externil resistance to the agonists 1s great, the co
contraction of the antagomists 1s mimmal Apprrently there 1s a central 1in
hibitory effect upon the antagomsts the purpose being to reduce the resis
tance to the movement This inhubition occurs as nn mvoluntary though
perhips learned, reflex It 1s controlled in the spinal cord and lower levels of
the bran, and ts roughly proportional to the 1amount of force required 1n the
agonists to perform the movement

A therapust, first ander, or athlete can sometimes make practicnl use of the
phenomenon of inhibitton of antagonists Muscle crimps and spisms, espe
cinlly those of 1n acute nature, can sometimes be relieved by a strong volun
tary or electrical shmulttion of the muscle’s 1ntagonist

Like other reflexes the inhibition of antagonists may be over ndden or
modified under certun conditions For eximple at the extreme range of
motion the mnhibited antigomst may be stretched, causing its myotatic con
traction

Excessive general tension associited with emotional stress can ilso modify
the reflex inhibition of antagomsts In the enrly stages of motor learning such
fictors as feir, embarrissment and intense motivation can result 1n indis
criminite contractions of muscle groups thus mterfering with smooth and
effective performance Expert performers hive letrned coordinated patterns
of contraction ind inhibition These have been so strongly conditioned that
only intense stresses -tre capable of interfering In ny performer the removal
of excess general tenston minimuzes the output of trrelevtnt motor impulses
allowing the conditioned reflexes for contraction and inhibition to occur
Conches teachers and therapists who stress general relixation, minimize
fear, aind use care in applying motivational stresses during the learning proc
ess are 1cting upon sound physiological and psychological principles

CONDITIONED REELENES

Although some reflexes e developed prenatally, most are learned It s a
mist the to think of 1ll reflexes as inherited reactions or s 1 Iimited number
of vury pnimitive reactions The usual goal 1n motor learning 15 to reduce the
new movement patterns to subconscious automaticity dependent merely
upon 1 push button sort of stimulus 1t either conscious or unconscious levels
The nature of conditioned reflexes will be fimiliar to 1l readers who have
hnd beginning courses 1n psychology 3 Highly complex motor activities such
1s those involved 1n sports situations may 2t first thought seem to be pre
dominantly under conscious modification according to the changing environ
mental situation If the performer 1s an expert, this supposed emphasis on
conscious direction my be false Itis true thet there must be attention to cues
but the performance 1s hikely to be 1 complex learned reflexive response The
many re directions which occur duning the performance are also reflexive
ansing directly 1n response to the stimuli of the changing situation rather
than being dehberately 1nd rationally inaugurtted by the highest levels of the
brain The conscious mund of a star shortstop while making a sensational
pick up of 1 hard driven bounding ball 1s hkely to be concerned more with
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body which supercedes academic knowledge or analysis and a little taal and-
error learming frequently produces a more effective performance techmique
than could ngid direction

The seemingly authomtative descniptions of techmque by champion
athletes are sometimes at vapance with the form they actually employ as
shown by kimestological and mechanical analvses using scientific methods
Moton picture analyss and electromyographic studies have frequently un-
covered discrepancies between what a performer thinks he does and what he
reallv does The expert performer functions so largely on the reflex level that
he does not find 1t necessary to analyze routine movements and 1s therefore
often unconscious of precisely how he executes them For this reason experts
are sometimes poor teachers whereas less accomplished individuals may be
forced to develop the ability to analyze performance effectnvely

Practicang for Speed and Accuracy If a finished skill requires both high
speed and great accuracy as does a tenms senve practice should emphasize
both of the qualities from the beginning as much as possible If accuracy 1s
emphasized to the neglect of speed much relearning must take place 1n the
final stages of practice when a faster speed 1s emploved A target-directed skill
like prtching a baseball 1nvolves one kinesiological pattern when performed
slowly and an entirely different pattern when performed rapidly The differ-
ence consists largely of vanation n the degree of contraction of muscles
antagomstic to the prime movers This difference between slow controlled
movements rapid controlled movements and ballistic movements has been
discussed m Chapter 3 pp 63-64

Speed of movement should not be confused with haste 1n performance
In most gross skills speed mfers the application of great force and the verbal
admomtion to the performer yught well be harder or more forceful
performance rather than faster performance General haste on the other
hand 1s likely to cause a central 1rradiation of neural impulses to muscles
whose contraction would be ry or disady geous This 15 one
reason why a performer ties up

Other Factors. It must be emphasized that the preceding discusston 1s
selective covenng only some mmplications which are derived from anatomical
and kinesiologrcal considerations Some of the most important topics 1n motor
learming, such as specificity of motor learming the distnbution of practice

motvation and other topies have been omstted dehiberately because they are
outside the scope of this text
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ing of sensory input There may even be a basic sensory deficiency, therefore
all learners should be screened for fundamental ability in sight and hearing
and many teachers and coaches will wish to give additional or more discrimina
tine tests before proceeding with instruction It may be antictpated that in
years to come tests of hinesthesss will take their place beside those of vision
and audition

Progression It 15 a matter of common observation that a child stands
before he walks and walks before he runs Complex motor learning even
more than other types of learming such as problem solving and rote memoniz
g requires an order of prerequisites a background of specific attainments
Complex coordinations cannot be mastered until certain basic movement
patterns have been reduced to the automaticity of conditioned reflexes 7 In
general fine movements are distilled out of gross movements new skills are
based upon recombmations of the elements of old skills It 1s a principle of
physical education that early motor traiming should be broad, vaned and
general to provide a basss for later learning which 1s more refined specialized
and complex Thes principle rests upon a sound neuromuscular basis

Relations Between Physical Abilities and Shulls The learning of coordinated
movement patterns 1s dependent upon the possession of sufficient amounts of
fundamental physical abilities such as muscular strength fleibility muscular
endurance and circulo-respiratory endurance This obvious relationship 1s
sometimes 1gnored 1n mass instruction 1n physical education classes It 1s not
unusual to see instructional classes 1n rope-climbing or gymnastics in which
some pupils are too weak to support their body weight with their arm mus
culature’ On the other hand the reserse of the principle also operates without
a mastery of basic coordmations a youngster 1s unlikely to be able to partici
pate m actisities which will develop strength and endurance Effective physical
education programs will be planned and conducted with this mutual relation
ship 1n mund

Indiidual Differences 1 Structure Structure influences performance The
relationship may be erther permissive or restrictive, and 1s vanable according
to the nature of each separate actimty Each of the following factors, many of
which are discussed extensisely elsewhere mn this text contnbutes to the
dividual differences which affect motor performance (1) Somatotype or
body tvpe (2) hesght of the body and Jength of bony levers (3) proportions
of bone muscle and fat (4) specific gravity or buoyancy of the body (5) ade
guacy of nutnuon (6) acuity of vision andiion proprioception and other
sensations (7) mobility of vanous joints (8) hereditary or congemtal struc
tural abnormahties and (9) residual defects from disease or trauma The
trammed kinesiologist views a performer or a would be performer with an
analytic eye assessing his :ndividual abilities and capabilities for particular
activities

Standard Form Much hinesiology has mmplications for determung the
mechanical technique or form 1o be employed by the learner Class teaching
methods often 1mply that there 1s a best way to perform 1n a given situation
whether 1t be postural adjustment crutch walking or participation in a sport
But teachers should not mnsist upon too ngid 2 form In the first place
better forms are still bemng discovered for most activittes as the history of
championship performance clearly demonstrates In the second place ndivid-
ual differences can never be completely understood There 1s a wisdom of the
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produces rectilinear motion of the trunk forward and 1lso rotitory motion
of the trunk about 1 nearly vertical axts To alf this 1s added the complex
rotatory movements of the arm, utihizing the shoulder and clbow «s centers
of rotation, which results 1n the long curvilinear path described by the hand
When released, the baseball may momentarily be 1n rectilinear motion and
my undergo rotation as well In erther case gravity immeditely begms to
pull it to erth causing 1t to follow a curvilinear path

When we study any particular muscular shill like throwing a baseball or
some stmpler example, we break 1t down into 1ts parts 1dentifying each por-
tion as rectilinear rotatory or curvilinear motion or some combination of
the three Each component then may be investigated further We must know
the extent of each motion 1f 1t 1s short or long 1ts direction 1ts velocity the
forces which cause 1t and where they are applied We might also wish to know
whether the movement 1s powerful and cpable of downg much worh A knowl
edge of mechames 1s necessary for such an analysis

Such terms as power, force and work are often misused and lead to unneces
sary confusion and pointless speculation If we are to be successful in the
application of any physical science we must agree on the meaning of the terms
employed We must also understand and be consistent 1n the use of units and
methods of measurement

There are two sorts of measurements which are used 1n problems dealing
with mechanics

1 Scarar quantittes which have magmtude only Examples are weight
area and volume Scaltwr quantittes of simular nature may be added anth
metically for example

$10 + $4 = S14

2 VECTOR quantities which possess both magnitude and direction

Displacement velocity momentum acceleration and force are vector
quantities

Vector Diagrams Vector quantities are often expressed diagrammatically
by arrows The direction of the arrow represents the direction 1n which the
quantity acts The length of the arrow drawn to some convement scale
represents the magmitude of the quantity For example we can diagram dis-
placement 1n the following manner Suppose a man walks 4 miles north This
can be represented by drawing a line 4 inches long 1n a direction representing
due north

Addition of Vector Quantiies Vector quantries unhike scalar, cannot
always be added anthmetically It 1s obvious that, 1f after walking 4 miles
due north the man turns and walks 3 mles east, hs final displacement from
the starting pont 1s somewhat less than 4 plus 3 or 7 miles The final dis-
placement can be found graphically by completing the vector diagram shown
n Figure 44

After drawing the arrow OA representing a displacement of 4 mules north
another ine AB 1s drawn at a nght anple representing a displacement of 3
mules exst A third arrow R 1s drawn from O to B This 1s called the resultant
and represents the magmtude and direction of the final displacement If R
1s measured carefully 1t 1s found to represent a displacement of 5 mules

Usiny
a protractor the direction 1s found to be 36 9° east of north ¢



Chapter 6

Mechanical Prmciples

MOTION

MovEMENTS of the human body are a result of the interaction of three separate
forces Muscular contraction gravitational attraction, and external applica
tions The study of such forces and the actions which they produce comprises
the subject matter of mechames when apphed speaifically to movements of
ling orgamisms 1t 15 often termed bromechantcs Mechamics may be divided
mto staties dealing with obgects which are 1n a state of equitbnium and
dynanucs which are concerned with objects in motidn Dynamics 1n turn may
be subdivided into Amematics which 1s the study of the motton of the body
without regard to the forces acing on 1t and Awmeftics which treats with the
forces which cause exther motion or changes 1n motion
Motion may be of three general types
1 Rectihnear or translatory 1n a straight line
2 Angular or rotatory 1n a circular path
3 Curvilinear following a curved path
In the movements of our bodies m everyday life we find countless examples
of all three types of motion In rectiimear motion every point on the object
or body 1n motion moves the same distance in the same direction Rectilinear
motion of the human body as a whole 1s demonstrated when we are seated 1n
an automobile traveling on a straight highway The fist of the quickly ex-
tended left arm of the boxer usually follows a rectilinear path although other
parts of the body moving at the same time do not necessarily undergo rec-
tihinear motion
In angular or rotatory motion the body or body segment moves 1n an arc
around some relatively fixed point which may or may not be a point withmn
the body Rotatory motion 1s exemplified by a wheel turning about 1ts axle
In the human body 1t commonly occurs when a limb describes an arc as 1t
swings from a jont When we walk or run the alternate rotatory action of our
lower imbs utilizing the hip and knce as centers of rotation provides for the
general rectilinear progression of the trunk and head
Rectiimear and rotatory motion may combine to produce curvilinear
motion When throwing a bascbuli the rotatory action of the lower limbs
108
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produces rectilinear motion of the trunk forward and 1lso rotitory motion
of the trunk about 1 nearly vertical avis To all this 1s added the complex
rotttory movements of the arm, utihzing the shoulder 1nd elbow as centers
of rotation which results in the long curvilinear path descnibed by the hand
When relewsed the baseball may momentanly be in reculinear mouion and
may undergo rotation as well In either case gravity immediately begins to
pull 1t to earth causing 1t to follow a curvilinear path

When we study any particular muscular shill ltke throwing a basebnll or
some simpler example we break it down into its parts identifying each por-
tion as rectiltnear rotatory of curvilinear motion or some combnation of
the three Each component then may be mvestigated further We must know
the extent of each motion, 1f 1t 15 short or long its direction ats velocnty the
forces which cause 1t and where thev 1re apphied We mught also wish to know
whether the movement 1s powerful and capable of doing much work A Anowl-
edge of mechanucs 1s necessary for such an analysis

Such terms as power, force and work are often rusused and lead to unneces
sary confusion and pointless speculation If we are to be successful in the
apphication of any physical science we must agree on the meaning of the terms
employed We must also understand and be consistent in the use of units and
methods of measurement

There are two sorts of measurements which are used 1n problems dealing
with mechanics

1 Scarar quantiies which have magmtude only Examples are weight
area and volume Scalar quantities of similar nature m1y be added anth-
metically for example

S10 + 84 = 514

2 VECTOR quantities which possess both magnitude and direction

Displicement velocity momentum acceleration and force are vector
quantities

Vector Diagrams Vector quantities are often expressed dtagrammatically
by arrows The direction of the arrow represents the direction 1n which the
quantty acts The length of the arron drawn to some convenment scale
represents the magnitude of the quantity For example we can diagram dis
placement 1n the following manner Suppose a man walks 4 miles north This
can be represented by drawing a line 4 inches long 1n a direction representing
due north -

Addition of Vector Quantities Vector quantities unlike scalar, cannot
always be added anthmetically It 1s obvious that 1f after walking 4 mules
due north the man turns and walks 3 miles east, hus final displacement from
the starting pomt 1s somewhat less than 4 plus 3 or 7 miles The final dis-
placement can be found graphically by completing the vector diagram shown
m Figure 44 N

After drawing the arrow OA representing 2 displacement of 4 mules north,
another ine AB 1s drawn at a nght angle representing a displacement of 3,
miles east A third arrow R 1s drawn from O to B This 1s called the resultant
and represents the magmtude and direction of the final displacement If R
15 measurted carefully 1t 1s found to represent a displacement of

5 miles Using
2 protractor the direction 1s found to be 369 east of north
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Mechamcal Principles

MOTION

MoVEMENTS of the human body are a result of the interaction of three separate
forces Muscular contraction gravitational attraction and external applica-
tons The study of such forces and the actions which they produce comprises
the subject matter of mechames when applied specifically to movements of
living, organisms, 1t 1s often termed bromechanics Mechanics may be divided
into staucs, dealing with objects which are 1n a state of equiibrium and
dynarmcs which are concerned with objects 1n motién  Dynarmcs i turn may
be subdivided into Amematies which 1s the study of the motion of the body
without regard to the forces acting on 1t and Amenics which treats with the
forces which cause erther motion or changes in motion
Motion may be of three general types
1 Rectilinear or translatory tn a straight ine
2 Angular or rotatory 1n a crrenlar path
3 Curvilinear following a curved path
In the movements of our bodies 1 everyday life we find countless examples
of all three types of motion In rectiinear motion every point on the object
or body 1 motion moves the same distance 1n the same direction Rectilinear
motion of the human body as a whole 1s demonstrated when we are seated 1n
an automobile traveling on a straight highway The fist of the quickly ex
tended left arm of the boxer usually follows a rectilinear path although other
parts of the body moving at the same time do not necessarily undergo rec-
tilinear motton
In angular or rotatory motion the body or body segment moves 1n an arc
around some relatively fixed point which may or may not be a point within
the body Rotatory motion 1s exemplificd by a wheel turning about 1ts axle
In the human body 1t commonly occurs when a imb describes an arc as 1t
swings from a joint When we walk or run, the alternate rotatory action of our
lower hmbs utilizing the hip and knee as centers of rotation provides for the
general rectilinear progression of the trunk and head
Rectibnear and rotatory motion may combine to produce curvihinear
motion When throwing a baseball the rotatory action of the lower Iimbs
108
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The resultants 1n vector diagrams may be found by trigonometric methods
regardless of whether the vector diagram 15 2 nght or sexenc triangle 1tas
the method usually employed by the engincer The graphieal method, tn most
cases, 1s the better suited to the needs of the hinestologist Its nccuracy depends
upon the care and precision used 1n the construction of the sealed dugrum

Vector quantities may be added arithmetscally 1f the directions re the s ume
1f after walking 4 miles north a person walks an additionl 3 miles not th the
final displacement 15 7 mules If, however, after walking 4 miles north he
returns south 3 miles, the final displacement 15 only 1 mile When two vector
quantities are 2dded the magnitude of the resultant may hve 1 value lying
Anywhere between the sum and difference

Parallelogram of Forces Because of convemence the tniangle method
explained above 15 often replaced by the pacallelogram method If we have
two muscles exerting the two forces 04 and OB apphed at the pomt O we
can draw the two vectors from this point From 4 we draw a line paraltel

B Cc

FORCE |
0
FiG 45 —Parallelogram of forces The addition of vector quantities

to OB and from B a line parallel to OA4 they will intersect at C The arrow
OC represents the magmtude and direchion of the resultant force of the
combined efforts of the two muscles

If we have three forces ¥ Y and Z acting on a pomnt O we c1n find the
resultant by first determumng the resultant of X and ¥ This resultant then
may be used as a single force and by a simular method we combine 1t with
force Z which gives us the resultant of all three forces Any number of forces
acprng on a single pcu;t may be added by extending this method

wo or more muscles often pull on a common te;
deltoid 15 1n reahity three separate muscles each of V\h?cdk?:ngt;nxst:r;lo(;lcle :lh "
common insertion on the humerus Each however pulls at a quite differy <
alx}:\fl:cﬁ:d \hrc direction émd magminde of the combined pull depends u;:rtl
ve force exerted by each of the three

the knee all attach to the upper border of the ;‘;{:]a'rl’lrehgo:;;g:ig‘sio; o
of their contraction 1s exerted at the tuberosity of the tibia through a s;;;:

ligament which attaches the

patella to the tibia Although each

muscles pulls at a different angle each contributes a corﬁ onc tOfftip 5 oo
the desired direction ponent ot foree n
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A 3 MILES

K%
N
h@

4 MILES

FI16 44 —The addition of vector quantities

This problem can also be solved by the use of the Pythagorean Theorem
which states that the square of the hypotenuse of a night tnangle 15 equal to
the sum of the squares of the other two sides

_—2 2 2
OB =04 + 4B
—2

OB =16 +9=25

OB = V25 = 5miles

Five mules 15 the final displacement but we must also give thought to the
direction

Sine* of angle AOB = x = 06
AOB = 369 east of north

Muscles are usually attached to two bones with one or more intervening
Joints Muscular contraction provides a force which tends to draw the two
attachments closer together This gives direction to the force and also indicates
the pomnt of application The magmtude of a force can be measured by its
accomphishments The maximum force possible for a muscle to develop 1s in
direct proportion to the cross sectional area of the muscle 1n a plane perpen
dicular to the direction of the fibers Having both magmtude and direction
muscular force can be represented by vector dragrams We have applied the
concept of vector diagrams to displacement but 1t can be applied with equal
success to any other vector quantity

* The sine of an acute angle of a right tniangle 1s the ratio of the side opposite the angle
to the hypotenuse The cosine 13 the ratio between the side adjacent to the angle and the
hypotenuse
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FIG 47 —Vectonal resolution of force

Trigonometrically

OB = AB X Sing 60° = 100 X 0866 = 866 1bs
0A = AB X Cosine 60 = 100 X 05 = 501Ibs

The graphical method can Also be applied

KINEMATICS

Displacement In a case of pure rectilinear motion we measure displacement
in feet miles meters or some other appropriate umt The direction may be
expressed 1n terms of the pomts of the compass, 1its relatton to vertical or
horizontal planes or some other plane of reference

Veloaity  Velocity 1s the rate at which displacement occurs When we
know the displacement of a moving object 1f we know the time which 1t
takes to change position we know the average velocity with which 1t moved
If for example a sprinter runs 100 yards in 10 seconds his average velocity 15

%ﬁi = 10 yards or 30 feet per second

Average velocity 15 defined as d'ﬂn—ffmt:“&‘i

- la
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If we know the velocrty and the elapsed time we can calculate the distance
traveled

If a man walks at the rate of 3 5 miles per hour how far wiil he go 1n 3
hours?
tX v
3 X 35=105mles

Time can also be calculated 1f we know the velocity and distance

ll.‘l

s
=

v

If an athlete runs at a constant velocity of 20 feet per second how long will
1t take him to run ! mile?

t =2 =227 = 264 seconds = 4 24 second

Speed Velocity 15 a vector quantity and has direction as well as magnitude
Speed a term often confused with veloeity 1s a scalar quantity and 1s
concerned with magnitude alone Strictly speaking we should use the term
veloerty when motion 1s rectilinear or follows a circular path Speed 1s the
appropriate term when motion 1s 1n an rrregular or curved path If an auto
mobile runs along a winding road at a constant speed of 20 mules per hour
1ts velocerty 1n any given direction 1s constantly changing due to the constant
change of direction of the car

Acceleration Acceleration 1s the rate at which the velocity of a moving
object changes A common example 1s when an automobile prcks up speed
If at one instant an automobule 1s moving at a velocity of 15 miles per hour but
10 seconds later 1ts velocity has increased to 30 mules per hour, 1t has ac
celerated

. __ final velocity — imital veloaity
ton = time

In the previous example

30— 15

acceleration = S——
on 10 sec

= 15 miles per hr per second

which means that for each second the velocity of the car mncreases 1 5 mules
per hour It1scustomary however to express such changes i understandable
and consistent units In the above case

44 ft jsec — 22 ft fsec

acceleration =
10 sec

= 22 ft [sec [sec
The automobile accelerates or 1ts velocity mcreases 22 ft per second each
second

Constant acceleration means that the change 1n velocity 15 umiform When
the velocity of a moving object decreases acceleration 1s negative This slow
ing down 1s sometimes spoken of as deceleration Constant velocity 1s zero
acceleration
N _ change 1n velocity

- ume

Algebrarcally of
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Change in velocity = acceleration X time
v — vp =at

Without constdenng 1its dertvation the following equation expresses dis-

placement after 1 given time with constant icceleration
s = vot - dat2
s = 4at2 prowvided the mitia} velocity 1s zero

Acceleration Due to Grauty Gravity supplies a special case of constant
acceleration It varies about one half of one per cent over the earth’s surface
Its legal value 1s 32 17 ft /sec /sec For convenience in solving problems the
value 1s commonly assumed to be 32 ft [sec /sec or 980 cm [sec fsec Gravity
1s important to the anatomist and hinesiologist and 1s an important feature of
our environment All terrestrial ammals, 1n contrast to aquatic life upon which
the effect of gravity 1s relatively neghgible, have during the course of therr
evolution arranged their skeletal structure and the internal design of their
bones 1n a manner calculated to best support the body agamnst the pull of
gravity One of the major duties of our muscles 1s to maintun our erect pos
ture aganst gravity which constantly tries to pull us to earth In order to
exercise this function efficiently the attachments of our muscles, their relative
dimensions and chenucal composition have tn the course of evolution adapted
themselves to the requirements of their arduous task Because 1t represents a
constant downward force, gravity must always be reckoned with when we
analyze muscular movement

The laws of acceleration 1n general apply to the special case of gravity
In the formulae used the symbol g 1s ordinarily substituted for a

—va
8 1

1

v —vo

gt
s = ipt?

n

Tunematics—Rotatory Motion The same concepts of rectilinear mo-
tion apply to angular or rotatory motion except that displacement 15 measured
in revolutions or the angle turned through The latter 15 usually expressed 1
degrees or n scientific work as radians A radian 1s 57 3° and 1s the angle
subtended by an arc on a circle equal 1n length to the radius of the circle

2r radians = one revolution or 360

ANGULAR VELOCITY 15 commonly expressed as revolutions or

radians per
minute or per second P

w

I

PREY

ngular veloaity
ngle in radians
1me

ANGULAR ACCELERATION like linear accel
angular velocity

m

w =
0 =
t=

o

eration 1s the rate of change of

=2«

t
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RINETICS

Str Isanc Newton was first to arrive at an understanding of kineties and
as a result formulated three laws of motion which express the fundamental
principles of dyntmics

1 A body rematns 1n a state of rest or of uniform motron unless acted
upon by some external force

2 When a body 1s acted upon by a single external force 1ts resulting
acceleration 1n the direction of the force 1s proportional to the force and
versely proportional to the mass of the body

3 To every action force there 15 an equal and oppostte reaction force

In the study of the causes of motion 1t 1s necessary to mtroduce two new
factors mass which 1s related to weight and force Neither mass nor force
are necessary for the study of hinematics It 1s difficult to visualize just what
1s meant by mass and how 1t differs from weight An object has mass wherever
1ts location, as for example, i interstellar space but when 1t 1s acted npon by
gravity we are able to measure the force 1t exerts toward the earth s center
which 1s 1ts weight

‘When we employ any of the equations of dynamics which incorporate the
mass of an object 1f we know its weight we must to be consistent convert
the numericil value of the weight into that of mass The mathematical reln
tionship 1s such that 1f we divide the weight of an object 1n pounds by 32 ft /
sec /sec the ncceleration due to gravity we obtain the correct numerical value
for 1ts mass

4
Mm%

Newton’s First Law of Motion Applications of Newton s Fiest Law are
eastly observable m our everyday ife We are all farmhar with the difficulty
encountered when trying to move anything very heavy and likewise we know
the difficulty experienced when attempting to stop a heavy moving object
Thus law 15 often called the Law of Inertia  and 1s really a statement of this
property Not only are we concerned with the force needed 1n moving a body
or imb but antagonistic muscle groups are often called upon to retard motion
of a mb or body once motion has been imtinted

A familiar experiment used to demonstrate mnertia 1s done by placing a
new playing card on an inverted drinking glass A coin s placed on the card
The card can be jerked out quickly leaving the comn 1n place Because of its
mertia the comn which was at rest remaimed at rest despite the movement of
the card Similarly 1t 1s this tendency of a moving body to maintan its course

which makes 1t difficult for n athlete to change his direction while running
at top speed

Newton s laws of motion are valid under the idealistic conditions imposed
for their derivation  Friction s considered to be non existent whether 1t be
between the moving body and the surface over which it travels or between
the moving body and the air From the statement of the First Law we would
conclude that once an object has been set 1n motion 1t would continue to
move with 2 constant velocity without the application of additional force
This we know not to be the case 1n a concrete sitnation External resistance
resulting from friction and wind resistance must be overcome otherwise the
moving body will come to rest It 15 therefore necessary to apply additional
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force to keep the body 1 motion and 1lso necessary to introduce such factors
as ground and wind resistance mto the calculation of many problems of
kinesiological kinetics, especially when the body moves 1t high speed, as
sprinting ot throwing They are properly regarded as forces operating to
prevent or retard movement of the body or object and therefore must be over
come The constderation of such additional fictors increases the complexity
of problems of hinetics but 1n no way affects the validity of Newton's Laws

In the study of kinesiology we seldom 1f ever have a case where only one
component of force 1s considered In our problems we usually deal with
resultant forces These resultant forces 1re of course subject to analysis by
the parallelogram of forces * technique which may require one or more steps
depending upon the number of primary forces involved Gravity 1s nearly
always a force with which we must reckon This 15 true with even a simple
movements of a limb and becomes of great importance 1n the study of com
plex coordinations such as the throwing of 1 baseball

Momentum Momentum 1s defined as the product of the mass of an
object times 1ts velocity and expresses the force with which a moving body
strikes another as well as the force ongnally required to give it motion

Momentum = mass X velocity

Because all moving bodies have momentum 1t 1s an impostant factor tn
kinesiology and 1 sports participation body contact sports tn particular
A small fast charging hinesman 1 football may compensate for his ight
weight by moving faster than us more bulky opponent

Conservation of Momentum When one moving body stnkes another,
momentum 1s not lost but 15 conserved If a large heavy ball 1s rolled and
strikes a smaller stationary one 1f the collision 1s elastic 1t slows down and
loses momentum but the loss of momentum of the larger ball 1s exactly
balanced by the gain 1n momentum of the smaller one In a head on collision
between two objects of equal weight and velocity (equat momentum) moving
1n opposite directions they will both come to a stop Here momentum is again
conserved because each had the same momentum but in oppostte directions

Newton’s Second Law of Motion From the statement of the Second Law
we can set up the following equation representing the relationship between
force mass and acceleration

Force = mass X acceleration

=ma
I{ werght 1s used we can substitute
w
m=—
g
w
F=
&

We also know that acceleration 1s change 1n
velocity therefore
also substitute the difference 1n velocity for acceleratmny e may

v—vg

Force =

m{v — vp) = mv — mvg
t t
mv — mvp = change in momentum
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Force then becomes the change 1n momentum of a moving object 1n umit
time Newton s original statement of his Second Law was tn terms of the
change in momentum  The rate at which the momentum of a body changes is
equal to the force acting and takes place m the direction of the straight line in
which the force acts

Constderation of the change of momentum of any object for a given time
mterval gives us the Force Impulse equation

Ft = mv — mvy

The relationship expressed 15 useful i the solution of problems where
force 1s applied to an object for a known period of time and produces a
change 1n momentum of the object Typical situations are those where
sprinters or jumpers take off where balls are struck with various sports
implements such as bats racquets, and golf clubs or 1n engineerg where a
hammer of any type 1s used

Example A standard 16 oz golf ball 1s struck with a club and given a
velocity of 150 feet per second If we know that the club head s in contact
with the ball for 005 second, by using the Force Impulse equation we are
able to calculate the required force mn pounds weight

Ft = ﬂv - Evo

g g
yv wv

— Yo
F=£ __¢&_

t

‘The second term in the numerator disappears because the ball starts from
rest and 1ts 1mtial velocity 1s zero
Converting ounces to pounds
o1 X 150

Fot o 93750b weight

It 1s also possible to calculate the distance the club head 1s 1n contact with
the ball

v — v 150 —
__'_o = ——5— = 75 ft per sec average velocity

2 2
75 X 005 = 375 feet

When we know the results of our physical efforts 1n terms of change of
momentum of objects thrown or struck we are able to calculate the mun:
mum force which contraction of our muscles must produce to cause such
changes The experimental determination of the values of trunk Iimb and
mussile accelerations would make 1t possible to explore the kinetics of com
plicated movements such as throwing a ball discus or javelin or swinging a
bat racquet or golf club Here 1s a whole field of kinesiology httle explored
as yet which 1n the future may yreld much information concerning the per
formance of the human body

Newton’s Third Law of Motion The application of the principle of equality
of action and reaction 1s well understood by almost any athlete or workman
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The concept that forces always occur in couples with each vector equal in
magnitude, but opposite 1n direction, explains the firm footing needed and the
drive by the Jegs when a ball 1s thrown, a blow 1s struck or for walking or
running  An excellent example of the Third Law 1s the “kick  or recall
experienced by the soldicr or hunter when firng a gun The force exerted on
the gun 15 equal but oppostte 1n direction, to the force cxerted on the projec
tle The far greater weight of the firearm necessanly causes it to have a
relatively small acceleration as compared to that of the projectile which weighs
very little

In all actions where the human body 15 propelled forward or employed
to hurl or strike objects an appreciation of the Third Law and all of 1ts
mplications 1s of great importance 1n efficient and effective performance

KRINETICS OF ROTATORY MOTION

When we conswder the kinetics of rotatory motion, as with rectilinear mo
tion we find 1t necessary 1o ntroduce two new factors In place of mass we
apply the concept of moment of mnertia and we speak of the torque exerted
nstead of force

Moment of Ineria The moment of mertia J of an object with respect to
the axis about which 1t rotates 1s equal to the mass of the object times the
square of 1ts distance from the center of rotation This relationship holds for
small objects which are distant from the center of rotation, as for example,
when we tie a string to a rock and swing 1t round and round In kinesiological
problems involving rotatory motion we are usually confronted with a different
situation Portions of the body such as a himb rotating around a joint have
unusual and non umform distibutions of their mass The moment of 1nertia
of such srregularly shaped bodies 15 calculated by getting the sum of the
moments of inertia of all the vanous subdivisions Physics textbooks usually
fist the formulae used 1n calculating the moment of inertia of objects of various
shapes We may find 1t necessary to constder the moment of nertia of the
trunk of the body A justifiable and simple approximation 1s to consider the
trunk to be a solid cylinder the moment of mertia of which, when 1t revolves
about a central axis, 15 mr2 'When we consider a tapering Iimb such as the
thigh 1t becomes necessary to consider 1t as the frustram of a cone If it 1s
rotating about 1ts central axis, the moment of inertia,

3RS =1y

T @

If we are considering a imb with a nearly urmform cross section and the axis
of rotation at one end like an arm being swung from the shoulder with the
clbow extended the moment of mertia

J =3mi2
where 135 the length of the arm Each problem 1n brokietics 1involving rota
tory mation requires that certain arbitrary assumptions be made in order to
evaluate the moment of 1nertia The accuracy of the final solution mn a great
measure depends upon the validity of the assumptions
Torque When a force tends to cause an object to rotate 1t exerts torque
Torque 15 equal to the product of the force times the perpendicular distance
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o DISTANGE FORCE
(CENTER oF
ROTATION

Fig 48 —Torque

from pont of application of the force to the 1vs of rotation Torque 1s also
called Force Moment

Torque = Force X radius
T = Fr

=

Angular Momentum Angular momentum 1s similar to rectilinear mo
mentum being the product of the moment of inertia times the angular
velocity

Angular momentum = Ju

Conservation of Angular Momentum Momentum 1s conserved 1n rota
tory motion as 1t 1s 1n rechilinear motion Many sports utihize this principle
to produce certain effects The figure shater n order to pirouette or whurl
at a high angular velocity will bring her angular velocity to a maximum with
her arms outstretched Once the velocity reaches its peak the arms are brought
1n as close to the axis of rotation as possible Because the angular momentum
does not immediately dimmmish the angular velocity will necessanly increase
because of the decreased radius since the mass remarns the same

When the skater wishes to slow down preparatory to stopping the pirouette
the arms are agan outstretched and possibly a leg abducted In accordance
with the principle of conservation of momentum the angular velocity will be
reduced

If we have a weight attached to a string and swing 1t m a arcle keeping
the momentum constant 1f we shorten the string by 50 per cent we double
the tangental velocity of the weight Because the radius of the circle 1s 50
per cent smaller the angular velocity mncreases to four times its ongmal
value This relationship explains the apparent sudden mncrease and decrease
of speed of rotation by the skater in the pirouette

Rotational Force-Impulse Equation This 1s analagous to the Force Impulse
equation of rectilinear motion and can be applied to the solution of problems
of the same type but which imvolve rotatory motion

Ft = Jo — Juwg



MLCCHANICAL PRINCIPLES 121

\4

*] R —

CENTRIPETAL| CENTRIFUGAL
FORCE FORCE

Fic 49 —Centripetal force neutralized by an equal and opposite centnifugal force

Centripetal and Centrifugal Force When we swing a weight on a string
m a crcle or hold a discus 1 our hand and whirl around preparatory to
throwmg we find 1t necessary to pull inward on the string or discus to pre
vent the weight from flying outward The faster the speed of rotation the
greater the force required to hold 1t This mward force 1s called the centrip-
etal force In accordance with Newton s Third Law there 1s an equal and
opposite outward force exerted by the missile which 1s known as the centnf-
ugal force

1f we release the weight or discus 1t flies off tangentially as indicated by the
arrow v Centnipetal force acts to pull the weight toward the center At any
instant when 1t fails to act the weight will fly off 1n a straight line tangential
to its circular path This can be predicted from Newton s First Law We are
all familiar with the fact that mud 1s thrown tangentially from an automobile
tire when the centnifugal force caused by increased angular velocity (speed)
overcomes the adhesive properties of the mud

Centripetal force 1s an important fact in all violent movements of our
lmbs If we swing an arm violently like the weight on the strang or discus
it tends to detach 1tself from the shoulder and fly away tangentially This 1s
prevented by the holding action of the ligaments and by the centripetal force
exerted by the muscles spanning the joint

Both centrifugal and centripetal forces are expressed by the formula
A

gr
where
W = weight of the object
V = velocity n feet per second

g = force of gravity (32 ft fsec )
T = radws of the circle

WORAK
When we consider muscular movement 1n man we are usually interested
n whether or not work can be accomplished This holds true for sports as
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well as for industrial occupations Work 1s defined as the product of the
force times the distance through which 1t acts

W=FXS

If we lift a 10 pound weight a distance of 5 feet we have accomplished
10 X 5 = 50 foot pounds of work If the weight 1s 100 pounds and the dis
tance the same, the work 1s ten times greater The work 1s done against the
force of gravity If we endeavor to Iift 2 weight of 1000 1bs and find 1t quite
beyond our ability 1n spite of the fact that we may make a strong effort, 1n
the end the weight remains 1n place and we have done no work

If we shde a 10 pound weight along a honizontal surface with a force of
2 pounds, if we move the weight a distance of 5 feet the work done1s 2 X 5
or 10 foot pounds In this case work 1s done agamnst friction which acts as
an opposing force

POWER

Power 1s often confused with work Power 1s the rate at which work 1s
done The shorter the time that it takes to accomplish a given amount of
work the greater the power required

work
time

Power =

The most commonly used umt of power 1s that of horsepower which 1s
550 foot pounds per second

1f 2 weight hifter requires 2 seconds to lift a 100 pound weight to the height
of 6 feet he has done 100 X 6 or 600 foot pounds of work, but has required
2 seconds Since power 1s the rate of doing work 1n one second he has done
on the average

% = 300 foot pounds of work each second or at the rate of

% or 0 545 HP

CURVILINEAR MOTION

Because curvilinear motion 1s a combrnation of rectihnear and rotatory
motion and the possibilsties are infinite 1t 1s beyond the scope of this text to
adequately treat this complex subject Aside from the movements of the body
perhaps the most common case of curvilinear motion encountered by those
who study muscular movement center around the path of missiles such as
the baseball shot javelin and discus Were 1t not for air resistance paths of
these objects would be that of a parabola from the point of release to its return
to the same horizontal level This much of the mussile s fight can be calculated
by the formula
Vsin §

14

but an additional and more complicated formula must be used to compute the
R from the time of 1ts return to the horizontal plane until 1t strikes the ground
(Fig 50) Inheavy slow moving objects hke the 16 pound shot air resistance

R =



MFCHANICAL PRINCIPLES 123

TRUE PARABOLA
=

~
AGTUAL PATHII
N

FIG 50 —Actual path of a mussile compared to a true parabola

15 negligible and can be disregarded When the missile moves with a relattvely
huigh velocaity like a nifle bullet or even a baseball, the matter of air resistance
assumes ncreasing importance with inereasing veloaity Air resistance varies
with the square of the velocity If the speed 1s doubled the resistance becomes
four times greater This reduces the velocity and distance traveled, and, as a
result, the paths described by mussiles of high velocity are not true parabolas

Disregarding air resistance when an object 1s thrown, the maximum range
1s expressed by the formula

v2
Range = E Sine 29
Because Sine 2 g reaches 1ts maximum of one when § = 45°, extreme range

l(sFreached when the angle of departure of the mussile 1s at an angle of 45°
1g 51)

RELATIVE RANGE AND HEIGHT REACHED AT
DIFFERENT ANGLES OF ELEVATION
Fic 51
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well as for industrial occupations Work 15 defined as the product of the
force times the distance through which 1t acts

W=FXS

If we lift a 10 pound weight 2 distance of 5 feet we have accomplished
10 X 5 = 50 foot pounds of work If the weight 1s 100 pounds and the dis
tance the same, the work 1s ten times greater The work 1s done agamst the
force of gravity If we endeavor to lift 2 weight of 1000 1bs and find 1t quite
beyond our ability, 1n spite of the fact that we may make a strong effort, 1n
the end the weight remains 1n place and we have done no work

If we slide a 10 pound weight along a horizonta! surface with a force of
2 pounds 1f we move the weight a distance of 5 feet the work done1s2 X 5
or 10 foot pounds In this case work 1s done aganst friction which acts as
i opposing force

POWER

Power 1s often confused with work Power 1s the rate at which work 1s
done The shorter the time that 1t takes to accomplish a given amount of
work the greater the power required

work
time

Power =

The most commonly used umt of power 1s that of hersepower which 1s
550 foot pounds per second
If a weight lifter requires 2 seconds to hift a 100 pound weight to the height
of 6 feet, he has done 100 X 6 or 600 foot pounds of work, but has required
2 seconds Since power 1s the rate of doing work 1n one second he has done
on the average
600
2= 300 foot pounds of work each second or at the rate of
300

550 °F 0545 HP

CURVILINEAR MOTION

Because curvilinear motion 1s a2 combination of rectilinear and rotatory
motion and the possibilities are infinite 1t 15 beyond the scope of this text to
adequately treat this complex subject Aside from the movements of the body
perhaps the most common case of curvilinear motion encountered by those
who study muscular movement center around the path of mussiles such as
the baseball shot javelin and discus Were 1t not for air resistance paths of
these objects would be that of a parabola from the point of refease to 1ts return
to the same horizontal level This much of the missile s flight can be calculated
by the formula
_ Vg
T
but an additronal and more complicated formula must be used to compute the
R from the time of 1ts return to the horizontal plane until it strikes the ground
(Fig 50) Inheavy slow moving objects like the 16 pound shot air resistance

R



Chapter 7

Simple Machines

THE force of muscular contraction must be effectively harnessed 1f we are to
utilize 1t to perform useful work The body 15 able to do this by utilizing
mechanical principles to operate certain simple machines inherent i ats
design The machine most often used 1s the lever

LEVER ACTION

A lever 1s a rigid bar revolving about a fixed point called the axis or fulcrum
The usual function of a lever 1s to gain mechanical advantage whereby a small
force exerted through a great distance can be converted nto a greater force
operating through a lesser distance Mechamcal advantage 1n the case of a
lever 1s the ratio of the length of the force arm to that of the resistance arm
In most machines this application 1s the rule however, 1n the human body
this relationship except 1n a few cases, 1s reversed and we find distance and
speed of movement gained with an associated loss of mechanical advantage
The principle of the lever 1s a simple mechanical feature found 1n nearly all
machines The human body as a machine 1s not an exception, consequently
most of the movements accomplished by the body employ this principle At
times the nature of the application of leverage 1s not immediately apparent
and numerous controversies have arisen mn kinesiological circles Confusion
arises from attempts to classify the lever action of the movement of certain
jomts A precise interpretation of the defimtion of lever action can be de
pended upon to clanify such questions

In making bodily movements aside from lending support 1t 1s the principal
function of the bones to serve as levers with the muscles supplying the force
which moves them The joints of course serve as fulera It 15 only by such
action that the body 15 able to assume the erect position walk, run yum
S“:T‘IO\' to mo;e n any “fili asb well as to manipulate other object; dump

ever such as one of the bones of
usefulness for a given purpose, he am may have various degrees of

depending upon the location
of three point:
upon 1t the point where the force 1s applied to 1t the point where the I;esms

ance we wish to overcome 15 apphed and the fulcrum or axis about which 1t
125
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Maximum height 1s found by the following relationship

_ (v Smine )~
Height = ~——2g

When Sine ¢ reaches a maximum of on¢ or ¢ = 90° the maximum height
will be reached
The time the mussile 1s 1n the air 1s expressed as follows

T= 2v Sme s

PROBLEMS

1 A cross-country runner travels due north for one half hour moving at the
rate of 10 mules per hour he then turns and runs northeast at the same rate for 45
munutes Using the graphical method find his final distance and direction from the
place he started

2 How long will 1t take a runner to go 2 miles if he averages 18 feet per second?

3 Ifarunnercovers one mule m4 mmutes 8seconds what 1s hus average velocity
1n feet per second?

4 A sprinter runming 100 yards reaches huis maximum velocity of 30 feet per sec
ond at the 10 yard mark He maintains this velocity to the fimish If 1t takes him 10 5
seconds to run the total distance what 1s his average velocity for the first 10 yards?

5 A weight tied to a string 1s swangmng round and round at the rate of seven
revolutions 1n two seconds What 1s 1ts angular velocity in revolutions per mmnute”
In radians per second?

6 What s the momentum of a 150 pound sprinter moving at the rate of 30 fect
per second?

7 How much work 1s required to lift a 150 pound weight through a distance of
3 feet? How much work 1s done 1f the weight 1s lowered through the same distance?

8 How much horsepower 15 required if we lift one ton through a distance of
20 feet 1n 5 seconds?

9 What horsepower must a 180 pound man develop to carry a 100 pound sack
of grain to a height of 50 feet m two mnutes?

10 A pmjecnle 18 ﬁ:ed from a gun at a velocity of 2200 feet per second Dis
c: the range if the angle of departure 1s 30 45 and
60 What hmght would the projectile reach if the gun was pointed vertically?
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1o the s and the force much farther anwy since the lever 1s used to gamn
force at the cxpense of distance of movement In the body, s sflustrated by
the two muscles m Figure 53, the foree 1s usually apphicd with 1 short muscle
arm to overcorac @ tesistinge much further any  the peaniform asrangement
of muscle fibers gnes o farge 1mount of force and the leverage 15 such 1s to
gne great distnce of movement 1nd speed This plan of construction not
only gives the body all the power, speed, and extent of movement that s
needed but also comprctness of structure the muscles lymg much closer to
the bones than would be possible with longer force wms

Fiest Class Lever Levers of the first class have the fulerum located betecen
the point where the force 15 npphed and the pomt where the resistance 18
encountered As a consequence the force and the resistance act wn the same

Fi6 53 —~Ittustration of first class and third class levers by tmuscles acting on the
elbow jont The bone AR ss the lever with the axis at 4 the weght or resistance at
the h;ind which 1s beyond R M M are the muscles and L 1s the msertion of the
muscle 11/

direction and the two arms of the lever mave m opposite directions This
type of lever s illustrated by & crow bar a pair of seissors a sumple teeter or
in the case of the human arm by the action of the triceps when st extends the
arm Note the action of Muscle 7 1 Figure 53 In thus case the elbow Joint {4}
acts as the fulcrum This 1s 8 typical case where power 15 sacnificed 1n ord
ﬁo‘?_btam greater range and speed of movement Teer
when seated at o table the night hand 15 place;

tabfe top with the ethow at the side and ﬂetedpat a: 2:’;&?;3:““1 on the
ten pounds ss apphed to the table top what ss the fo
triceps” Assume the force to be applied by the pal
crum which 1s the elbow jomnt The triceps 15 att
opposite side of the fulerum and one mch from 1t

a force of
rce of contraction of the
m 12 inches from the ful

ached 1o the ulna on the
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turns Accordingly, Jevers are divided mnto three classes depending upon the
relative posttions of these three potnts as tllustrated in Figure 52

Law of Levers The distance from the fulecrum to the point where force
15 apphied 1s called the force arm or power arm of the lever The distance
from the fulcrum to the point where resistance s applied 1s called the resst
ance arm or weight arm In Figure 53 AL 1s the power arm and AR 1s the
resistance arm for muscle JII The law of levers which applies to all three
classes alike, states that the force will exactly balance the resistance when the
product of the force times the length of the force arm 1s equal to the product
of the resistance times the length of the resistance arm

Force X Force Arm = Resistance X Resistance Arm

1

wa 1 P2 l
I
1
1
A pa 3 j
il wa }
3
4 Pt
I wa 3

FiG 52 —The three classes of levers The long straight lines are the levers A 15

the axis the squares the weight or r and the arrows the power or
pull of muscle pa power arm wa werght arm

Because we are m reality considering a case of rotatory motion when we
consider a force applied on a lever at a distance from the center of rotatron
(fulcrum) we can say that balance 1s achieved when the torques exerted on
each arm of the lever are equal This statement of the law of the lever neglects
the weight of the two arms of the lever itself which 1n a concrete sttuation 1s
always a sigmficant factor and must be considered

When a lever turns about 1ts axis 1t 15 evident that all points upon 1t move
w arcs of a circle and that the distances these points move is proportional to
therr distances from the axis In the case of muscle JIJ for example 1f the
weight 1s six times as far from the axis as the muscle 1t will move six times as
far, so that when the muscle contracts through one inch the weight wifl be
Iifted through 6 inches The relation of this fact to the law of levers given
above 1s stated mn the lan of conservation of energy which says that in the use
of levers all that 15 lost in force 15 gained 1n distance and vice versa Since the
time 1t takes a muscle to shorten 1s not affected by the length of the lever
arms, 1t follows that any gamn n distance 1s a gain tn speed as well

In the common form of levers seen 1n famibar tools and machines such
as pumps sctssors fnut crackers and the like the resistance 1s applied close
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Effcct of Angle of Pull Besides the effect of relative length of lever arms,
the action of muscles 1s varied by the direction 1n which they pull upon the
Iever In solving clementary problems of leverage 1t 1s usual to assume, as we
have done 1n the examples above, that the foree 1s apphied at right angles to
the lever, but 1n the action of muscles on the levers of the body this 1s the
exception rather than the rule Figure 53 shows two muscles pulling at nearly
a night angle, but 1t 15 plain that 1f the joint were 1n any other position they
would not do so and 1n the posthions of extreme flexton and extension of this
joint they will pull at a much smaller angle Many muscles never pull an
angle greater than 20 degrees

Figure 54 shows how the angle of pull chtnges as a muscle shortens When
the bony lever 1s 1 the position BC the angle of pull, DEB, 1s 12 degrees, 1n

B E c

Fic 54 —Diagram to show how angle of pull changes as the bony lever 1s moved
by the muscle AB1s a stationary bone with axis at B DE 1s the muscle and BC the
moving bone comung to positions BC; BC; etc, as the muscle shortens, the
muscle coming to positions DE; DE; etc, DEB 1s the angle of pull

\\?;posmo{)\ BCy, 1t lts 20 deg;‘ees at BC, 25 degrees, etc The angle of pull
1l never be as great as a right an;
wll never be msgmon 2 gl gle unless the ongin D 1s farther from the
The smaller the angle of pull the farther and faster will a certain amount
of contraction move the bone as may be seen by Figure 54 The muscle DE
1s represented n this diagram as contracting four times each time by the
same amount (one eighth of 1ts full length) Starting from the position BE
\;}’\Eere the angle of pull1s only 12 degrees, the first shortening turns the bone
y through an angular distance of 32 degrees, but as the angle of pull increases
the same amount of shorterung only turns 1t 25, 21 and 19 degrees Pulling
atan angle of 10 to 12 degrees the pomt E moves more than three times as far

as the muscle shortens, when the
pull s at a nght
the resulting moverrent are practically the samg angle the contraction and

9
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From the Law of Levers

Force X Force arm = Resistance X Resistance arm
XX1 0X 12

120 lbs

Second Class Lever Levers of the second class always have the resistance
applied between the fulerum and the force, the resistance and the force acting
1n opposite directions The point where the force 1s applied necessarily moves
through a greater distance than the point of resistance Here the force neces
sary to overcome the resistance 1s always less than that of the resistance
Speed 15 sacrificed 1n order to obtain great power This class of lever 1s tllus
trated by the wheelbarrow or a nut cracker Kinestologists have variously
presented the act of rising on tiptoe as an example of the functioming of first 1
second,? and third3 class levers In static equilibrium, however any point may
be chosen as the fulerum, and the sum of clockwise and counterclockwise
torques about this point will be equal Therefore the designation of the class
of Jever becomes arbitrary and the type of lever advocated 15 rmmatenal
provided that all torques 1nvolved are considered 4

Third Class Lever Levers of the thrrd class have the force applied between
the fulerum and the resistance, force and resistance operate 1 opposite
directions and the force must always be greater than the resistance A common
example of a third class lever 15 the action of a spring closing a door The
action of the biceps flexing the arm against resistance 1s a typical example
(See Figure 53, Muscle Z/T) Illustration shows how power 1s again sacrificed
to gain greater distance and speed at R

A typical example would be holding 1 16 1b shot 1n the hand with the elbow
flexed so the biceps pull at an angle of 90  For further simphfication we will
also neglect the weight of the forearm The fulcrum 1s at the elbow joint If
we assume the distance from the fulcrum to the insertion of the biceps to be
2 inches, and the distance of the center of the shot from the fulcrum to be 14
inches we can apply the Law of Levers and solve for the force exerted by the
biceps

]

16 X 14 = X X2
224 1bs = 2X
H21bs = X

If we wish to include the weight of the forearm n our calculations we must
know 1ts weight and center of gravity If we assume the weight of the forearm
and hand to be four pounds and the center of gravity to be 6 inches from the
fulerum we ¢n caleul ste the torque about the elbow from this source alone

6 X 4 = 24 1b force

Add this to the torque of 224 exerted by the shot and we find the total torque
exerted by the weight of the arm and the shot to be 248 This torque must be
balanced exactly by the torque on the opposite direction resulting from the
force exerted by contraction of the biceps

Torque
Lever arm

Force = %; = 124 Ibs force exerted by the biceps

Force =
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let us assume that the muscle DE, which 1s pulling on the lever at an ngle of
approximately 27 degrees, 1s contracting with = force of 100 pounds In the
table of smes we find the sine of 27 degrees to be 0 45399, plcing these values
1n the formuln 1t becomes /= 100 X 0 45399, which gives 45 399 pounds as
the effective force To find the force acting lengthwise of the lever we find
the angle HFE (90 — 27 = 63) and proceed s before

/= 100 X 089101, or 89 101 pounds

In this case therefore, the diagonal represents 100 pounds and the two stdes
453 and 89 1 pounds
Sterndlers properly calls the useful component of force the rotatory com-
ponent  because 1t produces rotation of the lever about its axis He designates
the component of force along the length of the lever arm as the stabilizing
component because 1n many cases it serves to stabilize the system by pulling
the end of the bone more firmly 1nto the jomnt In cases where a hinge joint 1s
flexed at an angle of less than 90°, the non rotatory or stabilizing component
of force no longer tends to pull the end of the bony lever nto the joint but, on
the contrary, tends to pull 1t out of the joint thereby decreasing its stability
In such a case 1t may still be termed a stabilizing component, but 1t will be
negative 1n value Stabilization s of particular importance 1n the case of the
shoulder where the head of the humerus 1s held loosely 1n place Inthe absence
of a relatively large stabilizing component of force certain strenuous efforts
mght cause the jomnt to dislocate In the upper range of movement where this
1s a definite possibility, the supraspinatus aids greatly by providing = relatively
large force for this purpose Insome other cases suchasthehip thestabhizing
component need not be large because the socket 15 deep and the head of the
femur 15 held firmly 1n place by strong taut hgaments In many positions the
weight of the body also tends to hold the head of the femur 1n the socket
B the stabilizing p of force cannot be employed to do useful
work 1n so far as the efficiency of the machine 1s concerned, 1t 1s so much
energy wasted In any movement where conditions are such that the stabilizing
force 1s relatively large compared to the rotatory force, the efficiency of the
movement 1s necessarly low
Effect of Angle of Resistance While we are considering angle of pull 1t
1s well to notice that the resistance as well as the muscle may act at various
angles
When the resistance 1s a weight 1t will always act vertically downward In
Figure 56 the weight 1s shown pulling down on the bony lever at an angle
of 45 degrees, when the lever 1s 1n a horizontal position this pull 1s at 90
degrees, but 1 other positions 1t acts at smaller and smaller angles so that
its force like that of the muscle 1s resolved 1nto an effective component acting
at nght angles to the lever and anineflective component actuing lengthwise to 1t
To iltustrate fully how the muscular requirement 1s nfluenced by these
elements of leverage and how to attack such problems let us inquire with
what force a muscle acting on the elbow joint must pull to hft 10 pounds
mn th% hand 2whex111 the (l‘:)rearm }:s 45 degrees above the horizantal the muscle
arm being mches the weight arm e
muscle 75 degrees ¢ 12 snches and the angle of pull of the

The conditions of this problem are illustrated by Figure 56 Evidently the
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The gun 1n speed ind distance that a muscle secures when 1t pulls at a
small wngle 15 balanced by a loss of power that 1s 1llustrated 1n the * parallelo
gram of forces diagrim of Figure 55 As in the preceding figure AB1s a
stationary bone and BC a moving bone with the 1xis at B, DE 1s the muscle
pulling at the angle DEB The muscle pulls on 1ts insertion 1t E tn the direction
of D, but the ngid bone BE will not permut E to move that way, but rather
resolves the pull of the muscle into two forces—one of which acts in the
direction EG to move the bone on 1ts 1xts and the other in the direction EB
to move the bone lengthwise and only serves to increase the friction mn the
Joint at B Now 1t 1s found experimentally that if we choose any point on DE
as F, and construct the rectangle HEGF, with the two lines perpendicular to
BC and the third Iine parallel to 1t the length of the side EG will represent
accurately the useful part of the muscle s force and HE the meffective part

q

B H £
Fic 55 —The parallelograms of forces 4B stationaty bone BC moving bone
B axis DE muscle BC another position of BC DE taking the position DE

DEB and DE B angles of pull HEGF and H E G F , the parallelograms of forces
See text

while the diagonal FE represents the entire force of pull It 1s clearly seen by a
look at the diagram that as the angle of pull DEB changes the length of the
sides of the rectangle will change with the larger angle of pull that exists
when the point E1s moved to E 1t takes the form H E G F, with the relative
Iength of sides reversed

The relation of the side EG to the diagonal EF 1s constant for each size
of the angle DEB and the ratios for the different sizes of the angle have been
computed and can be found 1n the table on page 134 This ratio 1s called the
sine of the angle and the useful component for any ngle can be found by
multiplying the entire force of the muscle by the sire of the angle at which 1t
pulls The mathematical formula 1s /' = F X 5, 1n which f 15 the effective
force F1s the entire force and s1s the sine of the angle of pull

To 1llustrate how this formula 1s applied to problems of muscular action
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let us assume that the muscle DL, which 1s pulling on the lever at an angle of
approumately 27 degrees 15 contracting with 1 force of 100 pounds In the
table of sines we find the sine of 27 degrees to be 0 45399, placing these values
1n the formula 1t becomes f = 100 X 045399, which gives 45 399 pounds as
the effectnne force To find the force 1ctng lengthwise of the lever we find
the angle HFE (90 — 27 = 63) nd proceed 1s before

£ = 100 X 08910, or 89 101 pounds

In this case, therefore the dingonal represents 100 pounds and the two sides
453 and 89 1 pounds
StemdlerS properly calls the useful component of force the “rotatory com
ponent’ because 1t produces rotation of the lever about its axis He designates
the component of force 1long the length of the lever arm 1s the  stabilizing
component because 1n many cases 1t serves to stabilize the system by pulling
the end of the bone more firmly 1nto the joint In cnses where a hinge joint 1s
flexed at an angle of less than 90, the non rotatory or stibilizing component
of force no longer tends to pull the end of the bony lever into the joint but, on
the contrary tends to pull 1t out of the joint, thereby decreasing 1ts stability
In such a case 1t may still be termed 7 stabilizing component, but 1t will be
negative 1n value Stabihization 1s of particular importance 1n the case of the
shoulder where the head of the humerus 1s held loosely 1n place In the absence
of a relatively large stabilizing component of force certain strenuous efforts
mught cause the joint to dislocte In the upper range of movement where this
1s a definite possibility, the supraspinatus uds greatly by providing 1 relatively
large force for this purpose In some other cnses, such as the hip the stabilizing
component need not be large because the socket 1s deep 1nd the head of the
femur 1s held firmly 1n place by strong taut ligaments In many positions the
weight of the body also tends to hold the head of the femur n the socket
Because the stabilizing component of force cannot be employed to do useful
work 1n so far as the efficiency of the machine 1s concerned, 1t 1s so much
energy wasted Inany movement where conditions are such that the stabilizing
force 1s relatively large compared to the rotatory force the efficiency of the
movement 1s necessarily low
Effect of Angle of Resistance While we are considering angle of pull 1t
;Sn\gvleelsl to notice that the resistance as well as the muscle may act at various
F|gwu?:l; éhﬁl resistance 1s a weight 1t will always act vertically downward In
o8 e weight 1s shown pulling down on the bony lever at an angle
degrecs %utejr,x wthhm the lever 1s 1n a horizontal position this pull 15 at 90
tts force ke th :t O;l;hposmons 1t acts at smaller and smaller angles so that
atnght angles (o he e muscle 1s resolved into an effective component acting
To tllustrate 1 1{3 ever and an meffective component acting lengthwise to 1t
clements of 1&ver‘; }; ho:lv }:he muscular requirement 1s mfluenced by these
what force a muscgle thm ow to altagk such problems Jet us mquire with
n the hand whe the & g on the elbow joint must pull to Lft 10 pounds
orearm 1s 45 degrees above the horizontal the muscle

arm bemy, 2 m
muscle 75 degr;::ses the weight arm 12 inches and the angle of pull of the

T
he conditions of this problem are 1illustrated by Figure 56 Evidently the
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weight will a¢ upon the lever so as to resist the iction of the muscle with a
force equal to 10 pounds multiplied by the sine of 45 degrees or 7 07 pounds
This multiphed by 1ts lever arm (7 07 X 12) gives 84 84 inch pounds to be
overcome by the action of the muscle From the faw of levers we have f X 2 =
84 84, or f = 4242 pounds This 1s the effective force that must be produced
by the action of the muscle at an angle of 75 degrees (sine = 096593) We
wish to find F son the formula f = F X s we substitute the known quantities
giving the formula, 4242 = F X 096593 or F = 4242 — 096593 from
which F or the whole force of contraction 1s 43 9 pounds

Effect of Lever Structure In applying the general principles of leverage
to bones 1t 15 necessary to bear in mund that the two arms of a lever are two
straight lines drawn from the two other potnts to the axis, 1n some cases these
two may form one and the syme strught line, but usually not In case of the
humerus for example, the point of contact with the scipula that serves as the
axis of the shoulder joint 1s 1n inch or more to one side of the shaft of the
bone, as a result the two lever arms meet at 7 rather large angle, as shown in

IDJ

FiG 56 —Conditions of action of a muscle acting on the elbow joint to lift a weight
mn the hand S shoulder E elbow M, muscle H hand L Jever

Figure 57 In most cases we have one princtpal resistance and therefore one
resistance arm with several muscles acting each with its own muscle arm,
making a complex lever with several forces acting on 1t at once The angle of
the axis has no effect on the law of levernge for as long as the lever 15 a ngid
bar 1t acts 1n the same way whether 1t 1s straight or not To solve cases of
combined muscle action we may work each one out separately as if 1t acted
on the resistance by itself and then add the results or we may multiply each
force by 1ts arm and add the products before applying the law of levers To
ilustrate  suppose that two muscles pull on the humerus at Sp and D (Fig

57) with a force of 100 pounds each, the muscle arm at Sp bemng 1 inch
and the angle of pull 60 degrees, the muscle arm at D 5 inches and the angle
15 degrees how much resistance will they overcome at a distance of 12 inches
down the arm? The product for Sp will be I X 100 X 086603 or 86 603 the
product for D will be 5 X 100 X 025882 or 12941 the sum of the two 1s
216013 by the law of levers r = 216 013 — 12 or 18 001 pounds Thiss the
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effective resistance, 1f the resistance acts at an angle less than 90 degrecs, the
total resistance overcome will be the number just given divided by the sine
of the angle 2t whichit acts

Very often the resistance to muscular action 15 the weight of 1 part of the
body and when thus 1s the case we must not only know the werght of the
part but also its distance from the s In all eases of this hind the weight 1s

F16 57 —The humerus to show the lever arms upon1t A4 axis Sp lever arm of

Se of sub: 15 P f
C hof coracobrachialis 'm of pectoralis major D of deltoid

assumed to be at the center of gravt
y of the part ind the weight arm of t
:_i\llle; r;:lz::sured ﬁl'omhthat pont These ponts have been worg]‘:ed out cax}:
example the center of gravity of the whole arm 1s sligh
tl
the elbow for the lower limb just above the knee ete Fischer detim:n?;l:)l:‘e’
center of gravity for the various body segments 6



134 SIMPLE MACHINES

TABLE 6 — Table of Sines

Degrees | Swes | Degrees | Smes | Degrees | Swes | Degrees Smes

Qor 180 | 00000 | 23 or 157 | 39073 [ 46 or 134 | 71934} 69 or 111 93858
Tor!179 | 01745| 24 or 156 | 40674 47 or 133 | 73135[ 70 or 110 93969
20r 178 | 03490 | 25 or 155 | 42262 48 or 132 | 74314| 71 or 109 | 94552
3or177 | 05234 26 or 154 | 43837| 49 or 131 | 75471 72 0r 108 | 95106
40r 176 | 06976 27 or 153 | 45399 | 50 or 130 | 76604 | 73 or 107 { 95630
S5o0r175 | 087161 28 or 152 ( 46947 Sl or 129 { 77715| 74 or 106 | 96126
Gor174 | 10453 | 29 or 151 | 48481 52 or 128 | 78801 750r 105 | 96593
7or173 | 12187| 30 or 150 | 50000 | 53 or 127 | 79864| 76 or 104 | 97030
8or 172 | 13917 | 31 or 149 | 51504 54 or 126 | 80902 | 77 or 103 97437
9or171 | 15643 | 32 or 148 | 52992 | 55 0r 125 | 81915 78 or 102 97815
10 or 170 | 17365 33 or 147 | 54464 | 56 or 124 | 82904 | 79 or 101 | 98163
11 0r 169 | 19081 | 34 or 146 | 55919 | 57 or 123 | 83867) 80 or 100 | 98481
12 0r 168 | 20791 | 35 or 145 | 57358 | 58 or 122 | 84805 81 or 99 | 98769
13 0r 167 | 22495| 36 or 144 | 58779 59 or 121 | 85717 | 82 or 98| 99027
14 0r 166 | 24192] 37 or 143 | 60182| 60 or 120 | 86603 | 83 or 97 | 99255
15t0 165 | 25882 38 or 142 | 61566 | 61 or 119 | 87462 84 or 96 [ 99452
16 0r 164 | 275641 39 or 141 | 62932 62 0r 118 | 88295| 850r 95 99619
17 0r 163 | 29237 40 or 140 | 64279 63 or 117 | 89101 | 86 or 94 99756
18 or 162 | 30902| 41 0r 139 | 65606} 64 or 116 | 89879 | 87 or 93 | 99863
19 or 161 | 32557| 42 0r 138 | 66913 | 65 or 115 | 90631 | 88 or 92| 99939
20 0r 160 | 34202 | 43 or 137 | 68200 66 or 114 | 91355] 89 or 9l 99985
21 or 159 | 35837 44 or 136 | 69466 | 67 or 113 | 92050 90 1 00000
22o0r 158 | 37461 | 450r 135 | 70711 | 68 or 112 | 92718

THE WHEEL AND AALE

However important may be the action of muscles on bones with the latter
acting as levers, this alone does not give a satisfactory explanation of the
mechames of many of the situations which anse when human motion s
studied The body also utilizes the princtple of the wheel and axle Ths prin
ciple 1s 1n reality a special case or modification of the principle of the lever
Its most important application within the body 1s that of either effecting or
preventing rotation of a limb

Consider Figure 58 where the circle represents a cross section of the femur
Muscle A 1s attached on the circumference Contraction of muscle A tends
to rotate the bone or shaft around its center O 1n a clockwise direction
Similarly contraction of muscle N would rotate 1t 1n a counter clockwise
direction In the case of muscle M the moment or torque exerted 1s equal to
the product of the radius of the cross section times that component of the
forue exerted by M which s tangential to the circumference and perpendicular
to the long axis of the bone

Clockwise rotation of the limb may be effected by the contraction of muscle

M accomparued by inhibition of muscle N and vice versa Ordinanily both
muscles M and N are 1n a state of moderate contraction or tonus with the
torque exerted by one of the muscles balanced exactly by the torque exerted
by the other In this way the shaft of the femur for example 1s stabtlized and
deviations from the desired alignment are prevented In a real situation not
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two but many muscles engage 1n synergic 1ction Also muscles A and N are
usually not aligned perpendicularly to the long 1xs of the bone but more often
their pull 1s oblique thereby providing 1 longitudinal component of force as
well as a tangential one

Frequently 1 muscle 1s attached to 1 tuberosity or process This increases
the torque by a local increase in the radius of the cross section of the bone
Because bones are not strught and joints are not precisely aligned, the
geometrical axis of the bone 1s not necessanly the aws of rotation When the
axis of rotation of the bone 1s farther away than the geometrical axis from the
msertion of the muscle, the torque 1s increased

PULLEY ACTION

The lever and the wheel and 1xle provide the body with means for obtaining
mechanical advantage or speed and range of movement, whichever 1s required
There 1s a third mechamical principle employed by the body which, although

N —
Fic 58 —The wheel and axle

1t does not directly provide for mechanical advantage, does play a necessary
role 1n the operation of the body

The pulley 15 a useful device often used to change the direction of a force
or gain mechanical advantage as in the case of the block and tackle arrange
ment Only the first charactenistic of the pulley 1s employed in the human
body Tendons are often gwded around joints so that when the muscle con-
tracts the force 1s applied at a quite different angle The tendons which serve
the fingers and toes are subject to pulley action Without this structure we
would be unable to grasp anything The path of the tendon of insertion of
the peroneus longus muscle illustrates the use of pulley action to change
direction of applied force This tendon goes directly down the lateral aspect
of the leg passes behind the external malleolus, turns forward, and thence
goes to a notch in the cuboid bone which also forms a pulley and provides
another opportunity for a change of direction Here the tendon turns under
the foot and inserts into the first cuneiform and the first metatarsal on the

opposite side There1s consequently a final application of force d
quite different from the one oniginally taken madirection
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When a tendon passes over a pulley, 1ts angle of insertion 1s often greater
than would be the case 1f the pulley structure were not present An example of
pulley action used 1n this manner 15 provided by the tendon of the quadriceps
femorts muscle, the patella, and the patellar ligrment This arrangement di
rects the force of the quadriceps femoris over the patella to the insertion of
the patellar igament on the tibia The change of direction of the force 1s such
that there 15 an mncrease 1n the rotatory component of force at the ligament s
msertion and a decrease 1n the stabilizing component of force at the jomnt
Pulley action, therefore, not only changes the direction of force but also 1n
directly increases the effective force n certain movements

Fi 59 —Illustrating change in direction without change in magnitude of force

PROBLEMS

1 A small boy can exert a downward force of 50 pounds but he wishes to Iift a
weight of 300 pounds with a lever of the first class If the fulcrum 1s placed one foot
from the weight, how far from the fulcrum must he apply the force? What mecham
cal advantage 1s required?

2 A man lifts a load of 1000 pounds using the wheel and axle If the wheel 1s 50
inches 1n diameter and the axle 4 inches in diameter assunung no frictional loss,
what force must he apply”?

3 A man and a boy carry a weight of 300 pounds It 1s suspended between them
from a ten foot pole If we disregard the weight of the pole where must the weight
be placed so that the man will carry twice as much as the boy?

4 Aleverofthesecondclassis 10 feetlong Itis used to Iifta weight of S00 pounds
Where must the werght be placed 1f the maximum force that can be employed 1s
75 pounds?
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5 What 1s the greatest load a man can lift with a wheelbarrow 1f he can cxert
an upward force of 300 pounds 1t the handles which are five fect from the xle,
1f the Joad 15 two feet from the axle”

6 A ten pound weight 1s held 1n the palm of the hand and the elbow s flexed at
90° If the weight 1s 14 inches from the elbow joint and the biceps 1s inserted 117
inches from the elbow joint, what must be the effort exerted by the biceps?
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When a tendon passes over a pulley, 1ts angle of msertion 1s often greater
than would be the case if the pulley structure were not present An example of
pulley action used 1n this manner 1s provided by the tendon of the quadriceps
femorts muscle, the patella and the patellir hgament This arrangement di
rects the force of the quadriceps femons over the patell to the tsertion of
the patellar ligament on the tibia The change of direction of the force 1s such
that there 1s an ncrease 1n the rotatory component of force at the ligament s
msertion and a decrease 1n the stabihizing component of force at the joint
Pulley actron therefore not only changes the direction of force but also 1n
directly increases the effective force in certain movements

Fic 59 -1l change in d without change :n magnitude of force

PROBLEMS

1 A small boy can exert a downward force of 50 pounds but he wishes to it a
weight of 300 pounds with a lever of the first class If the fulcrum 1s placed one foot
from the weight, how far from the fulcrum must he apply the force? What mechant
cal advantage 1s required?

2 A man Iifts a load of 1000 pounds using the wheel and axle If the wheel s 50
inches 1n diameter and the axle 4 inches m diameter assumung no frictional loss
what force must he apply?

3 A man and a boy carry a weight of 300 pounds It 1s suspended between them
from a ten foot pole If we disregard the weight of the pole where must the werght
be placed so that the man will carry twice as much as the boy?

4 Aleverof thesecond classis 10feet long It1s used to Ifta weight of 500 pounds
‘Where must the weight be placed if the maximum force that can be employed 1s
75 pounds?
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two symmetrical halves, right nnd left (Fig 60) Any parallel plane s
Loown A8 A parasagutal or anterior posterior pline

2 A frontal ot coronal plane, 1lso vertical but passing through the
hody from side to ssde ind 1t 1 right angle to the sagittal plane, dividing
the body 1nto equal anterior nd posterior halves (Fig 61) The line of
intersection of these two planes ts called the grasutal line

3 The horizontal or trverse plane which passes through the body
at the heght of the center of gravity (Fig 62)

e
—

Fic 60 —Sagittal plane (Photo by Pierson )

lo:xr:xeo;egslrd o£ gra\;ny 1s the one point where all three planes intersect This
Soopeie e ;s;ue or just this specified position If an arm 1s ratsed or one
a2 ose lzice ‘tihe center of gravity accordingly changes 1ts position
e o takl\: a‘hoa the combined center of gravity must be considered
o o hlante gl em separitely If a load is carned under one arm the
oty 15 paon h{ eans away from the load so that the combmed center of
it \hegb dover the base of support If a weight 15 carried 1n the arms

ody we compensate for the new center of gravity by leaning



Chapter 8

Center of Gravity and Equlibrium

WHEN an object Lies upon the ground or any flat surface, the force of gravity
acts on every portion or particle These forces are all parallel are directed
toward the earth s center and when added vectonally the resultant s a single
force acting through the center of mass and equal to the weight of the object
The center of mass or gravity 1s defined as that pont where the total weight of
the abject can be considered to be concentrated In a frictionless environment
any force applied to the center of gravity regardless of its direction can pro
duce only rectilinear motion never rotatory In the case of any ngid sym-
metrical body with umiform density such as a golf balt or a brick the geo
metrical center 1s also the center of gravity If however the object has an
wregular shape or 1f 1ts density 1s not the same throughout 1t 1s unlthely that
the geometrical center and the center of gravity will coincide

The human body has an irregular shape and the relative density of 1ts
component parts may vary constderably Further 1ts gross configuration may
be changed at will The center of gravity then does not occupy some specific
position but 1ts position depends upon the momentary relative dispositton of
the trunk and limbs It becomes necessary then when the center of gravity of
the human body 1s mentioned to refer to some specific position

In the normal erect standing position with the arms hanging at the sides
the center of gravity of adult males 1s according to many investigators
approumately 56 to 57 per <ent of the total height from the floor The center
of gravity of adult females 1s somewhat lower bemng about 55 per cent of
their standing height There are relatively large deviations between individuals
due to differences 1n physique The center of gravity of small children and
adolescents 15 higher because of the disproportionate size of the head and
thorax and the relatively smalllegs In general the younger the child the higher
1ts center of gravity

Anatermcal Reference Planes The location of the center of gravity in the
standing position can be expressed by referning to three reference planes used
n anatomical descriptions

1 The cardinal sagitral plane which divides the body vertically into
138
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um An object 1t rest may have great stability ke a brick
ly:;;agixcl Eog“tl::::round \vhchh requires a considerable force propcrll}" applleg
to overturn it In order to destroy the stabihity of an object 1t must ]c upﬁl
so that a ine dropped vertically from the center of gravity (gravital |r;)e) al sr
outside the base of support If the center of gravity 1s low and the base or
support 1s broad, much \xorkdml:t Se done to hft and mave the center o

fail outside the base

gm’lyl:g S;J[:'l‘r:]c:::)llé ?sﬂlfundamcnlal 1n automotive design where engineers are
constantly striving to increase stability and safety The football linesman

i

Fic 62 —Horizontal or transverse plane (Photo by Prerson )

may mcrease his stability in two ways first by heeping as low as possible
and second by increasing the area of support The feet can be spread only a
reasonable distance otherwise he will lose traction and slip If hus feet are in
the most advantageous position and he has one hand on the ground, the

base of support 1s a triangle If he places both hands on the turf, lus base of
Support 15 now rectangular and the mcreased area provides greater stability
but at a sacnfice of maneuverability The deternmnation of the optimal
position 1s a problem common to many sports
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backward A hiker with a heavy pack on his back leans forward in order to
keep the combined center of gravity over the base of support thereby decreas
ing the muscular effort required to muntain equihbrium
When standing the gravital line ts of importance, not only n the mam

tenance of stable equilibrium, but 1s also tmport int tn the correction of some
types of faulty posture Normally the gravital line falls half way between the
weight bearing areas of the ball of the foot and the heel If the line 18 allowed
to fall too far forward or backward, bringing 1t nearer the margin of the base
of support, unnecessary muscular effort 15 required to overcome the torque

produced and to prevent falling
@ F

\ \
l\ /
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F16 61 —Frontal or coronal plane (Photo by Prerson )

EQUILIBRIUM
An object 15 1n a state of equilibrium or rest when the resultant of all forces
acting upon 1t 15 zero There can be no unbalanced force A force from any
direction must be exactly balanced by an equal force from the opposite direc
tion An unbalanced force will cause either rectilinear or rotatory motion
depending upon the pont of application
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Fic 64 —Relative stability The gravital line of the automobile falls well within

the base of support but that of the truck falls at the very edge of its base of support
and 1t 15 unstable
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Unstable Equiibrtum If an object like a baseball bat ts balanced on one
end 1ts equilibrium 1s easily destroyed It requires only a slight touch to raise
and shift the center of gravity so that the gravital line will fall outside the
base of support and cause 1t to topple A child walking the top of a fence 1s an
example of unstable equbibrium

Neutral Equlibrium On a level surface a ball 1s 1n neutral equhibrium No
matter how much 1t 1s pushed about and overturned 1ts center of gravity 1s
not raised and the gravatal ine still falls directly on the base of support, even
though 1t 1s only a pomnt

Dynamiec Equiltbrium  Static equilibrium can be summarized briefly by
stating that stability of any object 1s dependent upon a low center of gravity
and a large and properly placed base of support Dynamic equilibrium
(balance while 1n motion) 1s the result of the action of many forces and
gravity which 1s a primary consideration 1n static equilibrium may be only
one of several interacting forces When a person moves 1n any drection
the force exerted by the dniving leg propels the center of gravity so that the
gravital line temporanly falls outside the base of support An immediate
adyustment 1s made to correct the situation and to prevent falling by stepping
1n the direction of motion broadening the base of support so that the gravital
hine agamn falls within its boundaries This 1s the usval pattern of recovery
followed by the person walking or runmng in a straight ine When rounding a
curve at high speed a runner leans toward the mside of the turn Centnfugal
force would 1f unopposed, tend to cause his center of gravity to shift beyond
tis base of support laterally To prevent this the runner leans toward the
mside thus keeping his center of gravity inside the outer hmts of his base of
support and making 1t possible for him to exert centripetal force against his
center of gravity This counteracts centrifugal force developed because of the
constant changing direction as he rounds the turn

When one 1s pushed equilibrium s preserved by taking a step 1n the direc-
tion of motion thereby broadening the base of support If the new posttion
1s to be mamtaned a very wide step must be taken to provide an outer It
well beyond the gravital hne From here force can be applied in the opposite
direction to that of the onignal external force and thereby preserve equilib
rium

STABLE UNSTABLE NEUTRAL
TYPES OF EQUILIBRIUM

Fic 63 —Stable unstable and neutral equilibrium
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and the joint permits the outer ¢ad of the clavicle to be moved up nd dowa,
forward and bachward, or any combmation of these movements, it nlso
permuts slight rotation of the clavicle on its long axis_The capsular hgament
of the jont 1s strengthened by thickened bands at the front and rear, snjury of
the joint 1s further prevented by a igament, cnlled intraclasicular, which joins
the two clavicles 1nd by 1 ligament called the costoclavicular, which connects
the under surface of ench clavicle with the nib below 1t (Fig 67)

The outer end of the clavicle 15 joined to the anterior border of the acromion
by the acronuaclavicular igament, steengthening the capsular ligament on the
upper side The main protection against injury to the Joint 18 the coracoclavicu-
lar igament two strong bands of fibers connecting the top of the coracoid
with the under surface of the clavicle
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Fic 65 —The shoulder gudle rear view Sc scapula ¢f, clavicl P
e 5
scapula (Richer) ! 7 spme of

All movements of the shoulder girdle may be properly called movements
of the scapula smce the position of the clavicle does not pernut of ts moving
;ndep;n(éemly These movements always involve both of the jonts just

escribed the clavicle moving so as to allow the scapula t
relation to the chest wall P 0 #SSUme s proper

In everyday life most movements of the sca
:énd secondary to movements of the arm

ase from which the arm operates Whatever action

or position
the arm to accomphish a given task the scapula mmeg to allg:1S :’ggmlree:océ’
fossa so 1t will be 1n the best possible posttion to receive the headgof tllle
10

pula are closely integrated with
The scapula serves as a mobile



Chapter 9

Movements of the Shoulder Girdle

Tue shoulder girdle* tn man consists of two bones the clavicle and the
scapula The bones of the arm are joined to the scapula and the clavicle con-
nects the scapula with the main part of the skeleton The clavicle extends
horizontally sidewsse and shightly backward from 1ts junction with the top of
the sternum and joins the scapula at the tip of the shoulder The scapula lies
on the outer surface of the chest at the back, extending mn normal position
from the level of the second nib to that of the seventh, with 1ts posterior border
about 2 inches distant from the spinal column (Fig 65)

The clavicle which 1s about 6 inches long appears straight when viewed
from the front, but when seen from above 1t 1s curved like <n italic £ with
the tnner end convex to the front and the outer end convex to the rear The
upper surface 1s smooth and the under surface rough, the mner end 15 the
thicker and the outer end more flattened (Fig 66)

The scapula 1s a flat triangular bone with two promunent projections upon
1t the spie from the rear and the coracord from the front The spine has a
flattened termmation called the acromion A deep impression above 1s named
from 1ts position the supraspinous fossa while the shallower one below 1s
called the infraspinous fossa The humerus articulates with a shallow sochet at
the outer angle just below the acromion which 1s known as the glenoid fossa
The greatest length of the scapula in man 15 from above downward n the
adult about 6 inches 1ts greatest breadth 1s horizontal, about 4 tnches This 1s
1 marked exception to the general rule 1n vertebrate ammals most tmmals
having the long axis of the scapula 1n line with 1ts spine so that the glenord
fossa 1s at the end of the scapula instead of at the side

The clavicle 1s joined to the sternum by a double joint the two bones being
separated by a cartilage with one articulation between the sternum and the
cartilage and another between the cartilage and the clavicle The cartilage
serves as an elastic buffer in case of shocks received at the arm or shoulder

* Some kinesiologists object that the term  shoulder girdle 1s a misnomer since the
scapulae are not linked to each other See Laurence Jones The Shoulder Joint Califormia
Med &4 185-192 1956 However the term s so generally used that it ts probably futile to
attempt to discard 1t now

144
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and the joint pernuts the outer end of the cl1vicle to be moved up 1nd down,
forward and backward, or any combination of these movements, 1t also
permts shight rotrtion of the clvicle on its long vas The capsular ligament
of the jornt 1s strengthened by thichenced bands -t the front and rear, mjury of
the joint 15 further presented by 2 higament, ealled intraclavicular, which joins
the two clavicles nd by 1 hgament called the cosroclasicular, which connects
the under sutfrce of each clivicle with the nb below it (F1g 67)

The outer end of the clvicle 1s Jomned to the anterior border of the acromion
by the acronnioclasieular igament, strengthemng the capsular ligament on the
upper stide The main protection 1g unst injury to the joint s the coracoclavicu
lar higament, two strong bands of fibers connecting the top of the coracod
sith the under surfice of the elavicle

\ -
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16 65—The shoulder girdle, rear view Sc, scapula ¢! clavicle Sp, spne of
scapula (Richer)

Of?}?e movements of the shoulder girdle may be properly called movements
1nde eSC(:i\pula, since the position of the clavicle does not permit of its moving
descibn de“ﬂ)’ These movements always involve both of the jomts just
relatio :t the clavicle moving so as to allow the scapula to assume 1ts proper

1 0 the chest wal]
a0 d“:;;Wgay life most movements of the scapula are closely mntegrated with
ase from g o ovements of the arm The scapula serves as a mobile
e ar which the arm operates Whatever action or position 1s required of
™ to accomplish a given task the scapula moves to ahgn the glenoid

fos:
sa 5100“ will be 1n the best posstble position to receve the head of the
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humerus The mobility of the scapula makes possible a much wider range of
movement of the arm than 1t would have otherwise

The fundamental movements of the scapula may be classified as follows

1 Backward toward the spinal column (adduction) and sideward and
forward awy from 1t along the surface of the ribs (abduction), this movement
may extend through 6 inches or more being limited posteriorly by contact
of the two scapulae at the median line and anteniorly by the resistance of the
posterior muscles

2 Upward movement of the entire scapula (elevation) and downward
(depression), this may take place through 4 or 5 inches

3 Rotation on a center so as to ruse the acromson 1nd turn the glenoid
fossa upward (rotation up) and the reverse (rotatron down) which may take

_—

FIG 66 —Shoulder girdle front view Sc scapula o clavicle co coracold A4
acromion St sternum (Richer)

place through an angle of 60 degrees or more Rotation of the scapula 1s
assoctated with all upward and downward movements of the arm

Since the clavicle 15 attached to the sternum which 1s comparatively sta
tionary 1t 1s evident that the acromuion must always move 1n a curve with the
clavicle as a radius Stnce the clavicles are honzontal 1 normal posttion any
movement 1nvolving raising or lowering, of the acromron will therefore narrow
the distance between the two shoulders Since the clavicles normally slant
backward somewhat evidently all adduction of the scapula will narrow the
shoulders and abduction will widen them until the two clavicles fall in one
Imne after which further abduction will narrow them again The action of the
clavicle will also cause the acromion to go toward the rear as the scapula s
moved toward the spmal column
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The following six museles conneet the shoulder girdle with the main skele
ton, hold 1t 1 norma) posttion nd give nise to the movements just deseribed
Anterior subclivius pectortlis minor, serratus anterior Postenor  fevator
scrpulac trapezius, thomboid

FIc 67 —The left shoulder and acromioclavicular jomnts and the proper higaments
of the scapula (Gray s Anatony)

TRAPEZIUS
The trapezius muscle 1s a flat sheet of muscular fibers located on the upper
Part of the back and lying tmmedsately beneath the skin
Ongmn Base of the skull Ligament of the neck and the row of spinous
Processes of the vertebrae from the seventh cervical to the twelfth dorsal
mclusive (Fig 68)
b Insertion, Along a curved Line following the outer thid of the posterior
order of the clavicle the top of the acromion and the upper border of the
Spine of the scapula (Figs 210 and 212)
Innervation The spmal accessory nerve (spinal portion of 11th cramal
Tenve) and branches from anterior rami of 3rd and 4th cervical nerves
f.tructure Best studied 1n four parts passing from above downward
of t:n one 1s a thin sheet of parallel fibers starting downward from the base
e skull and then curving somewhat sideward and forward around the
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neck to the insertion on the clavicle It 1s so thin and elastic that when 1t 1s
relaxed one or two finger tips can be pushed down behind the outer third of
the clavicle with ease stretching the muscle before 1t and forming a small
pocket when 1t contracts the fingers are lifted out and the pocket disappears
This enables us to test the action of part one of the trapezius which 15 too
thin to be seen and felt tn the usual way
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Fi16 68 —Trapezius and latissimus

Part two extending from the Iigament of the neck to the acromion 1s a
much thicker and stronger sheet of fibers tendinous at the ornigin and con
verging to the narrower msertion

Part three 15 sumilar to part two and sull stronger and mcludes the fibers
that anse from the seventh cervical and the upper three dorsal vertebrae
these converge somewhat to the mnsertion on the spine of the scapula

Part four the lowest 1s not so strong as the two muddle portions but
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stronger than the first the fibers converge from their ongin on the lower
dorsnl vertebrae 10 Join a short tendon attached to the small triangulir space
where the spine of the scapult ends, near the vertebral border

When the hend 1s free to move contraction of part one of the trapezius will
lower the bick of the skull and turn 1t to the side, since the shull 1s poised
freely on a puvot at its bse thus will tilt the chen up nd turn the Lice to the
opposite side When part one of nght and left sides contract at once, evidently
they will neutralize the tendency to rotate the hend and will tilt the chin up
with double force However, electromyographic studies indicate that the
trapezius functions 1n such movements 1s an accessory muscle, and ts involved
only when they are performed agaist strong resistance 1 The upper trapezius

Fic 69 —The direction of pull of the four patts of the trapezius on
t!
the levator and rhomboid on the left I levator Rl, rhomgglggm endof

levator scapulae and upper digitations of the serratus
antentor form a
which provides passive support of the shoulder elevation of the shoulg?:-t
and the upper component of the force couple necessary for scapular rotation 2
With the head held sull and the shoulder gudle free 10 move contract,
of part one of the trapezius will elevate the clavicle and scapula, but th
listle force becaunse the muscle 1s thin and weak » but with
Action of part two will elevate y,
of the Shouldos gdls pward rotate and assist with adduction
Part three pulls 1n nearly a honzontal line
upon the
drawing it toward the spinal column Jrzsa prime mov Ersl?c;:c :l)g e seapula,
scapuls adduction of the
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Subjects who have lost the use of the levator have the shoulder depressed
the deformuty being most marked when both levator and second part of the
trapezius are laching Loss of thes. two main supports 1s charactenized by a
thin neck and sloping shoulders If the tripezius 1s paralyzed the Jevator
scapulte form 1 promment ridge on the neck when 1n nction

Fic 71 —Muscles of second layer of the back and those on the back of the shoulder

RHOMBOID

The thombord 15 named from sts shape that of an oblique parallelogram
1t lies beneath the middle of the trapezius (Fig 71)

Ongm The row of spmous processes of the vertebrae from the seventh
cervical to the fifth dorsal inclusive

Insertion The vertebral border of the scapula from the spine to the infertor
angle (Fig 212)
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Innenation The dorsal scapular nerve from the brachil plexus The
fibers come from the 5th cervical nenve

Structure Parallcl fibers extend dingonally downward and sideward from
the ongin  The upper part usually separate from the Jower and descnbed
separately as the rhomboideus mnor’ 1s thin and weak, while the Jower
part 1s thick and strong The 1ttachment to the scapula 1s peculiar, the fibers
joiming a tendon of 1nsertion that 1s searcely attached to the scapula at all for
its upper two thirds, sometimes the middle half s entirely free from the edge
of the scapula, bringing the pull to bear on the lower angle alone

Action The structure of the rthomboid and 1ts manner of insertion gives
1t a ine of pull as shown in figure 69, considerably different from what 1s
suggested by 1ts general location 1nd 1ppearance It 1dducts the lower angle
of the scapula wathout adducting the upper angle at all, and so rotates the
scapula downwards The action of the thomboid when combined with that
of the latissimus 15 to turn the scapult so that the glenoid fossa 1s turned
downward to such a degree that the arm cannot be raised above the level of
the shoulder

The part played by the rthomboid in mantaming normal posture as
shown by defective cases, consists 1n moderating the upward rotation of
the scapula produced by the trapezius so as to keep the acromion down
and 1n holding the lower angle close to the mbs Subjects who have lost
the use of the thomboid have this angle of the scapula projecting conspicu
ously from the back with a deep gutter beneath 1ts edge—a position due to
the pull of muscles that attach to the upper part of the bone

Since downward rotation of the scapula usually accompames any adduction
or extension of the humerus the rhomboids will act whenever these move
ments are performed forcefully or aganst gravity

SERRATUS ANTERIOR

This muscle named from its serrated or saw toothed anterior edge, lies
on the outer surface of the ribs at the side, covered by the scapula at the
rear and the pectoralis major mn front It lies immedzately beneath the skin
for a space a hittle larger than the hand just below the axilla or armput, 1ts
five lower sections showing plainly through the skin when the arm 1s rased
agamnst resistance, as 1n figure 73

hOngm The outer surfaces of the upper eight or nine nibs at the side of the
chest

Insertion  The antenior surface of the vertebral border of the scapula,
from the upper to the lower angle (Figs 72 and 211)

Innervation Long thoracic nerve from anterior branches of 5th 6th and
Tth cervical before they enter the brachial plexus

Structure In two separate parts, the upper and lower The upper part
includes the fibers ansing from the three upper ribs and diverging shghtly
to be inserted along the whole length of the scapula below the spine the
lower part 1 fan shaped the fibers ansing from the lower six attachments
;m the ribs converging to be nserted together at the inferior angle The

Ower part 15 thicker and stronger than the upper
. bAscnon The fibers of the serratus extend too nearly lengthwise of the

to exert much pull to move them unless the scapula 1s elevated Its upper
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Subjects who have lost the use of the levator have the shoulder depressed
the deformity being most marked when both levator and second part of the
trapezius arc lacking Loss of these two maun supports 1s charactenized by a
thin neck and sloping shoulders If the trapezius 1s paralyzed, the levator
scapulie form a promument ndge on the neck when i action

f-'u.- 71 —Muscles of second layer of the back and those on the back of the shoulder

RHOMBOID

The rhomboid 1s named from 1ts shape that of an oblique parallelogram
It lies beneath the middle of the trapezius (Fig 71)

Ongin The row of spimous processes of the vertebrae from the seventh
cervical to the fifth dorsal inclusive

Insertion The vertebral border of the scapula from the spine to the inferior

angle (Fig 212)
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rhomboids and pectoralis myor 5 Weakness of this muscle may be partly
compensated for by hypertrophy of the lower part of the trapezius In the
case of paralysis, winged scapulic have been corrected by transplanting the
pectoralis minor, the pectoralis myjor, the thombouds, the teres major, or
other muscles ¢

Study of the serratus on the normal hving body shows 1ts ction 1n a very
clear and interesting way Whenever the subject pushes or reaches forward
the scapula can be scen and felt to glide forward over the surface of the chest,
and the distance 1t moves 1s surprising to all who h1ve not observed 1t before
When the arms are rassed the trapezius can be felt to contract as soon as they

Fic 73 —The lower part of the serratus magnus m action The saw toothed
shape of 1ts lower front margm 1s shown plainly where it attaches to the nibs Only
five saw teeth show the upper ones lying beneath the pectoralis major

begin to move but one can also see that this contraction does
not rotate t

scapula the lower serratus does not begin to contract until the arms ha?:
been raised through at least 20 degrees and sometimes through 45 degrees
This can be tested by placing the fingers on the lower angle of the sca ula and
noticing when 1t begins to move forward puia an

Another interesting case 1n which the lower serratus fails to act when st
would be of use 1s when a weight is hifted or carried on the shoulder Al hen 1
the lower serratus can Iift the acromion v T Although

with gr
never acts 1n liftmg with the shoulder or great force as we have seen it

carrying a heavy weight
work 1n this ease being done by the middle trapezius an;yleval%)r sgnlv;;gﬂ;:
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fibers are well situated for abducting the scapula forward as a whole, without
rotation The lower part of the muscle 1s 1n a positton to produce vigorous
rotation upward by drawing the inferior angle of the scapula forward
These lower fibers are well placed to associate with the trapezius 1n turming
the scapula upward

Fig 72 —Serratus magnus subscapularis and teres major Notice that the clavicle
1s cut apart and the scapula turned back away from the chest wall

Loss of the serratus has little effect on habitual posture of the scapula but
1t interferes seriously with forward movements of the shoulder and arm
Subyects lacking the serratus find 1t difficult or impossible to elevate the arm
above 100 degrees 4 and when they try to do so the vertebral border of the
scapula projects backward ( winging of the scapula ) instead of lying close
to the chest wall as 1t does when the serratus acts normally 1n the movement
Generally the shoulder 1s displaced forward and drops to some extent This
may be accompanied by painful tightness of certain antagonists, such as the
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combination of nbduction and downwrd rotation of the scapula It can also
be seen that the pull of the pectoralis minor, by prying ncross the chest tends
to ift the vertebral edge and especinlly the lower angle of the scapula awty
from the nbs This 1s sometimes called  winged scapula or upward tilt

When the scapuli s held still at 1s evident that action of this muscle will
Iift on the middle ribs especially when the shoulder 1s raised tn preparation
for 1t, as one unconsciously does 1n taking a deep breath

‘While normally the pectoralis minor 1s deeply covered, Duchenne reported
cases 1n which, because of complete atrophy of the pectoralis major, 1t Jay
immediately under the shin and could be stimulated by electric current
The 1solated action secured 1 this way 1s the same as that stated above
1t 15 possible n favorable subjects to feel the contraction of the pectoralis
minor through the muscle that covers 1t by proceeding as follows have the
subject hold the arms close to the sides and a Iittle to the rear, which inhibits
any action of the pectoralis majyor, then have him inhale deeply, first hfting
the shoulders shightly This puts the pectoralis minor into vigorous action and
its lateral swelling may be felt and even scen as 1t lifis the relaxed tissuc cov
ering 1t

To summarize, 1t may be said that the pectoralis minor acts 1n deep and
forced breathing but probably not in quiet breathing 1t 1s placed in a
position to help 1n all movements 1nvolving abduction and downward rota
tion of the scapula which occurs in strihing forward and downward as m
chopping and also 1n supporting a part of the body weight on the arms
The pectoralis inor along with trapezius 4 prevents upward displacement
of the shoulder girdle when the arm exerts downward pressure against resis
tance In most of these cases actual test of its action 15 rendered impossible
because of the contraction of the large muscle covering 1t

SUBCLAVIUS

Thus 15 the smallest of this group of muscles located as its name indicates
beneath the clavicle (Fig 74)

Ongmn The upper surface of the first 11b, just where 1t joms 1ts cartilage

Inserion A groove extending along the middle half of the under side of the
clavicle

Innervation By a nerve from the brachial plexus the fibers comung from the
5th and 6th cervical nerves

Structure Fibers radiating fanwise from the small tendon of ongin to the
much wider insertion

Action The action of the subclavius can onl:
as 1t 1s nerther readily felt nor stimulated fro,
depress the clavicle butats small size and an
torque for depression must be neghgible S;
viates only shightly from the long axis of
function 1s to pull the clavicle medrally
joint from separation 1n such activities as h;

y be mferred from its position
m without It 1s 1n a position to
gle of insertion indicates that its
nce the direction of 1ts pull de
the clavicle 1ts most important
protecting the sterno clavicular
anging by the hands
POSTURE OF THE SHOULDERS
The shoulder girdle 15 so freel

Yy movable th
on the relative tension of the sy 1t ats habitual position depends

X muscles discussed above together with that
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the arm hangs at the stde As soon as the arm 15 raised 30 degrees or more
from the side 1t at once springs 1nto action This shows a reason why one who
carries a heavy weight on the shoulder finds 1t restful to hold the arm m
various posttions—sometimes down by the side and sometimes rused

PECTORALIS MINOR
A small muscle located on the front of the upper chest covered by the
pectoralis major
Ongin The outer surfaces of the third fourth and fifth nbs at a pomt
a Iittle sideward from their junction with the costal cartilages (Fig 74)
Insertion The end of the coracoid

F1G 74 —The pectoralis mnor and subclavius

Innervation The medial antenor thoracic nerve ongnating 1n the brachial
plexus The fibers are from the 8th cervical and Ist thoracic nerves

Structure Three groups of nearly parallel fibers that converge to jom
a single small tendon at the upper end

Action The hine of pull of the pectoralis mmor may be represented on a
mounted skeleton by a rubber band stretched from the coracoid to the
fourth nib at 2 point about an inch from 1ts junction with the costal cartilage
‘When the scapula 15 11 normal position the direction of pull on the coracord
will be seen to be formard downward and inward at nearly equal angles
The inward pull 1s prevented from acting on the scapula by the position of
the clavicle so that contraction of the muscle 1s calculated to produce a
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tone of the trapezius, levator scapulte, and rthomboid, 1nd 1t the stme time
stretch the muscles that have become shortened The prevention of postural
defeets 15 a recogmzed um of the physical educator and the corrective thera-
pist Bectuse the nature of classroom work 15 such that 1t tends to ciuse
round shoulders, the physical educator should include 1n the progrim exer-
cses or sports which are caleulated to prevent this condition: Among the best
exercises for duly use 1s the one shown in Figure 75 The arms are raised side-
ward until shghtly above the level of the shoulders nnd then the elbows are
bent and the finger tips placed against the back of the neck, which 1s held
vigorously erect the clbows arc held back strongly The positton 1s held long
enough to 1nsure an accurate position and complete contraction of the mus

cles, then the 1rms are returned to the sides through the same path 7nd the

Fig 76 —A corrective for abd of the should,

S

movement repeated several imes A second efficient corrective for abducted
scapulae 1s pictured in Figure 76 The elbows are completely flexed, the entire
arm 15 held honizontal and the elbows are drawn strongly back»,vard Tra
pezius and deltoid hold up the arm and drawn 1t back while the lower serratus
rotates the scapula tending to shorten and increase the tone of these muscl

while stretching the pectorals Another good exercise consists 1y st e
adduction (l)ff the scapul{:e and outward rotation of the arms rong

A crucial factor 1n obtaining value from these ex;
of the scapular adduction Only 1n the final phase et:f(‘: lts:Z i;&:xfxz‘;;e?gnte}?:

adductors contract sufficiently to stretch the abdu
ficient contraction 1s seen 1n Figure 77 ctors An example of msuf

Some tnstructors advocate stretc

hin,
shinning the cat and the  corner g the abductors by such exercises as

exercise  In the latter the subject faces a



158 MOVEMENTS OF THE SHOULDER GIRDLE

produced by the pectorahs major and latissimus dorsi, which act indirectly
on 1t through the arm Whenever some of these muscles are 1bsent or mnactrve
because of disease when the clavicle or scapula 15 deformed by disease or
acerident or when any of the muscles fail for any re1son to exert the right
amount of tension abnormal posture of the shoulders 1s the result

It 15 generally assumed by anatomusts as previously stated, that for normal
posture of the shoulder girdle the clavicles should be approximately horizon
tal, which places the scapulae at a height extending from the second to the
seventh rib, and that they should lie flat aganst the chest wall on the back
The most common defect n the position of the shoulder girdle 15 abducted
scapulae This 1s objectionable because 1t weakens the support which the
coracoid should give to the pectoralts minor and thus reduces the tension that
muscle should exert on the nibs If the scapula 1s stabilized by the rhombords
and the trapezius the pectoralis minor exerts a direct hifting force upon the

FIG 75 —An exercise used for correction of habstual abduction of the scapulae

third fourth and fifth ibs and an indirect force upon the others In the
absence of good scapular stabilization this muscle may tend to shorten and
pull downward upon the coracord

Abduction of the scapula s a fault of posture most often results from
continuous occupation with the arms held 1n front of the trunk In writing
sewing holding a book 1n positton to read and numberless other occupations
the arms and shoulders are held forward by continuous contraction of the
serratus pectoralis major and minor while the trapezius, rhombord and
levator are relaxed to permut the scapulae to move forward This gradually
tends to make the antertor muscles permanently shorter, while lengthening
the posterior muscles After a time the scapulae can be brought to the normal
position only with difficulty and this difficulty gradually becomes greater
until the normal position becomes impossible

Faulty shoulder posture of this nature can be prevented by frequent par
ticipation mn SPOTLS OF exercises which will develop shorten and increase the
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tone of the trapazus Tevator seapulie, wnd thombad and at the <ame tiwe
stretch the mascles that have hecome shortened The prevention of postural
defects 15 a recogr zed aim of the phyacal educator and the cosrective thera

pist Bazause the natue of clissroom work 1s such that it tends to cause
round shoulders the phvuical educator should include 1n the program exer

cises or sports which are calculated to prevent this condition Among the best
exeraises for daily use ts the one shown in Figure 75 The arms are raised side-
ward unul shightly above the level of the shoulders and then the elbows are
bent and the finger tips placed against the back of the neck which 1s held
vigorously erect the elbows 1re held bick stronghy The position 1s held long
enough to 1nsure an accurate position and complete contraction of the mus-
cles then the arms are returnad to the sides through the same path and the

Fig. 76 —A correctrve for abd of the should:

S

;T;g;i‘;‘;““s repeated several tmes A second efficient corrective for abducted
arm s hddplhcmrcd 1 Figure 76 The elbows are completely flexed the entire
pezius and dd?"mn‘al, and the clbows are drawn strongly backward Tra

Totates e me(i hold up the arm and drav n 1t back while the lower serratus
while st'e!ch:m ;afj'ndmz to shorten and ncrease the tone of these muscles
adduction of ﬁf o pectoral - Another good exererse consists 1n strong

A cructal facte ;:; ":d 4nd utward ratation of the arms

of the scapular 4t ‘/’f f"r(mz v4lue from these exercrses 15 the forcefulness
adduetars €t et 4\.“{”’24,’;‘/ i the finisf ph e of the movement do the

ﬁcg(r“ COREActie <, 13 sangy 1 ;';'l:;f;f;h the abductors An example of msuf-
me 16 et ot 4

K s i (TUAR alste ta stntetut g M abdactors by such exercises
skinning the cat S0 copiag s Y ex as

16547, It the [stter the subject faces a
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corner of the room, reached forward and upward and places the palms
against the wall and proceeds to stretch by letting gravity and force from the
feet push the chest toward the corner It should be noted that the adductors
do not contract duning this process, further, this passive stretch of the ab
ductors may mitiate a myotatic or stretch reflex in the abductors resulting in
therr reflex contraction Such an exercise may not be effective as a method of
strengthening the adductors or stretching the abductors and may also strain
the abductors

Another common error 15 to exercise with pulley weights ( ‘chest weights )
while standing with the back toward the pulley apparatus In this position
forward and backward movements of the 1rms and scapulae are the result of
concentric contraction and eccentric contracton, respectively of the shoulder

FIG 77 —The Swedish exercise  shoulders firm  or arms bend The position
of the right arm illustrates a common fault the hand s not held back far enough to
gtve complete adduction of the scapula

girdle abductors while the adductors remain relaxed This type of exercise
tends to accentuate the defect not to correct 1t

Habutually abducted scapulae are often associated with forward head
and kyphosis in the thoracic or cervical spine In corrective exercise therefore
attention should be gien to the total postural condition as well as to the
specific musculature 1nvolved in the abduction of the scapulae

A marked projection and upward tilt of the lower angle of the scapula often
knownas winged scapula 1s usually due as has already been observed toa
deficiency in the action of the thomboid and serratus anterior and to a shorten
mg of the pectoralis mmor In muld cases the exercise of Figure 77 1s a good
corrective the effort to hold the elbows down giving vigorous but not stramn
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ing work for the rhomboid, while 1 forceful effort to hold the hinds back will
stretch the pectoralis minor As 1 generat principle it 1s well to remember that
exercises s ohving eley tion of the kumerus give work for the trapezius rather
than for the rhombord, while the reverse 1s true of exercises involving de
pression of the humetus A further study of this point will be made m the next
chapter

Unequal height of the shoulders may be the result of unequnl development
of the shoulder girdle musculature on the night and left sides, or of umlaterat
paralysis {partial or complete) of shoulder girdle muscles Most often another
cause will be discovered « Interal cunvature of the spine which in turn may
be caused by unilateral short leg umlaterat flat foot, wnd other defects 1t a
fower fevel Obviously, 1t 15 essentinl to determune whether the unequat
shoulder hesght 1s ctused by a local or by a remote condition

DIRECT ANTAGONISTS

Two muscles or parts of muscles are sometimes called direet entagomsts of
cach other if all of the 1ctsons of one are oppostte to all of the actions of the
othet, and vice versa Physical therpists sometimes find a practucal applica
tion for hnowledge of direct antagonisms 1a the shoulder girdle Among
shoulder girdle muscles the following direct antagomsms may be wdentified

1 Trapezss 1 (upward rotation elevation and adduction) 1s directly
antrgonstic to the pectorahs munor (downward rotation depression and
abduction)

2 The rhombowd (downward rotation and 1dduction) s directly antagon
1stic 1o the serratus antersor {upward rotation nd abducton)

3 Both the levator nd trapezsus I (elevation) are directly antagomstic to
the subelavius (depression)

HELPING SYNERGISTS

When twe muscles 1n simultaneous contraction both perform one action
whtle mutuaily neutrthzing all the rest of each other s actions, they are sad
0 be helping synergists The following helping synergies may be 1dentified
among the muscles of the shoulder girdle

1 Trapezius If and trapezius IV both perform adduction and upward rota
tion while their respective tendencies to perform elevation and depression
are mutually neutralized

2 Trapezius 1T and thcdserrams antersor both perform upward rotation
while their respecine tendencies to perform ad
mutuily neutralized pe duction and abduction are

3 Trapezius 1 trapezius IV and the rhomboud
The tendency of trapezius IT and trapezius 1V to per!
neutralized by the tendency of the rhomboid to pert
and vice versa

4 Trapeuus IV and the pectoralis mimor bot
tendency of trapezius IV to perform upward rotam};ngf;gﬁlg fciz)ressmn The
1zed by the tendency of the pectorals Mnor 16 perform 4 on s neutral
and abduction and vice versa rm downward rotation
More complicated comban,
muscles e considered or if :éﬁiﬁmscd\;: e out if mor: than tho
a are ntroduced to contnibute

all perform adduction
form upward rotation 15
form downward rotation
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only a stabilization or fixation function For example both the serratus ante
rior and the pectoralis mmor perform abduction The tendency of the serratus
anterior to perform upward rotation 1s neutralized by the tendency of the
pectorahis mimor to perform downward rotation, and vice versa But the
pectoralis minor, upon contraction, also tends to perform depressiton—this
could be neutrahized by mtroducing a contraction of the levator scapulae,
whose only function 1n this situation would be elevation From the appropn
ately graded contraction of these three muscles pure abduction would result
As a second example the thomboid and the pectoralis minor both perform
downward rotation 1n the ‘ up phase of chinming while their respective
tendenctes to perform adduction and abduction are mutually neutralized The
pectoralis minor tends also to perform depression, which the rhomboid can
not neutralize Contraction of the levator scapulae can correct this flaw n
the synergy

In the 1llustrative examples given above, the synergies and neutralizations
were worked out theoretically from a knowledge of the actions of various
muscles A more practical situation occurs when a given exercise 1s consid
ered, and the starting point 1s a knowledge of what action occurs By analysis
the probable contractions of various muscles necessary for performing the
exercise can be determined
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LABORATORY EXERCISES

1 Identily the movements of the shoulder girdle 1n the varnious phases of the
basketball chest shot pullups pushups shot put

2 Analyze the value of various swimming stokes 1n the treatment of abducted
shoulders

3 Measure the distance from the spine to the vertebral border of the scapulae
of a number of subjects Determine whether the difference results from vanations
1 body type or from functional factors

4 In general should mward or outward rotation of the arms be specified 1n cor
rective exercises? Why?

5 Is 1t possible to ehmunate special corrective exercises and substitute sports
competitton as a means of correcting faulty posture of to prevent poor posture?
State the basis by which you justify your answer

6 What action results from simultaneous contraction of parts 1 2 3 and 4 of
the trapezius and the thombords? In this action, what actions of what muscles
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TABLE 7 —Shoulder Girdle Muscles and Their Actions

Eleva | Depres | Abduc | Addue | Upward | Dowmward
tion ston tion tion | Rotation| Rotation
Subclavius PM*
Pectoralis minor PM PM PM
Serratus anterior PM PM
Trapezius 1 PM
Trapezius IT PM Asst** | PM
Trapezius 11T PM
Trapezius IV PM Asst PM
Levator PM
Rhombord PM PM PM

*PM = Prime Mover

** Asst = Assistant Mover

are mutually neatralized? Can two muscles (or parts of two muscles) work co
operatively and antagomstically at the same time?

7 List the muscles covered 1n this chapter Describe the best progressive re
sistance exercise to strengthen and hypertrophy each one

8 List the jomnt actions covered n this chapter and describe the best joint mobl-
1zation exercise for each one

9 Pick out one muscle or one group of muscles Describe an exercise 1 which
the muscle contracts eccentrically and one 1n which 1t contracts concentrically



Chapter 10

Movements of the Shoulder Joint

THE shoulder joint formed by the articulation of the humerus with the
scapula 1s the most freely movable of the ball and socket joints The shallow
glenoid fossa 1s deepened by a cup of cartilage the glenord labrum, attached
firmly to the inner surface of the fossa and the head of the humerus fits into
the cup The joint 1s surrounded by the usual capsular ligament which 15
reinforced on the front side by a strong band of fibers connecting the humerus
with the coracoid and called the coracohumeral ligament Tendons of the sub
scapulanis the supraspinatus the infraspinatus the long head of the biceps
and the long head of the triceps have an mtimate relation to the capsule and
add materially to 1ts strength The capsule 1s so loose that 1t permuts the head
of the humerus to be drawn out of the socket about one inch but the tendency
of the weight of the arm to pull 1t far out s resisted by the tone of the muscles
The joint is protected by the acromion which projects over 1t by the coracord
mn front and by the coracoacromual, coraco humeral, transverse humeral, and
gleno humeral higaments (Figs 67 and 78)

Starting from the resting position at the side of the body movement of the
arm away from the body 1n any directton may be called elevation This term 1s
ambiguous therefore separate terms are given to elevations in different
directions and other terms apply to the corresponding depressions From
anatomical position a forward elevation of the arm 1s called flexion the
return movement 1s exrenston Backward elevation which 1s 2 continuation of
extension 1s called hyperextension Abduction 1s ssdeward elevation of the
arm adduction 15 the return movement The extreme termunal position for
abduction 1s the same as that for flexton although 1t should be noted that an
upward rotation of the shoulder girdle must be added to the shoulder joint
movements 1n order to achieve this vertical position It 1s possible to elevate
the arm 1n diagonal planes between abduction and flexion and between ab
duction and hyperextenston but there 1s no standard terminology for these
diagonal movements

Inward rotation 1s the turning of the humerus around 1ts Iong axis so that

164
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\ts anteniot aspect moves medially Outward rotation 1s the opposite, with the
anterior aspect moving Iterally When the armisin other than the anatomical
position 1 begimmng student may find 1t difficult to determine whether rota
tion 1s 1nward or outward 1t1s helpful to look along the ong axs of the nght
arm toward the elbow—then, any counter clockwise rotation 15 inward, and
any clochwise rotation 18 outward

If the atm 1s flexed to the honizontal 1t may then be moved honzontally
backward This moveraent 1s called forizontal extenston abduction (which may
be abbreviated to either horizontal extension or horizontal abduction) The
apposite of this movement a movement of the arm honzontally forward, 1s
called fhonzontal flexion adduction (which may be abbreviated to esther fort
zontal flexion or horizontal adduction Although unwieldy, these terms are
most helpful 1n describing shoulder joint movements The beginnming student

sicgrs
CORACOACROMIAL | GLENOID LIGAMENT

LIGAMENT DELTOID  SUPNASPINATUY
o,

LONG HEAD
LONG HEap OF TRICEPS
oF TRICLPS

wenes Majon  Circumfler vessels Circumflex veasels .::.uu,‘,.

Fio 78 —Vertcal section through the night shoulder jomnt, seen from the

front showing how sideward elevation of the arm 1s lim:
e o ited to 90 degrees (Gray s

should not be confused when these terms are apphied to shoulder Jont move
ments when the body 1s 1n the supine position or some other nonerect posi
tion They are stll called  horizontal movements, because terms are always
def;ned l:mh reference 10 erect anatomical position
nother possible source of confusion to the be,
gunner 1s the
‘Sl}‘:gmfih elbow or forearm s from should Jomtm:xlxu: et
outder joint rot: n
tho Jomnt rotation 15 often confused with forearm pronation and supina
Cireumduction 1s not a pure mo 1
ke the afc 10ned t
ccﬁbmanon of movements causing the elbow to describe a circle puts 2
thescoz(ehr:::ti :Sr ths ‘should)cr Joint are produced by eleven muscles Two of
ceps and tniceps) are primanly designed t
but they also cross the shonlder ¢ et on whe elbow foin,
Joint and are therefore known as tw
muscles The long and short heads of the biceps act as two different moqu(;;'el;
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Two Jont Laige Small Rotators

Muscles Muscles Associates of Humcrus
Above Biceps (long head) | Deltord Sur Inf; o
Front Brceps (short head) | Pectoralis major | Coracobrachialis | Subscapulans
Rear Triceps (long head) | Latissimus dorsi | Terres major Teres munor

at the shoulder joint Of the three heads of the triceps only the long head acts
at the shoulder The structure and function of the biceps and triceps will be
discussed 1n Chapter 11 pp 183-188

DELTOID

Thus 15 a triangular muscle located on the shoulder, with one angle pointing
down the arm and the other two bent around the shoulder to front and rear
(Figures 70 79 and 80 ) It 1s proportionately far larger in man than in primt
tive mammahan forms !

Ongin Along a curved line following the outer third of the anterior border
of the clavicle the top of the acromion and the posterior border of the scapu
lar spine

Insertion A rough spot on the outer surface of the humerus just above 1ts
middle

Innervation The axillary nerve from the brachial plexus The fibers are from
the fifth and sixth cervical nerves

Structure In three parts—antertor middle and postertor The anterior and
posterior portions are simple penmform while the nuddle 1s multipennate
The tendon of insertion divides near the humerus into five strands the outer
two, placed antertorly and postertorly receive the fibers of the front and rear
portions of the muscle which arise directly from the bones above the nuddle
has four tendons of origin passing down from the acromion and the three
tendons of insertion passing up from below alternate between them the
muscular fibers of the middle portion pass dragonally across between the
seven tendons The result of the arrangement 1s that the middle part has more
power and less extent of contraction than do the other two parts

Action Functionally the three parts of the deltoid should be considered as
separate muscles

The antertor portion 15 a pnime mover for flexion and horzontal flexion
and an assistant mover for inward rotation and abduction above 60 degrees

The muddle portion 1s a prime mover for abduction Its anterior fibers
normally function as assistors to the antertor deltoid and 1ts posterior fibers
serve a simular function with the posterior deltoid

The posterior portion 1s a prime mover for horizontal extension and an
assistant mover for extension adduction, and outward rotation 2

This muscle 15 relatively ineffective for abduction when the arm 1s at an
angle of less than 60 degrees and displays 1ts greatest activity between 90 and
180 degrees When the arm 1s hanging at the side contraction of the deltod
tends to pull the humerus upward 1n the direction of 1ts long axts This tend
ency 1s offset by the downward pull of the short rotators (subscapulanis 1n
fraspinatus and teres minor) With the deltoid thus prevented from dissipat
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tton of the two groups of

ts force 1n verticn} movement, the combined e

ln:islcfes tends to produce downward rotation of the head of the humenix,s gr}g

upward rotation of the shaft of the humerus ! This 15 techmenlly describe
force couple”

! When i\\e%e\tmd 1s electnclly stimulited 1n 1solation 1t docs not 112 the

arm as hugh as the shoulder joint would permit because the scapula, being

) Small
+ie 't bero aty
H
3
28
ETE
Ss
3
H
i3
)
k)

PR
O

.

o

culo-
pratgro> ¢

w3quon uolMALN

Eoy el 1
erves o e e L

Fig 79 ~The night humerus front view

somewhat free to move 15 rotated downward by the pull of the deltoaid and
the weght of the arm  bringing the lower angle back well toward the spinal
column depressing the acsomion and making the posterior edge of the
scapula stand out from the chest wall This downward rotation of the scapula
sives the appearance of only 2 partial movement 1n the shoulder jomt even
when 1t has been performed to its full extent precisely as in altempts 1o raise
the arm by those whose trapezius and serratus are destroyed In normal move-
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ments 1nvolving the raising of the arm above the head the scapula rotates
upward 1nstead of downward greatly increasing the range of movement of
the arm
Loss of one or more of the three portions of the deltoid interferes so seri

ously with all movements 1nvolving elevation of the arm that subjects with
this defect have much difficulty in feeding and dressing themselves Loss of
the posterior deltoid makes 1t impossible to put the hand behind the body at
the waistline, 1f 1t 1s the front part the subject cannot bring his hand up to his
face or put on his hat without bending the head far forward, if 1t 1s exther the
front or middle portion the arm cannot be lifted above the shoulder level in
any directton When 1t 1s paralyzed the supraspinatus and other elevators may
be hypertrophied to take 1ts place as an abductor, although the force of the
movement will be greatly reduced 3

Fic 80 —The deltoid 1n action

The anterior deltord hardens and swells out m all exercises 1 which the
arm 1s raised or swung forward agamst a resistance the ruddle deltoid does
the same when the movement 1s sideward the posterior part when 1t 1s back
ward The position of the arms in Figure 75 brings all three portions into
action providing the subject holds his elbows well back All positions above
the horizontal bring both anterior and muddle portions 1nto action It 1s easy
to notice that a wider group of fibers contract 1n lifting a heavy weight than
i lifting a light one  also that both front and middle portions come into action
before the shoulder level 1s reached if the load 1s heavy It 15 also easily seen
that with quick arm efevation the deltoid contracts suddenly and then relaxes,
leaving the momentum of the arm to finish the movement
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SUPRASPINATUS

A small but relatively powerful muscle filling the supraspmous fossa and
covered by the secand part of the trapezius (Figs 71 and 213)

Ongm The nner two thirds of the supraspinous fossa

Insertion The top of the greater tuberasity of the humerus

Innervation A branch of the suprascapular nerve from the brachial plexus
The fibers come from the fifth cervical nerve

Structure Penmform the fibers ansing directly from the bone and joiming
the tendon of insertion obliquely as 1t passes through the center of the muscle,
much as the seeds of a pine cone join their stem

Action The suprasptnatus pulls on the humerus with a short power arm
and at a large angle since 1t Joins the humerus above the axis while the load
1s below 1t 1t uses the humerus as a lever of the first class Since the power
arm 15 the line from the insertion to the axis it 1s plan that the power and
weight arms are not 1n a strarght line but the lever 1s bent sharply at the axis
Thus of course has no effect on the action of the muscle or 1ts lever except to
give 1t a favorable angle of pull

Isolated action of the supraspinatus which can be brought about by stimu
fating 1ts nerve raises the arm diagonally outward, but the direction 15 not
fixed and the arm may be moved forward or backward by the observer while
the muscle 1s 1n contraction without hurting the subject It 1s powerful enough
to Lift the arm to 1ts full height, even when the deltoid 15 lost but 1t 1s soon
fatigued when so much work 1s put upon 1t It pulls the head of the humerus
directly 1nto the socket and so prevents the upward displacement which the
pull of the deltord tends to produce It 1s for this reason that persons who have
lost the supraspinatus cannot do much work 1nvolving elevation of the arm

When the arm 1s near the side, the contraction of the deltoid 1s relatively
meffective and the movement of the supraspinatus 1s important n raising the
arm laterally Some anatomists are of the opimon that the supraspinatus
accomplishes the first 15 degrees of abduction of the arm If the muscle has
been ijured there may be a tendency for the head of the humerus to shp
downward 1n abduction movements 3 4

Covered by a muscle that usually contracts at the same time, the supra-
spinatus 1s not easy to study

PECTORALIS MAJOR

A large fan shaped muscle lymg immediately beneath the skin over the
front of the chest The pectoral muscles onigtnally comprised a single mass of
which the pectoralis major was the superficial layer and the minor the deeper
layer 1 Occasionally a pectoralis minimus extending from the first iib car
tilage to the coracoid process may be found

h()]ng]m Tl:n: rml:ner two thirds of the anterior border of the clavicle the
whole length of the sternum and the cartilages of the first
Junction with the sternum ¢ rstsixmibs near their

Insertion By 2 flat tendon about 3 inches wide 1nto the rid

e that form

the outer border of the bicipital groove of the humerus exten(ﬁng fron? jUSi
below the tuberosities nearly down to the insertion of the deltord (Fig 213)

Innervation Both the medial and lateral anterror thoracic nerves coming
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ments involving the raising of the arm above the head, the scapula rotates
upward 1nstead of downward, greatly increasing the range of movement of
the arm
Loss of one or more of the three portions of the deltosd interferes so sen

ously with all movements involving elevation of the arm that subjects with
this defect have much difficulty n feeding and dressing themselves Loss of
the posterior deltord makes 1t 1mpossible to put the hand behind the body at
the waistline 1f 1t 15 the front part the subject cannot bring his hand up to hus
face or put on his hat without bending the head far forward, if 1t 1s erther the
front or middle portion the arm cannot be lifted above the shoulder level 1n
any direction When 1t 1s paralyzed the supraspinatus and other elevators may
be hypertrophied to take 1ts place as an abductor, although the force of the
movement will be greatly reduced 3

F16 80 —The deltoid 1n action

The anterior deltoid hardens and swells out 1n all exercises tn which the
arm 1s raised or swung forward against a resistance the middle deltord does
the same when the movement 1s sideward the postertor part when 1t 1s back
ward The position of the arms 1n Figure 75 brings all three portions mto
action providing the subject holds his elbows well back All positions above
the horizontal bring both anterior and middle portions into action It 1s easy
to notice that a wider group of fibers contract 1n lifting 2 heavy weight than
1n lifting 2 light one  also that both front and ruddle portions come 1nto action
before the shoulder level 1s reached if the load 1s heavy It 1s also easily seen
that with quick arm elevation the deltoid contracts suddenly and then relaxes,
leaving the momentum of the arm to finish the movement
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ton Both parts act strongly in horizontal flewion, and are assistant movers
rotation

f(“Irl\“:;“:t‘;:ldyooal\' amputees, Inmn and Ralston’ found that this muscle could
exert a force of 1 63 kg persq cm of cross section

Loss of the pectoralis myor disables one much less than loss of the nnterior
deltord, except sn movements where great force 1s required When the deltoid
1s mtact the subject can raise his hand to any position 1n front of the trunk,
fold lus arms place the hand on the opposite shoulder, etc, even if the pec
toralis mayor 1s laching The force of gravitation enables hum also to fower the
arm to or through any position with the aid of the deltoid but the power in
forward and downward movements of the arm 1s lacking unless the pectoralis
can help A study by Jokl6 of the incrdence of the congenital absence of differ-
ent muscles among athletes has revealed that the pectoralis 1s by far the one
most commonly affected

Fic 82 —The pectoralismajormaction P pectoral D deltond § serratus magnus

Beevor? has described an excellent way to begin the study of the pectorabis
major on the living body First have the subject hold his arms forward a Iittle
below the honzontal and with elbows extended press hus palms strongly to
gether this brings the whole muscle 1nto vigorous action and the two parts
can be seen and felt plainly the tendon standing out in strong relief near the
arm Now whle the subject 1s doing thus let the observer press down on the
extended arms and have the subject resist the pressure this nstantly causes
relaxation of the lower half while the upper half springs out 1n still stronger
action 1f the observer lifts against the arms and the subject resists, the upper
half relaxes and the lower half acts Let the observer try to move the subject s
arms alternately up and down while the subject tnies to keep them still and
notice the rapid change of action by watching the tendon near the arm
Observe that both parts of the muscle contract 1n all exercises where there 15
horizontal flexion of the arms  that the upper part works alone 1n flexson and
that the lower part acts alone 1n extension Notice how plainly the upper half
shows action 1a Lfting with arms forw ard,aswhenawaiter carmes a heavy tray



170 MOVEMENTS OF THE SHOULDER JOINT

from the brachial plexus Fibers come from the fifth cervical to the first
thoracic nerves

Structure The fibers arise directly from the bone and converge to join the
tendon of 1nsertion Near its insertion 1t 1s twisted through 180 degrees, the
lower part passing benenth to be mserted near the head of the humerus while

3
3 AR
A{\)V\l“"
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Fic 81 —Superficial muscles of the chest and front of the arm (Gray s Anatony )

the fibers from the clavicle pass across them on the outside and join the
humerus lower down (Fig 81)

Action The clavicular portion of the pectoralts major 1s a prime mover for
flexion and an assistant mover for abduction after the arm has been abducted
to horrzontal The sternal portion s a prime mover for extenston and adduc
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sotate 1t inward to the neutral point, when the arm 15 10 2 posttion of inward
rotation this muscle will rotate 1t outward to the neutral point

LATISSIMUS DORS!

A very broad muscle, as its name indicates, situated on the lower half
of the back and lymg immediately beneath the skin except for a small space,
where 1t 15 covered by the lower trapezius (Fig 68)

Ongin The spinous processes of the six lower dorsal and all the lumbar
vertebre, the back of the sacrum, the crest of the 1hum, and the lower three
nbs

v
t
1
1
\
5
1S

e

Fic 84 —The laussimus 10 action The suby
ject 15 depressing his arms against
resistance Notice the narrow upper end of the latissimus just below the am% and

trice 1ts upper and lower margms as it widens out L 1s nears v
T long head of the triceps ¥ 1t center, D deltend

Insertion The bottom of the bicipital
groove of the humerus by a flat
tendon attached paraliel to the upper three fo Y "
e e e pp urths of the insertion of the
Innervation The thoracodorsal nenve from the b
rachial
cog;ufr:)m tl}; hmttih seventh and eighth cervical nerves ploxss The fbers
cture ¢ fibers converge from their wide ongin
much Lk
;“c{’rcn:xssgm::‘\ol;hm;d like the latter its flat tendon 15 t\vngsted so that (:h‘: :;s;:r
0 to the lower insertion and vice versa The musc
lower vertebre and the sacrum b, s ot ol e o the
y a sheet of fibrous tissu
fascia which also gives attachment to several other musclf:sca fied the lumbar
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CORACOBRACHIALIS

A small muscle named from 1ts attachments and located deep beneath
the deltord and pectoralis major on the front and mner side of the arm
(Fig 83)

Ongm The coracoid process of the scapula

Insertton Inner surface of the humerus, opposite the deltoid

Innervation Musculocutaneous nerve with the fibers coming from the
sixth and seventh cervical nerves

s

- g

Sternum
NN
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N ™
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Radius

Fie 83 —Deep muscles of the chest and front of the arm with the boundaries of
the axilla (Gray s Anatomy)

Structure The fibers anse from a short tendon and are nserted directly
into the humerus Attachment to the tendon 1s penniform

Action This muscle 1s a prime mover for shoulder joint horizontal flexion
and an assistant for flexion Because of 1ts small size 1t cannot act as an effec-
tive substitute 1n flexion 1f the prime movers are paralyzed It stabilizes the
shoulder joint tending to prevent downward displacement of the humerus
When the arm 15 1n a position of outward rotation the coracobrachialis will
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Innervation The nerve supply of the infraspinatus s from the suprascapular
nerve from the brachinl plexus with 1ts fibers coming from the fifth ind sixth
cervical nerves The teres mnor 1s mnervated by the axillary nerve with its
fibers coming from the fifth cervical nerve

Structure Longtudinal converging fibers

Action The nfraspmatus and teres minor rc prime movers for outward
rotation and honzontnl extension of the shoulder jomnt An additional func
tion not traditionally listed 1s their rmportant participation mn the force
couple for abduction and flexton, as noted 1n the discussion of deltoid actions

SUBSCAPULARIS

Named from 1ts position on the mnner surface of the scapula, next to the
chest wall (Figs 73 and 74) In primitive forms 1t 1s the largest muscle of the
scapulo humeral group !

Ongin The whole nterior surface of the scapula (next to the r1bs) except 1
small space near the jomnt (Fig 83)

Insertion The lesser tuberosity of the humerus (Fiy 79)

Structure A multipennate muscle

Action The subscapularss forms a functional group with the infraspmatus
and teres minor 1n the force couple for abduction and flexton, as noted n the
discussion of deltord actsons It acts as a prime mover for inward rotation of

the humerus, being antagomstic to the mfraspinatus and teres minor m this
respect

FUNDAMENTAL MOVEMENTS
OF SHOULDER JOINT AND SHOULDER GIRDLE

Much of the preceding matenal on the movements of the shoulder girdle
and the shoulder joint has dealt with mndividual bones, joints and muscles
The analytical study of 1ndividual components, whether they be anatomucal
parts or phases of a movement 1s necessary for adequate comprehension of
the pattern of which they are a part However as was stated in Chapter 3, a
muscle seldom if ever acts alone From the practical standpoint the kines:
ologist 1s usually interested primanly i the total movement which 1s the re
sultant of these individual actions The following paragraphs will emphasize
certain important relationships resulting from the interaction of the mdividual
muscles comprising the shoulder girdle and the shoulder joint

In nearly every arm movement there 1s an associated movement 1n the
shoulder girdle and when the arm 1s held mn a static position there must be
a stabilization of the shoulder girdle 1n order to support 1t In most natural
movements, there 1s a consistent and predictable pattern of shoulder girdle
movement that accompanies any given movement of the shoulder Jomnt This
pattern can be altered by conscious attention to the process but this 1s not
usually done 1n the activities of work sport and daily life

Elevation of the Arm Both flexion and abduction of the arm are accom
panied by upward rotation of the shoulder girdle During the first 30 to 60
degrees of arm elevation the scapula may remain stationary or it may perform
upward rotation 1 a pattern which depends upon the nature of the starting
position the speed of movement the amount and direction of resistances
and other vanable aspects of the situation After abduction has taken place
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Action The latisssmus 15 a pnme mover for adduction extension and
hyperextension of the shoulder joint It assists in horizontal extension and
inward rotation In rope chmbing and simlar activities 1t acts to draw the
trunk up toward the humerus It 1s powerfully involved in swimming and
rowing

Loss of the latisstmus results 1n a forward displacement of the shoulder,
due to the pull of the pectoral muscles, major and munor It noticeably
weakens all downward movements of the arm When both the latissimus and
pectoralis major are lost the shoulder is apt to be too high because of the
Lifting action of the trapezius and rhombord

TERES MAJOR

A small round muscle Iying along the axillary border of the scapula
named larger round in comparson with the teres minor or smaller round
muscle (Figs 71 72 and 83)

Ongmn The external surface of the scapula at the lower end of 1ts axillary
border

Insertton The nidge that forms the inner border of the bicipital groove
of the humerus, parallel to the middle half of the insertion of the pectorahs
major (Fig 213)

Innervation The lower subscapular nerve from the brachial plexus Fibers
come from the fifth and sixth cervical nerves

Structure Fibers ansing directly from the scapula and mserted 1nto the
tendon 1n a penmiform manner

Action In their penetrating studies of muscular function at the shoulder
Jomnt Inman Saunders and Abbott) found that the teres major was never
active during abduction and flexion movements but that 1t contracted stat
1cally with tension proportional to the load on the arm whenever a stationary
posttion was reached This surprising activity of the teres major was explamed
mechamecally and venfied 1n chinical expeniences The concept 1s theoretically
important 1n advanced kinesiology and of practical importance in surgieal
muscle tr lantations to comp for paralys:s

Except for this special function of the teres major 1ts actions on the arm
appear to be the same as those of the latissimus dorst and 1t has been called

the latissimus dors: s little helper 8 However, 1t 1s a prime mover rather
than an assistant mover for inward rotation

Loss of the teres major does not interfere with depression of the arm to
ncarly the same degree as does loss of either the pectorahs major or latis
simus

INFRASPINATUS AND TLRES MINOR

These two muscles located on the back of the scapula have 1dentical ac
tion and hence will be studied together (Fig 71) Morphologically the teres
munor 15 a portion of the deltoid 1t 1s absent in pimitive mammahans t

Ongm Infraspinatus Medtal two thurds of the infraspinatus fossa teres
mmor dorsal surface of the axillary border of the scapula

Insertion Infraspmatus on middle of greater tuberosity of the humerus
teres minor on lower part of greater tuberosity and adjacent shaft of the

humerus
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Finally with the arm extremely abducted, notice that 1t cannotdbe ro[t]att;d
snward to any sigmificant extent Many authors have commented upol . e
tuntted abduction when the arm 1s not rotated outward, several reasonst ave
been advanced to account for it Some have suggested that igaments ]z:re
responsible for stopping the movement, and that outward rotation r;mhes
them slack so that abduction can be continued Most, however, thm1 1 adt
the greater tuberosity of the humerus impinges upon the top of the g e;}o;l

fossa or upon soft tissues which are pinched between 1t and the top of the
glenoid fossa X ray studies have shown that the bony parts remain dlstu;]ct]y
separated making 1t very likely that the abduction 1s limited by the pinching
of soft tissules between the humeral tuberosity and the glenoid This relation

FIG 85 —Depressors of the arm 1n action P pectoral C coracobrachials
L latissimus

ship 1s shown 1n Figure 78 p 165 As the humerus 1s rotated outward so 15
the greater tuberosity, and abduction can be continued until muscles and
ligaments on the inferior aspect of the joint become tight

SHOULDER JOINT DISLOCATION
The arrangement of bones at the shoulder Jomnt allows rather free move-
ment 1n three planes as well as marked rotation of the humerus around 1ts
long axis Such freedom of motion occurs at the sacnifice of Joint stability
The higaments and muscles rather than the bones must be pnmanly responsi
ble for preventing dislocation When the hgaments become permanently
clongated as a result of repeated dislocations even well developed muscles

are madequate to prevent frequent further dislocation
12
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through 30 degrees, or after flevion has taken place through 60 degrees, the
relationship of arm elevation to upward rotation of the scapula becomes re
markably consistent with 2 degrees of shoulder joint movement being assoct
ated with every 1 degree of scapular rotation Demonstration of this by Inman
and his associates ! who inserted pins into the bones of living subjects and
employed x r1y pictures has served to resolve the many conflicting opinions
regarding the movements 1n question

Backward elevation of the arm (hyperextension) 1s seldom accompanied by
upward rotation of the scapula, but 1s often accompanied by elevation of the
shoulder girdle

Flexion of the shoulder jomnt normally involves an associated abduction
of the shoulder girdle along with upward rotation especially 1f the move
ment 1s a reaching or pushing action The serratus antertor 15 of great 1im
portance in movements of reaching and pushing since 1t 1s the only muscle
which can simuitaneously abduct and upward rotate the shoulder girdle

Depression of the Arm Extension of the shoulder joint 1s usually accom
panied by downward rotation and adduction of the shoulder girdle adduction
alone usually mvolves only downward rotation If the resistance consists
only of the weight of the upper extremity with or without the weight of an
object heldin the hand andif the trunk 15 1n an upright position the movement
1s ordinanly performed by eccentric contraction of the upward rotators of the
shoulder girdle and the elevators of the shoulder yoint If other hinds of forces
are present as in the case of pulling on a honizontal rope the shoulder girdle
downward rotators and adductors and the shoulder joint extensors may have
to contract concentrically In this latter example the Jatissimus dorst will also
contract and 1t has an indirect tendency to adduct and rotate the shoulder
girdle downward as 1t extends the shoulder joint In forceful adduction of the
shoulder joint against resistance, the latisstmus 1s jomned by the sternal portion
of the pectoralis major in causing shoulder joint adduction along with down
ward rotation of the shoulder girdle and the tendencies of these muscles to
cause anterior and posterior deviations of the arm and shoulder girdle are
mutually neutrahzed {Fig 85) The contnibutions of the latissimus dorst
and the pectoralts major to shoulder girdle action are clearly demonstrated
when doing dips (sometimes called pushups ) on the parallel bars and when
ansing from a chair by pushmg down upon 1ts arms

Rotation of the Arm Inward rotation of the shoulder joint 1s ordmarily
accompanied by shoulder girdle abduction outward rotation 1s ordinanly
accompanied by shoulder girdle adduction These tendencies are most marked
when rotatton 1s carried to tts extreme In devising corrective exercises for
abducted shoulders these natural tendencies should be taken mto con
sideration

Honzontal Arm Movements Honzontal flexion at the shoulder joint 1s
usually accompanied by shoulder girdle abduction horizontal extension 1s
usually accompanied by shoulder girdle adduction

The Range of Arm Abduction An interesting relationship between arm
abduction and arm rotation can be demonstrated by the followng exercise
From standing position with arms hanging at the sides palms toward the
thigh abduct the arm as far as possible without rotating 1t Then rotate the
arm outward and notice how much further the abduction can be continued
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9 Bilh § E Prevention of Supenimposed Disabilities New York State J
Med 59 1625-1628, 1954

10 Morehouse I:aurence E and Rasch Phiip 3 Scientific Basis of Athletic
Trarmng Philadelphia W B Saunders Co 1958 pp 186~188

TABLE 8 —Shoulder Jownt Muscles and Their Actions

Inw  |Outw | Hor | Hor

Flex | Ext | Abd | Add | Rot | Rot |Flex | Ext
1 Anterior Deltoid PM Asst Asst PM
2 Muddle Deltord PM PM
3 Posterior Deltod Asst ‘ Asst Asst PM
4 Supraspinatus PM
s Pect Major clavicular 1}’ M Asst * Asst PM
6 Pect Major sternal PM PM |Asst PM
7 Coracobrachialis Asst Asst *| Asst f|Asst{ PM
8 Subscapulans Asst*'PM Asst
9 Latissimus dorst PM PM 1 Asst Asst
10 Teres major PM PM iPM Asst
11 Infraspmatus PM PM
12 Teres minor ( PM PM
13 Buceps long head j Asst
14 Biceps short head (Asst Asst | Asst Asst
15 Triceps long head ‘ ’ Asst Asst

* Tndicated action takes place only when arm s above the horizontal
 Indicated action takes place only from a position of rotation to the neutral pomt

LABORATORY EXERCISES

1 Analyze (a) the up movement and () the down movement of pullups Name

the shoulder girdle and shoulder joint actions specific
of contraction pe: muscles active and kind

2 Assume that a man n the supine position 1s
pressing a barbell to arm s k
(12_ What shmi\llder Joint muscles are 1volved? (5) What will be the dxﬂcren:eex:g\‘}}l‘e
eflect upon them resulung from %
e s g eepmg the hands wide apart or bringing them
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The humerus can be displaced backward (subspinous dislocation) down
ward (subglenoid dislocation), or forward (subcoracotd dislocation) The
subcoracoid dislocation 1s most Iikely to become chronie and 1t usually
occurs when the arm 1s abducted and rotated outward The joint capsule 15
loose relatively thin and without reinforcements at its antero mferior aspect

Muscular pulls on the humerus by the pectoralis major may sometimes be
responsible for subcoracoid dislocation This happens relatively often 1n
sports especially when the humerus 1s outward rotated so that the tendon of
msertion of the pectoralis major 1s stretched Forceful overhand throwing
quick forward downward striking at a resistant object, and blocking with the
forearms mn football lineplay 1re examples of activities which combine strong
contractions of the pectorilis major with a position of anatomical vulger
ability

Implications for Athletic Trammg Because the intricate musculature and
comparatively loose construction of the shoulder joint make 1t an instrument
possessing a great range of movement but comparatively httle resistance to
traumatic forces, it may be hiterally knocked apart 1n such a sport as football
or twisted apart in such a sport as wrestling The study of mnjunes tn athletics
very clearly pomts up the necessity for a vigorous exercise schedule aimed at
strengthening this part of the body as an integral part of the preseason con
ditioning program preceding particspation in physical contact sports

Following trauma, the shoulder joint 1s especially susceptible to  freezing
and every effort should be made to keep 1t mobilized, even though activity
1s accompansed by some discomfort Heat massage and exercsse are useful
m overcoming any tendency to ankylosing fibrosis ® Once a shoulder jomnt
has sustuned severe dimage 1t tends to become susceptible to recurrent dislo
cation ( trick shoulder ) and a restrictive harness designed to prevent the
athlete from rasing his arm higher than 85 degrees may become a necesstty
if he 15 to continue to participate 1 his chosen activities 10
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Chapter 11

Movements of Elbow and Radio-Ulnar Joints

FUNCTIONALLY there 15 a distinct separation of the elbow joint and the radio
ulnar joints the former allowing flexion and extension of the radius and ulna
with respect to the humerus and the latter allowing pronation and supination
of the forearm

Elbow flexion and extension take place through a range of approximately
150 degrees, depending upon individual variations n anatomy and use of the
jomnt Flexion 1s imited by contact of the soft tissues of the arm and forearm,
extenston 15 hrmited by contact of the olecranon process of the ulna with the
humerus Either may be hundered by the tightness of hgaments and muscles
on the opposite aspect of the joint Some individuals can hyperextend the
elbow, thus allowing 1t to be locked when supporting the body weight on
the upper limbs or when pushing Most women can hyperextend the elbow
and this 1s sometimes taken as evidence of a skeletal sex difference However
1t should be noted that many gymnasts weight hifters and others who often
perform complete forceful extensions can also hyperextend the jomnt

When the elbow 1s extended 1nward and outward rotation of the arm at
the shoulder jont may accompany pronation and supination, respectively,
thus greatly increasing the amount of forearm rotation allowed by pronation
and supination alone The total combined range of the movement 1n the two
Jownts may approach 270 degrees In kinesiological analystss and 1n muscle
testing the rotary movements of the shoulder joint and of the radio ulnar
Joints should be carefully distinguished

The Elbow Jomt The elbow 1s a double ginglymus or hinge jomnt whose
articular surfaces are (1) the senulunar notch of the ulna against the trochlea
of the humerus where most of the weight 1s borne and (2) the proximal sur-
face of the head of the radius agamnst the capitulum of the humerns A capsule
and synovial membrane enclose both of these articular pairs and also the
proxmal articulation between radius and ulna Pinching of the fringes of the
synovial membrane 1n the jomnt has been suggested as a cause of tennis
elbow ! Longitudinal thichemngs of this capsule are designated as the ante-
rior, postertor radal collateral and ulnar collateral higaments

181
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3 Make a hst of the muscles covered 1n this chapter and describe progressive
best calculated to strengthen and hypertrophy each one

4 Why 1s 1t effictent to have fusiform arrangement of the fibers 1n the anterior
and posterior deltoids but penniform arrangement of the fibers in the muddle deltoid?

5 The ancient Romans are said to have been particularly interested 1n the de
velopment of large deltords What sports might they have found especially useful
for this purpose? Give reasons for your answer

6 In hand to hand combat a soldier might desire to dislocate an opponent s
shoulder How rmght he apply force for this purpose? And n what directron?

7 Analyze the different types of swimming strokes and evaluate the role of the
latissimus dorsi sn each one

8 Assume that a man ts lying supine holding dumbbells in his hands He first
stretches his arms to the side and r dly brings the dumbbell: her (lateral
raise) He then stretches his arms overhead and repeatedly raises them to the vertical
position {pull over) Analyze these two exercises and determine the difference in the
effect on the muscles which are volved Will the muscular actions be the same
1f he 1s lymng on a low bench instead of on the floor?

9 Analyze the role of the pectoralts major in delivering a left hook
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resistance from the hand 15 transferred pnimanly to the radwus at the wrst
jomnt It remains largely for the interosseous membrane to resist the resulting
tendency of the ridius and ulna to shde past each other longitudinally

The distal radio ulnar jont 1s a prvot joint between the (distal) head of the
ulna and the ulnar notch of the ridius Two small transverse ligaments the
volar radio ulnar and the dorsal radio ulnar, protect the joint as does the
hgamentous articular dish which connects radius and ulna while separating
the distal end of the ulna from the carpal bones The distal radio ulnar joint
has 1ts own synovial cavity and thin capsule In pronation and supination
the end of the radius glides around the head of the ulna and rotates on 1ts
long axis to keep 1ts articular surface toward the articulating surface of the
ulna

TRICEPS BRACHII

The triceps 15 on the posterior side of the upper arm, and, as its name
implies has three separate places of onigin (Figs 87, 211 212, 214)

F1G 87 —Muscles on the back of shoulder and arm
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IHumerus

Articular capsule

Olecranon

Wasses of fat

Coranod fossa

Trocklea

Articular capaule

Coronotd process

Annular Ligament

Tendon of Biceps brachn

Fi1G 86 —Sagittal section through the left elbow joint (Gray s Anatony )

The Radio ulnar Jont There are three distinct radio ulnar jonts The
proxinial radio ulnar joint 1s a prvot jomnt between the head of the radiws and
the radial notch of the ulna It shares the synovial membrane and capsule
of the elbow joint The annular igament (Fig 86) encircles the head of the
radius with both of 1ts ends attaching to the ulna near the radial notch thus
holding the head of the radius firmly 1n place During supination and prona
tion the radial head rotates axially within the annular ligament and the
radial notch

The nuddle radio ulnar jomt 1s classified as a syndesmosis The medial
borders of the shafts of the radius and ulna are connected by a ligamentous
sheet the interosseous membrane and the small oblique cord The fibers of the
1nterosseous membrane run diagonally the attachment on the radius tending
to be more proximal than that on the ulna Thus 1 addition to preventing
undue separation of the bones 1t functions to transmit and to cushion the
Iongitudinal forces of weight bearing In arm support positions the body
weight 1s transferred from the humerus primanly to the ulna the force of
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The leverage 1s short favoring speed rather than power The angle of pull
1s nearly 90 degrees through 1 large part of its movement the tendon passing
over the lower end of the humerus as a pulley, the great number of short
fibers 1n 1ts structure together with its large angle of pull, gives the muscle
great power as well as speed The ongin of the middle head on the scapula
engbles that part to act on the shoulder joint as well as the elbow, a rubber
band looped around the olecranon and held at the point of ongm shows
plainly that its pull1s chiefly lengthwise of the humerus, lifting 1ts head up into
the glenoid cavity If the humerus 1s Iifted the tenston on the rubber band 15
1ncreased, showing that 1t 1s able to aid :n depressing the arm, but its angle of
pull 1s here very small

Loss of the triceps destroys a person s abulity to extend the elbow forcibly,
but does not disable him for hight tasks since the weight of the forearm
will extend the elbow when there 15 no resistance making 1t possible to use
the hands 1n any position when the movement requires little foree

Contraction of the different parts of the triceps causes extenston of the
elbow Contraction of the long head alone assists 1n 1dduction, extension,
and hyperextenston of the humerus at the shoulder jomnt In a study of
amputees, Inman and Ralston found that this muscle could exert a force of
131 kg persq cm of cross section 2

ANCONEUS

A small tnangular muscle on the back of the arm (Fig 87) It appears to be
a continuatton of the triceps

Ongin Posterior aspect of lateral eprcondyle of the humerus

Insertion Lateral side of olecranon process and upper part of posterior
aspect of the ulna

Innervation A branch of the radial nerve contamning fibers from the seventh
and eighth cervical nerves It wall be noted that this innervation 15 1dentical
with that of the triceps As a result the two muscles are usually disabled
simultaneously 1n cases of neurological disease
N AlActan Weak extension of the forearm Has been termed  the triceps Iittle

elper

BICEPS BRACHII

A prominent muscle on the front side of the upper arm with two separate
places of ongin (Fig 83)

Ongin (1) The long head from the scapula at the top of the glenoid fossa
the tendon passing over the head of the humerus and blending with the cap
sular higament of the shoulder jomnt (2) the short head from the coracord

Insertion The biciptal tuberosity of the radius (Fig 89)

Innervation The musculocutaneous nerve from the brachal plexus F,
ccxsne from the fifth and sixth cervical nerves plexus Fibers

tructure The tendon of the long head 1s Iong and slender and lies
th
bicipital groove of the humerus becoming muscular at the lower end ::;' \hz
groove The tendon of the mner head 1s shorter the muscular fibers of the
two parts being of equal length The tendon of msertion 1s flattened as 1t

Jons the muscle and passes up as a septum betwe,
en the two parts and r
the fibers m a penniform manner from both sides P coenes
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Ongm (1) The middle or long head, from the scapula just below the
shoulder yont (2) the external head, from a space half an inch wide on the
back of the humerus, extending from the riddle of the shaft up to the greater
tuberostty (3) the mternal head from the lower part of the back of the
humerus over a wide space extending nearly two thirds of the length of the
bone

Insertion The end of the olecranon process of the ulna

Innervation The radial nerve from the brachial plexus with fibers from the
seventh and eighth cervical nerves

Structure The long head has a short tendon of ongin the fibers of the
other two parts anse directly from the humerus The tendon of insertion

Fi6 88 —Thetricepsinaction O outer portion M, middle portion I mner portion

1s flat and as 1t leaves the ulna 1t broadens 1nto a thin sheet that extends
far up the external surface of the muscle and the muscular fibers attach
obliquely to 1ts deeper surface The long head passes up between the teres
major lyingn front and the teres minor behind 1t

Action The olecranon process of the ulna extends past the elbow joint
and the triceps 1s mserted mto the end of 1t making of the ulna a Jever of
the first class Since the triceps pulls up on the olecranon 1t will evidently
move the mamn part of the lever down and thus extend the elbow jomnt
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With the forearm extended, supintion does not produce any evidence of
biceps potentials if rotation of the arm at the shoulder 15 prevented unless
supination 1s firmly resisted 5 6

Loss of the ticeps does not neeessanly result in s bility to flex the clbow,
since there e other muscles 1ble to perform this movement Those who

Fic 91 ~—~The arm of John McWilliams These amazingly h

rtrophied muscl
have a gith of 214 nches and are beheved to cos A e
e e o) nstitute the largest muscalar arm

retain the use of the other flexors but Jack the bice

ps can do hight
but when they try to fift heavy objects the weight pulls the hea%! ot}‘(g;il:r:g;lz;
down out of its socket causing pain and quick fatigue When all the flexors
are fost the use of the arm 1s practically abolished, as the subject cannot lift

the hand to the fa [
the thigh ce nor touch the body with the hand abave the middie of
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Action The biceps 15 1n a position to act on three yomnts shoulder elbow
and radio ulnar (Figs 89 90 91) At the shoulder joint, contraction of the
long head of the biceps stabilizes the articulation and ssists shightly with
abductton  Contraction ot the short hend assists with flexion abduction
inward rottion ind horizontil flexion Inman and Ralston found that the
biceps can exert t force of 2 38 kg per sq cm of cross section 2 Both parts
¢t to flex the elbow, the power arm being somewhat over an inch 1 length
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Fig 89 Fic 90
The radwus and ulna

and the angle vanable from 15 or 20 degrees 1n the position of complete ex
tension up to 90 degrees when the elbow 1s flexed to about a right angle and
dimumishing again as flecion continues When the hand s placed n extremre
pronation the biapital tuberosity of the radis 15 turned mward and down
ward wrapping the tendon of the biceps more than half way around the bone
contraction of the muscle will evidently tend to unwrap 1t and thus supinate
the hand When the forearm 1s 1n a pronated posttion the recorded electro
myographic potentials from the biceps are lower than when the arm 1s 1n the

supinated position 4
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FiG 92 —Front of the left forearm superficial muscles (Gray s Anatonty )
forearms tend to assume a neutral position when a gymnast performs pullups

on the rings

BRACHIALIS
Literally translated muscle of the upper arm It 1s located between the
biceps and the humerus near the elbow (Fig 87)
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Because the brceps acts as an important prime mover for both elbow flexton
and forearm supination, a classic example of helping synergy anises when
strong supination without elbow flexion 1s desired, as i driving a screw with
a screwdrniver or 1n turning 1 resistant doorknob In these tasks, the biceps 1s
needed as 1 supinator but 1ts simultaneous tendency to produce elbow flexion
would cause the hand to be removed from the site of the work 1f flexton ac
tually occurred The problem 1s solved by simultaneous contraction of the
triceps, which as an elbow extensor effectively neutralizes the flexton tendency
of the biceps while allowing 1ts supinatory action to take place unhindered
An easy classroom demonstration of this can be performed as follows With
the elbow partially flexed, shake hands with a partner allowing hum to turn
his forearm to a posttion of extreme pronatton With your left hand grasp
his upper arm so that fingers are on his triceps and thumb 1s on his biceps
Ask the partner to supinate us hand forcefully while you resist the motion
Notice that his triceps springs 1nto action at the same time as the biceps, 1n
order to counteract the flexion tendency of the biceps as 1t supinates

There 1s sharp disagreement among electromyographers regarding the
action of the biceps when the forearm 1s pronated It has been stated that the
biceps plays little, 1f any, role in flexion at this time This has been explained
by the assumption that in order to maintain the prone posttion aganst the
biceps’ tendency to supnate the forearm during contraction afferent mm
pulses from the pronating muscles working through the central nervous
system result 1n a negative feedback to the spinal centers controlling the
biceps 6 However some students have contended that when the forearm 1s
pronated the long head may contract while the short head may fail to show
any signs of electrical activity 3 It 1s evident that much further study will be
required to reconcile such discrepancies

BRACHIORADIALIS

Brachium 15 the Latin for the upper arm, hence the name indicates that
the muscle 15 attached to the humerus and to the radius It 1s situated on the
outer border of the forearm and gives rise to the rounded contour from the
elbow to the base on the thumb (Fig 92)

Ongmn The upper two thirds of the lateral supracondyloid ridge of the
humerus and from the lateral intermuscular septum

Insertion The lateral surface of the radius at the base of the stylord process

Innervation A branch of the radial nerve from the brachial plexus The
fibers are from the fifth and sixth cervical nerves

Structure Arising directly from the humerus, the fibers join the lower
tendon 1n a penmform manner

Action The posttion of the brachioradialis indicates 1t as a flexor of the
elbow 1ts leverage 1s long but 1ts angle to pull very small computation shows
that when both are taken mnto account 1t has better mechanical advantage
than the biceps As a result flexion of the elbow 1s posstble when a Jesion of
the musculocutaneous nerve results 1n paralysis of both the biceps and the
brachialis If the median nerve 1s 1njured this muscle is the only one capable
of producing pronation and its range 1s quite imited This muscle 1s an as
sistant for both pronation and supination tending to rotate the forearm from
erther extreme to the neutral position 6 This 1s one of the reasons why the
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Ongin Anterior surface of the lower half of the humerus and the nter
muscular septa

Insertion Tuberostty of the ulna and the anterior surface of the coronoid
process

Innervation Primanly by the musculocutaneous nerve from the brachal
plexus with the fibers coming from the fifth and sixth cervical nerves A small
branch of the radral nerve 1s usually present a branch of the median nerve
may be

Structure The tendon of insertton flattens mnto a thin sheet and the muscular
fibers arising from the humerus are attached obliquely to 1ts deeper surface

Action Simple flexion of the elbow It ss equally effective 1n the supine,
mid ot prone positions of the forearm since 1ts line of pull does not change
with rotation of the forerrm The brachiabis has been described as “the work
horse imong the flexor muscles of the elbow 5

PRONATOR TERES

A small spindle shaped muscle lying obliquely across the elbow 1n front
and partly covered by the brachioradialis (Fig 102)

Ongm Two heads, one from the medial epicondyle of the humerus and the
other from the coronoid process of the ulna

Insertion Quter surface of the radius near its center

Innervation A branch of the median nerve containing fibers from the
sixth and seventh cervical nerves

Structure Fibers ansing from short tendons join the tendon of insertion
obliquely the latter lying beneath the muscle for half its length

Action Its primary action 1s pronation, 1f this 1s prevented the muscle acts
to help flex the elbow In favorable subjects the pronator teres can be seen
and felt 1n contraction without much difficulty In pure flexton 1t acts with
the biceps 1ts pronating action neutralizing some of the suptating action of
the larger muscle In pure pronation agamnst a resistance the triceps can be
felt in mild contraction to neutralize the flexing action of the pronator teres
Just as 1t acts with the biceps 1n supinatton, but much less vigorously

PRONATOR QUADRATUS

A thin square sheet of parallel fibers Jying deep on the front of the forearm
near the wrst (Fig 93)

Ongm Lower fourth of the front side of the ulna

Insertion Lower fourth of the front side of the raduws

Innervation The volar interosseous nerve, which branches from the
median nerve The fibers come from the exghth cervical and first thoracic
nerve by way of the brachial plexus

Structure Parallel fibers attached directly to the bones

Action Pronation of the forearm working with the pronator teres

SUPINATOR
A broad muscle situated under the brachioradialis and the extensor muscles

attached to the lateral epicondyle (Fig 94)
Ongm Lateral epicondyle of the humerus supmator crest of the ulna

ligaments between



MOVEMENTS OF ELBOW AND RADIO-ULNAR JOINTS 193

much weight when 1t 15 held with the palms down (reverse curl) as he does
when 1t 15 held with the palms up (curl)

Simular findings by Provins and Salter10 have been explained on the follow
mg basis The difference 1n the strength of flexion At the various forearm
positions must be due principally to changes :n the length of and mechanical
efficiency exerted by the biceps, brachiahs, brachioradialis, and pronator
teres Of these the brachialis 1s unaffected by rotation of the forearm As the
forearm 1s rotated from supination to pronation, the length of the biceps be-
comes progressively longer, but the mechanical advantage decreases as the
tendon 1s wrapped around the radius and the effective lever arm 15 reduced
The brachioradialis has 1ts greatest mechanical advantage at the mudposition,
but as 1ts mechamcal advantage increases in turning from supination or prona
tion, 1ts length decreases In these two muscles these two factors probably
cancel each out to a large extent The pronator teres, however 1s at 1ts short
est length and 1ts mechanical advantage 1s relatively poor in the pronated
position The overall effect then, may be largely due to the changes in the
pronator teres

Imphcations for Athletic Trammng Trauma to the elbow joint 15 relatively
common 1n body contact sports such as football and wrestling 1n activities
where the body 1s subject to impact forces, such as gymnastics and tumbling,
and as a result of movements requiring sudden forcible hyperextension of the
forearm, as n tenmis serving 1 baseball pitchung, and javehn throwing It 1s
often immobilized or semi immobilized, during the acute period 1! Passive
exercises and underwater exercises are often very useful aids to its remobiliza
tion
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Insertion Quter surface of the upper third of the radis

Innervation The radial nerve from the brachial plexus Fibers come from
the sixth cervical nerve

Structure Mostly parallel fibers

Action Supination Unlike the biceps, 1t 1s not directly affected by the
positions of the elbow and shoulder

FUNDAMENTAL MOVEMENTS

The fundamental movements of the elbow and the radio ulnar articulations
are flexion, extension, pronation, and supination Almost every movement of
the arm 1n such fundamental skills as pushing pulling throwing and stnking
involves not only the joints mentioned above but the shoulder and wrst 1s
well While 1t 1s necessary to study therr 1solated movement at this time, this
1s rarely the case 1n concrete situattons In the analysis of simple skillful
motions executed by the arm and nvolving these jomnts 1t 15 necessary 1o
consider their actions as they are related to the adjacent parts

Some baseball pitchers who depend on curves, inshoots and screwballs
are troubled with recurring sore arms Such trauma 1s not surprising 1n view
of the small size of most of the muscles of pronation and supination and 1n
view of the tremendous limb velocity which 1s generated prior to the final
snapping of the arm into a pronated or supinated position The strught fast
ball prtcher often lasts longer 1n a game or 1 a career than the stuff prtcher

In the 1verage person the flexors of the elbow are about one and one hall
times as effective as the extensors Stendler? gives the following figures for
working capacity of the principal muscles

Flexors
Biceps 4 58 kilogram meters
Brachialis 384
Brachoradialis 221
Pronator teres 139
Others (total) 242
Extensors
Triceps 927
Anconeus 083

The effective strength which muscles can exert 1s to some extent controlled
by the position of the bones In a group of adult males8 the following mean
1sometric strength figures were recorded for forearm flexion i the positions
of supinatton midposition and pronation

Standard

Posttion Mean Dewiation

Supmation 43 2 pounds 8 4 pounds
Midposition 478 89
Pronation 275 44

Since 1t has been shown that strength measurements made by 1sometric tech
niques are valid in expressing 1sotome strength 9 1t 1s evident that a man
excrcising his elbow flexors should expect to hft only about two thirds as
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4 Note that inward and outward rotation of the shoulder jomt are effective n
adding to the forearm motions of pronation and supination, respectively when
the elbow jomt 1s fully extended In turning a knob, the total range of motion would
be greater if the knob were at arm s length and the elbow jomnt were extended
Greater turning force would be available however, 1f the elbow jomnt were flexed
to 90 degrees so that the biceps tendon would be working at an optimal angle of
nsemon for exertmg supmatory force Discuss the importance of such kinesiological
y and instrument panels
5 Analyze the action of the muscles of the shoulder and arm n throwing a
curve ball
6 Using a gontometer measure the range of movement of the elbow joint of as
many subjects as possible Note the amount of flexton and extension possible for
each subject Tabulate and determine the average value for both sexes Account
for the difference
7 The motion of the elbow joint 1s pure flexion and extension however, the
biceps a powerful flexor, also supinates which modifies 1ts action

a Flexion With the arm horizontal and supported through 1ts entire length
to avord the action of gravity on the long head of the biceps flex the forearm with
the hand 1n (1) supmation (2) pronation and (3) midposition Palpate to deter-
mine which muscles flex the forearm with no and with mod;

b Extension Stand facing a wall Place the palm of the hand, fingers pointing
upward against the wall, and with the elbow at 90 degrees push agaumnst the wall
Palpate to determine which muscles act to extend Next place the back of the hand
against the wall with the elbows at 90 degrees and repeat the efforts to extend the
elbow by pressing agaimnst the wall Palpate to deternune which muscles contract
Explain any differences

¢ Supwmation Grasp a doorknob thumb up with the elbow bent at 90 de

greesl Twist the doorknob to supmate the hand Palpate to determine the active
muscles
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TABLE 9 —Elbow and Radio Ulnar Articulation Muscles and Thewr Actions

Muscle Flexton  Extenston Pronation Supmnation
Biceps brachu PM PM
Brachialis PM
Brachioradiahis PM Asst * Asst *
Pronator teres Asst PM
Pronator quadratus PM
Triceps brachu PM
Anconeus Asst
Supmator PM
Flexor carpi radialis Asst Asst
Flexor carp: ulnans Asst
Palmans longus Asst
Extensor carpi radialis longus Asst Asst
Extensor carpt radialis brevis Asst
Extensor carpt ulnaris Asst
Flexor digitorum sublimis Asst
Extensor digitorum communis Asst
Extensor digiti quint: proprius Asst
Extensor pollicis longus Asst
Abductor pollicis longus Asst

* To the neutral position

LABORATORY EXERCISES

1 Demonstrate the peculiar action of the rads with reference to the ulna 1
movements of pronation and supination List some common activities which would
be virtually impossible if the forearm could not be pronated and supmated

2 Classify and analyze the bone muscle levers at the elbow Are they designed
for producing speed or power”

3 In what positions should the elbow and shoulder jomnts be held i order to
make possible the delivery of maximal supinatory force?
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istinct joints permitting an unusual amount of freedom of movement of
he hand
(1) The radiocarpal joint lies between the end of the radws and three
Sf the first row of carpal bones the navicular, the {unate, and the trian
sular Neither the ulna or pisiform bone participate the ulna being sepa
-ated from the carpal bones by an articular disk of fibro cartilage The three
-arpal bones slide across the head of the radius the direction depending upon
the nature of the movement The radiocarpal joint 18 enclosed 1n a strong but
loose capsule strengthened by four strong areas of ligamentous tissue joning
the proximal edges of the carpal bones to the bones of the forearm These
Ligaments are the volar and dorsal radiocarpal ligaments and the radial and
ulnar collateral hgaments The joint permits all classes of movement except
rotation
(2) The mudearpal articulation 15 2 ghding joint between the two rows of
carpal bones It has its own synovial sac which often includes portions of
the carpometacarpal joint The pisiform bone 15 joined to the trrangular 1n
a separate synovial sac The jomnt 1s supported by the volar ligaments which
Join the volar surface of the first row to the volar sutface of the capitate The
dorsal higaments jomn the first and second rows and the ulnar and radial
collateral hgaments jom the navicular with the greater multangular and the
triangular with the hamate They may be regarded as extensions of the corre-
sponding ligaments of the radiocarpal joint The small amount of ghding
possible 1n the jont permits some flexion and shght extension
The bones of each row also articulate between others of the same row by
arthrodial jonts and are joined to each other by strong ligaments The three
bones of the first row are jomed by volar, dorsal and mterosseous igaments
The pisiform 15 not included but does have two volar ligaments one joining
1t to the hamate and the other joining 1t to the fifth metacarpal The second
row has three dorsal and three volar ligaments joining the four bones as well
as the usual interosseous ligaments
(3) The carpometacarpal jomnts are also arthrodial Each metacarpal 1s
umted by two strong dorsal ligaments to the adjacent carpal bones except
the fifth which has only one The volar aspect has a somewhat sumilar arrange
ment except that the third pal is attached to the ady carpals by
three higaments Interosseous ligaments also strengthen the Jomnt
Together the wnst jomts permut abduction adduction creumduction,
fleion and extension The free rotation of the shoulder and radio ulnar
Joints give the hand freedom to turn through 270 degrees Starting from the
straight extended position the wrist can be flexed through from 60 to 90
degrees The first and fifth metacarpals can be flexed farther than those be-
tween malang it possible to draw the two sides of the palm toward each
ather forming a cup shaped depresston i the muddle of the palm
The first carpo metacarpal joint (that of the thumb) 1s atypical It1sasaddle
Jount with a strong but loose capsule permitting much more freedom of
movement than do the other carpo metacarpal jotnts From anatomcal posi
tion, a lateral separation of the first metacarpal bone from the second 15 called

abduction of the thumb, the return movement 15 called adduction (and when

1t 1s continued across the palm Ivperadduction) A movement of the first
metacarpal bone forward from anatomical position approximately n the

avtero postenor plane, 1s calted flexion of the thumb, the return movement 15




Chapter 12

Movements of the Wrist and Hand

THE hand includes twenty seven bones and over twenty joints, while 1ts actton
1nvolves the use of thirty three different muscles The larger muscles acting on
the hand are located 1n the forearm and are connected with their insertions
by long slender tendons These tendons are held within a small space at the
wrist by a deep concavity on the anterior surface of the carpal bones and by 2
flat encircling band of connective tissue known as the annular ligament of the
wrist There are several small muscles in the hand itself the largest group
making up what 1s known as the thenar eminence on the thumb side of the
palm and a smaller group forming the hypothenar erminence on the ulnar
side

The twenty seven bones of the hand form three groups (1) the carpal
bones, eight 1n number n two rows of four bones each (2) the five meta
carpal bones numbered beginning at the thumb, and (3) the fourteen pha
langes 1n three rows the proximal and terminal rows containing five each and
the second row four the phalanx of the middle row being absent 1n the thumb
(Figs 95 and 96) The carpal or wrist bones are very trregular 1n shape and
are named as follows beginming on the thumb side

First row navicular lunate toangular and prsiform

Second row greater and lesser multangular capitate and hamate

Some of the older texts use the following nomenclature

First row scaphord semilunar cunetform and psiform

Second row trapeztum trapezoid os magnum and unciform Minor var
1ations of both of these lists are occasionally seen

The metacarpals are considerably larger and longer than any of the pha
langes and the latter decrease in size toward the tips of the fingers The
phalanges of the terminal row are small and pomnted The thumb 1s separated
from the first or index finger more widely than the other fingers are from one
another and 1s turned on 1ts axis so that flexion 1s somewhat toward the
others rather than in the same plane Notice the rounded articular surfaces
at the ends of the metacarpals and phalanges

The wrist, which connects the rest of the hand with the forearm, has three

196
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The meticarpo philingeal jomnts each have a capsule, one volar higament,
and two collateral ligaments The first metacarpo phalangenl joint (that of
the thumb) 15 a hinge joint capable only of flexion and extension through
about 90 degrees The second through fifth metacarpo phalangeal jonts are
condylod, permitting movement 1n two planes First flexion and extenston
may occur through about 90 degrees, and, 1n addition hyperextension may
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extension Inaddition the first metacarpal bone may execute a peculiar partial
circumduction and rotation which 1s called opposition because 1t brings the
tip of the thumb around in position to face or oppose the fingertips The
return movement from opposition 15 known as reposition *

* Some older texibooks the d of wath those for
flexion-extenston When consulting vanous texts the authors definitions should be checked
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Action Tightens fascia of the palm Because of its small s1ze 1t assists weekly
m wrist flexion

FLEAOR CARPI ULNARIS

Located on the medial side of the forearm (Fig 97)

Ongin The medial eprcondyle of the humerus and medial margin of the
olecranon and upper two thirds of the dorsal border of the ulna

Insertton The palmar surfaces of the prsiform and hamate bones and of the
fifth metacarpal

.o,

NSop_ o

EXTE,

FiG 97 —Posterior surface of the forearm and hand
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occur, varymng from a few degrees to as much as 40 degrees 1n the second and
fifth fingers Second, lateral movements (abduction and adduction) are pos
sible The terminology for these lateral movements 15 vanable, depending
upon the textbook consulted In this text, the movements are defined con
sistently with the general scheme for naming abduction and adduction 1n
other parts of the body Therefore, 1t 1s first assumed that the body 1s 1n
anatonucal position (erect, arms hanging at the sides palms turned forward)
From thss position, when any of the four fingers 1s moved laterally (anay from
the midline of the whole bod)), the movement 15 called abduction, and when
any of the four fingers 1s moved medially (tonard the mudline of the whole
body), the movement 1s called adduction It should be noted that some texts
define abduction as a spreading of the fingers away from the muddle finger
and adduction as a closing of the fingers toward the muiddle finger, m which
case some special terms, such as radial fiexion and ulnar flexson must be
mtroduced to name the movements of the middle finger Agam, definttions
must be checked 1n each sndividual textbook which 1s consulted

The nter phalangeal joints are capable only of flexion and extenston, bemng
hinge joints Each has a capsule remforced by one volar and two collateral
ligaments

MUSCLES ACTING ON THE WRIST JOINT
There are six principal muscles acting on the wrist jomnt grouped as follows

Flexor carp: radialis Extensor carp: radiahs longus
Flexor carp: ulnaris Extensor carpi radialis brevis
Palmaris longus Extensor carpi ulnans

In addition the extrinsic muscles of the hand which cross the wnist may
act as assistant movers for wrist motions

Abduction of the hand 15 produced by the combined action of the radial
flexor and extensor while the ulnar flexor and extensor together adduct 1t

FLEXOR CARPI RADIALIS

This muscle lies on the upper half of the front of the forearm just beneath
the skin half way from the brachioradialis to the ulnar side (Fig 92)

Ongin The medial epicondyle of the humerus

Insertion The anterior surface of the base of the second metacarpal witha
slip to the base of the third metacarpal

Innervation The median nerve with 1ts fibers coming from the sixth and
seventh cervical nerves by way of the brachial plexus

Action Flexion and abduction of the wrist

PALMARIS LONGUS

A slender muscle Iying just on the medial side of the preceding It 1s absent
1n about 10 per cent of the mndividuals

Ongm The medial epicondvle of the humerus

Insertion The annular ligament of the wnist and the palmar aponeurosis
(Fig 92)

Innervatton The median nerve with 1ts fibers coming from the sixth and
seventh cervical nerves by way of the brachial plexus
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FLEAOR DIGITORUM SUBLIMIS

Stuated just beneath the flexor carpt radialis and the palmans longus on
the anterior side of the forearm (Fig 92)

Ongn The medial epicondyle of the humerus, the coronoid process of
the ulna, and a long oblique line on the middle half of the anterior surface
of the radius

Insertion By four tendons which separate after passing the wnst and go to
the four fingers Opposite the first phalanx each tendon splits into two parts,
which are 1nserted nto the sides of the base of the second phalanx (Fig 99)

Innervation ‘The median nerve from the brachial plexus Fibers come from
the seventh and eighth cervical and the first thoracic nerves

Action Flexes the second and first phalanges, assists in wnist flexion

FLEAOR DIGITORUM PROFUNDUS

Located just beneath the flexor sublimus (Fig 98)

Ongin The upper three fourths of the antertor and medial surfaces of the
ulna

Insertion By four tendons which separate after passing the wnist and go to
the four fingers Each tendon passes through the sphit 1n the corresponding
flexor digitorum sublimis tendon and 1s nserted into the posterior surface
of the base of the last phalanx (Fig 99)

Innervation The volar mnterosseous nerve the fibers of which come from
the brachial plexus by way of the median and ulnar nerves Fibers are from
the eighth cervical and first thoracic nerves

Action Flexes the third second and first phalanges assists in wrist flexion

Although the fiexors sublimis and profundus each form a single muscular
mass, the separate tendons to the fingers are moved by separate groups of
muscle fibers, so that 1t 15 possible to flex the fingers separately The wide
difference seen 1n the abilities of different persons to do this 1s due to differ
ences 1n coordination resulting from various amounts and kinds of traiming
and not from differences 1n the structure of the muscles

EATENSOR DIGITORUM COMMUNIS
Situated on the middle of the dorsal surface of the forearm (Fig 97)
Ongm The lateral epicondyle of the humerus
Insertion By four tendons which separate after passing the wrist and goto
the four fingers Each tendon 1s attached by fibrous slips to the dorsum
of the first phalanx and then divides mto three parts the middle part 1s
mserted 1nto the posterior surface of the base of the second phalanx and the
two collateral parts into the dorsal expansion of the finger extensor tendons
Innervation The radial nerve from the brachal plexus Fibers come from
lh; sixth seC\emh and eighth cervical nerves
ction  Contraction of the extensor digitorum commu
first phalanx and the wnist If the first pha]arg;x 1s held flexed r?;eer:\i;g: \:rl:lel
extend the other phalanges but if the first phalanx or the wrist are allowed to
extend 1ts contraction has little effect on the last two phalanges This 1s
partly due to the insertton of the tendons mnto three successive segments of
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Innervation The ulnar nerve from the brachial plexus Fibers are from the
eighth cervical and first thoracic nerves

Action Flexion and adduction of the wrist Electrical stimulation of the
flexor carpt ulnaris does not adduct the hand but 1n voluntary adduction 1t
contracts along with the extensor carpt ulnaris probably to prevent the
hyperextension the latter would otherwise produce

By flexing the wrist strongly agamnst a resistance, the tendons of the three
flexor muscles can be easily felt The palmaris longus tendon should not be
confused with the larger flexor digitorum sublimis tendon (Fig 92)

EXTENSOR CARPI RADIALIS LONGUS

Thus muscle 1s on the radial side of the upper forearm, just posterior to the
brachioradialis (Fig 92)

Ongin The lower third of the lateral supracondylar ndge of the humerus

Insertion The dorsal surface of the base of the second metacarpal

Innervation The radial nerve from the brachial plexus Fibers come from
the sixth and seventh cervical nerves

Action Extension and abduction of the wrist joint

EATENSOR CARPI RADIALIS BREVIS

Situated just beneath the preceding muscle

Ongin The lateral epicondyle of the humerus

Insertion The dorsal surface of the base of the third metacarpal

Innervation The radial nerve from the brachral plexus Fibers come from
the sixth and seventh cervical nerves

Action Extension and abduction of the wrist

EXTENSOR CARPI ULNARIS

Situated on the back and ulnar side of the forearm (Fig 97)

Ongin The lateral epicondyle of the humerus and the middle third of the
narrow ridge on the dorsal border of the ulna

Insertion The posterior surface of the base of the fifth metacarpal

Innervatton The deep radial nerve from the brachial plexus Fibers are from
sixth seventh, and eighth cervical nerves

Action Extenston and adduction of the wrist

MUSCLES MOVING THE FINGERS

There are three muscles 1n the forearm that act on all four fingers at once,
two of them flexors and one an extensor They are named—

Flexor digitorum sublims

Flexor digitorum profundus

Extensor communis digitorum
meamng superficial and deep flexors and common extensor of the fingers
Each of these muscles has four tendons going to the four fingers beginning
at the lower fourth of the forearm and each tendon 1s acted upon by separate
groups of muscle fibers making 1t possible to flex and extend the fingers
separately as well as all at once
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the finger and partly to leverage and slack, as explamned 1n case of the flexors
Since the extensor digitorum communis has the best leverage on the wrist
strong extension of the fingers 1s impossible unless the wrist 1s prevented from
hyperextending as the muscle contracts

E\TENSOR INDICIS PROPRIUS

A long thin muscle medial to and parallehing the extensor pollicus longus

Ongmn Dorsal surface of the lower half of the body of the ulna and the
interosseous membrane

Insertion Into the ulnar side of the tendon of the index finger of the extensor
digitorum commumss, and mto the dorsal expansion of the finger extensor
tendons

Innervation The deep radial nerve of the brachial plexus Fibers anise from
the sixth seventh and eighth cervical nerves

Action Extends and assists with adduction of the first phalanx of the index
finger, assists with wrist extension Acting through the dorsal expansion 1t
extends the second and third phalanges especially when the first phalanx 1s
held 1n flexion

EXTENSOR DIGITI QUINTI PROPRIUS

A long thin muscle medial to and paralleling and often attached to the
extensor digitorum communis

Ongmn Anses from the common tendon of the extensor digitorum com-
mums

Insertion Into the tendon of the extensor digitorum communis at the
first phalanx of the httle finger and into the dorsal expansion of the finger
extensor tendons

Innervation The deep radial nerve of the brachial plexus Fibers anse from
the sixth seventh and eighth cervical nerves

Action Extends the first phalanx of the hittle finger, and assists with wrist
extenston Acting through the dorsal expansion 1t extends the second and
third phalanges, especially when the first phalanx 1s held 1n flexion

MUSCLES IN THE HAND

There are three groups of small muscles placed in the hand tself that help
to flex and extend the fingers and also to adduct and abduct them There are
eleven of these muscles as follows

Four lumbnicales
Four dorsal interosser
Three palmar interosset

In addition there are three muscles which act on the little finger alone their
action contrnibuting to some of the unusual features of the hand

The lumbricales are 1n the palm and the interosset lie between the meta-

carpal bones All eleven act to flex proximal phalanges and to extend nuddle
and distal phalanges

THE LUMBRICALES

Four hittle spindle shaped muscles named fro:

m their resembl:
earthworm (umbncus) (Fig 99) emblance to an



Fig 98 —Front of left forearm Deep muscles (Gray s Anatomy
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Tanervation The first two lumbricales from the third and fourth digstal
branches of the median nerve, contuming fibers from the sixth and seventh
cervical nerves The third and fourth lumbricales from branches of the palmar
branch of the ulnar nerve contaming fibers from the eighth cervical nerve

Action The lumbricales flex and assist with abduction of the first phalanges,
and they extend the second and third phalanges as prime movers when the
first phaianx s held i extension

THE DORSAL INTEROSSEI
Four smll muscles lying between the five metacarpal bones at the back of
the hand
Ongin Tach from the two bones between which it fies
Tnsertion The base of the first phalanx and the dorsa) expansion of the
finger extensor tendons (Fig 100)

FiG 100 —Dorsal interosset of the left hand (Gray s Anatom )

Innervation The palmar branch of the ulnar nerve with fibers
the e1ghth cervical and first thoracic nerves by way of the bracluZ??llel;%xgrom
Action The first and second abduct the 1ndex finger and mddle fingers
The thuird and fourth adduct the middle and ring fingers All assist in flexing
the proximal phalanges of the index, middle, and ning fingers and assist m
extending the middle and distal phalanges of the same fingers

THE PALMAR INTEROSSEI

Three small muscles in the palm
and s et P on the central sides of the seeond, fourth,

Ongn Sides of the metacarpals except the first and third
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Ongm The tendons of the flexor profundus digitorum

Insertion The tendon of each muscle turns around the radial side of the
metacarpal bone and 1s inserted into the dorsal expansion of the finger
extensor tendons

Volar carpal
ILagament

Opening for
Uinar arters,

Fic 99 —The muscles of the left hand Palmar sutface (Gray s Anatomy )
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Ongm The hamate bone and the contiguous parts of the transverse carpal
ligament

Tnsertion The ulnar stde of the first phalanx of the little finger

Innervation Branch of the ulnar nerve from the brachial plexus Fibers
from the eighth cervical and first thoracic nerves

Action Flexes the proximat phalanx of the httle finger

OPPONENS DIGITI QUINTI

A tnangular muscle immediately beneath the preceding muscles

Ongin Convex surface of the hamate bone and the contiguous portion
of the transverse carpal ligament

Inserton The ulnar margin of the entire length of the metacarpal bone of
the little finger

Innervation The ulnar nerve from the brachial plexus with fibers from the
eghth cervical and first thoracic nerves

Action Shght flexson and rotation of the fifth metacarpal in cupping
the hand (Fag 99)

MUSCLES MOVING THE THUMB

Of the exght muscles moving the thumb four are 1n the forearm and four
1n the thenar emmence Some of these muscles correspond to muscles that
act on the fingers and 1t wall help 1n understanding and remembering the new
ones to keep such resemblances mn mind

Three of the four muscles of this group that are located 1n the forearm are
extensors of the thumb, one for each of 1ts three segments

EXTENSOR POLLICIS LONGUS

The extensor pollicis longus lies on the back of the forearm next to the
extensor 1ndicis and like 1t may be considered to be a part of the extensor
commumns digitorum The tendon 1s shown 1n Fagure 97 1t forms the ulnar
boundary of the anatomical snuff box

Ongin Postenor surface of the mddie third of the wina and the mierossens
membrane

Inserbon The postenor surface of the base of the last phalanx of the thumb

Innervation The deep radial nerve with fibers from the sixth seventh and
eighth cervical nerves by way of the brachial plexus

Action It extends the last phalanx of the thumb and then if the movement
1s continued 1t extends the other joints drawing the thumb mto the plane of
the rest of the hand May asstst 1n extending the wrist

EXTENSOR POLLICIS BREVIS

This muscle Lies deep beneath the extensor commums on the back of the
forearm Its tendon forms the radial boundary of the anatomical snuff box

Ongin Small spaces on the dorsal surfaces of both radis and ulnar near
therr middle

Insertion The posterior surface of the base of the first phalanx of the thumb

Innervation The deep radial nerve with fibers from the sixth and seventh
cervical nerves by way of the brachial plexus

14
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Insertion The base of the first phalanges of the index, ing and httle fingers
(Fig 101)

Innersation The palmar branch of the ulnar nerve with fibers coming from
the erghth cervical and first thoracic nerves by way of the brachial plexus

Action The first palmar interosseous muscle adducts the first phalanx
of the index finger The second and third nterosseus muscles abduct the first
phalanx of the ring and little fingers All three assist 1n flexing the proximal
phalanges of the index ning and hittle fingers respectively and 1n extending
the second and third phalanges of the same fingers

ABDUCTOR DIGITI QUINTI

Easily palpated on the ulnar border of the hand (Fig 99)
Ongm Anses from the pisiform bone and from the tendon of the flexor
carpi ulnaris

F1G 101 —Palmar interosser of the left hand (Gray s Anatomy)

Insertton Two ships one 1nserted mnto the ulnar side of the base of the first
phalanx of the little finger the other into the ulnar border of the aponeurosis
of the extensor digiti quints brevis with connections from each to the dorsal
expansion of the finger extensor tendons

Innervation The ulnar nerve from the brachial plexus with fibers from the
erghth cervical nenve

Action In spite of 1ts name this muscle adducts the little fingers It also
assists 1n flexing 1ts proximal phalanx

FLEAOR DIGITI QUINTI BREVIS

This small muscle hes just inside and alongside the previous muscle (Fig
99)
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Insertion The 1ntenior surface of the base of the last phalanx of the thumb

Innervation The volar interosseous nerve from the median Fibers come
from the eighth cervical and first thoracic nerves

Action Flexes the second phalanx of the thumb Continued action flexes the
first phalanx and flexes and adducts the metacarpal and wrist

FLEXOR POLLICIS BREVIS

This 15 the inner of the two short flexors (Fig 98)

Ongin The lower part of the ridge of the greater multangular bone and the
lower border of the transverse carpal ligament

Insertion Base of the first phalanx of the thumb on the radal side

Innervation The median nerve with fibers from the sixth and seventh
cervical nerves

Action Flexion of the first phalanx flexion and adduction of the metacarpal
of the thumb

OPPONENS POLLICIS

A small triangular muscle beneath the abductor pollicis brevis

Ongin The greater multangular and transverse carpal ligament

Insertion The shaft of the metacarpal bone on 1ts radial side

Innervation The median nerve with fibers from the sixth and seventh cerv
cal nerves

Action Opposition  which 1s a partial circumduction of the metacarpal
of the thumb By its use the tip of the thumb can be made to meet the tips
of the four fingers in turn (Fig 102)

ABDUCTOR POLLICIS BREVIS

This 15 the most superficial muscle of the lateral part of the thenar em-
minence (Fig 98)

Ongin The tuberosity of the navicular and the ridge of the greater multan
gular bones Another slip oniginates from the transverse carpal ligament

Insertion The lateral surface of the base of the first phalanx of the thumb

Innervation The median nerve wath fibers from the sixth and seventh
cervical nerves

Action Flewion of the first metacarpal of the thumb

ADDUCTOR POLLICIS

Thrs 15 the deepest of the thenar muscles (Figs 102 and 103)

Ongmn The obhique head anses from the capitate bone the bases of the
second and third metacarpals and the ntercarpal ligaments The transverse
head anses from the lower two thirds of the volar surface of the third meta
carpal bone

Insertion The medzal surface of the base of the first phalanx of the thumb

Innervation The deep palmar branch of the ulnar nerve Fibers come from
the eighth cervical and first thoracic nerves

Action Adduction and hyperadduction of the first metacarpal of the thumb
If the thumb 15 1n a position of flexion and hyperadduction 1t will extend the
first metacarpal bringing 1t to the surface of the palm
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Action Extends the first phalanx of the thumb and, by continued action,
abducts the first metacarpal and the wrist

ABDUCTOR POLLICIS LONGUS

Thus, the last of the long extensors acts, as 1ts name indicates on the meta
carpal bone of the thumb It Jies just below the supsmator and 1s sometimes
united with 1t

Ongin A small space on the ulnar side of the radius near its mddle the
lateral part of the dorsal surface of the body of the ulna just below the inser
tron of the anconeus and the interosseous membrane

Insertton The radial side of the base of the first metacarpal

Prsomelacarpal g

!

FiG 102 —The muscles of the thumb (Gray s Anatomy )

Innervation The deep radial nerve with fibers from the sixth and seventh
cervical nerves by way of the brachial plexus
Action Abducts the thumb and by continued action the wrst

TLEXOR POLLICIS LONGUS

Thus 1s the only flexor of the thumb located 1n the forearm Since the thumb
lacks the second phalanx the flexor sublimis flexor of the second phalanx of
the fingers naturally has no counterpart among the thumb muscles The
flexor pollicis Jongus lies beside the flexor profundus mn the forearm and 1s
attached to the last phalanx like the latter It can therefore be considered as a
part of the deep flexor (Fig 98)

Ongmn Antenor surface of the middie half of the radms and adjacent
parts of the interosseous membrane
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Insertion The nterior surface of the base of the Inst phalanx of the thumb

Innenvation The volar interosscous nerve from the median Fibers come
from the erghth cervical and first thoracic nerves

Action Flexes the second phalanx of the thumb Continued action flexes the
first phalanx and flexes and ndducts the metacarpal and wrist

FLEXOR POLLICIS BREVIS

This 15 the mner of the two short flexors (Fig 98)

Ongin The lower part of the iidge of the greater multangular bone 1nd the
lower border of the transverse carpal ligament

Insertion Base of the first phalanx of the thumb on the radial side

Innenation The median nerve with fibers from the sixth and seventh
cervical nerves

Action Flexion of the first phalanx flexion and adduction of the metacarpal
of the thumb

OPPONENS POLLICIS

A small triangular muscle beneath the abductor pollicis brevis

Ongin The greater multangular and transverse carpal hgament

Insertion The shaft of the metacarpal bone on its radal side

Innervation The median nerve with fibers from the sixth and seventh cervt
cal nerves

Action  Opposttion, which 1s a partial circumduction of the metacarpal
of the thumb By its use the tip of the thumb can be made to meet the tips
of the four fingers 1n turn (Fig 102)

ABDUCTOR POLLICIS BREVIS

This 15 the most superficial muscle of the lateral part of the thenar em
munence (Fig 98)

Ongin The tuberosity of the navicular and the ridge of the greater multan
gular bones  Another ship origmates from the transverse carpal ligament

Insertion The lateral surface of the base of the first phalanx of the thumb

Tnnervation The median nerve with fibers from the sixth and seventh
cervical nerves

Action Flexion of the first metacarpal of the thumb

ADDUCTOR POLLICIS

This 1s the deepest of the thenar muscles (Figs 102 and 103)

Origm The oblique head anises from the capitate bone the bases of the
second and third metacarpals and the ntercarpal ligaments The transverse
head arises from the lower two thirds of the volar surface of the third meta
carpal bone

Insertion The medial surface of the base of the first phalanx of the thumb
lhInnervatmn The deep palmar branch of the ulnar nerve Fibers come from

¢ eighth cervical and first thoracic nerves
If&?&? Adduction and hyperadduction of the first metacarpal of the thumb
et umb 15 1n a position of flexion and hyperadduction 1t will extend the

Metacarpal, bringing 1t to the surface of the palm
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WRIST MOVEMENTS
Actions of the Prime Movers Considering only the prime movers for wrist
movements, one prime mover 1s 1 excellent position to perform each of the
four ‘diagonal movements

Flexor carpt radialis Flexion and abduction
Flexor carpt ulnanis Flexion and adduction
Extensor carpi radialis (longus & brevis

considered as one) Extension and abduction
Extensior carp: ulnaris Extension and adduction

None of these prime movers 1s capable of producing “pure” flexion exten
sion abduction or adduction When such pure movements are desired, there
must be helping synergy involving a parr of these prime movers (In Jielping
synergy two muscles contract, each cooperating to produce the desired
movement and each neutralizing an undesired secondary action of the other )}

Flexion—The flexor carpi radialis and the flexor carpr ulnaris both produce
flexion The tendency of the former to perform abduction 1s neutralized by the
tendency of the latter to perform adduction, and vice versa

Extension—The extensor carpi ulnaris and the extensor carp: radialis (longus
and brevis considered as one) both produce extension The tendency of the
former to perform adduction 1s neutralized by the tendency of the latter to per
form abduction and vice versa

Abduction—The flexor carp: radialis and the extensor carp: radialis (longus
and brevis) both produce abduction The tendency of the former to perform
flexton 1s neutralized by the tendency of the latter to perform extension and
vice versa

Adduction—The flexor carp: ulnans and the extensor carpi ulnaris both pro
duce adduction The tendency of the former to perform flexion 1s neutralized
by the tendency of the latter to perform extenston and vice versa

Actions of the Assistant Movers It 1s a rule that when a multi joint muscle
(re one which crosses more than one jomnt) contracts 1t tends to perform
movements at each of the joints 1t crosses A number of long muscles which
are primanly designed to cause actions at the more distal jomnts have their
ongns on the radws ulna or humerus and thus cross the wrist joint where
they tend to perform assistant mover actions The most important are the
flexor digttorum sublims the flexor digitorum profundus and the extensor
digitorum commums The potential actions of these long flexors and extensors
are summarnized as follows (with prime mover actions 1n upper case)

Flexor digitorum sublimis—wrst flexion METACARPO PHA
LANGEAL FLEXION FIRST INTER PHALANGEAL
FLEXION

Flexor digitorum profundus—wnst flexion metacarpo pha
langeal flexion first inter phalangeal flexion SECOND INTER
PHALANGEAL FLEXION

Extensor digitorum commums—wrist extensiton METACARPO
PHALANGEAL EXTENSION FIRST INTER PHALANGEAL
EXTENSION SECOND INTER PHALANGEAL EXTENSION
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According to the usual rule, these muscles would be expected to perform all
of their potentsal actions when they contract individuatly Howeser, the long
flexors and the long extensor interfere with one another as demonstrated 1n
the following experiments

1 With the wnist 1n full flexion, attempt to perform full finger fleon This
1s usually impossible because the extensor digitorum commumis 1s not long
enough to permut full flewon 1n all of the joints 1t crosses

2 With the wnist 1n full hyperextension attempt to perform full finger ex
tension This 1s usually impossible because the flexor digitorum sublimus and the
flexor digitorum profundus are not long enough to pernut full extension m alt
of the joints they cross

These situations are avoided by use of the prime movers for wnist actions as
demonstrated 1n further expeniments

1 Ask a person to make a tight fist (to perform forceful and complete finger
flexion) Notice that he unconsciously heeps his wnist 1n an extended position
while doing this Upon palpation the extensor carp: ulnans and the exteasor
carpi radiahis longus and brevis will be found to be contracting statically These
wrist extensors neutralize the tendency of the long finger flexors to produce
wnist fleion thereby preventing a hmutation of finger flewion due to the short-
ness of the extensor digitorum communts

2 Ask a person to extend his fingers forcefully and completely Notice that
he unconsciously keeps his wrist 1n a shightly flexed position or at least avoids
hyperextension at the wnst Upon palpation the flexor carpi radialis and the
flexor carpi ulnans will be found to be contracting statically These wnist flexors
neutralize the tendency of the extensor digitorum commumis to produce wrist
extenston thereby preventing a Lmitation of finger extension due to shortness
of the long finger flexor muscles

In both of the foregoing examples the pnme movers for wrist fleuon or
extension are contracting as true synergists (In trve synergy 2 muscle con
tracts solely for the purpose of neutralizing an unwanted secondary action
of the prime movers )

Regarding these phenomena some practical observations may be made
When either strong finger flexton or strong finger extension 1s desired, the
most stable position of the wrist 1s that of extension avoiding any marked
flevion or hyperextension The extended (but not hyperextended) position of
the wrist provides the most stable anatomical position for the bover s tightly
closed fist for grasping a bat hammer axe, tenms racket or other imple-
ment and for withstanding the impacts of wresting boung or judo The
Position 1s natural but in sports an occastonal performer needs to be coached
with regard to his wnst position Therapists will note that paralysts of the
mam wnst extensors prevents effective grasping of small objects with the
fingers although custom made braces to hold the wrist 1n extenston may be
useful 1n restoring the function

FINGER MOVEMENTS

The Dorsal Expansion, or Extensor Expansion The mechamsm of finger
C}tensxon cannot be explamed rationally if only the direct bony msertions
of the finger muscles are considered It 15 necessary to understand complex
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WRIST MOVEMENTS
Actions of the Prime¢ Movers Constdering only the prime movers for wrist
movements one prime mover Is 1n excellent position to perform each of the
four diagonal movements

Flexor carpt radialis Flexion and abduction
Flexor carpt ulnaris Flexion and adduction
Extensor carpi radialis (longus & brevis

considered as one) Extension and abduction
Extensior carp ulnans Extenston and adduction

None of these prime movers 1s capable of producing pure flexion exten
sion, abduction, or adduction When such pure movements are desired, there
must be helping synergy involving a pair of these prime movers (In kelping
synergy two muscles contract each cooperating to produce the desired
movement, and each neutralizing an undesired secondary action of the other )

Flexton—The flexor carp: radalis and the flexor carpi ulnaris both produce
flexion The tendency of the former to perform abduction 1s neutralized by the
tendency of the latter to perform adduction, and vice versa

Extension—The extensor carpi ulnaris and the extensor carpi radialis (longus
and brevis considered as one) both produce extenston The tendency of the
former to perform adduction s neutralized by the tendency of the latter to per
form abduction and vice versa

Abduction—The flexor carpi radials and the extensor carpi radialis (longus
and brevis) both produce abduction The tendency of the former to perform
flex1on 1s neutralized by the tendency of the latter to perform extension and
vice versa

Adduction—The flexor carpi ulnaris and the extensor carpr ulnarts both pro
duce adductron The tendency of the former to perform flexton 1s neutralized
by the tendency of the latter to perform extension, and vice versa

Actions of the Assistant Movers It 1s a rule that when a mult jomt muscle
(1e one which crosses more than one jomt) contracts 1t tends to perform
movements at each of the joints 1t crosses A number of long muscles, which
are prmanly designed to cause actions at the more distal josnts have their
origins on the radius, ulna or humerus and thus cross the wrist jornt, where
they tend to perform assistant mover actions The most important are the
flexor digitorum sublimis the flexor digitorum profundus and the extensor
digitorum communts The potential actions of these long flexors and extensors
are summarized as follows (with prime mover actions in upper case)

Flexor digitorum sublimis—wnist flexion METACARPO PHA
LANGEAL  FLEXION FIRST INTER PHALANGEAL
FLEXION

Flexor digitorum profundus—wrnist flexton metacarpo pha
langeal flexion first inter phalangeal flexion SECOND INTER
PHALANGEAL FLEXION

Extensor digitorum commums—wrist extension METACARPO
PHALANGEAL EXTENSION FIRST INTER PHALANGEAL
EXTENSION SECOND INTER PHALANGEAL EXTENSION
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cales, and some of the thenar and hypothenar muscles It 15 basically tri-
angular, with a broad base or fiood creted from lateral shps sprewding from
the extensor digntorum communis tendon at the level of the mefacarpo
phalangeal joint This hood 1s partly wrapped around the sides of the proxt
mal end of the first phalanx enclosing the direct bony insertion of the in
terosseous muscles Just distal to the hood, the interosseous muscles each
send a tendon into the extensor expansion, forming the sides of the triangle,
called the Jateral bands Just distal to these, at the shaft of the first phalanx
the lumbrnicales also msert mto the extensor expansion The lateral bands
converge distally and attach to the dorsal surface of the proximal end of the
third phalanx The main tendon of the extensor digitorum communis forms
the centrally-located nuddle ship of the extensor expansion, which nserts on
the dorsal surface of the proximal end of the second phalanx The middie shp
alsa recerves fibers from the interosser and the lumbrncales hkewse, the
extensor digitorum communis tendon expands outward and contributes to
the lateral bands
The extensor expansion permits the extensor digitorum communis to
extend the terminal phalanx of the digits as well as the more proximal second
phalanx and first phalanx The lumbncales and interossel, however enter the
extensor expansion at the lateral bands and at the part of the hoad which 15
curved around the sides of the bases of the first phalanx, mn such a manner as
to cause flexion of the first phalanx (at the metacarpo phalangeal joint) and
extension of the second and thurd phalanges Only because of this mechanism
are such acts as writing and needle threading possible These actvities require
metacarpo phalangeal flexton and mter phalangeal extension These actions
can be performed by the lumbrnicales and interosset, but not by the extensor
digitorum commums Paralysis of the lumbricales and interosse: leaves only
the extensor digitorum commumis to extend the inter phalangeal yoints Therr
unaided action causes sunultaneous extension of the metacarpo phalangeat
joint making umpossible the many fine hand actions requiring extension of
the distal phalanges along with flevion of the first phalanx In other words
such paralysis leaves only the possibility of flexion of all the phalanges by
the long finger flexors or extension of all the phalanges by the Yong finger
extensor
If 1t 1s desited to perform extension of the first phalanx with simultanecus
flexion of the second and third phalanges contraction of the extensor digt
lorulm commumis and of the long finger flexors will produce the wanted
result
Indiiduality of Finger Flexion and Extension The flexo
and the flexor diptorum profundus each are composed Lg)sgé;(;:?; sl:‘:l:lgé:
of fibers which may be stimulated separately to activate the long flexor tend
of the four fingers individually Typing and playming some musical mstmry;;e(:;z
depends upon learning these individuations The extensor diptorum commums

1s unable to mosve the fingers independently to the sa

e d a
because of three fibrous bands which interconnect the exte;ier:t:rsxégfxsﬂ'mrs,
the back of the hand (Fig 97) ‘The ning finger 1s across

e finger are prosided with the:
extensor muscles, the extensor indics propnius and the extcnsore;g)x‘:nn s\:?rz:::
proprius respectively These smalf muscles are 1nserted mto the corrcspozdmg
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Fi6 103 —The dorsal (extensor) expansion (Douglas after Grant )

and highly specialized tendinous branchings known as the dorsal expansion
or extensor expansion

An extensor expansion 1s found on the dorsal aspect of each digit with a
somewhat modified structure for the thumb A diagram of the essential
architecture of the extensor expansion 1s shown n Fig 103

The structure consists of systematic ramfications of the tendons of insertron
of the extensor digitorum communis the nterosseous muscles the lumbr
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finger tips closer to the palm, while the bductor pollicis longus acts with the
flexors longus and brevis pollicis to accomplish the same result on the thumb
side

Experts on accident insurance estimate the vafue of the thumb at half that
of the whole hand Its usefulness 15 Jnrgely due to 1ts position of opposition
to the fingers and the resulting ability to grasp and hold objects between them
In the finer work in which man excels all other ammals certain tools are
mampulated by action of the fingers and thumb In such work the muscles of
the thenar eminence are of grentest value in moving the thumb The hand of
man differs from that of the anthropoid apes mainly 1n the greater develop
ment of the muscles of the thenar emience and 1n the habitual position of
the thumb, which 1s one of much more nearly complete opposition to the
fingers It has been theonzed that every shilled musician, instrument maker,
shight of hand artist and pickpocket must have hands that are constructed
such a way as to make them adaptable to his peculiar task ! This supgestion
needs to be mnvestigated, but there 1s no movement of the hand which a man
can make that a monkey cannot The difference lies in the fact that man 1s
more capable of purposive actions Human skall 1s a result of an elaboration
of the central nervous system and not of a specialization of the hand, which 1s
actually a relatively primitive structure 2

PREHENSILE MOVEMENTS

It 15 to be noted that the nature of the grip 1s actually dictated by the nature
of the intended activity Napier2 contends that all movements of the hand may
be divided 1mto two mam groups prehensie movements, 1n which an olyect
18 seized and held wholly or partly withun the grasp of the hand and non
prehensile movements, in which objects are mampulated by pushing or
hfting Prehensile movements may be further subdivided 1nto a power grip
m which the object 1s clamped by the partly flexed fingers and palm with
counter pressure applied by the thumb lying more or less 1n the plane of the
palm and a precision gnp 1n which the object 1s pinched between the fingers
and the opposing thumb The position of the thumb shows a fundamental
difference 1n the two prehensile gnps In the power grip 1t 1s adducted 2t both
the po phal I and carpo metacarpal yoints The hand 1s deviated
toward the ulnar side, and the wnst 35 held 1n the neutral position In the
precision gnp the thumb 1s abducted and medially rotated, the hand 1s held
rudway between radial and ulnar deviation, and the wrist 1s markedly dorsy
fleced However, very heavy objects are often held sn the clenched fist with
the thumb fully adducted

A more detailed analysis of the vanious types of prehens:

Figure 104 In all of these grips the hand zgumesr:x ﬂxcr(‘i ;:S:ts‘::o;;x; lf;
mantained therein by the cocontraction of the apposing muscles Each of th
muscles of the wrist functions as an agomst a stabihizer, o
the load stufts The maximum prehensile force 1s obtame,
about 145 degrercsh In extreme positions of wrist angle t!
or slackemng of the wnist muscles results

with the hand hanging foosely at the side ’S]: \l\.r:lsl:i“:“ of strength In rest
the hand 1s dorsifiexed 35 degrees with res; Mo mud position ang

pect to the extended forearm
This 15 1ts position of greatest prehensile force 3 axis

or an antagonist as
d at a wnst angle of
he marked stretching
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tendon of the extensor digitorum communis and nto the extensor expanstons,
along with other small individual finger muscles, thus permutting an amazing
versatility of fine finger movements Paralysis of even a few of the vanous
finger muscles will reduce the functional ability of the hand to that of a paw

Extensors of the Inter-phalangeal Jomts When the metacarpo phalangeal
jomnt 1s held 1n extenston, the extensor digitorum communis muscle 15 pr
manly responsible, but 1t does not have sufficient shortening ability to extend
the two inter phalangeal joints at the same time Under these conditions, the
lumbricales and the interosser being on stretch because of the metacarpo
phalangeal extension become prime movers for extension of the inter
phalangeal jomts

The situation 1s reversed when the metacarpo phalangeal jomt s held
flexion Then, the Jumbricales and interosset have expended their shortening
ability 1n causing metacarpo phalangeal flexion, and are unable to contract
further so as to cause extension at the inter phalangeal jomnts However the
extensor digitorum communis 1s on stretch because of the metacarpo phalan
geal flexion and therefore can use 1ts shortening power to become a prime
mover for the inter phalangeal extension

THUMB MOVEMENTS

Opposition of the thumb to the fingers 1s a2 umque action Although the
adductor pollicis and the flexor pollicis longus and brevis participate mn oppo
sition, the contraction of the opponens 1s the crucial factor When the op
ponens 1s paralyzed, true opposttion 1s impossible, even though thumb adduc
tion and thumb flexton at both metacarpo phalangeal and inter phalangeal
Jonts are unaffected

When forcibly closing the fist or in the simple use of the hand, such as
grasping the handle of a hammer the abductor pollicis draws the thumb anay
from the hand while the opponens poliicis rotates the metacarpal of the thumb
bringing 1t out 1n front of the palm to face the fingers The fingers are flexed
by contraction of the flexors sublims and profundus This 1s accompanied or
closely followed by contraction of the adductor pollicts and the flexors of the
thumb together with extension of the wrist to complete the movement

In chopping and 1n using a hammer there 15 also strong adduction of the
wrist In the use of coarse tools such as the axe hammer, saw, plane tnd
wrench 1t 1s manly the three flexors of the thumb that come 1nto action In
finer work such as the use of a pen pencil needle or other small instruments
where the tips of the thumb and fingers must bebrought together, 1t 1snecessary
to keep the thumb 1n opposition and flex the first phalanx of the fingers to
nearly a nght angle because the thumb 1s so much shorter than the fingers

Writing with a pen or pencil and using the so called finger movement
requires the use of many muscles The grasping of the pen between the thumb
and the next two fingers calls into action the flexors profundus and subhmis
The three flexors of the thumb along with the abductor are hikewise required
To make an up stroke with the pen the lumbrcales and interosser contract
and extend the last two phalanges while still further flexing the first 1n the
thumb a similar movement takes place the metacarpal bone being flexed on
the wrist and the other joints extended Then to make a down stroke the two
flexors of the fingers jom with the extensor communis 1n order to pull the
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Gnip Strength In a study of 552 male industrial workers the median gnip
strength of the preferred hand was 49 3 kg, while that of 96 female workers
was 35 0 kg 4 The maximum gop strength 1s found during the nud twenties,
by age sixty there 1s a decline of 16 5 per cent S

Imphications for Athletic Tramnmng Traumata to the hands are relatively
frequent 1n such sports as boxing football and baseball Fractures of the
finger and hand bones are the most common of all fractures resulting from
sports activities The metacarpo phalangeal and inter phalangeal joints are
especially subject to degenerative fibrotic changes when the hand 1s immobil
1zed At the first appearance of circulatory stasis or stiffness in the fingers

- 4

FIG 103 —Twelve basic types of grasp (Courtesy of Artificial Limbs After
Schlesinger )

mosst heat massage and exercises should be started 6 Squeezing of small
rubber balls 1s often recommended but these are usually of such a size that
only partial flexion of the fingers 1s achieved Foam rubber or plastic putty
are more useful All too often flexion exercises are prescribed when the fingers
are already 1n astate of partial contracture and the actual need s for a strength
ening of the extensors and a stretching of the flexors
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LABORATORY EAERCISES

1 Study the number of tendons nerves and blood \esscls which traversc the
wnist and hand areas Are these well d from

2 With the wnst completely hyperextended try to extend the ﬁngers completely
Discuss the reasons why this 1s difficult or impossible

3 Completely flex the wrist and attempt to flex the fingers completely Why 15
this impossible?

4 Extend the fingers Explain why they tend to spread apart

5 Using a gonometer measure the amount of abduction and adduction of the
wrist Measure the amount of flewion and extension of the wrnist with the fingers
extended and with the hand tightly clenched

6 Grasp a stick having about the same drameter as a broom handle Have a
laboratory partner forcibly flex your wrist and measure the angle of flexion when
you are obliged to release the stick

7 Using a hand dynamometer, measure the strength of the grasp in wrist hyper
extension neutral position and fleuon

8 Using a gontometer measure the entrre range of rotation of the extended arm
There 1s some rotation 1 the midcarpal joint Does the value just measured exceed
the sum of shoulder joint rotation and rad:o ulnar pronation suptnation?




Chapter 13

Movements of the Pelvic Girdle and the Hip-Joint

Everyone is famubar with resemblances between the upper and lower hmbs
However the pelvic giedle which corresponds to the shoulder girdle, 15 not
movable 1n the same manner as the latter with the consequence that the
entire set of movements and muscles studied in Chapter 9 has no counterpart
in the lower hmb

THE PELVIS

Each hatf of the pelvic girdle consists of three bones, the thum above at
the side of the hip the pubis below and forward and the schumm below and
to the rear They are separate in early hfe but in the adult are joined to form
one solid structure the mmonunate or hip bone The pelvic basm 15 closed
posteriorly by the sacrum which 1s wedged between and attached to the two
mnominate bones The jont formed by the sacrum and the thum s amphiar
throdial held by three strong ligaments the anterior and postenior sacroiltac
and the wnter { The possibility of movement 1n the sacrothiac
Jomnt 1s greatly reduced by the presence of interloching convolutions on the
two articulating surfaces So smmobile are the jomts the sacrum forms with
the two innomunate bones that for most purposes the entire structure may be
regarded as one single bone

The pelvis 15 tted together at the pubic symphysis the two pubes bemng
separated by a heavy disc of fibrocartilage Thus 15 also a tight jomnt and s
heavily remforced by higaments, the superior pubic aboive and the arcuate
pubnc beneath and by ligamentous tissue associated with the mnterpubic disc
The ligaments of both the pubis and sacrothac jomnts relax somewhat duning
pregnancy permitting some movement and expansion of the pelvis

Because the petvic girdle including the sacrum, acts as a umt the lumbo
sacral joint becomes the important articulation when the pelvis moves in
relation to the spine This joint 5s supported by hgaments i a manner quite
simular 1o that of the other nearby wmtervertebral joints

2
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3 Taylor, Craig L and Schwarz, Robert J The Anatomy and Mechanics of
the Human Hand Artificial Limbs, 2 22-35, 1955

4 Fisher M Bruce and Buren James E  Standardization of a Test of Hand
Strength J Appl Psychol, 30 380-387 1946

5 Age and Strength J Appl Psychol, 37 490-497, 1947

6 Bilik S E Prevention of Superimposed Disabilities New York State J Med
54 1625-1628, 1954

LABORATORY EXERCISES

1 Study the number of tendons nerves, and blood vessels which traverse the
wnist and hand areas Are these well protected from possible incisions?

2 With the wrist completely hyperextended try to extend the fingers completely
Discuss the reasons why this 1s difficult or impossible

3 Completely flex the wrist and attempt to flex the fingers completely Why 1s
this mpossible?

4 Extend the fingers Explain why they tend to spread apart

5 Using a gontometer, measure the amount of abduction and adduction of the
wrist Measure the amount of flexton and extenston of the wrist with the fingers
extended and with the hand tightly clenched

6 Grasp a stick having about the same diameter as a broom handle Have a
laboratory partner forcibly flex your wnist and measure the angle of flexion when
you are obliged to release the stick

7 Usingahand d the h of the grasp 1n wrist hyper
extenston neutral positton and flexion

8 Usmg a gontometer, measure the entire range of rotation of the extended arm
There 15 some rotation 1n the midcarpal joint Does the value just measured exceed
the sum of shoulder joint rotation and radio ulnar pronation suptnation?




MOVEMENTS OF THE PELVIC GIRDLE AND THE HIP JOINT 223

Fic 106 —S Vishnud da d ating the remarkable flexibility
of the hip knee and ankle jomts achieved from practice of yogi exercises Roentgen
ographic examination of the pelvis knees ankles and feet disclosed no evidence of
traumatic or pathologic changes 1 (O Connell courtesy COP &S)

ball and socket joint, having less freedom of motion than the shoulder joint,
the socket being deeper and the bones fitting so closely that much force 1s
required to pull 1t apart However 1n a traned person a surprisingly large
degree of flexibility can be demonstrated (Fig 106) The usual capsular liga

ment 15 present and 1s thickened on the anterior side by the tho_femoral band,
or the imerted Y ligament on the antero nferior side the pubo capsular higa

ment and on the postenor the ischio capsular igament (Fig 107)

FUNDAMENTAL MOVEMENTS OF THE HIP-JOINT

The femur 15 the longest bone mn the body and corresponds 1n a way to
the humerus like the humerus 1t has a head shaft and two condyles 1n place
of tuberosities 1t has two large prommences the great and small trochanters
along the back of the shaft 1s the linea aspera or rough line

Flexion The hip joint permmts movement of the femur most freely forward
this 15 called flexion 1t can take place through 150 degrees or more when 1t 15
stopped by contact of the thigh with the front of the trunk ‘When the knee 15
extended the hip jomt can be flexed only to the extent of a nghtangle but this
1s due to tenston of the hamstring muscles and not to the form of the joint

Extenston The reverse of flexion movement of the femur downward and
backward 1s called extension and 1s free untif the limbis vertically downward
1n hine with the trunk Whenitis stopped by tension of the 1o femoral band

s making an;
joint 1mpossible 1n normal subjects Carefuig exgnﬁiszoe:ti&iio;g\{/t?}fa?p
apparent hyperextension of the hip-joint whych oceurs when one push e
limb as far back as possible while standing on the other imb theIJ 1 . o;xe
forward \wl:h the moving femur, the movement really bemng a sllghtpi"lfe‘gso:ll ;;'
the other hipjoint and shght hyperextension of the spmal column 1n the
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FUNDAMENTAL MOVEMENTS OF THE PELVIS

Most movements of the pelvis are for the purpose of aligning the petvis
m order to provide greater ease or range of motion of either the trunk or the
lower extrenuties When we bend over to tie a shoe Jace the pelvis tilts or
rotates to accommodate the movement of the trunk If the thigh 1s flexed on
the trunk as when punting a football, the pelvis rotates 1n order to increase
the range of motion of the thigh with reference to the trunk Movements of
the pelvis are more properly considered as spinal movements occurring at the
lumbosacral articulation They may be convemently classified as follows

1 Forward rotation or ult Increased inclination resulting from Jumbo
sacral hyperextenston and 1n the erect position hip flexion

2 Backward rotation or tilt Decreased inchnation resulting from lumbo
sacral flexion (reduction of hyperextension) and, m the erect posttion hip
extenston

3 Lateral tilt The lowering or rassing of one iliac crest with reference to
its contralateral mate

4 Rotation Turning about a vertical axis erther to the right or to the left

THE HIP JOINT

The hip joint 1s formed by the articulation of the head of the femur with
the acetabulum (Fig 105) which 1s the name given to the socket on the outer
surface of the hip bone just where the hhum pubis and 1schium jorn Itis a

AL 0N

POSTERIOR SUPE
RIOR SPINE ANTERIOR SUPE
RIOR IPINE

v GLUTE,

o e

B UN,
S

*}%’f/&’ anrenion 1y

POSTERIOR IN

FERIOR SPINT FERIOR sPINE

Fi6 105 —The hip bone of nght side outer surface
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Fi6 106 —Swamu Vishnudevananda d ating the remarkable fleability
of thehup knee, and ankle jomts achieved from practice of yogt exercises Roentgen
ographic examination of the pelvis knees ankles and feet disclosed no evidence of
t or pathol h 1(O Connell courtesy COP&S)

ball and socket joint, having less freedom of motion than the shoulder joint
the socket being deeper and the bones fitting so closely that much force 15
required to pull 1t apart Howeser, 1n a trammed person a surprisingly large
degree of flexibility can be demonstrated (Fig 106) The usual capsular liga
ment 1 present and 15 thickened on the anterior side by the tho femoral band
or the imerted Y hgament, on the antero nferior side the pubo capsular liga
ment and on the posterior the ischio capsular hgament (Fig 107)

FUNDAMENTAL MOVEMENTS OF THE HIP-JOINT

The femur 1s the longest bone 1n the body and corresponds 1 a way to
the humerus Iike the humerus 1t has a head shaft and two condyles 1n place
of tuberostties 1t has two large prominences the great and small trochanters
along the back of the shaft 1s the limea aspera or rough hne

Flexion The lup joint permits movement of the fermur most freely forward
this 1s called flexion 1t can take place through 150 degrees or more when1tis
Stopped by contact of the thigh with the front of the trunk When the knee 1s
:"sx 'g: ded the hup jomt can. be flexed only to the extent of a nght angle but this

E,; to tension of the hamstrng muscles and not to the form of the jomt
backy veans&on The reverse of flexton movement of the femur downward and
1 Tna ‘f " }:S 1clalled extension and 1s free untit the imb 1s vertically downward
and of t\'ﬁ the trunk when 1t 15 stopped by tenston of the 1o femoral band
jomnt 1m ° psgla s and thiacus muscles making any hyperextension of the hip
apparenf(})lm € 1n normal subjects Careful examnation will show that
hmb as rar}'gerle(xtensmn of the hip joint which occurs when one pushes one
forward ‘mhatch as possible while standing on the other imb the pelvis tilts
the other b ¢ moving femur the movement really berng a sight flexion of

* hipjomt and slight hyperextension of the spmal column 1n the
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lumbar region Horzontal flexion and horizontal extension of the hip joint
can also be differentiated but these have little practical application and will
not be considered here

Abduction Movement of one limb away from the other toward the side
15 called abduction, and 1s usually possible through 45 degrees or more The
Limitation here 1s due to resistance of opposing muscles, the jomnt itself per
mitting nearly 90 degrees of abduction, especially if the toes are turned
outward Abduction may also take place by movement of the trunk for
example, the night hip jomnt 1s abducted by mnclining the trunk to the nght
while standing on the night foot

Fic 107 —Right hip joint front view

Adduction  Adduction 1s limited by contact of the moving imb with
the other Iimb 1t can take place further when the moving limb 15 a little
front or rear from the other or when the trunk 1s inchined to the side asn
the last example the right hip joint 1s also adducted when the left hip 15
dropped below the level of the right while standing on the nght leg

Circumduction Movement of the limb 1n a circultr manner by a com
biation of the four movements above described 1s cailed circumduction
turning the mb on 1ts central aws 1s called rotation This axis 1s a Iine
through hip and knee jonts passing considerably nside of the shaft of the
femur becavse of the sharp bend of that bone near the trochanters

Rotation Rotation 1s possible through about 90 degrees and 1s said to
be outward or mward according to the way the toes arc turned Because of
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the sharp bend of the femur just mentioned, the neck of the femur strikes
the side of the sochet and limits the movement called rotation of the limb
The way the bones come 1n contact explains why flexion 15 so frec and why
rotation 1s so limited

MUSCLLS ACTING ON THE HIP-JOINT

There are sixteen muscles acting on the hip jomnt besides a group of six
smaller ones, they are classificd for our purposes as follows

Six flevors psoas ihiacus sartonus, pectineus, rectus femors, tensor
fasciac latae

Four exfensors gluteus maximus biceps femons semitendinosus semt
membranosus

Two abductors gluteus medius gluteus mimmus

Four adductors gracilis, adductor longus adductor brevis adductor
magnus

Six outward rotators pynforrus obturator externus, obturator internus,
gemellus supertor, gemelius infenor, quadratus femors

PSOAS

Nearly all the psoas lies in the abdominal cavity behind the internal organs,
where 1t cannot be easily observed 1n vivo It 1s usually called the ‘psoas
magnus® 1o distinguish 1t from a small muscle assocated with t 1n most
vertebrate aumals and called the psoas minor  The latter muscless often ab
sent 1n man (Fig 109)

Ongm The sides of the bodiwes of the last thoracic and all the lumbar
sertebre and their 1ntervertubral cartilages The antenor surfaces and lower
borders of the transverse processes of all the Jumbar vertebrae

Insertion The small trochanter of the fermur

Tnnervation Branches of the fermoral nerve from the Jumbar plexus which
contan fibers from the second and third lumbar nerves

Structure Muscle fibers ansing directly from the bodies of the vertebrr
and attaching obliquely 1nto the tendon of insertion

Action The line of pull of the psoas 1s indicated by a string tied around
the shaft of the femur with the Lnot just below the small trochanter and the
free end held beside the bodies of the lumbar vertebrae, passing across the
front of the pelvis tn a noteh just i front of the hip joint Notice that the small
trochanter while 1t 1s on the inner stde of the femur, 15 so nearly on the ax
of rotation that the psoas can have httle rotary effect, and that the ull o5
durectly across the front of the jomt that 1t will tend to flex the i pufas so

Looking at the string used to represent the psoas from a po;mgnp at the sid
of the skeleton we can see that the ongin of the mus, e
than 1ts insertion, that it makes a considerable angle
edge of the pelvis and that as a result 3t pulls forw ar.

d
favorable angle i spite of the fact that its ongin s so ?:rﬂl::crl:m};‘; ﬁ;}?nt;lng

> ed to work where the tup jomnt and spinal
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lumbar regron Homzontal flexion and honzontal extension of the hip joint
can also be differentiated, but these have little practical application and will
not be considered here

Abduction Movement of one imb away from the other toward the side
1s called abduction, and 1s usually possible through 45 degrees or more The
limutation here 1s due to resistance of opposimng muscles the jornt 1tself per
mitting nearly 90 degrees of abduction, especially 1f the toes are turned
outward Abduction may also take place by movement of the trunk, for
example, the right hip jont 1s abducted by inchining the trunk to the nght
while standing on the right foot

Fic 107 —Rught hip joint, front view

Adduction  Adduction 1s hmited by contact of the moving mb with
the other limb 1t can take place further when the moving limb 1s a httle
front or rear from the other or when the trunk 1s inchned to the side, as 1
the last example the right hip jomnt 15 also adducted when the left hip 15
dropped below the level of the right while standing on the nght leg

Circumduction Movement of the limb m a arcular manner by a com
bination of the four movements above described 15 called circumduction
turming the limb on 1ts central axis 1s called rotation This axis 1s a Iine
through hip and knee joints passmg considerably inside of the shaft of the
femur because of the sharp bend of that bone near the trochanters

Rotation Rotation ts possible through about 90 degrees, and 1s said to
be outward or inward according to the way the toes are turned Because of



S

Fic 109 —Muscles of the shac and antenor femoral regions (Gray s Anatomy }



226 MOVEMENTS OF THE PELVIC GIRDLE AND THE HIP JOINT

column are flexed at the same time as 1n rope chmbing and similar exercises
The capacity of this muscle to act rapidly 1s extremely important 1n many
athletic activities If 1t 1s weak, 1t 1s difficult to advance the hmb when walking,
1f both psoas muscles are paralyzed 1t 1s difficult to raise the body from a
supine to a sitting position 2 It 1s practically impossible to observe 1ts action
m a normal subject

Head
Greater trochanter
Neck Intertrochanteric
crest
Lesser
trochanter
Intertrochanteric Gluteal
line tuberosity

Linea aspera

Lateral
supracondylar
line

Medial
supracondylar line

Medial Intercondylar notch
condyle Lateral condyle
Fic 108 —Rught femur rear view (Douglas)

ILIACUS
A flat triangular muscle named from the bone on which 1t has its origin
(Fig 109)
Ongm The inner surface of the thum and a part of the mnner surface of the
sacrum near the 1hum
Insertion Its tendon joins that of the psoas just where the latter crosses
the front of the pelvs, to attach with 1t on the small trochanter
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ing a football It 1s the only muscle that could do this alone and therefore
might be properly called the * kicking muscle 1t forms a conspicuous ridge
down the front of the thigh as 1t contracts and cn be seen and felt 1n action
1n all movements of combined flexton of the hup and extension of the knee

1ts action on the knee will be discussed further 1n connection with the muscles
extending the knee

PECTINEUS

A short thuick muscle just below the gromn partly covered by the sartorius
and the rectus femons (Figs 109 219, 222)

Ongm A space an inch wide on the front of the pubes just below the rim
of the pelvic basin between the 1iopectineal eminence and the tubercle of the

ubis

P Tosertion A rough line leading from the lesser trochanter to the linea
aspera

IIjnnervatmn A branch of the femoral nerve with fibers from the second,
third and fourth Jumbar nerves

Structure Penmiform, both ends of the muscle having muscular and tend:-
nous fibers intermingled It1s twisted through 90 degrees as 1t passes from the
ongin to msertion

Action The pectineus 1s a prime mover for np joint flexion and adduction
1t 15 a weak asuistant for cutward rotation The power arm of the pectineus
1s several inches long and 1ts angle of pull about 60 degrees ndicating lifting
power rather than speed of movement Leverage mmproves as the femur 15
moved forward and inward

The pectineus can alone Iift the thigh whde the subject s sitting and place
1t across the other thugh It 1s used 1n practically all vigorous flexion of the
hip especially 1n motions requirning force rather than speed

TENSOR FASCIAE LATAE

A small muscle at the front and side of the hip called tensor fasciae latae
or tensor vaginae femons  from 1ts action to tighten the fascia of the thigh
1t 1s peculiar 1n having no bony nsertion (Fig 109)

X Ongin The ihac crest 1n the region of the antenior superior spine of the
1hum

Insertion The ihotibial band of the fascia lata of the thigh one fourth
of the way down the outside of the thigh

Innervation A branch of the supersor gluteal nerve from the femoral plexus
It contarns fibers from the fourth and fifth lumbar nerves and the first sacral
nerve

Structure The muscle lies between two layers of the fa;
tudinal muscle fibers are serted mto these two layers

Action A prime mover for ioward rotation and an assistant for flexion and
abduction of the hup joint According to Hamulton 2 this muscle may hyper-
trophy if the psoas 1s paralyzed

The tensor fasciae latae affords a
human muscle Parallel arrangemen
great strengthin the direction 1n wh;
group of cadavers the average tensil

scia and the long

good example of the amazng strength of
t of heavy fiber fascta and tendon gives
ich the muscle 1s subject to stramn In one
e strength of this muscle was 7,000 pounds
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Innervation Branches from the femoral nerve from the lumbar plexus
Fibers come from the second and third lJumbar nerves

Structure Muscle fibers ansing directly from the ilum and joming the
tendon obliquely

Action Hip jointflexion Since the psoas and ihacus have a common tendon
of insertion, they are frequently referred to jointly as the iiopsoas However
1t cannot act on the joints of the spine as does the psoas

SARTORIUS

The name means tailor s muscle * so called because the ancient anatomusts
noticed that 1t 1s the muscle used 1n crossing the legs to take the position
Oriental tailors assume at their work It 1s the longest muscle 1n the body, and
15 capable of a greater extent of contraction than any other (Fig 109)

Ongm The anterior superior thac spine and the upper half of the notch
Just below 1t

Insertion Lower anterior part of the medial surface of the tuberosity of the
tibia

Innervation Two branches from the femoral nerve containing fibers from
the second and third lumbar nerves One branch serves the proximal portion
of the muscle the second branch the distal portion

Structure Parallel longitudimal fibers The muscle lies between two layers
of the fascia of the thigh and some of 1its fibers are nserted into the fascia
half way down the thigh The muscle curves around the inner side of the thigh
passing behind the inner condyle and then forward to its insertion

The fascia of the thigh 1s a thick sheet of fibrous connective tissue that
envelops the thigh just under the skin

Action Directly assists 1n flexion, abduction and outward rotation of the
thigh at the ip joint knee flexion and knee inward rotation 3

RECTUS FEMORIS

Ths large muscle named from 1ts position straight down the front of the
thigh, corresponds closely to the long head of the triceps on the arm being
the middle part of a three headed extensor (Fig 109)

Ongin The antero inferior spine of the tlum between its tip and the hup
joint and a second head the posterior from a groove above the edge of the
acetabulum

Insertion The proximal border of the patella

Innervation The femoral nerve fibers come from the second third, and
fourth lumbar nerves

Structure The upper tendon passes down the middle of the muscle and the
flattened lower tendon passes up beneath 1ts deeper surface The muscle fibers
cross obliquely from one tendon to the other

Action The rectus femorrs 1s a prime mover for hip joint flexion and assists
with hip joint abduction 3 It possesses a very short power arm and 2 pull
nearly 1n line with the femur favorable for speed but not for force there 1s
very little change in leverage when the imb 1s hfted Any force keeping the
knee flexed will make the tension on the rectus femoris much greater

Tsolated action of the rectus femoris causes flexion of the hip and extension
of the knee with great speed and power giving the motion employed 1n kick
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per square inch This compares favorably with that of soft steel wire of the
same weight The elasticity (capacity to return to original dimensions under
Iimuted maximum safe stress) of this muscle was above 91 per cent 4

GLUTEUS MAXIMUS

A very large fleshy muscle at the back of the hip (Fig 110 and 111)

Ongm The outer surface of the llum along the posterior one fourth of its
crest the posterior surface of the sacrum close to the ilum the side of the
coceyx and the fascia of the lumbar regton

Insertion A rough line about 4 inches long on the posterior aspect of the
femur between the greater trochanter and the linea aspera and the 1liotibial
band of the fascia lata

Fi16 110 —Gluteus maximus of right side

Innervation The inferior gluteal nerve from the femoral plexus Fibers
come from the fifth lumbar and first and second sacral nerves

Structure Muscular fibers anising directly from the pelvis and making an
oblique yunction with the tendon of msertion which 1s a flat sheet extending
up from the femur and along the postenior edge of the muscle

Actron  Extension and outward rotation at the hup jomnt Upper fibers
assist with abduction lower fibers assist with adduction The gluteus maxs
mus bemng superficial can easily be palpated It contracts mn raising the trunk
from a posttion of inclination forward and from a position 1 which the knees
are bent deeply but 1t ceases to act before the erect posttion 1s reached It
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Structure The short muscle fibers pass diagonally downward from the
tendon of orgn to join the tendon of insertion, the bulk of the muscle being
1n the upper half of the thigh

Action Extends the thigh and assists 1n mward rotation of the hip joint
At the knee 1t 15 a prime mover for flexion and ward rotation

SEMIMEMBRANOSUS

This muscle, which 15 named from its membranous tendon of origin, hes
on the posterior and medial aspect of the thigh (Fig 112)

Ongin The tuberosity of the tschium

Insertion The posterior medial aspect of the medial condyle of the tibia.
The tendon of insertion of this muscle forms one of the medial hamstrings

Tnnervation Branches from the tibial portion of the sciatic nerve The
fibers are from the fifth lumbar and first two sacral nerves

Structure Smilar to the preceding muscle but a longer upper tendon
and a shorter lower one brings the muscular mass lower down

Action Extends the thigh and assists i inward rotation of the hip joint
At the knee 1t 15 2 prime mover for flexion and inward rotation

GLUTEUS MEDIUS

A short thick muscle situated at the side of the 1lium and giving the rounded
contour to the side of the hip (Fig 112)

Ongmn The outer surface of the 1lum near 1ts crest between the posterior
gluteal line above and the anterior gluteal line below

Insertion The oblique ridge on the lateral surface of the greater trochanter

Tnnervation Branches of the superior gluteal nerve from fibers of the fourth
and fifth Jumbar and first sacral nerves

Structure The fibers anse directly from the 1llum and converge to a pennr
form junction with the flat tendon of insertion

Action The power arm of the gluteus medius, which 1s a straight line from
the top of the trochanter to the center of the hip jomnt, 15 an unusually long
one and the muscle pulls upon 1t at almost a rght angle, giving 1t great
mechamcal advantage The gluteus meduus 1s a powerful abductor of the lup
jomt The antertor fibers assist with inward rotation and flexion  the postertor
fibers with outward rotation and extension In the erect position when a tmb
s raised off the ground the pelvis tends to drop on that side (Trendelenburg s
sign) This 1s prevented by contraction of the opposite gluteus medius

GLUTEUS MINIMUS

A smaller companion of the preceding lying just beneath 1t (Fig 112)

Ongin The lower part of the outer surface of the 1hum

Insertion The front part of the top of the great trochanter

Innervation Branches of the superior gluteal netve from fibers of the fourth
and fifth lumbar and ficst sacral nerves

Strueture Similar to the medius

Action The antenor fibers cause strong mnward rotation at the hip jomt

and assist with flexion The posterior fibers assist with outward rotation and
extenston The whole muscle assists with abduction
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can be observed stmilarly that 1t acts in raising the body from sitting to stand
g, and i walking up stairs or up a steep inchne It contracts vigorously in
Jumping but 1n easy walking remains relaxed except as used to check the
momentum of the hmb at the end of the forward swing These peculianties in
the action of the gluteus maximus are mnstances of the working of a rule gov
ernmng the coordination of extension of the hip somewhat similar to one per
tamning to the upward rotation of the scapula 1n which the lower serratus
magnus fails to work 1n certain posttrons The rule seems to be that the gluteus
maxmmus 1s not called into action 1n extension of the hip until the hup 1s
flexed 1 excess of about 45 degrees unless there 1s strong reststance when
the angle of Iimitation 1s less The rule explains the tendency of bicyclists to
stoop forward the demonstrated advantage of the crouching start i sprint
racing and the tendency of old people to incline forward n going up stairs
In all such mstances the position gives the person stronger use of the gluteus
maximus

Persons who have lost the use of the gluteus maximus walk normally, but
cannot go up stairs nor up an mchine without extreme fatigue, and runmng
Jumping or dancing quickly exhausts them

BICEPS FEMORIS

Simular n several respects to the biceps brachu (F1g 112)

Ongmn The long head from the tuberosity of the 1schium, the short head
from the lateral Iip of the linea aspera

Insertion The lateral condyle of the tibia and the head of the fibula The
tendon of msertion of this muscle forms the lateral hamstring

Innervation The long head 1s supplied by two branches from the tibial
portion of the sciatic nerve and contains fibers from the first second and third
sacral nerves The short head 1s served by branches from the peronal portion
of the sciatic nerve and contatns fibers from the fifth lumbar and the first and
second sacral nerves

Structure The tendon of origin 1s long and flat and forms a septum be
tween the biceps and the semitendmosus the lower tendon extends half way
up the thigh The muscle fibers are short and pass obliquely downward from
the upper tendon and the femur to join the lower tendon

Action Only the long head acts at the hip jomnt It 1s a pnime mover for
extension and an assistant for outward rotation Both heads act as prime
movers for flexton and outward rotation at the knee

SEMITENDINOSUS

Named from 1ts long tendon of insertion which reaches half way up the
thugh (Fig 112)

Ongm The tuberosity of the ischium by a common tendon with the biceps
femons

Insertion The upper part of the medial surface of the tibia along with the
sartorius The tendon of mnsertion of this muscle forms one of the medial
hamstrings

Innervation From two branches of the tibral portion of the sciatic nerve
Fibers come from the fifth lumbar and first and second sacral nerves
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GRACILIS

A slender muscle passing down the inner side of the thigh (Figs 109, 219
223)

Ongin Antenior margins of the lower half of the symphysis pubis and the
upper half of the pubic arch

Insertion The upper part of the medial surface of the body of the tibia
below the condyle

Innenvatton A branch from the anterior division of the obturator nerve
which contains fibers from the third and fourth lumbar nerves

Structure A thin flat tendon above with shghtly converging fibers to a
round tendon below

Action Adduction at the hip joint Assists with flexion and mward rotation
At the knee assists with flexion and mward rotation

ADDUCTOR LON\GUS

This muscle lies just to the inner side of the pectineus (Ftg 109)

Ongin The front of the pubis just below the crest

Insertion The linea aspera 1n the middle third of the thigh

Innervation A branch of the anterior obturator nerve which contains fibers
from the third and forth lumbar neres

Structure A thick tnangular muscle ansing by a short tendon and diverg
ng fanwise to 1ts wide msertion

Action Adduction of the hip jomnt Assists with flexion and outward rota
tion Isolated action of the adductor longus 15 a combination of flexion and
adduction but 1t does not flex enough to Lift the thigh over the other one
while sitting as the pectineus does

ADDUCTOR BREVIS

A short triangular muscle behind and above the adductor longus (Fig 113)

Onigin Outer surface of the inferior ramus of the pubis

Insertton The upper half of the linea aspera

Tnnervation A branch of the anterior obturator nerve which contains fibers
from the third and fourth lumbar nerves

Structure A fan shaped sheet similar to the longus but shorter

Action Adduction of the hipjomt Assists with flexton and outward
rotation

ADDUCTOR MAGNUS

One of the largest muscles of the body situated on the medial side of the
thigh (Fig 113)

Ongin The front of the pubss the tuberosity of the ischium and the whole
length of the ramus connecting the two

Insertion The whole length of the linea aspera and the inner condyloid
line and the adductor tubercle on the medial condyle of the ferur

Innenation Branches from the posterior division of the obturator nerve
which contarmns fibers from the third and fourth lumbar nerves and also a
branch from the sciatic nerve which mnnervates the lower fibers

Structure The fibers from the pubis pass honizontally across to the femur
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ductors are doing the mam work of the movement, and so they perform
mcidentally the shight work of rotating the Limb In throwing putting the shot
batting and serving the sime 1s true, inward rotation s done with much
more power than the opposite

ACTIONS OF THE HIP TLEXORS

Because of their common tendon of insertion and strmlarity of action, the
psoas and the thacus are often referred to as the tlio psoas group Under cer
tan conditions the psoas has complex effects upon the lumbar spie (see
detailed discussion 1n Chapter 16 p 308) Both the psoas (indirectly) and the
\hacus (directly) tend to tilt the pelvis forward 1f they contract when the femur
1s fixed as 1n erect weight bearing or when an attempt 15 made to flex the
hip aganst heavy resistance as m the double leg Lft exercise from supine
lying posttion Thus the psoas and ihacus may play a crucial role n faulty
posture Both muscles are ordinanly relatively well developed They are
called mto action 1n nearly all activities requiring forceful hip flexion, since
they are the only prime movers for tup flevion which have no other prime
mover actions to distract from their effectiveness

Habitually poor posture nvolving increased lumbar curvature and in-
creased forward pelvic tilt often results in the development of abnormally
short psoas and ihacus muscles This condition may make it smpossible for
an individual to flatten the lumbar spine and extend the hip simultaneously

Despite the importance of the 1lio psoas group 1n forceful hip flexion, these
muscles and the other ip flexors are usnally found to be relaxed during erect
standing This 1s possible because the trunk s inclined backward very shightly,
so that the line of gravity falls yust to the rear of the femoral heads The strong
Y higaments (o femoral bands) of the hip joint prevent the trunk from falling
bachward 1n this situation removing the need for anterior postural stabihiza
tion by the hip flexor muscles

During simultaneous knee extension and hip flexion as m kicking, the
rectus femoris 1s an obvious mover during simultancous knee flexion and
hip flexion as 1n walking uphili 1n herringbone fashion on skis the sartorius
contracts vigorously In situations such as these the 1ho psoas group 1s 1m
portant as a hip flexor

Certain special aspects of the functioming of the two Jomnt muscles of the
thigh are discussed 1n Chapter 14 p 253 The actions of the ilio Psoas group
must usually be considered 1n relation to these special functions of the two
Joint muscles Since the location and activity of the psoas and iliacus cannot
be studied by palpation or observation, and since two dimensional pictures
are inadequate to demonstrate the posttional relationshps, the beginning
student should study descriptions of the attachments with unusual care and
should use elastic bands or other means to simulate the ongin course, and
msertion on an articulated skeleton 1f possible ’

ACTIONS OF THE HIP EXTENSORS

The biceps dinosus and branosus form a group known as
the hamstring muscles These muscles although smaller and less powerful
extensors of the hup than the gluteus maximus are much more useful for the
ordinary purposes of ife because they act in walking and in standing while the
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much like those of the brevis, those from the ramus pass lower on the linea
aspera those from the tuberosity of the 1schium go to the lower end of the
condyloid hine

Action The whole muscle adducts the hip joint The upper fibers assist with
inward rotatton and flexion, the Iower fibers assist with outward rotation and
extenston

The ability of the adductor magnus to inward rotate the hip joint 1s utilized
n such actions as  stemmung 1n skung and 1n gnpping the horse s sides while
rding Any stramn of this muscle 1s colloquially termed nder s stram, al
though among athletes such injunies are most commonly mncurred by per
formers on certain pieces of gymnastic apparatus 5

THE SIX OUTWARD ROTATORS

It will be recalled that 1nward rotation of the arm 1s performed cidentally
by the large muscles having the larger duty of swinging the arm and that
outward rotation 1s performed by a special group of two muscles the infra
spinatus and teres munor It 1s interesting to find that in the case of the hip we
have a stmular arrangement 1nward rotation being performed mcidentally by
the three abductors along with thetr matn work, and outward rotation by a
special group, m this case of six 1 place of two the pmformus obturator
externus obturator internus gemellus superior, gemellus nferior, quadratus
femons (Fig 113)

Ongin The posterior portions of the pelvis

Insertion The great trochanter of the femur

Innervation

Prrtfornis—Branches from the first and second sacral nerves

Obturator internus—A nerve from the sacral plexus contamng fibers
from the fifth lumbar and first and second sacral nerves

Obturator externus—A branch of obturator nerve The fibers are from
the third and fourth Jumbar nerves

Quadratus femoris—A nerve from the sacral plexus that contams fibers
from the fourth and fifth lumbar and first sacral nerves

Gemellus superior—Same as obturator internus

Gemellus mferior—Same as quadratus femons

Action These six muscles cannot be palpated but their positton mdicates
that outward rotation must be their mamn function Electrical stimulatton
confirms this action It 1s true here, just as in the case of the arm, that forward
movement of the hmb through a night angle puts the group 1n a position to
produce abduction as well as rotation 1t 1s easy to observe on a mounted
skeleton that contraction of the outward rotators while siting will separate
the knees

If 1n walking and running the hips do not swing forward and backward there
1s no rotatton 1n the hip joints but usually the hip goes forward as the foot
goes forward the amount of the swing varying considerably in different ind
viduals Now a forward swing of the hip as the limb swings forward will swing
the toe 1n unless there 15 outward rotation in the hip jomnt It follows that
1n walking and running the hmb must be rotated outward on the side where

the large muscles are domng lhttle calling for an extra group to do it
while inward rotation must occur on the side where the extensors and ab
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the person to habitual lateral curvature of the spine In healthy, active per-
sons, such a purely functional scoliosts does not assume the danger attached
to structural scoliosis caused by unilateral short leg or unilateral paralysis
but the habit of standing on one foot 15 nevertheless to be condemned from
the standpoint of postural hygiene

For normal individuals special exercises for development of the p ab
ductors are usually unwarranted since the natural actwvities of walking run-
ning skipping, hopping kacking and balaneing will strengthen not only the
gluteus medius but also the lateral stabilizers of the spine and other joints
Sedentary adults and children who are deprived of vigorous natural activity,
however may be especially susceptible to lateral spine defects

ACTIONS OF THE HIP ADDUCTORS

Paralysis of the adductors causes some difficulty 1n walking and running
but 1s not nearly so serious as the loss of the flexors extensors or abductors
Vigorous adduction of the hip 1s useful in nding horseback climbing a rope
or a tree and similar activities but one may wonder what causes the develop-
ment of such large masses of muscle when there 1s apparently so httle for
them to do The explanation 1s probably the fact that there are so many
secondary actions for them to perform Each adductor has at least two other
possible actions on the hip joint and some help with knee motions as well
The development of the adductor muscles 1s justified by the tremendous
variety of combinations of movements which are required for versatile func
tiomng of the body 1n many activities For example, pivoting and cross over
steps 1n football and basketball require hip flexion or extension with inward or
outward rotation and adduction The adductors are needed to perform these
movements even when the adduction component 1nvolves very httle re-
sistance

Kinesiological Effects on the Femur Primitive peoples do a great deal more
squatting runming and jumping than is true of their civilized contemporaries
The muscular actions 1nvolved may result 1n certan structural alterations of
the femur Among such alterations reported 1n the hiterature are the followtng
The depth of the posterior end of the patellar groove 1s constderably greater in
primutives probably due to the pressure of the posterior cruciate ligament
when the limb 15 1n the squatting posiion An articular facet may be found on
the supero lateral margin of the patellar surface This 1s attnibuted to the
action of tendon of the quadniceps femons muscle while the jomnt 1s fully
extended There 15 a very noticeable development of the adductor tubercle
ldt seems likely that tilus 1s connected with a greater development of the ad’

uctor magnus muscle which 1s pri
e T thi e probably used 1n the squatting position to

The head of the femur must sustan not only the pressur -
cumbent body weight but also the force of t}yle abguctor ?n?_\ici}?s Z\:xpdﬂtll?:
tension on the thotibial tract which interact to hold the pelvis 1n equltbrium
Ths force 1s not normally borne vertically, Rather 1t 1s transmutted to the
femoral head at an angle and the plane of the resulting force 15 1n line with
the medial trabeculae of the femur The angle of this 1
165 to 170 degrees In cases of ear} 1g biane s approximately
permit the pelvis to be held 1n the  parysis the weakened muscles do not

normal position The indnvidual shifts lus
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gluteus maximus does not The consequence 1s that one who has lost the use
of the gluteus maxumum may stand and walk normally while one who has
lost the hamstring muscles can stand and walk only by throwing the weight
of the trunk so far back that 1t tends to overextend rather than to flex the hip,
putting a tension on the ihofemoral band Such a position can be mantained
without the use of the hamstrong group while standing still and in walking
carefully on a smooth and level place, but one who has lost the hamstring
group cannot walk rapidly or irregularly nor can he run, hop, jump dance or
inchine the trunk forward without falling

When the trunk in a normal individual 1s inchined forward on the hip joints
as an axis, the knees being kept extended and the trunk held as straight as 1t1s
m the erect position the average adult can ncline until the flexion in the hup
Joints 1s about 45 degrees the hamstring muscles somewhat shortened by
contracting to sustain the weight of the trunk, permit no further fleion One
can flex one hip farther than this while standing on the other foot because
n this position the hamstring group 1s relaxed and therefore Jonger than in
the preceding case The same 15 true when one sits on the floor with the legs
out straight 1n front by using all the force of the flexors most people can hold
the trunk erect the stretched and relaxed hamstring muscles permitting a
flexion of 90 degrees While sitting on a chatr or bench there 1s no difficulty
1n holding the trunk erect because now the hamstring muscles are not only
relaxed, but further slackened at the lower end by flecton of the knee the
hups will flex several degrees farther here and also 1n sitting on the floor if the
knees are flexed, tallorwise Persons who work sitting 1n an automobile or at
a desk may develop contractures of the hamstrings and calf muscles strong
enough to produce severe chronic backaches

ACTIONS OF THE HIP ABDUCTORS

Whereas there are several assistant movers for hip abduction only one
muscle 1s histed as a pime mover—the gluteus medius There are relatively
few necessary Iife activities calling for a sigmficant amount of forceful abduc
tion of the femur away from the center hine of the whole body and at first
thought 1t may appear that development of the gluteus meduus 15 of small
importance However as pointed out in the preceding discussion of this
muscle the gluteus medius performs the crucial task of stabshizing the pelvis
10 a more or less level position atop the femur during penods of single leg
support 1n walking and all other forms of ipedal locomotion If the gluteus
medius be paralyzed the Trendelenburg sign (lateral pelvic tlt or hip drop)
occurs whenever there 1s unilateral support on the same stde as the paralyzed
muscle Duning this umlateral support not even momentary stabilization of
the pelvis 1s possible therefore the paralyzed individual resorts to the char-
actenistic gluteus medius imp 1n which the trunk 1s tilted laterally to the same
side until the center of gravity of the body parts above the hip 1s directly over
the femoral head The lateral waddle 1s very noticeable and 1s accentuated 1n
bilateral fashion if both gluteus medius muscles are affected

Relaxed standing on one foot 1s usually accompamed by relaxation of the
gluteus mediws on the same side resulting m hip drop on the opposite side
similar to the Trendelenburg sign If such a stance 1s habitually assumed the
lateral higaments of the hip and spine are stretched unilaterally predisposing
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the person to habitual laternl curvature of the spine In healthy, active per-
sons such a purely functionnl scoliosis does not assume the danger attached
1o structural scoliosss cansed by umlateral shott leg or umlateral paralysis,
but the habit of standing on one foot 15 nevertheless to be condemned from
the standpownt of postural hygiene

For normal mdividuals, special exercises for development of the hip ab
ductors are usually unwarranted since the natural activities of walking, run-
nmg skipping hopping, kicking and balancing will strengthen not only the
gluteus medius but also the lateral stabilizers of the spine and other joints
Sedentary adults and children who are deprived of vigorous natural activity
however, may be especially susceptible to lateral spine defects

ACTIONS OF THE HIP ADDUCTORS

Paralysis of the adductors causes some difficulty 1n walling and running
but 15 not nearly so serious as the loss of the flexors extensors or abductors
Vigorous adduction of the hip 1s useful in niding horseback, chmbing a rope
or atree and similar activities but one may wonder what causes the develop-
ment of such large masses of muscle when there 15 apparently so little for
them to do The explanation 15 probably the fact that there are so many
secondary actions for them to perform Each adductor has at least two other
possible actions on the hip joint and some help with knee motions as well
The development of the adductor muscles 1s justified by the tremendous
variety of combinations of movements which are required for versatile func-
tioning of the body 1n many activities For example, pivoting and cross over
steps 1n football and basketball require hip flexson or extension with mward or
outward rotation and adduction The adductors are needed to perform these
movements even when the adduction component involves very little re
sistance

hanesiological Effects on the Femur Primstive peoples do a great deal more
squatting running and jumping than 1s true of their civilized contemporanes
The muscular actions involved may result 11 certain structural alterations of
the femur Among such alterations reported 1n the hiterature are the following
The depth of the postertor end of the patellar groove 1s considerably greater m
primutives, probably due 1o the pressure of the posterior cruciate ligament
when the imb 15 1n the squatting posiion An articular facet may be found on
the supero lateral margan of the patellar surface This 15 attnbuted to the
action of tendon of the quadriceps femorns muscle while the Jomt 1s fully
extended There 1s a very noticeable development of the adductor tubercle

:it st:ems Iikely that this 1s connected with 2 greater development of the ad
uctor magnus muscle which 15 probably used 1 the s t
stabilize the limb 6 Y ¢ sauating posiion to

The head of the femur must sustain not only the pressure of the supenn-
cumbent body weight but also the force of the abductor muscles and the
tension on the thotibial tract which interact to hold the pelvis 1n equilibrium
This force 15 not normally borne vertically, Rather 1t 1s transmutted to the
femoral head at an angle and the plane of the resulting force 1s 1n line with

the medial trabeculae of the femur The an

gle of this plane 15 approximatel:
165 to 170 degrees In cases of early paralysis the weakened muscles do no)ty
permit the pelvis to be held in the normal position The ndividual shifts his
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center of gravity by bending to the affected side and the resultant forces on
the femoral neck shift more nearly to the vertical In time a deformation of
the neck of the femur (cova valga—an mcrease 1n the angle between the neck
and shaft of the femur) results Individuals with certarn hip diseases may also
shuft their centers of gravity over the hip, thus reducing the pull of the abduc
tor muscles and decreasing the total load on the femoral head The load 1s
carried more vertially on the femur, giving rise to the so called “antalgic
(pain relieving) gait, but this effects a change in the direction of the forces
reacting on the femur The result may be bone deformation or shearing stress
on the epiphyseal plate 7

Implications for Athletic Traimng The violent exertion the gravitattonal
load to be borne the extreme range of movement and the abrupt changes i
direction required 1n athlettcs make the muscles of the hip joint peculiarly
susceptible to injury

Powerful contraction of the quadriceps coupled with a fulure of the
antagonsts to relax quickly enough may result in tears of the hamstrings
usually the semitendtnosus or semimembranosus (sprinter s strain) In certain
styles of high jumping 1t 15 necessary to twist one leg and rotate the body so
that a severe strain 1s placed on the outward rotators (high jumper s strain)
Trauma to the adductor muscles may result while horseback riding or in
gymnastics (rider s strain) Dancers and acrobats are said to be subject to
tearing of the fibers of the adductor longus muscle near 1ts tendinous attach
ment to the pubis while performing the sphit

Injurtes of this type are often slow to heal and tend to recur There1s a
general belief among both athletes and dancers that they can best be prevented
by slow, careful, stretching exercises before engaging 1n activity
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LABORATORY EXERCISES
1 Compare the pelvic girdle with the shoulder girdle of a skeleton Why do
some kinesiologists nsist that the pelvic girdle 15 properly designated but the
shoulder should be referred to as a functional unit not as a girdle?
2 Palpate the gluteus maximus Is 1t brought into action more forcibly when the
hip 1s flexed or when 1t 1s extended? Does 1t contract 1n normal walkhing? Does 1t
contract in chmbing stars?
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TABLE 10 —Hip Jomnt Muscles and Their Actions

i
Flex | Exten |Abduc | Adduc h}';:::;d 0;2‘,; d
on ston ton tion tion 1ton

Psoas PM
Iliacus PM
Sartonus Asst Asst Asst
Rectus femornis PM Asst
Pectineus PM PM Asst
Tensor fasciae latae Asst Asst PM
Gluteus maxtmus PM Asst * | Asst ** PM
Biceps femors PM Asst

(long head)
Semutendinosus PM Asst
Semimembranosus PM Asst
Gluteus medius Asst T |Asst 1 {PM Asstt [Asst 1
Gluteus mmnimus Asst T | Asst 1 | Asst PMt |Asst tt
Gracilis Asst PM Asst
Adductor longus Asst PM Asst
Adductor brevs Asst PM Asst
Adductor magnus Asst * |Asst ** PM Asst * [ Asst **
The six outward rotators PM

* Upper fibers
** Lower fibers
1 Antenor fibers
1+ Posterior fibers

3 In what respects 1s the biceps femoris stmilar to the biceps brachn? In what
respects does 1t differ?

4 Which bones are the most useful to physical anthropologists and detectives 1n
determining stature from skeletal material” (Suggestion See Mildred Trotter and
Goddine C Gleser A Re Evaluation of Estimation of Stature Based on Measure-

ments of Stature Taken During Life and Long Bones After Death Am J Phys
Anthropol I6N'S 79-123 1958)

5 What are the best

progressive resistance exercises to develop the muscles of
the pelvic girdle?
an?i ‘:ssume that one individual does deep knee bends (heels raised from the floor)

at another does squats (heels on the floor) What will be the difference n the

effect on muscular development of the thighs?

haZj tf—lel;:}elil 02§tober 13 1958 1ssue of Time 1t was reported that a Washington doctor

the meed patients for back injunes suffered while trymng hula hoops Analyze

G enés of the pelvic girdle and determine the pornts of greatest strain

P dn ee The Anatomy of Hula Hooping Scope Weekly 3 October 8
» and Hula hoop Syndrome Brit Med J 51111531 1958)

16



Chapter 14

Movements of the Knee Joint

THE hnee the largest and most complex joint in the body, has probably
evolved from three separate joints In man there 1s a single joint cavity, but
three separate articulations may be identified between the medal condyles of
the femur and tibia between lateral condyles of the femur and tibia and be
tween patella and femur Figures 114 through 120 illustrate the structures
which are described below

At the distal end of the femur, the following bony landmarks are important
The medial and lateral condyles each provided with epicondy les bear articular
surfaces for contact with the tibia and 1ts cartilages Anteniorly, the condyles
are separated by the shallow depression of the articular patellar surface and
posteriorly and infertorly by the deeper intercondy loid fossa (Fig 108)

At the proximal end of the tibia the following bony landmarks are im
portant The med:al and lateral condy les are indistinctly separated except on
the superior surface where the anterior and posterior intercond loid fossae
and the mtercondy loid eminence occur between the two facets of the superior
articular surface Approximately one half inch from the proximal end the
tibial tuberosity projects anteriorly Laterally the head of the fibula forms the
provimal ubio fibular articulation with the lateral condyle of the tiba Al
though this jomt s separate from the knee joint the head of the fibula has
some functional relationships with the workings of the knee joint

The patella or knee cap 15 a sesamord bone (develops intramembranously)
within the tendon of the quadriceps femoris muscle group The patella 15
roughly tnangular with 1ts apex projecting inferiorly and serving as the
proximal attachment for the parellar ligament which proceeds inferiorly to its
distal attachment on the tuberosity of the tibra Techmcally the patellar
lrgament 15 appropriately named since 1t joins bone to bone but functionally
1t 1s a tendon being composed of fibers which are continuous with those of
the quadriceps tendon The posterior surface of the patella bears facets for
articulation with the patellar surface of the femur The patella protects the
antertor aspect of the knee joint and acts as a sort of pulley by increasing the

242
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angle of wsertion of the patellar igament upon the tibial tuberosity, thus
improving the mechanical adv intage of the quadriceps femoris muscle group

On the superior articular surfaces of the tibw are the medial and lateral
mentsct, or semulunar cartilages composed of tough fibro cartilage The car
tilages serve to adapt the shapes of the femoral condyles to the articulr sur-
face of the tibia to buffer the jars of walking and jumping to prevent fric

Interco Iylord
ennne ice

Late 1

Jlt’gl co 1ie
A tuberos ty
press

Ant sar
v
4 tero- zt v Y4
b dr

EXTEAN L pomDER

vt
mall ofus
FiG 114 —The right tibia and fibula front view

tronal wear, and by deformation to allow th

meniscl are roughly crescentic 1n shape the 12!:2?;:;;2:1‘;%‘;?: N Js(r)r‘l‘;;l kb

z;l:;ns\::cncebthan the medial memscus Each 1s somewhat tr%angulaerr ::

SO r;\c::‘ lscel:ng much thicker at the peripheral border The anterior ends

of each n s are attached to the anterror intercondyloid fossa of the
nd to each other by a rransierse ligament which 15 sometimes absent



244 MOVEMENTS OF THE RNEE JOINT

The posterior ends are attached to the posterior intercondyloid fossa The
peripheral borders of each memscus are 1ttached 1o the edges of the tibal
condyles by coronary ligamenss with veruical fibers the inner borders of the
meniser are free, as are the supenor and mferior surfaces The medial memscus
1s attached at 1ts periphery to the tibtal collateral [ t, the lateral

has no such attachment to the fibular collateral ligament, but its postenors end
gives off the g ament of Wnsberg to the medial condvle of the femur just
behind the postenor eruciate ignment These anatomucal details are important
to the understanding of knee imjunes which will be considered later 1n this
chapter
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The strong anfertor and posferior cruciate ligaments ate the mata stcuctures
formung the incomplete wniercondy lar septum which partialfy divides the knee
jomnt cavity mto right and left halves The antersor cructate runs from the
antenor stercondylowd fossa of the tiva wpward and backward to the inter
condylowd fossa of the femur the postertor runs from the postenior ter
condyloid fossa of the tihia upward and forward to the mtercondylod fossa
of the femur

The ubral collateral higament on the medial side of the knee Joins the medsal
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condyles of the femur and tibia, merging on the way with the capsule of the
Jomt and with the coronary hgament of the medial memscus The fibular
collateral higament, on the lateral side of the knee, joins the lateral condyle of
the femur with the head of the fibulh The tendon of the popliteus muscle
separates the fibular collateral hgament from the liternl meniscus and from
the joint capsule proper

1 dern 1 lnferm scal r sept
(Tmd n {48 ctor m gras)

Adical m se
S aner

§ froputelts
barsa

Teado of

quad lop

Fic 116 Fic 117
Anterior and postenor views of knee Jomts showing accessory ligaments (Sobotta )

On the postetior aspect of the knee
Jomt the obhgue popls,
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surface of the joint
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Anterior cruciate igament Transierse higamend

Luqament of Writberg
Postertor cruciate ligament

Fic 118 —Head of right tibia from above showmng memsct and attachments of
ligaments (Gray s Anatony )
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Fic 119 —Anterior aspect of right knee joint showing interior hgaments Gray §
Anatomy )
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tensive The capsule 1s lined with a svnosial membrane, which mvests both the
upper and lower surfices of the two menisct, excluding them from the joint
cavit;

N\i’merous bursae occur around the jount, some of them having connections
with the main joint cavity 1n some or all individuals The pre patellar bursa
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lies between the patella and the shin on the antenor aspect The supra patelfar
bursa hes deep to the quadniceps tendon The nfra patellar bursa lies deep to
the patellar ligament and superficial to the wfra patellar fat pad Another
bursa lies subcutaneously over the tuberosity of the tibia several others
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cushion the tendons of the popliteus, of both heads of the gastrocnemius,
and of other two joint muscles

The fascia surrounding the knee joint merges with ligaments and when
various muscles are tense, plays no small part tn the stabibization of the jomnt
Tendons of the two joint muscles (rectus femons, the hamstrings, sartorius
gracilis, and gastrocnemius) participate vigorously 1n strengtheming and pro
tecting the joint against unnatural or excessive movements

In the erect standing position, the tibia are almost exactly vertical, and the
medial and lateral condylar articulating surfaces of both tibia and femur le
1n a horizontal plane The shafts of the femur are not vertical, since the knees
are relatively close together while the femoral heads and trochanters are
markedly spread apart This obhquity of the shaft of the femur differs from
person to person, depending upon heredity, sex (females have broader hips
n proportion to height), nutrition and disease (especially during the growth
period) occupational and recreational activity muscular development, foot
gear and other factors Torston 1n the shaft of the femur and angle between
shaft and neck of the femur also vary These differences may affect gait and
other functions and are important considerations 1n orthopedic medical
practice and therapeutic programs

There are twelve muscles acting on the knee jornt These may be divided
1nto three groups

Hamstring group nosu branosus biceps femoris

Quadriceps femoris group Rectus femoris vastus lateralts, vastus nter
medius vastus medialis

Unclassified group Sartorius gracilis, pophteus gastrocnemius plantans

Some of these have been discussed earlier, one (plantarss) will be described
1n the next chapter

< d

POPLITEUS

Ongin The lateral aspect of the lateral condyle of the femur (Fig 117)

Insertion Medial posterior side of tibia supenior to the origtn of the soleus

Innervation A branch of the tibial nerve which contams fibers from the
fourth and fifth lumbar and first sacral nerves

Structure A thin, flat, tnangular muscle which forms the lower part of the
floor of the pophteal space

Action Flexion and medial rotation of the ibia Aids 1n unlocking the knee
at the start of knee flexion Assists 1n stabihzing the knee 1n the crouching
position !

VASTUS LATERALIS

A large muscle located half way down the outer side of the thigh and mak
ing the rounded eminence to be found there It corresponds closely to the
Iateral head of the triceps brachu (Figs 109, 121)

Ongmn The lateral surface of the femur just below the greater trochanter
and the upper half of the linea aspera (Figs 221 222)

Insertion The lateral and superior borders of the patella and the quadnceps
femons tendon

Innervatton Branches from the femoral nerve which contan fibers from
the second, third and fourth lumbar nerves
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tendon 1s a flat sheet attached to the upper border of the patella and serving
as a tendon of insertion for the three vasti muscles 1t lies beneath the vastus
lateralts and the muscle fibers pass obliquely downward and inward from the
upper tendon to join 1t

Action Prime mover for knee extension It needs a companion from the
mner side to give a straight pull on the patella

VASTUS MEDIALIS

This muscle, corresponding to the medial head of the triceps brachu 1s
located on the medial side of the thigh somewhat lower than the laterahs
and partly covered by the rectus and the sartorsus (Figs 109 and 121)

Onigin The whole length of the linea aspera and the medial supracondylar
Iine (Figs 108 221, 222)

Insertion The medial border of the patella and the quadriceps femons
tendon

Innervation Branches from the femoral nerve which contain fibers from the
second, third and fourth lumbar nerves

Structure Similar to the vastus lateralis

Action Prime mover for knee extension Its diagonal pull inward counter
balances the vastus lateralis diagonal pull outward and the two muscles give
a straight pull on the patella Since this muscle 1s manly responsible for the
last few degrees of knee extenston 1t 1s particularly important 1n the function
ng of the screw home movement of the knee joint

The line of pull 1s similar to that of the externus except that it 1s directed
diagonally inward 1nstead of outward Isolated action causes snward displace
ment of the patella paralysis makes the patella liable to outward displacement

VASTUS INTERMEDIUS

A companion of the two preceding muscles lymg between them and be
neath the rectus femons (Fig 121} It 1s difficult to separate this muscle
from the mediahs and the two may be continuous for part of therr length

Ongmn Anterior and lateral aspect of the femur except the infenor 4
mches

Insertion The supenior border of the patella via the quadriceps femoris
tendon

Innervation Branches from the femoral nerve which contam fibers from
the second third and fourth lumbar nerves

Structure The muscle fibers anise directly from the bone and pass down
ward and forward to join the deeper surface of the sheet which serves as a
tendon for the two preceding muscles

Action Prime mover for knee extenston Like the rectus femoris 1ts pull 1s
directly upward on the patella

ILTIOTIBIAL BAND
The ihiotibial band or 1hotibial tract 1s a broad hgament connecting the
thum with the lateral tubercle of the tibia the patella the linea aspera and
the lateral condyle of the femur The tensor fasciae latae 1nserts into 1t and
the band 1tself nserts 1nto the tibia and blends with fibrous expansions from
the vastus lateralts and biceps femonis Ths tract has been found only 1n man
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other ansmals have developed the tensor fasciae fatae without symultaneously
developing the iliotibial band The tension of this tract strongly remnforces
the lateral retention appatatus of the knee jownt and thus contributes 1m

portantly to the maintenance of erect posture However, 1n cases of patho

Jogical contractures such 1s may follow poliomyelitis 1t may produce severe
deformities svolving the hip and the knee joints 2

MOVEMENTS OF THE hNEE JOINT

Flexion and Extension The fundamental movements of the knee jomt
are flexion and extension but the knee 15 not a simple ginglymus or hinge
jomt With the knee fully extended the femoral condyles project posteriorly
from the line of the shaft of the femur As the knee 15 flexed the femoral
condyles would tend to roll like wheels off the posterior edge of the tibia
\f they were not restrained by the cruciate ligaments the fascia lata and other
fascial and muscular structures As flexton progresses the anterior cruciate
hgament becomes taut and forces the femoral condyles to slide forward on
the menisc1 Thus there 1s the tendency for approximately the same spot on
the tbia to make contact with progressively more posterior parts of the
condyles of the femur From a position of full flexion as extension occurs
there would be a tendency for the femur to roll off the anterior edge of the
tibia 1f the posterior cruciate ligament did not become taut and force the
femoral condyles to slide backward on the menisci

Flexion of the knee 1s possible through about 135 degrees when it 1s brought
to a stop by contact of the tissues on the back of the thigh and leg and by the
capsular and cruciate hgaments Maximum strength in the leg hft 1s de
veloped when the hift 1s done with the thighs and legs making an angle at the
knees of from 115 to 124 degrees Since the angle has a decided effect on
scores 1t 15 possible to compare leg hift figures only 1f they are recorded with
the knee flexed to a specified degree 3

The Normal Lochmg of the knee The jont can be very shightly hyperex-
tended Further hyperextension 1s limited by the anterior cruciate ligament,
and perhaps also by parts of the fascia lata collateral igaments and other
connective tissues When the body 1s balanced 1n an erect position the gravity
Ime falls shghtly i front of the tibio femoral articular contact points Thus
the quadnceps extensor muscles can relax because the knees are effectively

locked 1n hyperextension by the small gravitational torque

Loching of the knees 15 not a simple hyperextension however In the last
phase of the movement there 15 a small amount of 1award rotation of the
femur on the ibia Thus final seating of the femoral condyles into the contours
of the memisct 1s sometimes called the screw home movement of the knee
“llel::om this axial rotation of the femur, locking of the knee Jomnt 1s incom
P!

Grant* has stated that no special rotator muscles are necessary the screw
home movement being produced by the continued contraction of the quadn
ceps extensor muscles agmnst the resistance of the antenor eruciate hgament
and by the impingement of the anterior border
the medial groove on the articular surfa
However some clintcians contend that
which carnes the lower leg through the |

of the medial meniscus against
ce of the medial femoral condyle
the action of the vastus mediahs
ast 15 degrees of extenston 1s essen
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tral to this movement, since rehabilitation of that muscle requires forceful
locking of the knee agunst resistance 1n addition to exercise m the inter
mediate ranges of joint action

While bearing weight on the extremity, muscular action 1s necessary to
reverse the screw home movement as the knee 1s unlocked in the first stage of
flexion The popliteus 1s the muscle which provides the motive force for the
unlocking The popliteus 1s listed as a prime mover for mward rotation of
the knee, the assumption being that the tibia 1s the moving part While bearing
weight 1n a position of complete extension however the tibia cannot rotate
therefore, the femur 1s rotated outward slightly as the result of contraction
of the popliteus effectively reversing the screw home movement When weight
15 not being borne on the extremity, the unlocking can occur passively as a
by product of knee flexion

‘Why 1s the screw home movement necessary? The answer 1s found by close
study of the shapes and contours of the articulating parts The medial and
lateral articulating surfaces of the tibia are not bilaterally symmetrical nesther

Patellar surface

Wedial greove

Lateral groove. Medual ep condyle

Semilunar area
Zateral epicondyle.
Aedral condyle
Lateral condyle

Intercondylowd fossa
FIG 122 ~Lower extrermty of right femur viewed from below (Gray s Anaton )

are the medial and lateral articulating surfaces of the femur Figure 118 shows
that the antero posterior diameter of the cup formed by the medial mensscus
15 greater than that formed by the lateral memiscus and there are differences
in shape Furthermore the lateral meniscus 1s more mobile dunng knee
extension being able to slide forward because 1ts edge 15 not attached to the
collateral ligament as 1s the edge of the medial meniscus Figure 122 shows
that the antero posterior dimenston of the tibial surface of the medial condyle
of the femur 15 greater than that of the lateral condyle of the femur (The tibial
surfaces should not be confused with the patellar surface ) These and other
topographical differences require some axial rotation (screw home movement)
in the femur 1if the parts are to fit together neatly when knee extenston 18
completed
Rotation When the knee 1s loched 1n extension no rotatton 15 possible

although the foot may still be turned nward and outward by rotation at the
ankle and hip joints As the knee 1s flexed the collateral ligaments and fascia
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become progressively more slack, permitting mvard and outward rotation
After about 90 degrees of flexion, as much as 60 to 90 degrees of rotation
may be possible In the extended hnee postural stability 1s encouraged by
the lack of rotation but the jont 15 very vulnerable 1o mmjury from lateral
forces During activity when the knee 1s likely to be flexed to some extent
the ability to rotate makes possible a wide varety of movements such as
pivoting changing direction of locomotion grasping objects between the soles
(as m chimbing a pole), and performing inside and outside ankle kicks 1n
soccer

ACTIONS OF TWO JOINT MUSCLES

The preceding analysis has shown that certain muscles act simultaneously
on both the hip joint and the knee joint The nerve endings 1n dogs suggest
that one part of a two joint muscle may shorten while another lengthens,3 but
so far this phenomenon has not been demonstrated to occur 1n man under
normal conditions 6 It seems safe to assume that in the latter when a two
joint muscle contracts 1t pulls at both ends at once For example the sar
torius flexes both the hup and the knee 1n withdrawing the foot from a painful
stimulus 1n 1mtiating the forward swing of the lower lumb just after the
vigorous push off of a crouch start in runming and 1n stepping up onto a high
bench Simularly the rectus femons both flexes the hip and extends the kneen
punting a football

However, the action of the two joint muscles of the htp and knee 1s not as
simple as these examples might indicate and the study of the functions of
1ndividual muscles 1s insufficient to account for all of the observed phenomena
of lower limb movement During normal body motions, muscles tend to act
in groups and to effect a coordinated movement The composition of a group
1s not constant The muscle members are selected according to the needs of
the teamwork which 1s desired Analogously 1t might be compared to a coach
{the central nervous system) drawing on his past experience {conditioned
reflexes) to send 1nto the game (cause to contract) vanious combinations of his
players (muscles) according to the different game situations such as general
offense (lup flexion and knee extension) defense agamst runming attack (hip
and knee flexion) or defense agamst passing attack (hip and knee extension)
The teamwork of muscles 1s complex even when 1t involves one jomnt muscles
only If two joint muscles are involved the complexity 1s greatly increased
and a special analysis must be made

Lombard’s Paradox While sitting tn a chair, the student may grasp his
thigh so that the thumb palpates the belly of the rectus femorts and the fingers
palpate the bellies of the hamstrong muscles As he anses from the chair by
means of hip and knee extension he will feel both the rectus femors and the
hamstring muscles spring into action It may surprise him to find that all of

:l;c::t;:‘las:}lces ;1:; :c:t“aels ??::dl;et:: lf]]l recall that while the rectus femons tends

ex the hip and while the hamstrings tend
1o extend the hup, they also tend to flex the knee He might expect that the
rectus femons and the hamstrings would mutually neutrahze each other s
actionat both the hip and knee joints This seemingly contradictory situation
15 hnown as Lombard s Paradox after W P Lombard 7 who was one of the
first scholars to analyze and clearly explamn the problem
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Study of the action of the two joint muscles of the thigh during simulta
neous hip and knee extension may be approached step by step through the
use of the simple model shown 1n Figure 123A and B Figure 123A shows an
elastic band placed so as to represent a hamstring muscle If the elastic band
1s placed on the opposite stde of the model 1t represents the rectus femoris
muscle Now if two elastic bands are employed, simulating simultaneous
contraction of the hamstrings and the rectus femors as shown in Figure
123B the paradox appears Extenston takes place at both joints! Lombard s
explanation, which 1s still accepted, 1n spite of alternative proposals 1s based
on anatomtcal measurements which have been deliberately duplicated 1n the

FiG 123 —Lombard s Paradox A hamstring extending hip and fleung knee B
hamstring with aid of tendon action of rectus femors, extending both joints

model At the hip joint the lever arm (that1s the distance from the center of
rotation of the joint to the point of attachment of the muscle) of the ham
strings for extension 1s greater than that of the rectus femorss for flexion The
rotational torque for each muscle 1s equal to the force of its pull multipled
by 1ts perpendrcular distance from the axs of rotation Assumng that the
forces developed within the two muscles are equal the torque of the ham
strings for hip extension 1s greater than the torque of the rectus femons for
hip flexion because of the difference 1n lengths of the lever arms A simular
but opposite situation exists at the knee joint The torque of the rectus femoris
for knee extension 1s greater than the torque of the hamstrings for flexton
Elftman? has presented the lengths of these lever arms mn a representative
individual as shown in Table 11 These figures are here cited out of context

TABLE 11 —Comparative Lengths of Lever Arms of Two Jount Muscles

LENGTH OF LEVER ARMS
Ar Hip Jont At Rnee Jomn!

Rectus femoris 3%cm 44cm
Hamstrings 67cm 34cm
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and should be nterpreted only as rough approximations for comparative
urposes
? Ig summary, 1t may be said that Lombard s Paradox 1s explained by the
fact that the leverages of the bones compnising the joints prevent the funda
mental antagomsm of the muscles from completely neutralizing each other s
actions
Tendinous or Belt-Like Action of Two-Jont Muscles The model in Figure
123 may be further utilized to 1llustrate another principle of two jont muscle
action If erther one of the elastic bands 1s replaced with a taut cord the work-
ing of the model 15 not altered Extension at both jomnts still results The
action of the model 1n this instance may be explained by what 15 vanously
called the tendinous action belt like action or pulley action of the two joint
muscles Let us assume that the hamstrings are represented by the elastic
band and the rectus femoris by the cord The tension within the elastic band
(simulating contraction of the hamstrings) pulls the hip into extension This
movement causes a pull on the cord (rectus femons) which 1s transmatted to
the other end of the cord causing extension of the knee just asif a contracting
muscle were operating Extenston of the knee would of course be opposed
by the tension within the elastic band but at each joint the long lever arms
for extension determine the movement which takes place In this situation,
the passive function of the cord i transmutting the tension is sumilar to the
function of a rectus femons muscle whose connective tissue will not allow 1t
to be stretched more than a certain amount thus making 1t tight even though
1t 1s relaxed
If both clastic bands on the model are replaced by taut cords 1t 1s vartually
impossible to tie them tight enough to mtroduce tension mnto the closed sys
tem Hence the model no longer exhibits extension at both joints but lies
motionless 1n whatever position 1t 1s placed However the cords are suffi
ciently tight to compare with relaxed hamstring muscles which are also
notoriously taut in hiving individuals Now 1f the model 1s grasped by the
trunk. member with one hand and 1f the other hand 15 used to flex the
thigh onthe trunk the leg will also fiex on the thigh The cords now
act like an endfess belt going around pulleys at the hip and knee joints Hip
flexion causes a pull on the hamstrings which 1s transferred to the knee
Jomt, flexing 1t Knee flexion causes a pull on the rectus femors which 15
transferred to the hup joint furthering the flexion which was onginally induced
by the outside force Under simlar circumstances, 1f the model 1s mampulated
so as to extend the hip then the knee 1s also extended This same sort of
tendinous action occurs 1n the ntact human orgamsm provided that the
from and 1nde :dr;?neof t:;et . pnnluph; 3f endinous action 15 different
used to explampeLombard s Pa pl('imcxp{.ho ifferential leverage which was
1 ly but tend a?tlml:x‘\woulg :’wo prineiples may be invoked
all of the same Iongth ccur even f the lever arms were
A more nearly complete and realistic 1llusf
two joint muscles i conjunction with a;:‘l;;rit;l’;n: §°‘li!:d:$:;e€;dg:: l?r
achieved with the slightly more complex model illustrated 1n Figure 124A an;
B Figure 124A shows hip flexion caused by contraction of the psoas The
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rectus femons 1s slackened allowing the natural tightness of the hamstrings
to flex the simulited knee by tendinous action The knee flexion allows the
gastrocnemius to go slack, which 1n turn permits a mimimal contractton of the
tib1alis anterior to dorsiflex the ankle *

If while the three joints are 1n a position of flexion, the gluteus maximus
contracts the result 1s that shown in Figure 124B The gluteus maximus
imtiates hup extension thus removing tension from the hamstrings while

4

B

Fic 124 —The so called tendinous action of the two joint muscles of the thigh
R, rectus femons P psoas G, gluteus maximus A hamstring 7' antenior tibial
G gastrocnemuus {Lombard )

stretching the rectus femons This results 1n knee extension which 1n turn
takes up the slack 1n the gastrocnemius causing plantar flexion at the ankle

The results of manipulating models should not be over generalized Al
though 1n most people the hamstring muscles are sufficiently tight to exert

* In the frog the tibialis anterior 1s a two-Joint muscle extending above the knee Such
an ar allows tend, action to il in the descnibed
above In the opposite situation when mult: jotnt extenston s taking place during jumping
two jomnt muscles enhance the activity providing kinesiologists with an extra erudite 1
sight into Mark Twain s story of the jumping frogs of Calaveras County It may be assumed

N that winmng jumpers have exceptionally Jong lever arms for extension
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tendinous action at the slightest provocation, the majority of the other
muscles are not Tendinous action 1s mimmzed or disappears when the two
jomnt muscles are relaxed although 1t will operate whenever these muscles are
contracted sufficiently to make them taut An understanding of Lombard s
paradox and the concept of tendinous action engenders appreciation of the
teamwork potentiality and the versatility of the muscular system The ana-
tomucal arrangements are beautifully designed to enhance the performance of
natural activities, and are especially efficient 1 combating the pull of gravity
which constantly threatens man s upright position
Energy-conservation by Two joint Muscles One jomnt muscles are necessary
1n order to provide dviduation of movement—that 1s, the performance of
a single joint action separately from any other joint action However, & two
jomnt muscle 1s much more efficient when some definite combination of actions
at two different jomnts simultaneously 1s required Elftman ® m a thorough
determnation of total and segmental energy exchange during running, found
a stage 1n the forward swing of the leg shortly before 1t contacted the ground,
1n which hup extensors were required to do positive work at the same time that
knee flexors were required to decelerate the extension of the knee At this
moment the hamstring muscles recerve kinetic energy from the momentum of
the lower leg at the knee jomnt at the same time they are expending energy at
the hip jomt One joint muscles could perform the task, but the energy re-
cetved at the knee joint would be wasted (dissipated as heat), whereas two
jomt muscles can apply at the hip jomnt the energy received at the knee
Quantitatively the saving effected by using two jomnt muscles was at the rate
of 1 36 hotsepower whuch 1s ssigmficant in view of the fact that the total work
of the hmb muscles was at the rate of 2 61 horsepower
Kinesiological Effects on the Tabia In pimutive people who do a great deal
of running and leaping the tibia tends to become fiattened 1n order to provide
a larger surface of origin for the tibiahis anterior Thus results from the condt
tions causing hypertrophy of that muscle The same conditions may be re
sponsible for a promnence on the anterior aspect of the lateral condyle
where the anterior portion of the 1lio tibial tract attaches Retroversion 1s a
condition 1n which the diaphysis 1s straight but the proximal end s tilted
slightly bachwards so that a pronounced concavity of the bone results This
1s found mainly 1n mountmneers and may result from their habit of walking
with the knees shightly flexed 1t may also result from the act of squatting In
squatting the lateral menscus moves somewhat backwards This movement
1s facilitated by an increased comvexity of the articular surface of the lateral
condyle Such convexity has been found to be much greater 1n savage races
than 1n Europeans In Europeans the anterior margin of the distal epiphysis
1s usually sharp but 1n pnmitives 1t has an articular facet toward the fibular
::1135 TIt:\s ﬁt‘;s ltoge\hcr with a sumlar facet which 1s found on the neck of the
el nclcsursen:zzei ;3 be ({yc to the extreme dorsifexion of the ankle jomnt
result from squat&n ’i‘r;grswzr‘\m;ttl}?n: ;)“ the shape of the medial condyle also
the foot faterally to%m oo !hl::b et {l_a may result from the habit of turning
torsion s abowt 19 dep Gors, Eupport when standing The angle of
grees n modern Europeans but 1s less 1n races which

rest 1n the hneeling position with the feet turned m
edially under the buttocks
so that the toes pownt towards each other 10 Y

17
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rectus femons 1s slackened allowing the natural tightness of the hamstrings
to flex the simulated knee by tendinous action The knee flexion allows the
gastrocnemus to go sfack which 1n turn permits & mimmal contraction of the
tibialis antenior to dorsiflex the ankle *

If, while the three joints are 1n a position of flexion, the gluteus maximus
contracts the result 1s that shown 1n Figure 124B The gluteus maximus
mitiates hip extension thus removing tension from the hamstrings while

A

B

F16 124 —The so-called tendinous action of the two jomnt muscles of the thigh
R rectus femons P psoas G/ gluteus maximus H, hamstring T antenior tibal
G gastrocnemus (Lombard )

stretching the rectus femons Ths results 1n knee extension which 1n turn
takes up the slack 1n the gastrocnermius causing plantar flexion at the ankle

The results of mampulating models should not be over generahized Al
though 1n most people the hamstring muscles are sufficiently tight to exert

* In the frog (he ubmhs antertor 1s a two-jont muscle extending above the knee Such
anar d action to n the described
above Inthe oppos.l!: sitnation wWhen multi joint extension 1s taking place dunng jumping
two-jont muscles enhance the actinity providing kinesiologists with an extra erudite in
sight into Mark Twam s story of the jumping frogs of Calaveras County It may be assumed

s that winning jumpers hase exceptionally long lever arms for extenston
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tendmous action 1t the shghtest provocation the myonty of the other
muscles are not Tendinous nction 1s mimmized or disppears when the two
jount muscles are relaxed, Hthough it will operate whenever these muscles re
contracted sufficiently to make them taut An understinding of Lombnrd's
Paradox 1nd the concept of tendinous action engenders appreciation of the
termwork potentinlity and the versatility of the muscular system The am
tomicnl arringements are beautifully designed to enhance the performance of
aatural ctivities, and are espectally efficient 1n combating the pull of gravity
which constantly threntens man s upright position
Eucrgy-couseriation by Two Joint Muscles One joint muscles are necessary
1n order to provide mdividuation of mosement—that 1s the performance of
1 single Joint action seprately from any other joint action However, a two
Joint muscle 1s much more efficient when some definite combsnation of 1ctions
at two different jomnts simultancously 15 required Elftman 9 n 1 thorough
determination of totnl 1nd segmental energy exchange dunng runming, found
a stage 1n the forward swing of the leg shortly before 1t contacted the ground,
1n which fup extensors were required to do positive work at the same time that
knee flexors were required to decelerate the cxtension of the knee At this
moment the hamstring muscles receive hinetic energy from the momentum of
the lower leg at the knee joint, 1t the same time they are expending energy 1t
the hip joint One joint muscles could perform the task but the energy re
ceived at the knee joint would be wasted (dissipated s heat) whereas two
jomt muscles can apply 2t the hip joint the energy recetved at the knee
Quantitatively the saving effected by using two joint muscles was at the 1te
of 1 36 horsepower which 15 sigmificant 1n view of the fact that the tot1l work
of the ltmb muscles was at the rate of 2 61 horsepower
Tunestological Effects on the Tubia In primutive people who do a great deal
of running and leaping the tibia tends to become flattened n order to provide
a larger surface of origin for the tibialis antertor This results from the cond:
tions causing hypertrophy of that muscle The same conditions may be re
sponsible for a promimence on the anterior aspect of the lateral condyle
where the antenor portion of the 1lio tibial tract attaches Retroversion 1s a
candition 1 which the diaphysis 1s straight but the proxamal end 1s tited
shightly backwards so that a pronounced concavity of the bone results This
15 found mamly in mountaineers and may result from their habit of walking
with the knees shghtly flexed 1t may also result from the act of squatting In
squatting the lateral meniscus moves somewhat backwards This movement
1s facilitated by an increased convexity of the articular surface of the {aternl
condyle Such convexity has been found to be much greater 1n savage races
than i Europeans In Europeans the anterior margin of the distal epiphysis
's?d‘:“’;:lll); 2‘:?:? b:lht n pxt';lmmves 1t has an articular facet toward the fibular
talus 1t 1s behg\&/:d :(ry vl:le ds s‘tmﬂ;r et which 1 found on the neek. o the
which ocours 1t sauatting :n :t the extreme dorsifleion of the ankle joint
result from squattcllng Togrsmn of :}?nz Ln ihe shape of the medial condyle also
the foot laterally to 1mprove the b. e tl‘a may result from the habit of turning
torsion 15 about 19 de.p ase of support when standing The angle of
grees in modern Europeans but s less 1n races which

test 1n the kneeling position with the feet turned med:
1ally under th
so that the toes point towards each other 10 Y e buttocks

1w
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rectus femors 1s slackened, allowing the natural tightness of the hamstrings
to flex the simulated knee by tendinous action The knee flexion allows the
gastrocnemius to go slack, which in turn permits a mimimal contractton of the
tibialis anterior to dorsiflex the ankle *

If while the three joints are 1n a position of flexion the gluteus maximus
contracts the result 1s that shown in Figure 124B The gluteus maximus
mitiates p extension thus removing tension from the hamstrings while

A

B

FiG 124 —The so-called tendinous action of the two joint muscles of the thigh
R rectus femons P psoas GI gluteus maximus H hamstring 7, anterior tibial
G gastrocnemius (Lombard )

stretching the rectus femornis This results 1n knee extension which 1 turn
takes up the slack 1n the gastrocnemius causing plantar flexton at the ankle

The results of manipulating models should not be over generalized Al
though 1n most people the hamstring muscles are sufficiently tight to exert

* In the frog the tibialis anterior 1s a two jomnt muscle extending above the knee Such
anar allows tend actionto n the described
above In the opposite situation when mult1 joint extension s taking place duning jumping
two-jomnt muscles enhance the activity providing kinestologists with an extra erudite 1n
sight into Mark Twatn s story of the jumping frogs of Calaveras County It may be assumed
that winning jumpers have exceptionally long lever arms for extension
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the extent required, since the obligue postenor hgament and the contraction
of the hamstrings mav pull the femur dowaward and thus extend the kace
Lifting of the heel produces an 2ppareatly more Ictive extension of the knee,
but the action may be performed by up flexion In the sitting posiion dorst

fleuon of the foot may transmet 1 pull to the gistrocnemius nd plntars
muscles Working with reversed ongins, these may pull the femur bickw ard

In leg rusing from the sittmg position fication and stabilization of the \nee
Joint may be partinlly secomplished by the grstrocnemius and plantans work

1ng eceentrically with reversed onigins These movements can be excluded by
ratsing the thigh wath a sandhag ind thus ncresing the degree of flexion 2t

Fic 126 —kono snatching mn the s
quat style (Hasse courtesy Strength and
;{sﬁllthl? For Ia mechanical analysis of these two styles see Armold S'{o(t Arﬁenault
cchanical Analysis of the Two Weicht Lifting Methods of Two Hands Saatchung

Unpublished Master s Thesis Springfield College August 1957

the gnee Joint to such an extent that only a more forceful contraction of the
quadniceps will rause the leg from 1ty support This will also elimunate the
pols:bﬂxty of leg rassing by hip fleion
. rg}:ﬁcﬁ:;xscg; r:;!lt‘lel::cb’giammgtngamentous injurtes of the knee joint
y contact athletics and are fr: tl
nently incapacitatiag The lateral stabifit s St oned by
of the knex joumnt 1s tatned b
the muscles and five other structures b x . s both eracsate
oth collateral ligaments both cruciat
hg‘:x:xtemshandhthe articular capsule Antenror ang postertor movement ‘:th th:
Jount results when either of the cruciates 1s ruptured an abnormal amount of
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Muscle Substitution It 15 the experience of every therapist that unless a
patient 13 closely supervised durtng the process of rehathtation he will tend
to substitute other muscle groups for those which he finds inefficient or pam
ful to use 11 Whie these so-called trick movements * may be annoying to the
therapist, they are very instructive 1o the kinesiologist  Trick movements 1n
the use of the knee extensors have been analyzed by Hill 12 He pounts out that

i e, st e oy S % Y SR ooy N T N
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Fig 125—Use of the legs in lifting heavy weights overhead Tomemy kono,
Olympic and World Light Heavyweight Weight Lifting Champton 1o starting post
tion for the two hands snatch (Hasse courtesy Strength and Health )

treatment of any condition affecting the knee jomnt will melude quadriceps
exercises  Trck movements enable the patient to achieve knee extension
without placing 2 proporhionate share of the work on these muscles When
the patient lies supsme the knee 1s not fully extended owing to the caleaneus
and the posterior muscles betng in contact with the surface ypon which he is
Jwimg Static muscle contractions do not necessarily work the quadriceps to



MOVLMENTS OF THI KNLE JOINT 261

are particularly susceptible to snjury Therefore, some football coaches
advise players to flex the knee and remore weight from the extrenuty w henever
laterl impact 15 anticipated

Clinteal reports indiente 1t the medinl memseus 1s ured much more
frequently than the lateral Since the medinl mengscus 15 ttached to the tibnl
collateral ligiment, 1 teanng of that collateral ligament may pull the meniscus
out of plice or break 1t The lateral memscus docs not attach to the fibular
collateral ligament, furthermore, the ligament of Wnsberg (Fig 118) may
provide extra stabihzation

During the prolonged smmobilization of the knee jont associated with
rehabilitation, ankylosis* may appeir This 15 often progressive and 1rre
verstble sn nature Within twenty four hours after injury to the knee, disuse
atrophy, wasting of the thigh muscles, and 1 loss of coordinttion between the
muscle groups tnvelved may be notable This 1s possibly duc to a reflex mecha
mism which seeks to protect the articular synoviil membrine 16 A dispro
portionate 1trophy of the vastus mediahs, which serves to carry the leg
through the last 15 degrees of extension, 1s a fambite chimenl prcture 17 Once
a knee has become stiffened restoration of strength to the vastus medialis 1n
particular and of mobility to the knee joint 1n general presents one of the
most difficuit problems tn physical medicine 1nd rehabilitation Current prac
tice holds that the first step 1n both the prevention and treatment of knee
imjunes 15 the development of quadnceps strength Excellent results in the
treatment of vanous hinds of traumata to the knee have resulted from pro
grams of progressive resistance exercise 18

Another common and distressing athletic mjury 1s the syndrome collogu
ally termed stunsphnts  The etiology of this condition 1s a matter of debate
In the United States they are generally constdered to result from a teating of
the nterosseus membrane lying between the tibia 1nd the fibula and of the
pertosteum to which 1t 15 attached (rritative myositis) or a tearing of the
ongmn of the tibials antenor andjor tibiaks anucus Some British physicians
have suggested that they are the result of stress fractures of the bones During
strenuous exertion contraction of the powerful plantar 1nd long toe flexors
draws the fibula towird the tibia The resultant to 1nd fro movement 15 be
Lieved to cause fractures which most frequently occur near the inferior tibto
fibular joint 19 They have also suggested that strong calf muscles working at
their maximum strength may ciuse the tibia to bow forward 20 It 15 possible
that the ibial fractures which Burrows2! observed in male ballet dancers are
munies of a similar nature, although a different mechanism appears to be
mvolved In any case cessation of activity seems to be the only method of

rehabilitation If the athlete persists 1n training a long periad of disability
may ensue
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rotation becomes evident when the collateral ligaments are torn Collateral
hgament mjuries may have associated cructate hgament injuries, and the
menisclt may or m1y not be mvolved 13 The medial collateral ligaments are
damaged more frequently than are the cruciates and lateral collaterals 14
Most serious mnjuries to the knee joint can be remedied only by surgery

FiG 127 —Norbert Schemansky Olympic and World Middle Heavyweight Weight
Lifting Champion snatching in the split style (karkley )

Role of Wrisberg Ligament Memscus injuries ( football knees ) are com
mon A meniscus may be sphit or cracked broken into two or more preces
or loosened by a tearng of its hgamentous attachments Such injurtes usually
result from a lateral blow (the result of blocking or tackling) or from 1md
vertent lateral flexion (the result of turning an ankle, stepping mn a hole or
runnng on an irregular surface) When the knee 1s 1n a completely extended
or neatly extended position while weight is borne on the extremty, the menisct
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Fi6 128 —Remarkable separation of the anterior thigh muscles displayed by
Robert Walker The student will find 1dentifying each of these muscles and their
action an excellent aid to learning (Hasse courtesy Strength and Health )

TABLE 12 —hnee Jomt Muscles and Their Actions

Muscle Flexion Extension ){:;;ng; gg::ﬁ;]
Semitendinosus PM PM
Senumembranosus PM PM
Biceps femors PM PM
Rectus femons PM
Vastus lateralis PM
Vastus intermedius PM
Vastus medialis* PM
Sartorius Asst Asst
Gracihis Asst Asst
Popliteus** Asst PM
Gastrocnemus Asst
Plantans Asst

* Responsible for the final screw home movement in knee extension
** Unlocks the knee at the start of knee flexion
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LABORATORY EMERCISES

1 It has been concluded that an important predisposing cause of falls in the aged
1s weakness of the quadriceps femoris (Trevor H Howell Analysis of Falls n Old
People J Am Genatrics Soc 6 522-525 1958 ) Why 1s strength m this muscle
especially important in the prevention of falls?

2 Assume that one man does deep knee bends or squats with a bar bell while
another does leg presses What differences 1n muscular development might result?
Justify your answer

3 What differences mught be expected in the muscular development resulting
from deep knee bends or squats and leg presses as compared with extensions of the
knee done 1n the sitng position”



Chapter 15

Movements of the Ankle and Foot

Tue relatively nigid structure comprising the human foot has evolsed from the
fiexible grasping organ of the arboreal dwelling pre hum in The foot includes
twnenty six bones so grouped as to form a haif dome The base of this haif
dome extends from the caleancus alang the 1nterl border of the foot to the
distal ends of all five metatarsals The arch which occurs 1n the vertical plane

¥
P
:,,:llrgneus 3

Fic 150 —Medial aspect of left foot (Gray s Anatomy)
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4 Analyze the two styles of hifting, shown 1n Figs 125, 126 and 127 From the
kinesiological standpoint what are the advantages and disadvantages of each? Are
there any structural fictors nvolved m the selection of the style to be used by a
gtven 1ndividual? Explain why kono wears high heels but Schemansky does not

5 Inaduelin 1547 Jarnac defeated Chastaigneraie by slicing through the muscle
behind the left knee This 1s known 1n history as the coup de Jarnac What muscles
would be affected by such a cut and what would be the results?
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runnng from the calcaneus to the distal end of the first metatarsal 1s com
monly known as the longitudinal arch In walking weght 1s transmitted from
the talus to all the peripheral weight bearing part of the foot The bones
are held together by ligaments and the half domes are kept from flatterung
by higaments, the plantar aponeurosis the tendons of the extrinsic muscles of
the foot and the intrinsic muscles of the foot

The bones of the foot are as follows

Seven rarsal bones talus or astragalus, calcaneus navicular or scaphoid,
cuboid, and three cuneiform bones numbered from within outward The
movements of these bones have been carefully analyzed by Shephard !

Interosseous li jament of tibio-
Sbular syndesmosss

b
)
Lateral malleolus
T bialis posterror
Calcaneofibular Ligament

Anlerosseous talocai
ligament

Z

4
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Flezor digitorum lonqus—

Flexor hallucis lorgus_

Med plantar nerve and 1
Yuad:

tee- i

2
Q 7
Abductor hall

Lat plantar nerve and vesselz -

Peronarus longus

Flexor dipatorum brevss Abducior digits quints

Fi6 131 —Coronal section through night talocrural and talocalcaneal jomts
(Gray s Anatomy )

Five metatarsal bones numbered from within outward

Fourteen pltalanges three for each toe except the first which has two The
actions of these bones and their mterrelations are well described by Sterndler 2

The longitudinal arch 15 held 1 position pnmanly by the bow stoing iga
ments—the long plantar hgament the plantar calcanco cubord higament and
the plantar calcaneo navicular (or spring) Irgament (Fig 134) These are as
sisted by other igaments and muscles of the foot Drew3 has contrasted the
great functional movement of the arches of uncivilized peoples with the
rigidity of those of civilized peoples He attributes the latter to the sphinting
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body weight 1o the tilus through 1n enlarged sutfice at the distatend known
as the trochler A process of the tibin, the medinl mlleolus continues on
down the medial side of the talus artieuliting with its medinl surface The
fibula bears little or no weight but pisses down the laterl side of the tilus
forming the Interal malleolus which articulates with the Interal surfce of the
talus In this way the talus fits up tta 1sort of flanged slot or mortisc, which
adds great stability to the jont Medlly the talus 1s bound to the tibin by the
deltord lignment which attaches to the malleolus (Fig 134) This higament
also has bands which connect the mallcolus with the caletneus and navicular
bone preventing cither forward or backward displacement of the tibia
Laterally the joint 1s spanned by the anterior and posterior talofibular higa
ments (Fig 132) and the calc ncofibular igament (Tig 132) These ligaments
are arranged not only to tie the joint together but also to prevent forward or
‘backward displacement of the fibula

The ankle permits about 60 degrees of vofuntary movement The amphtude
can be increased by using the weight of the body Starting from standing
posttion the knees can be flexed until the tibi1 inchines forward 25 to 30
degrees with the foot flat on the floor, with further movement the heel ss
Lifted by the postenor bigaments of the ke jomnt The front of the foot
can be depressed through about 45 degrees The axis of the ankle joint 1s
parallel to that of the knee joint

2 Intertarsal Jomnts These are the articulitions between the seven tarsal
bones Glhiding movements are permited by these rthrodial type joints

3 Tarso metatarsal Jonts These arc the articul iions between the tarsal
bones and the proximal ends of the five metatarsals Gliding movements are
permitted by these arthrodial type jonts

4 Metatarso phalangeal Jomts These are the articulations between the
distal ends of the metatarsals and the proximal phalanges The movements
of these condyloid type Joints are potentially the same as in the metacarpo
phalangeal Joints of the fingers Flexion and extension, and shght abduction
and adduction are permmtted

5 Interphalangeal Joints These are hinge joints that permut flexion and
extenston of the toes

The motions of the ankle and tarsal yomnts are convemiently nimed and
simuftaneously described, by considering them as foot motions There are
four foot motions

1 Foot dorsiflexion (also called foot flexton) conssts of raismg the foot
toward the anterior surface of the leg Dorsifiexion t1kes plice mostly 1n the
ankle joint and shghtly in the tarsal joints

2 Foot plantar flexion (also called foot extension) consists of lowerning the
foot so as to brng 1ts long axis 1n line with that of the leg Plantar flexion
takes place mostly 1n the ankle joint and shghtly in the tarsal joints

3 Foot eversion takes place when the sole 1s turned laterally or outward
Eversx;)n cannot be accomplished without simultaneously displacing the long
?:;:a? J ;}lm:tsfoot into the toe out position Eversion takes place only 1n the

4 Foot imersion takes plice when the sole 1s turned medially or
Inversion cannot be accomphshed without stmuftaneously i’hosplz;;:;r?he
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action of shoes, which effectively immobilize the jonts of the foot of the
wearer

The movements of the foot t1ke place in several different joints

1 Ankle jomnt Thisis a hinge joint, formed by the articulation of the tibia
and fibula with the talus The tibia and fibula are bound closely, chiefly by
the interosseous membrane and ligaments but also by the antertor (Fig 132)
and posterior mferor tibiofibular higaments (Fig 133) and the infertor trans
verse ligament which also articulates with the talus The tibia transmuts the
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FiG 135 —Muscles on antenior aspect of nght leg (Gray s Anaromy)
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long axis of the foot into the “toe 1n  or “pigeon toed position Inversion
takes place only in the tarsal joints *

There are twelve muscles which are involved n productng the movements
of the foot described above

Tibialis anterior Soleus

Extensor digitorum longus Peroneus longus
Peroneus tertius Flexor digitorum longus
Extensor hallucis longus Flexor hallucis longus
Gastrocnemius Tibialis posterior
Plantans Peroneus brevis

In addition there are nineteen mtrinsic muscles of the foot which aid 1n sup
porting the half domes and which produce the fine movements of the toes

EXTRINSIC MUSCLES OF THE ANKRLE AND FOOT
TIBIALIS ANTERIOR

A slender muscle situated on the antero lateral aspect of the tibra (Figs
135 and 136)

Ongm The upper two thirds of the lateral surface of the tibia and the
corresponding portion of the interosseous membrane which joms the tiba
and the fibula

Insertion The medial 1nd under surface of the first cuneiform bone and the
base of the first metatarsal

Innervation A branch of the deep peroneal nerve with fibers coming from
the fourth and fifth lumbar and first sacral nerves

Structure The muscle fibers anse directly from the bone and are mserted
obliquely 1nto the tendon of msertion which 1s held down 2t the ankle by a
ring higament

Action Prime mover for dorsiflexion and mnversion When this muscle 15
paralyzed the individual suffers from foot drop and may stub his toes on
curbs or steps

EXTENSOR DIGITORUM LONGUS

Simular to the preceding and situated just laterally to 1t (Figs 135 and 136)

Ongin Lateral condyle of the tiba, the upper three fourths of the anterior
surface of the fibula and the adjacent interosseous membrane and covering
deep fascia

Insertion Dorsal aspect of the four lesser toes and their extensor expansions

Innervation Branches of the deep peroneal nerve containing fibers from the
fourth and fifth lumbar and first sacral nerves

Structure A penmiform muscle with a long tendon begmming at the mddle
of the leg As 1t passes under the ring Iigament of the ankle the tendon divides
1nto four ships which pass to the toes

Action Prime mover for toe extension dorsiflexion and eversion

* Certamn authors define pronarion of the foot as a normal action composed of eversion
n 1th ab and as a nonmal actron composed of adduction
1 combinationt with inversion In this text these terms have been reserved for use in con
sideration of foot defects such as talipes valgus and talipes varus
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Orgin Linca aspern and oblique popliteal ligament of the hnee joint

Insertion Posterior part of the calcancus

Innenation Branch of the tibinl nerve, contuning fibers from the fourth
and fifth lumbar and first sacral nerves

Structure At the proximal end 2 fusiform belly 7 to 10 em long 1s found
between the heads of the gastrocnemius Its very long tendon lies between the
gastr and soleus

Action Very weak assistant for knee flexson and plantar flexion

== Peroncus brevss

fiy W Extensor digelorun longus

Perongeus lertius

Lateral malleolus

Superior peroncesl retrnaculum

F1c 136 —The night lateral crural muscles (Gray s Anatomy )
18
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PERONEUS TERTIUS

Often described 25 a portion of extensor digitorum longus (Fig 139)
It has been found only 1n the feet of man and of the gontla

Ongm The lower third of the anterior surface of the fibula and the lower
portion of the interosseous membrane

Insertion The dorsal surface of the base of the fifth metatarsal

Innervation A branch of the deep peroneal nerve with fibers from the fourth
and fifth lumbar and first sacral nerves

Action Prime mover for dorsiflexion and everston of the foot

EATENSOR HALLUCIS LONGUS

A smiller muscle lying beneath the tibialis anterior and the peroneus
tertius (Fig 135)

Ongin The antertor surface of the fibula and of the mterosscous mem
brane at the middle half of the leg

Insertion The base of the distal phalanx of the great toe

Innervation A branch of the deep peroneal nerve The fibers arc from the
fourth and fifth lumbar and first sacral nerves

Structure Like the preceding

Action Prime mover for extension of the great toe Assists with dorsiflexton
and inversion

The four muscles just described, usually called the flexors of the foot are
brought mnto action 1n walking runming and all similar movements to raise
the toes and front of the foot and prevent their striking or scraping on the
ground The tibialis and the extensor digitorum longus are both needed to
give even elevation of the foot the extensor of the great toe 1s included 1 the
coordination People who have lost the use of this group of muscles scrape
the foot on the ground at each step n walking

GASTROCNEMIUS

The large muscle that gives the rounded form to the calf of the leg (Fig
136)

Ongin By two tendons from the posterior aspect of the condyles of the
femur (Fig 137)

Insertion The posterior surface of the calcaneus (Fig 225)

Innervation Branches of the tibial nerve which contain fibers from the
first and second sacral nerves

Structure The upper tendons are flattened the lower (tendon of Achilles)
1s very large and has a cross section Itke a letter T with the upright part
between the right and left halves of the muscle and the crossbar on its posterior
surface the fibers from the two upper tendons pass diagonally downward
to join the sides of the tendon of Achilles at various levels

Action A prime mover for plantar flexion assists with knee flexion

PLANTARIS
Vestigial in man In most mammals 1t 1s larger than the gastrocnemius and
flexes the toes 4
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Ongn Linca aspert and oblique pophteal hgament of the kace joint

Tnsertion Posterior part of the caleancus

Innenation Branch of the tiial nerve contatnung fibers from the fourth

and fifth lumbar and first sacral nerves

Structure At the proumal end 1 fusiform belly 7 to 10 cm Jong 1s found
between the heads of the gastrocnemius Tts very long tendon lies between the

gastrocnemius and soleus muscles

Action Very weak assistant for knee flexion and plantar fiexion

ZLateral malleolus

Superor peroneal retinaculum

Fic 136
18

== Peroncus brevis

Extensor dig longus

Peroncus lertius

Transverse crural s jament

Crucsate crural Lgament

—The right lateral crural muscles (Gray s Anatomy )
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SOLEUS

An assoctate of the gastrocnemius, lying immediately anterior to 1t (Fig
136)

Ongm The upper part of the posterior surfaces of the tibia fibula, and
nterosseus membrane (Fig 223)

Insertion By the tendon of Achilles into the calcaneus

Innervation A branch of the tibial nerve which contans fibers from the
first and second sacral nerves

Structure Pennmiform sheets

Action Prime mover for plantar flexion The soleus and gastrocnemius
together form a functionnl unit sometimes termed the triceps surae Studies
made by severil investigators agree faily well that the maximum force the
gastrocnemius and soleus can exert 1n voluntary effort 1s about 450 kg , that
15, the muscles of each calf can exert on the ball of the foot a force of about
225 kg They calculate the pull on the Achilles tendon 1s about three times as
much S However, a recent investigation has obtained a maximum muscle
force 1n the tendo calcancus of about 438 kg or 39 kg per sq cm of cross
section 6 When the knee 1s flexed to 90 degrees or more the gastrocnemius
seems to be left out of the coordination leaving the work of extending the
foot to the soleus In this position the heads of the gastrocnemius are so low
that 1t cannot pull effectively

PERONEUS LONGUS

This muscle 15 remarkable for 1ts great power 1n proportion to 1ts size and
for the long and tortuous course of 1ts tendon of nsertion It 1s situated along
the fibula on the lateral side of the leg just beneath the shin (Fig 136)

Ongm The lateral condyle of the tibia and the upper two thirds of the
laterat aspect of the fibula (Fig 223)

Insertion The lateral side of the first cuneiform bone and the lateral side
of the proximal end of the first metatarsal (Fig 226)

Innervation The superficial peroneal nerve with fibers from the fourth and
fifth lumbar and first sacral nerves

Structure The fibers are short and anse directly from the fibula one of the
best examples of simple penmform arrangement the tendon of insertion
passes down behind the outer malleolus, turns forward around its lower end
at an angle of about 60 degrees passes forward along the outer margmn of the
foot to the groove 1n the cuboid bone where 1t makes another turn of about
100 degrees then diagonally forward and across the sole of the foot to the
place of isertion at the base of the great toe A sesamord fibrocartilage
(occastonally a bone) 1s usually developed where 1t changes direction at the
cuboid bone

Action Prime mover for eversion assists with plantar fleuon

TLEXOR DIGITORUM LONGUS
Situated on the medial aspect of the tibia
Ongmn The postertor surface of the body of the tibia from just below the
pophiteal line and from the fascta covering the tibtalis posterior
Tnsertion The bases of the distal phalanges of the four small toes Each
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tendon passcs through an opening 1n the corresponding tendon of the flexor
digtorum brevis (Fig 139)

Innervation Branch of the ubial nerve with fibers from the fifth lumbar ind
first sacral nerves

Action Prime mover for flexion of the second through fifth toes 1ssists
wath plantar flexion and 1nyversion

The mportance of hypertrophying the tocs fiexors for dmve in sports
has been stressed by Loewendahl 7 Running in sand calls for powerful toc
curling action and 1s 1n excclient condiiomng exereise for these flexors but
may result in soreness of these muscles tf the individual 1s uniccustomed to 1t

TLC\OR HALLUCIS LONGUS

Situated on lateral aspect of fibula

Ongin Inferior two thirds of the posterior surface of the fibula and from
the lowest part of the interosscous membrane

Insertion Under surface of the base of the Jast phalanx of the great toe
(Fig 139)

Innervation A branch of the tibial nerve with fibers from the first lumbar
and first and second sacral nerves

Structure The tendon occupies nearly the whole length of muscle passes
around the medial malleolus and runs forward along the medial side of the
plantar aspect of the foot to its mnsertion

Action Prime mover for flexion of the great toc assists with plantar flexion
and mversion 1f this muscie 1s injured 1t 1s difficult to maintun the equib
rium when standing on the toes

TIBIALIS POSTERIOR

Stituated deep beneath the triceps surac on the posterior aspect of the tibia
(Fig 137)

Ongin The upper half of the postenior surface of the interosseous mem
brane and the adjacent parts of the tibia and fibula

Insertion The tuberosity on the imferior surface of the navicular, with
offshoots to adjacent bones (Fig 226)

Innervation A branch of the tibial nerve with fibers from the fifth lumbar
and first sacral nerves

Structure Smmple penmiform  the tendon turns through 90 degrees around
the medial malleolus

Action Prime mover for inversion, assists with plantar flexion Loewen
dahl? has emphasized the need for resistive exereise of thas muscle 1n stren. gth
ening the ankle jownts for sports, commenting that 1t 1s the anchor of the foot
and ankle If 1t 1s weak the foot assumes 2 pronated position and the body 1s
thrown out of alignment Knee and low back pains may result Resistive
exercises for this muscle are essential for 1ce skating hockey shung and other

sports n which ankle control 15 of importance Such exercises should be per
formed 1n the standing position with the foot inverted

PERONEUS BREVIS
A small associate of the Jongus (Fig 137)
Ongin The lower two thuirds of the lateral surface of the fibula



SN N =
N

e R D

o NS

S

=
T

Fic 137 —The tibialis posterior and peroneus brevis of night foot
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Insertion The tuberosity at the proximal end of the fifth metatarsal

Innervation A branch of the superficinl peroneal nerve which contains
fibers from the fourth and fifth lumbar and first sacral nerves

Structure  Fibers arranged hike the longus The muscle makes a similir
turn around the outer malleolus forward and downwrd to the insertion

Action Prime mover for eversion, 1ssists with plantar flexion

INTRINSIC MUSCLES Or THE roort
THE FIRST PLANTAR LAYER
ABDUCTOR HALLUCIS

Ongin Pnmanly from the medi! process of the tuberosity of the calcancus
(Fag 138)

HAM
FiG 138 —Muscles of the sole of the foot First layer (Gray s Anatony)



Fic 137 —The tibialis posterior and peroneus brevis of right foot
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Tnnervation A branch of the medial phintar nerve with fibers from the
fourth and fifth lumbar nerves
Action Flexes the second through fifih toes

ABDUCTOR DIGITI QUINTI

Ongin Primanly from the Interal process of the tuberosity of the ealeneus
Fig 138)
¢ Insertion Laternl side of the base of the first phalang of the fifth toc

Innersation Lateral plantar nerve, contaimng fibers from the first 1nd scc
ond sacral nenes

Action Spreads the fifth toc away from the fourth tot

THE SECOND LAYER
QUADRATUS PLANTAL
Ongin Two heads, the medinl surface and the Jatersl bordur of the infenior
surface of the calcaneus (Fig 139)
Insertion Fuses with the tendon of the flexor digitorum longus

Innersation Lateral plantar nerve containing fibers from the first and
second sacral nerves

Action Flexes the second through fifth toes

THE LUMBRICALLS

Four small muscles numbered from the medial side (Fig 139)

Ongm The tendons of the flexor dipitorum longus cxeepting the first
each springing from the two adjacent tendons

Insertion The tendons fuse with the tendons of the extensor digitorum
longus on the dorsal surfaces of the first phalanges

Innervatron The first by a branch of the medil plantar nerve contamning
fibers from the fourth and fifth lumbar nerves the remaining three by the
lateral plantar nerve containing fibers from the first and second sacral nerves

Action Flex the proimal and extend the distal phalanges of the second
through fifth toes

THE THIRD LAYLR
FLEXOR HALLUCIS BREVIS

Ongin Medsal part of the snferor surface of the cuboid bone (Fig 140)

Insertion The tendon divides being inserted on each side of the base of the
proximal phalanx of the big toe

Innervation Medial plantar nerve contaming fibers from the fourth and
fifth Tumbar and first sacral nerves

Action Flexes the proximal phalanx of the big toe

ADDUCTOR HALLUCIS
Ongin Two heads The oblique head anses from the pr
oximal ends of th
second thurd and fourth metatarsals The transverse I{Jead anses from th:
metatarso phalangeal ligaments of the thurd fourth and fifth toes (Fig 140)
Insertion Lateral side of proximal phalanx of the big toe
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Insertion The medial side of the proximal end of the first phalanx of the
great toe

Innervation Medial plantar nerve, with fibers from the fourth and fifth
lumbar nerves

Action Spreads the great toe away from the second toe

FLEXOR DIGITORUM BREVIS

Occuptes the central portion of the posterior surface of the foot (Fig
138)

Ongin The med:al process of the tubcrosity of the calcaneus and the plan
tar aponeurosts

Insertion The tendons divide and are 1nserted 1nto the sides of the second
phalanges of the second through fifth toes

Fic 139 —Muscles of the sole of the foot second layer (Gray s Anatomy)



MOVIMENTS OF THI ANKE AND 10OT 291

THL FQURTH LAYLR
DORSAT INTFROSSH]

Four of these bipenmiform muscles between the metatarsal bones

Onipin Each muscle arises by two heads from adincent sides of the meta
tarsal boncs which it lics between (g 141)

Insertion The proximal cnd of the first phalinges ind the tendon of the
extensor digitorum Jongus

Innenvation  Lateral plintar nerve contumng fibers from the first and
second sicral nerves

Fi6 141 —~Dorsal interosse: of left Fic 142 —Plantar interosser of left
foot (Gray s Anatom)y ) foot (Gray s Anatomy )

Action First interosseus draws the second toe toward the great toe The
second third, and fourth draw the second third and fourth toes away from
the great toe Flex the proximal and extend the distal phalanges of the second

third and fourth toes
PLANTAR INTEROSSEI

Three m W

attacl‘;:z uscles each of which lies under the metatarsal bones to which 1t 1s
Ongm The medial ssdes of the b m

tarsal bones (Fig 142) © bothes of the thurd. fourth, and ffth meta

Insertion The medial sides of the
proximal phalanges of the
the tendons of the extensor digitorum longus ¢ same foes and
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Innervation Lateral plantar nerve, contaming fibers from the first and

second sacral nerves
Action Draws the great toe toward the second toe

FLEXOR DIGITI QUINTI BREVIS
Ongin Proxmnal end of the fifth metatarsal bone (Fig 140)

T e,

Ealur. L

TERION

ro

e

FiG 140 —Muscles of the sole of the foot Third layer (Gray s Anatom )

Insertion Lateral side of the proximal end of the proximal phalanx of the

Iittle toe
Tnnervation Lateral plantar nerve containing fibers from the first and

second sacral nerves
Action Flexes the proximal phalanx of the fifth toe
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THE FOURTH LAYLER
DORSAT INTI ROSSE I
Four of these bipenmform muscles between the metatarsal bones
Ongin Each muscle anises by two heds from adjacent sides of the meta
tarsal bones which i1t hies between (Fig 141)
Insertion The proximal end of the first phalinges and the tendon of the
extensor digitorum longus
Innervation  Later] plantar nerve contuming fibers from the first and
second sacral nerves

Fi6 141 —Dorsal interosser of left

FiG 142 —Plantar interosser of left
foot (Gray s Anatomy)

foot (Grav s Anatomy )

Action  First interosseus draws the second to
second third and fourth draw the second thur
the great toe Flex the proximal and extend the
third and fourth toes

e toward the great toe The
d and fourth toes away from
distal phalanges of the second

PLANTAR INTEROSSEI

Three muscles each of which lies under the metatarsal bones to which 1t 1s
attached

Ongm The medsal sides of the bodies of the third fourth and fify
tarsal bones (Fig 142) o . thmeta
Insertion The medial sides of the proximal

phalanges of the same t
the tendons of the extensor digitorum longus ¢ * ocs and
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Innervatton Lateral plantar nerve contaiming fibers from the first and
second sacral nerves

Action Draw the third fourth, and fifth toes toward the second toe
Flex the proximal and extend the distal phalanges of the third, fourth and
fifth toes

THE DORSAL ASPECT
EXTENSOR DIGITORUM BREVIS

A broad, thin muscle
Ongin Upper and lateral surface of the calcaneus (Fig 143}

Tsbialis anterior

Ext hall long
Ext dig breuss

Tendo calcaneus
Peronzus longus

Peronzus brevis Peronzxeus tertius
FiG 143 —Lateral aspect of right foot (Gray s Anatony )

Inserton Ends in four tendons The most medial inserts mnto the dorsal
surface of the proximal end of the first phalanx of the great toe the other
three msert 1nto the tendons of the extensor digttorum longus of the second
thurd and fourth toes

Innervation Deep peroneal nerve contamng fibers from the fifth lumbar
and first sacral nerve

Action Extends the proximal phalanges of the first through fourth toes

KRINESIOLOGY OF FOOT DEFECTS

The evolution of the foot from a grasping organ characterized by powerful
ntrnsic muscles nto a comparatively rigild mechamsm designed for locomo
tion has been only partially successful Most babies are flat footed when they
begn to walk The short plantar muscles gradually ughten up the antenor
and posterior tibials lift the inner border and the longitudinal arch forms &
No one type of arch can be considered normal and its hesght and shape are
of no value tn estimating the strength or usefulness of the foot °
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There 15, howerer, 1 bk of general agreement 1 reped to when 1 foot ss
normal  cither i s morphology or 1ts function It hs been reported? 10
tht the feet of pnmuave peoples who do not wear shoes e extremely mabile
Thev 1ppear almost fint when weight beanng in the relaxved state, but become
tughly arched 1 action Such feet may tire easily under prolonged standing
but ther functionit evpibilities are indicnted by the fct that they e said to
be frequently scen in runners and baflet dancers The fect of most civilized
men, howeser, 1re charactenzed by 1 pronounced longtudinal arch which is
not depressed duning wesght beanng nor raised dunng 2ction The static con
dition 1s 1ttnbuted (o the fact that modern shoes 1n effect place the foot ina
splint The hpaments shorten the jomnt ¢ ipsules contrict adhestons form, and
the arch becomes selatively npd
The earhier idea that farture in the strength of the muscles of the longitudinal
atch was the cause of most foot defects has been ndiculed by Morton, 't who
contends that the effect of gravity, acting through the body weight, 1s the
ditect cause of most 1lis to which the foot ss subject In cither event there has
been a long standing controversy between Mnestologists concermng the rela
e tmportanee of the higiments and the muscles 1 supporting the arch
Work by Morton!2 and Steindler? has lent powerful support to the concepts
that the igaments are of primary imporiance and the muscular apparatus of
only secondary importance Summarzing sarious electromyographic studies,
Basmajtan dectared It now scems to be beyond controversy that tibiahs
anterior peronens longus and the intnnsic muscles of the foot play no im-
partant active role 1n normal static support of the long arches of the foot 13
The most common deformities of the foot are the following
I Talipes calcaneus Paralysis of the triceps surae, or of the peroneus
fongus ot of both permts the antenor muscles to elevate the forefoot so
that the weight 1s carried on the heel
2 Talipes equinus Paralysis of the tibiahs antenor, the extensor digrtorum
fongus or of other dorsiflexars permus the ticeps surae to go nto con
tracture so that the heel 1s raused and the wesght 1s carned on the toes Mild
grades of tahipes equinus are common i women who commonly wear high
heeled shoes In such cases there 1s an overstretching of the tibiahs antenor
and the dorsal fiexors with an adaptive shortering of the tendo Achillis
Callosiies and hammer toes are a common after effect
3 Talipes varus Paralysis of the peroneus longus andfor peroneus brevis
may alfow the anterior and postenior tibals to pull the foot snto a position
i which the sole is turned mward
4 Talipes valgus Loss of the postenior inals and/for the intrinsic plantar
muscles or contracture of the peroneus longus may cause the sole of the foot
to turn ontward
5 Pes cavus occurs when loss of the triceps surae permuts the flexors to
draw the calcaneus forward the 1alus dorsifiexes and the plantar fascia con
tracis A very high arch s formed tightening the long extensors of the toes
The toes are cocked up and the condition known as clubfoot occurs
6 Pes planus The ankles deviate mward, throwing an abnormally high
percentage of the body weight on the plantar hgaments The antertor and
;;ostenor tibials and the satrinsic plantar muscles are stretched allowing the
00t 10 sag an action which may continue until its medual portion contacts
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the ground Pes planus may be recorded as 1st, 2nd, or 3rd degree depending
upon the extent of the sagging Weak foot, pronated foot and flat foot may
be successive stages of the same defect
The propeliing force of locomotion 1s provided chiefly by the gastroc
nemus and the soleus It was perhaps Gottheb!4 who first called attention
to the antagomsm n relation and function existing between the tnceps surag,
whose action tends to flatten the longitudinal arch, and the short plantar
muscles, whose actions contribute to its retention, but hus theones have been
considerably elaborated by Jones !5 Briefly, it 1s their contention that stress
on the longitudinal arch 1s directly proportional to the pressure borne by the
ball of the toot For a person to raise himself on the ball of one foot, as 1n
walking requires a puil on the Achilles tendon equal to twice the body weight
By far the greater portion of this force 15 exerted by the triceps surae The
posterior tibals flexor hallucis longus flexor digitorum Jongus and peroneus
longus are considered relatively insigruficant as plantar flexors, their mecham
cal advantage and absolute strength are such that they account for not over
5 per cent of the pressure 1n the ball of the foot in plantar flexion
Not more than 15 to 20 per cent of the tension stresses 1n the arch 1s borne
by the long leg muscles the major support for the arch 1s furnished by the
plantar igaments the plantar aponeurosis and the short plantar muscles If
the powerful triceps surae shorten, they tend to displace the front part of the
calcaneus downward The superimposed weight of the body causes the ad
Jormng scaphotd and astragalus to sink the plantar muscles and Iigaments
are overstretched and the foot 1s flattened
Pressure of arch supports between the ball of the foot and the heel cannot
reduce the stress on the arch incident to the pull of the triceps surae
Certain phystcal conditions may predispose a weak foot to develop pes
planus Among them are
I An mactive ife 1n childhood and adolescence may fail to develop the
strength of muscles and ligaments needed to support the body weight
2 A laying on of adipose tissue 1 later Iife may increase the load on the
arches beyend the point which the muscles and ligaments can tolerate
3 Constant walking on hard even surfaces such as cement sidewalks
gives too hard an impact with each step and fails to provide the muscular
development resulting from walking m open fields where the uneven but
softer surface causes the foot to take different posttions and thus distribute
the work load among the vartous muscles
4 Structural defects may predispose to cliucal disorders Morton has
stressed the role of a short first metatarsal as a definite morphological feature
inducing a mayor disturbance n the function of the entire foot 1¢
5 Pes planus can sometimes be traced to a toxic condition brought about
by mfection with a resulting weakemng of the supporting tissues 17
6 Badly htting shoes have a large place 1n the cause of foot 1lls Ober!®
has gwen the following as the requirements for a satisfactory shoe for the
normal foot
a Sufficient length so that the end of the great toe 1s not aganst the end of
the shoe, but not so long that the foot shdes forward from the heel upper
b The front must be wide enough not to cramp the toes but snug enough
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5o that the forcfoot wiil not shide about The heel must be held snugly both
at the sides and belind
¢ Sufficient height over the anstep so that the instep 1s not pushed down
W
' ax;d'l‘hc lines of the shoe must cotrespond to the lines of the sole of the foot
¢ The shank fit 1s most important If the whole sole of the foot 1s utized
as the weight bearing surfce, 1t will be mechanically easier to carry the dis
ttsbuted load This requires sclection of 1 shoe whose shanh fits the individunl
arch
High heels arc almost usly cond d by the medical profession
They have been termed  esscntially a prosthesis for 1 deformty,” and from
the physiological standpoint  are the most destructine factor 1n {oot physt
ology 19 It1s contended that they
1 Cause a decrease in the tone of the posturil muscles and an mcrease 1n
tension on the plantar fascia
2 Shorten the leverage of the foot for propulsion and increase the muscular
effort required 1n the pushofl
3 Decrease the postural power of the ercctors of the ibia A structural
shorteming of the tendo Achillis results and the relaxation of the hamstrings
upsets the whole postural mechamsm
4 Keep the toes in more or less complete dorsifleion
5 Increase the weight thrown on the articular surface of the metatarsal
heads especially of the slender middle metatarsals which are essentially non
weight bearing structures
From all of this 1t follows that once a longitudinal arch has fiattened st
cannot be elevated by exercise of the muscles of the foot, as 1t 1s imposstble
for them to exert a tenston great enough to raise a fallen arch The most im
portant role of corrective exercises would seem to lic in strengthening a weak
foot before 1t collapses Foot exercises have three main objectives
1 To improve the local circulation
2 To stabilize the foot 1n the correct position 1n relation to the leg
3 To act as self mampulatve forces which will improve the range of move
ment of the individual joints 12
1f 1115 decided to utilize corrective exercises 1t 1s usually considered good
policy to employ non weight bearing movements in the early states of treat
ment Swtable movements are descnibed 1 texts on corrective exercise??® 1nd
need not be elaborated upon here After some progress has been made and
the strength of the muscles restored to some extent wesght bearing exercises
in the standing position are ordinanly preseribed In general these exercises

are designed to strengthen the tibials and throw the body weight on the lateral
borders of the feet

Foot disabilities of a dufferent type may result from long continued crossing
of the legs crouching squatting or kneeling In some instances this may
result 1n the compression of the peroneal nerve agamnst the femur or fibula
orinastretching of the nerve especially 1n the case of tall slender long legged
persons The superficial peroneal nerve innervates the peroneus longus and
brevis which evert the foot the deep peroneal nerve inpervates the dorst
flexors of the foot and the extensors of the toes Ifuts function 1s interrupted
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foot drop results When the common peroneal nerve 1s injured the affected
foot cannot be dorsiflexed at the ankle, the toes cannot be extended and
inversion of the foot occurs A hazard of weight reduction 1s that the disap
pearance of the fat may deprive the peroneal nerve of a certain amount of
protection against the occurrence of mjunes resulting from pressure 21

Implications for Athletic Tramming The ankle joint 1s poorly supported by
muscles and ligaments but in the erect position must support the entire
weight of the body As a result it 1s frequently snjured in such sports as foot
ball bashetball baseball, judo and shung Some tramers believe that shin
sphnts and certamn knee troubles result from the dropping of the longitudmnal
arch of the foot Preseason exercises designed to strengthen the musculature
surrounding the joints and the use of protective wrappings dunng practice
and competition may aid in the prevention of such disabihittes but cannot be
expected to eliminate them entirely Clatms have been made that remforcing
the ankle results 1n an increased number of knee injuries

Eighty five per cent of all injuries to the ankle are imersion inyuries, 1n
which the foot 1s forced 1nward tn relation to the leg Smce the medial mal
leolus 1s short, the talus may rotate over 1t when suffering an mversion njury
The result 1s that such mjuries tend to be pnmanly a teanng of the lateral
higament In esersion inpuries the foot 1s forced outward 1n relation to the leg
Since the talus cannot rotate over the longer lateral malleolus 1t may break it
off or even more severe damage to the bones and ligaments of the ankle and
leg may resuit

Such considerations make 1t important to analyze the forces apphed to an
tyjured ankle 1n order to determine the mechamcs of the injury and thus
obtain a better diagnosis 22

If a severe 1inyury of this type does occur and the patient 1s 1n bed for some
time the pull of the calf muscles will almost certainly result in plantr flexion
(foot drop) Tight bed covers will accentuate this tendency A footboard 1s a
useful aid n preventing this deformity and the patient should be taught a few
sumple exercises such as those with a towel designed to stretch the tendo
Achills

References

1 Shephard Edmund Tarsal Movements J Bone & Jomnt Surg 33 B 258-
263 1951

2 Stendler Arthur Kinesiology of the Human Body Sprngfield Charles C
Thomas 1955 p 379

3 Drew J F The Pamful Foot Med J Australa, 1 239-244 1957

4 Hamilton W J edstor Textbook of Human Anatomy New York 5t
Martin s Press 1956 p 268

5 Barcroft H and Miller J L E The Blood Flow Through Muscle During
Sustained Contraction J Physio]l 97 17-31 1939

6 Haxton H A Absolute Muscle Force i the Ankle Flexors of Man J
Physiol 103 267-273 1944

7 Loewendahl Eselyn Muscle Development n Athletic Traming J Am
Ass Health Phys Ed & Rec 27 331-332 1950

8 Lowman C L Feetand Body Mechanics J Health & Physual Education
11 137 et seq 1930



MOV MLNTS OF THEF ANKLE AND TOOT 287

9 Hoffman, Phil A Statistieal Study of the Relations Between the Height of
the Longitudinal Arch and the Functions of the Feet Am Med , 1J 467-471, 1907
10 Morton, Dudley)  The Human Foot New York Columbia University Press

1935, p 190
n
Willins Co
12

1952 p 94

Human Locomotion and Bodv Torm Balimore The Willams &

The Human Toot op cit pp 65 and 107

13 Basmayan J V and Bentzon,J W An Klectromyographic Study of Certain
Muscles of the Leg and Foot in the Standing Position Surg Gynee & Obst 98

662-666 1954

TABLE 13 —Ankle and Foot Muscles and Thewr Actions

ANALE AND roor TOES
G
EATRINSIC MUSCLES Dorst |Plantar | Imer | Ever Exten
Slexion ) flexion | ston ston Flexton sion
Tibialis anterior rMm l PM
Extensor haltucs fongus PM PM PM*
Peroncus tertius PM PM
Extensor hallucis longus Asst Asst PM **
Gastrocnemus PM
Plantans Asst
Soleus PM
Peroneus longus Asst PM
Flexor digitorum longus Asst | Asst PM*
Flexor hallucis longus Asst | Asst PM**
Tibalis postenior | Asst ) PM
Peroneus brevis l Asst K PM Al

INTRINSIC MUSCLES

Abductor hallucis
Flexor digitorum brevis
Abductor digits quinty
Quadratus plantae
Lumbricales

Flexor hallucis brevis
Adductor hallucis

Flexor digit: quint1 brevss
Ist dorsal interosseons

2nd 3rd & 4th dorsal
interosseous
Plantar mnterosset

Extensor digitorum brevis

Spreads great toe away from 2nd toe

Flexes the 2nd through 5th toes

Spreads Sth toe away from 4th toe

Flexes the 2nd through 5th toes

Flex proumal phalanx and extend distal phalanx
of 2nd through 5th toes

Flexes proximal phalanx of the great toe

Draws the great toe toward 2nd toe

Flexes proximal phalanx of 5th toe

Draws 2nd {oe toward the great
toe

Draw 2nd 3rd & 4th toes away
from the great toe

Draw 3rd 4th & 5th toes away through 4th
from 2nd toe toes

Extends pro<imal phalanx of 1st through 4th toes

Also flex
proximal phalanx
and extend distal
phalanx of 2ad

*2nd through 5th toes only

** Great toe only
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LABORATORY EXERCISES

1 What relationship mught be found between success in swimming and the
size of the feet?

2 What relationship mught be found between the length of the foot and suc
Cess In jumping or running”?

3 What relationship nught be found between the length of the calcaneus and
the girth of the gastrocnernius?

4 Why do girls accustomed to the use of high heeled shoes experience dis
comfort 1n the calves when wearing low heeled shoes?

5 An old parlor trick consists of having a person stand with his nose and
abdomen touching the edge of an open door He 1s then challenged to rise on tip
toe Why does he find this impossible”

6 With the toes held upward try to rase the heels off the floor Why 1s this
difficult?

7 What position should the foot be 1n when 1t 1s taped to remnforce an mn
jured ankle?

8 What are the best progressive resistance exercises to develop the tibuahs
postertor?

9 Discuss the common practice of having individuals with flat feet exercise by
nsing on the toes n the light of the Gottlieb Jones theornies What tvpe of exercise
mught they recommend for the triceps surae of those exhibiting this condition?

10 It1s sard that the most common type of fall in skung 15 with the knee and
ankle abducted and externally rotated Analyze the kinesiology mvolved 1n 1njuries
of this type



Chapter 16

Movements of the Spinal Column

Tue bony 1xis of the trunk, called the spinal column, consists of 33 vertebrace,
24 of these are joined to form a fleuble column Seven vertebrae are 1n the
neck and are called cervical vertebrie 12 arc in the region of the chest and
are called thoracic or dorsal vertebrae 5 are in the lumbar region 5 are fused
together to form the s1crum, the rear portion of the pelvis, the lower 4 are only
partially developed and form the coceyx The spinal column is flexible above
the sacrum upon which the flexible portion rests Etch vertebra bears the

BEMIFACET FOR
Heao oF me

SUPERIOR ARTICU
LaR PAOCESY

Fi6 144 —A thoracic vertebra seen from above

weight of all parts of the body above 1t and since the lower ones have to bear
much more weight than the upper ones the former are much the Iarger The
flexibility of the column makes 1t possible to balance the weight upon the
vertebrae in sitting and standing P

Each vertebra has several pomts of interest The
largest portion and the most smportant since the \Vexglrtoxg{r:l:src;:::ésr&g lhl:
1t passing to the rear are the two pedicles then the two laminae the ‘lli%c

289
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enclosing the spinal foramen A spinous process extends to the rear, and a
transverse process from each side Four articular processes two above and
two below, have articulations with the next vertebrae Beneath each pedicle
1s an mtervertebral notch leaving a plice for nerves to leave the spinal cord
Besides these pomnts to be found on all vertebrae, the thoracic vertebrae also
have four articular processes or facets for the attachment of the ribs (Fig 144)

The skeleton of the chest or thorax includes the sternum and twelve pairs
of ribs, a pair for each thoracic vertebra The ten upper ribs are attached to
the sternum by the costal cartilages the lower two beng attached only to the
vertebrae

The vertebrae tre separated by elastic disks of cartilage called the mter
vertebral disks which e firmly joined to the bodies of the vertebrae and
which permit movement of the column becruse of their elasticity These
disks are composed of a centrally located deformable mass, the nucleus
pulposus, which 1s surrounded by a heavy and strong layer of fibrocartilage
the annulus fibrosus The deformable disk permits motion between the verte
brae while providing a cushion for them The ends of each disk are closed by
thin cartilaginous plates which adhere tightly to the bony surfaces of the verte
brae Besides the union through the disks the vertebrae are joined by liga
ments the bodies by an anterjor and a postertor common higament extending
from the skull to the sacrum along their front and rear surfaces and by short
lateral hgaments joining the bodies of adjacent vertebrae, the lamunae are
Jomed by the subflava hgaments which enclose the spinal canal and the
spinous processes by the mterspious ligaments In the cervical region these
processes are short and the mterspinous
ligaments are replaced by 1 single strong
elastic ligament, the ligamentum nuchae
or ligament of the neck In quadrupeds
this ligament has to support the weight
of the head and 1s much larger than m
man (Fig 145)

The normal spinal column 1s approx
mmately straight when viewed from the
front or rear, 1t has a shight curve to
nght 1n the thoracic region supposed
by some to be due to the pressure of
the aorta and by others to the pull of
the night trapezius and rhomboid wiuch
are used more than the muscles of the
left side by right handed mdividuals
Thrs deviation from a straight line 1s t00
shight to be observed in the normal hiv
ng subject

When the spmal column 1s viewed
from the side 1t presents four so called
normal curves cervical and lumbar
curves concave to the rear and thoracic
and sacral curves convex to the rear
These curves merge gradually into onc¢

W
i

Fic 145 —The higament of the
neck
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betng where the Inst lumbar vertebra
s dug to the fact that the top of the
1zontal, giving the

another the only approach lg -u:l q}::g::
ins the sacrum, the sharp bend here t
Js?lcrum slants l'xJ,r\\'lrd ~bout 45 degrees with the hor

saceol angle (P12 e cfore birth 1nd 15 chiefly due to the shape of

thoracte curve exists b
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F1G 146 -—The spinal column

front edges (see Fig 146) The cervical and lumbar curves are not present
in the infant which has a single curve convex to rear through the entue
extent of the spine The cervical curve 1s formed by the action of the infant »
muscles when he begins to sit up and hold his head erect and later to a more
marked extent when he raises his head to look forward while creeping The
lumbar curve 1s formed 1n a sumilar way when he first stands on his feet
Up to this tume the child s hip Joints are hept flexed to a considerable extent
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even when he lies on his back he seldom extends the hips fully When he
begins to stand on hus feet the thofemoral band 15 put on a stretch for the first
time, holding the pelvis tilted forward, to rise to erect position he has to fully
extend the spine in the lumbar region which gives the normal curve Until he
develops more strength 1n his legs and 1n the lumbar region and perfects the
coordination his position 1s somewhat stooped

Movements of the spinal column t1ke place by compression and traction
of the elastic disks and by gliding of the articular surfaces upon each other
Bending the trunk forward bringing the face toward the pubes 1s called
fiexion, the opposite movement as far as the normal position 1s called exten
ston, backward movement beyond 1 normal posture 1s hyperextension bend
ing sidewise 1s called latera] flexion and rotation on a vertical axis 1s called
rotation or torsion

Except for the first two cervical vertebrae there 1s relatively little move
ment 1n each individual joint lthough the total movement of all the joints
may ppear to be large The ligaments jotning the individual vertebrae are
strong thick and taut and permit little movement Some regions are more
mobile than others partly because the ligaments are less taut If the inter
vertebral disks are thick more compression 15 possible, yielding a greater
range of motion In the thoracic region the overlapping and close proximity
of the downward deflected spinous processes imit hyperextension and the
ribs, which make the spine 1 part of 1 sem: ngid cage, limit antertor and
lateral movement The position of the articular facets govern the direction and
to some extent the amount of motion

Flexion takes place in all regions of the spine but 1s most free in the lumbar
region By voluntary flexion young subjects can usually obliterate the lumbar
and cervical curves and increase the thoracic curve The shape of the articular
processes 1n the lumbar region permits flexion and extension while imiting
other movements The tota] amount of flexion possible 1n the spine 1s apt to be
overestimated because the movements 1n the hip and in the joint between the
head and the spine are easily mustaken for actual flexion of the trunk

Extension 15 free 1n normal subjects hyperextension 1s possible to a shght
extent 1n the cervical and thoracic regions and to a much greater extent
1n the jumbr region and 1n the lower two thoracic segments

Lateral flexion 1s possible to a shight degree at all levels, but 1s most free
at the junction of the thoracic and lumbar regions The nibs prevent much
lateral movement 1n the region of the chest and the interlocking processes
prevent it 1n the lumbar region Considerable lateral movement 1s possible
in the neck

Rotation 1s most free in the upper parts of the spine and less free as we
pass downward bemg prevented in the lumbar region by the processes
The shape of the articular processes permts rotation above the imitation
1 the chest region being due to the ribs Rotation 1s said to be to right or
left according to the way 1t would turn the face

Lateral flexion and rotation of the spine are usually described separately
by authors on anatomy although the two movements never occur separately
Interal flecion of the trunk always involves rotation and rotation of the trunk
always involves lateral flexion

The presence of rotation accompinying all lateral flexion of the trunk
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explained by a lw of mechanics stating thataf flexible rod 15 bent first 1n
one plane and then, wiile it 1s 1n this bent position atas bent agun n a planc
at right angles to the first W 1lways rotates on its longitudinal 1x1s at the same
time When the subject bends forw ird giving 1 condition 1w 1ys present an the
thor icic region 1t puts 1 tension on the hgments 1t the rear (subflava and
interspinous) that makes them resist lateral flexion more than usual, while
the weight bearing down an the front edges of the bodics, uds in the lateral
bending The result 1s that the bodies of the vertebrae go farther away from
the vertical than do the spinous processes during lateral fiexion The general
principle which s self evident and which helps one to remember in which
direction the rotation will be s that the concave stde of the normal curve
being under pressure, turns to 1 convex side of the lateral curve It follows that
1n the thoracic region a lateral bend rotates the spinous processes to the con
cave side and 1n the lumbar region to the convex side

The first and second cervicnl vertebrae deserve specinl attention because
of their umque structure and function The first called the atlas has no cen
trum but 15 a bony ring surrounding the spinal foramen The spinous process
1s fiattened but the two transverse processes are long On 1ts upper surface 1t
has two large concave articular surfaces which accommodate the occipital
condyles of the skull These atlanto occipital joints allow constderable flexion
and extension of the head The joint has a loose capsule but 1s spanned by two
strong ligaments the anterior and posterior atlanto occipital igaments

The second vertebra called the aws has a short peg called the odontoid
process which extends vertically from its centrum into the spinal foramen of
the atlas where a very large ligament separates 1t from the spinal cord This
process serves as a pivot around which the atlas rotates rather freely making it
possible to rotate or shape the head from side to side Movement n these two
Joints 15 relatively free compared to the other intervertebral articulations

The muscles which produce spinal movements exist in bilateral pairs
Except for the quadratus lumborum all spinal muscles are movers for either
flexion or extenston 1n accordance with the following clussification

Pure Lateral Flexor—Quadratus lumborum

Flexors— Rectus abdomimis
External oblique
Internal oblique
Sterno cleido mastoideus
3 Scalent
Longus colli
Longus capitus
Rectus capitus anterior
Rectus capitus Iateralis
Psoas

Extensors— Intertransversarn

Interspinales
Rotatores
Multifidus
Semuspinalis dorst
Semuspinalis cervicis
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Semuspinalts capitis
Ilsocostalis lumborum
Tliocostabs dorst
Ilrocostalis cervicis
Longissimus dorst
Longissimus cervicts
Longissimus caprtis
Spinalis dorst
Spinalis cervicts
Splenius cervicts
Splenus caprtis

4 Suboccipital muscles

PURE LATERAL FLEAOR
QUADRATUS LUMBORUM
The four sided muscle of the loms 1s a flat sheet of fibers on each side
of the sprnal column beneath thehocostalis (Fig 151)
Onigin The crest of the ium the higament, and the transverse processes
of the lower four lumbar vertebrae
Insertion The transverse processes of the upper two lumbar vertebrae and
the lower border of the last rib
Innervation Branches of the twelfth thoracic and first lumbar nerves
Structure A flat sheet of fibers directed mainly 1n a vertical direction
Actton Prime mover for lateral flexion to the same side When both of
these muscles act together, they depress the last ribs and assist 1n holding
them down when the diaphram contracts Knapp! believes that its function
15 largely to stabilize the spme Paralysis of the oblique fibers on one side
causes a drop pelvis on the oppostte side and 1s one cause of scoltosis

THE FLEXORS OF THE SPINE
RECTUS ABDOMINIS

A rather slender muscle extending vertically across the front of the ab
domunal wall The right and left rect1 are separated by a tendinous strip about
an inch wide called the /inea alba (white line) (Fig 147)

Ongm The crest of the pubis

Insertton The cartilages of the fifth sixth and seventh ribs

Innervation Branches of the seventh to the twelfth intercostal nerves

Structure Parallel fibers crossed by three tendinous bands The lower end
of the rectus passes through a sht in the transversalis and lies beneath 1t

Action Prime mover for spinal flexion contraction of one rectus abdommnis
alone assists with lateral flexion to the same side In standing position with
the pelvis as the fixed pont the rectus will pull downward on the front of the
chest exerting its force on two sets of joints those of the ribs and those of the
spinal column If the r1bs are free to move they will be depressed 1f they do
not move or after they have moved as far as they can move 1t will flex the
trunk Unlike most muscles previously studied the rectus abdomums usually
follows a curved line when at rest and the first effect of 1ts actron will be to
flatten the abdomunal wall 50 as to bring 1t into a straight line
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Electromyographic studies? indicate that the contraction of the rectus
abdomims and external oblique muscles 1s an important factor liriting the
depth of voluntary maximal wnspiration It 1s believed that these muscles
complete expiration rather than imtiate 1t

EXTERNAL OBLIQUE

This muscle covers the front and side of the abdomen from the rectus
abdomumis to the latissimus (Fig 148)

Ongmn By saw tooth attachments to the lower eight ribs 1n alternation
with those of the serratus anterior and latissimus

Insertion The front half of the crest of the 1lum, the upper edge of the
fascia of the thigh the crest of the pubis and the linea alba

Innervation Branches of the eighth to twelfth intercostal nerves and 1lichy
pogastric and 1lioinguinal nerves

Structure A sheet of parallel fibers extending diagonally sideward and
upward from the origin the fibers of the pair forming a letter V on the front
of the abdomen

Action Prime mover for flexion lateral flexion to the same side and rota-
tion to the opposite side The line of pull 15 too nearly comcident with the
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line of the r1b 1t joins to give 1t much power to depress the chest If the muscle
of one side acts alone 1t will pull the insertion forward and downward causing
a combination of flexion lateral flexion nnd rotation to the opposite side
1f both muscles of the par nct 1t once the lateral pulls and the rotational
tendencies are neutralized giving pure flexion of the spinal column The
external oblique will tend to flatten the abdomen even more than the rectus
because of its curved position around the side and front of 1t

INTERNAL OBLIQUE

Situated beneath the externus, with fibers running at nearly night angles to
those of the outer muscle (Fig 147)

Ongin The lumbar fascia the anterior two thirds of the crest of the ilium
and the lateral half of the inguinal hgament

Insertion The cartilages of the eighth ninth and tenth ribs and the hnea
alba

Innervation Branches of the eighth to twelfth intercostal nerves and the
lrohypogastric and 1ioinguinal nerves

Structure A sheet of shightly radiating fibers forming with the opposite
muscle an inverted V on the front of the abdomen

Action Prime mover for flexion, lateral flexion to the same side, and rota
tion to the same side Pulling downward and sideward on the front of the
chest and abdomen, the internal oblique of one side will flatten the abdomen
rotate to the same side, and flex the trunk working with 1ts fellow 1t will
cause pure flexion

The rectus and the two oblique muscles of the abdomen vct together 1n all
movements of vigorous flexion of the trunk, as in nising to erect sitting posi
tion when lying on the back When the movement begins slowly, the head
being lifted first, the rectus acts alone the obliques joiming 1n when the shoul
ders begin to nise In lateral flexion the abdominal muscles of one side act
1n rotation the external of the opposite side acts with the internal oblique of
the same side

Paralys:s of the abdomunal muscles gives rise to an excessive lumbar curve,
produced by the unopposed action of the extensors In the erect position these
muscles are 1n contmual contraction possibly to protect the inguinal region
from rupture 3 1n addition to asststing 1n the maintenance of the posture

STERNO CLEIDO-MASTOIDEUS

A par of prominent muscles forming a letter V down the front and sides
of the neck

Orngin The anterior aspect of the sternum and medal (inner) third of the
supertor and anterior surfaces of the clavicle ( Cleido 1s the Latin root
referring to the clavicle) (Fig 149)

Insertion The mastoid process of the skull

Innervation The spmnal portion of the accessory nerve and branches from
the antenior ram of the second and third cervical nerves

Structure Two bundles of parallel fibers uniting into a single bundle above
the center

Action Acting on the head and cervical spine 1t1s 2 prime mover for flexion
lateral flexion and rotation to the opposite side If the head 15 stabilized 1t
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may act 1s 1 musele of respirtion. This wall be discussed further in the follow
g chapter

SCALTNI

Three muscles, the seilenus antenor sealunus medius and scilenus pos
terior, named from their relitive positions ind their trngular form s 1
group (Fig 150)

Ongn The transverse processes of the cervical vertebrae

Insertion The scalenus anterior wnd scalenus medius insert on the superior
surface of the first rib the scalenus posterior on the sccond nib

Innenation The scalenus antertor and scilenus medius receive branches
from the lower cervical nerves The posterior scilenus recerves fibers from the
anterior ram of the last three cervical nerves

Structure  Longitudinal fibers tendinous At each end

Action Prime mover for laternl flexion 1nd assistant mover for flexion of
the cervical spine If the head 1s stabihized 1t may act as a muscle of respira
tion This will be discussed further in the following chapter

LONGUS COLLI

Onigin Anterior tubercles of the transverse processes of the third to fifth
cervical vertebrae and the anterior surface of the bodies of the last three
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F16 149 —Muscles of the neck Lateral view (Gray s Anatomy )
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Jine of the nbat joins to gve 1t much power to depress the chest If the muscle
of one side acts alone 1t will pull the insertion forward and downward, causing
a combmation of flexion lateral flexion and rotation to the opposite side,
1f both muscles of the pur act 1t once the lateral pulls and the rotational
tendencies are neutralized giving pure flexion of the spinal column The
external oblique will tend to flatten the abdomen even more than the rectus
because of 1ts curved position around the side and front of 1t

INTERNAL OBLIQUE

Situated beneath the externus, with fibers running at nearly nght angles to
those of the outer muscle (Fig 147)

Ongin The lumbar fascia the anterior two thirds of the crest of the ihum
and the lateral half of the mnguinal ligament

Insertion The cartilages of the eighth ninth and tenth nbs and the hinea
alba

Innervation Branches of the eighth to twelfth intercostal nerves and the
iiohypogastric and 1hoinguinal nerves

Structure A sheet of shightly radiating fibers forming with the opposite
muscle an inverted V on the front of the abdomen

Action Prime mover for flexion, lateral flexion to the same side and rota
tion to the same side Pulling downward and sideward on the front of the
chest and abdomen the internal obhique of one side will flatten the abdomen
rotate to the same side, and flex the trunk working with its fellow 1t will
cause pure flexion

The rectus and the two oblique muscles of the abdomen act together 1n all
movements of vigorous flexion of the trunk as 1n nising to erect sitting posi
tion when lying on the back When the movement begins slowly, the head
being lifted first, the rectus acts alone the obliques joiming 1n when the shoul
ders begin to rise In lateral flexion the abdominal muscles of one side act
1n rotation, the external of the opposite side acts with the internal obhque of
the same side

Paralysis of the abdominal muscles gives rise to an excessive lumbar curve,
produced by the unopposed action of the extensors In the erect position these
muscles are 1n continual contraction possibly to protect the inguinal region
from rupture 3 1n addition to assisting 1n the marmntenance of the posture

STERNO CLEIDO MASTOIDEUS

A pair of prommnent muscles forming a letter V down the front and sides
of the neck

Ongm The anterror aspect of the sternum and medial (inner) third of the
supertor and antertor surfaces of the clavicle { Cleido 1s the Latin root
referring to the clavicle) (Fig 149)

Insertion The mastoid process of the skull

Innervation The spinal portion of the accessory nerve and branches from
the anterior ram of the second and third cervical nerves

Structure Two bundles of parallel fibers uniting into a single bundle above
the center

Action Acting on the head and cervical spine 1t1s a prime mover for flexion
lateral flexion and rotation to the opposite side If the head 1s stabihzed 1t
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RECTUS CAPITIS LATERALIS
Ongn Superior surfaces of the transyerse processes of the atlas
Insertion Inferior surfaces of the jugular process of the occipital bone
Innervation Branches of the first and second cervical nerves
Action Assistant movement for lateral fiexion of the head

THE EXTENSORS Ot THE SPINE

INTERTRANSY FRSARII

Pairs of small muscles anterior and posterior, on cach side of the spine,
joinung the transverse processes of adjacent vertebrae They extend from the
atlas to the first thoracic vertcbra and from the tenth thoracic vertcbra to the
last lumbar vertebra The nerve supply 1s from both the anterior and posterjor
ram of the spinal nenves

Action Prime mover for lateral flexion of the spine If both sides act to
gether they are pnme movers for exiension and hyperextension of the spine

INTERSPINALES

Pairs of small muscles joining the spmous processes of adjacent vertebrae
one on each side of the interspinal ligament Continuous 1n the cervical region
extending from the axis to the second thoracic vertebra and m the lumbar
region from the first lumbar vertebra to the sacrum They are innervated by
the postersor ramt of the spinal nerves

Action Prime movers for extenston and hyperextension of the spine

ROTATORES

A senes of pairs of small muscles extending from the sacrum to the aws
Ther fibers run upward and medially

Ongmn The transverse processes of the vertebrae

Insertion The bases of the spinous processes of the first and second verte-
brae above

Innervation Posterior ram of the spinal nerves

Action Prime movers for rotation of the spine to the opposite side If both

stdes act together they are prime movers for extension and hyperextension
of the spine

MULTIFIDUS

A senes of pairs of small muscles found the full length of the spine just
superficial to the rotatores The fibers run upward and medally spanming
two or three intervetebral spaces before mnserting (Fig 151}

Ongmn The back of the sacrum the dorsal end of the ihac crest the trans-
verse processes of the lumbar and the thoracic vertebrae and the articular
processes of the fourth to seventh cervical vertebrae

Insertion Spinous processes of all the vertebrae except the atlas

Tanervation The postenior rami of the spinal nerves

Action Prime mover for lateral fleion and rotation to the opposite side

If both sides act together they are prime maovers for extension and hyperex
tension of the spie
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Fi1G 150 —The scalent (Gray s Anatomy )

cervical and first three thoracic vertebrae

Insertion The tubercle on the anterior arch of the atlas the anterior sur
faces of the bodies of the second through fourth cervical vertebrae, and the
transverse processes of the fifth and sixth cervical vertebrae

Innervation Branches of the second to seventh cervical nerves

Action Assistant mover 1n flexion and lateral flexion of the cervical spine

LONGUS CAPITIS
Ongin The antertor tubercles of the transverse processes of the third to
sixth cervical vertebrae
Insertion Inferior surface of the basilar part of the occipital bone
Innervation Branches from the first three cervical nerves
Action Assistant mover for flexion and lateral flexion of the head and
cervical spine

RECTUS CAPITIS ANTERIOR
Ongin Anterior surface of the lateral mass of the atlas and the root of 1ts
transverse process
Insertion The infertor surface of the occipital bone anterior to the foramen
magnum
Innervatron Branches of the first and second cervical nerves
Action Assistant mover for flexion of the head
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SEMISPINAI IS DORSI

Ongin The transverse processes of the sixth to tenth thoracic vertcbrae
(Fig 151)

Insertion The spinons processes of the four upper thoracic and two lower
cervical vertebrae

Tnnenvation Posterior ramu of thoracic nerves

Action Prime mover for Iateral ficxion and rotation to the opposite side
If both sides act together, they are prime movers for extension and hyperex
tension of the spine

SEMISPINALIS CERVICIS

Onigim The transverse processes of the upper five or six thorcic veriebrae
(Fig 151)

Insertion The spinous processes from the 1xs to the fifth cervical vertebra

Innervation Posterior rami of the cervical nerves

Action Prime mover for lateral flexion, and rotation to the opposite side
1f both sides act together they are prime movers for extension and hyperex
tenston of the spine

SEMISPINALIS CAPITIS (COMPLEAUS)

Ongin Articular processes of the fourth through sixth cervical vertebrae
and the transverse processes of the seventh cervical and first six thoracic
vertebrae (Fig 151)

Insertion Between the superior and infertor nuchal lines of the occipital
‘bone

Innervation The posternior rami of the cervical nerves

Action Prnime mover for lateral flexion of the head and cervical spine
Prime mover for extension and hyperextenston of the head and cervical spine
when both sides act together

ILIOCOSTALIS LUMBORUM
Ongin The back of the sacrospinal aponeurosis medial to the iliac crest
and the mner portion of the thac crest (Fig 151)
Insertion The inferior borders of the angles of the lower six or seven ribs
Innervation Posterior ramu of the spinil nerves
Action Prime mover for lateral flexion and rotation to the same side If
both sides act together they are prime movers for extension and hyperexten
sion of the spine
ILIOCOSTALIS DORSI
Ongn The upper borders of the angles of the last six ribs (Fig 151}
Insertion The upper borders of the angles of the upper Six ribs
Innervation Posterior rami of the spinal nerves
Action Prime mover for lateral flexion and rotation to the same side If
both sides act together they are prime movers for extension and hyperexten
sion of the spine
ITTOCOSTALIS CERVICIS
Ongin The upper borders of the an:

gles of the third t. th nib:
Insertion The transverse processes o st vl o o)

of the fourth to sixth cervical vertebrae



Occsprtal bone

Fic 151 —Deep muscles of the back (Gray s Anatony )
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Innenvation Posterior ram of the lower cervical nerves
Action Prime mover for lateral flexion 1f both sides et together, they are
prime movers for cxtenston and hyperextenston of the spine

SPLENIUS CFRVICIS
A broad sheet of muscle whose fibers pass upward and Interally to the
cervical spme (Fig 152)
Ongm Spinous processes of the third to the sixth thoracic vertebrae
Insertion Transverse processes of the upper two or three cervical vertebrac

1
G,
DBy

FIc 152 —The splenius and the serratus superior

Lnntervatmn Posterior ram of the lower cervical nerves
ction Prime mover for lateral flexion and rotation to the same side If

both sides act together th,
o of the som eg ¢y are prime movers for extension and hyperexten-

SPLENIUS CAPITIS

A
T Ig:;::g :l}l)e::“o: ;n:fsﬂlcevvnl;(::zlﬁbers Pass upward and laterally to the skull
the semispinalis capitis (Figs l49ea;5dccl)§§;ed P the teapezuus and it covers
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Innervation Posterior rami of the spinal nerves

Action Prime mover for lateral flexion and rotation to the same side
If both sides act together, they are prime movers for extension and hyperex
tension of the spine

LONGISSIMUS DORSI

Onigmn By the sacrospinal aponeurosis to the posterior aspects of the sa
crum the spines of the lumbar vertebrae and the ihac crest (Fig 151)

Insertion Accessory processes of the first to the fifth lumbar vertebrae
transverse processes of the first thoracic to the fifth lumbar vertebrae and nto
the second to twelfth ribs between therr tubercles and angles

Innervation Postertor ramu of the spinal nerves

Action Prime mover for lateral flexion and rotation to the same side If
both sides act together they are prime movers for extenston and hyperexten
sion of the spme

LONGISSIMUS CERVICIS

Ongin The transverse processes of the first four to stx thoracic vertebrae
(Fig 151)

Insertion The transverse processes of the second to sixth cervical vertebrae

Innervation Posterior rami of the spinal nerves

Action Prime mover for lateral fleion and rotation to the same side If
both sides act together they are prime movers for extension and hyperexten
ston of the spine

LONGISSIMUS CAPITIS

Ongin The transverse processes of the first four thoracic and the articular
processes of the last four cervical vertebrae (Fig 151)

Insertion Mastoid process of the skull

Inrervation The posterior ram of the spmnal nerves

Action Prime mover for rotation of the head, and lateral flexion of the head
and cervical spine Prime mover for extension and hyperextension of the head
when both sides act together

SPINALIS DORSI

Ongm The spines of the first two lumbar and last two thoracic vertebrae
(Fig 151)

Insertion The spines of the upper thoracic vertebrae the number varymng
from four to eight

Innervation Posterior rami of the spinal nerves

Action Prime mover for lateral flexion If both sides act together they are
prime movers for extension and hyperextenston of the spine

SPINALIS CERVICIS

This muscle 1s often absent

Ongm Lower part of the ligamentum nuchae spmnous process of the
seventh cervical vertebra and sometimes from the spmous processes of the
first and second thoracic vertebrae

Insertion The spinous process of the axis and occasionally the spinous
processes of the second and third cervical vertebrae
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which momentary perfect balnce 1s assumed a voluntary spinal movement
n any dircetion 1s imtinted by momentary concentric contraction of the mov
ers for that jomnt action With equilibium thus destroyed gravitational
force enters as the  prime moser  for continuance of the movement that 1s
the trunk tends to fall in that direction In the fraction of 1 sccond that the
gravitational movement commences the muscles intrgomistic 1o the move
ment spring 1nto action contracting eccentrically to modify or  brake the
gravitational acceleration and to lower the trunk under control 1n the desired
direction As the movement continues, the cccentrically contracting muscles
are elongated until igaments (and sometimes also fascial bands) become trut
If the momentum of the movement 1s sufficiently great, these higaments may
be torn but usually they arc strong enough to absorb the stress and to stop
the movement At the pomnt at which ligaments take over the stresses of
gravity, the muscles relax and the individual s torso may literally hang from
his intervertebral hgaments A small amount of further motion may be pos
sible 1f the prime movers for the particular joint action contract stronglv and
force the ligaments to extend slightly
From the position of trunk flexton the return to the erect position 1s begun
by extension of the hip joint 1nitiated by the muscles of the buttocks and legs
In dead hfting (the derrich Iift ) the hfting effort 15 usually accompanied by
contraction of the gastrocnemius and soleus with a resultant tendency for the
heels to nise from the ground This tendency 15 counterbalanced by an oppos
g moment produced by the body weight It has been suggesteds that 1n most
practical hifting operations the maximum Iifting force 1s imited by the maxt
mum counterbalancing moment which the body weight can provide, and that
only 1n exceptional cases will the muscular strength of the trunk extensors be
the imiting factor Body proportions may also be of some mportance
The common ndustnal 1njury to the back 15 usually 1 simple myofascial

spramn but a suddenly increased stress such as 1s encountered n biting 2
weight 1n this posiion may rupture the annulus fibrosus (a double crescent of
fibrocartilage quite similar to the meniscus of the knee) or other mtervertebral
ligaments This probably accounts for many of the injurtes to the back expert
enced by mdustrial workers Many weight trainers utilize a springy platform
knownasa hopper to reduce the danger of back injuries while performing
dead Lifts

It has been estimated however that between 80 and 90 per cent of all

20
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Ornigin The lower half of the igamentum nuchac and the spinous processes
of the seventh cervical and the upper three or four thoracic vertebrae

Insertion Occipital bone and mastoid process of the temporal bone

Innervation Lnteral branches of the posterior rami of the muddle and lower
cervical nerves

Action Prime mover for rotation to the same side and lateral flexion of the
head and cervical spine Prime mover for extenston and hyperextenston of the
head and cervical spine when both sides act together

SUBOCCIPITAL MUSCLES

Four muscles rectus capitis posterior major, rectus capitis posterior minor
obliquus capitts supertor and obliquus capitis inferior (Fig 151)

Origm Posterior surfaces of the atlas and axis

Insertion The first three deep on the occipital bones the last, the transverse
process of the atlas

Innervation Branches of the suboccipital nerve

Action Assistant movers for lateral flexion of the head and for rotation
of the head to the same side Assistant movers for extension and hyperexten
sion of the head when both sides act together

MOVEMENTS OF THE T'RUNhk

The muscles of the spine occur in pairs placed n bilateral symmetry
Lateral stability 1s maintained by tntermuttent contraction of the muscles
each side of the center line with the muscles of one side counteracting any
tendency to fall toward the opposite side The quadratus lumborum 1nternal
and external obliques and erector spinae group are the main lateral stabihizers
Undestred extension of the spine s prevented by contraction of the abdominal
group Electromyographic studies? 4 5 have confirmed this pattern of postural
stabilization with intermuttent and finely graduated contractions appearing
to be correlated with body sway Erect posture 15 not a firm ngid position
but the result of a precisely integrated series of continuous dynamic adjust
ments which are approprately graded by the feedback from kinesthetic
sensations onginating in muscles ligaments, tendons labyrinths and occulo
motor apparatus

Erect Standing Position The problem of stabilizing the body at the spinal
Joints 1s more difficult than 1s the problem of stabilizing 1t at the knee and up
Jomnts The fact that there are two lower limbs to act as weight bearing extremt
ttes simphfies the stabihzation of the body 1n the lateral plane The spine1s 2
single weight bearing column which depends entirely upon muscular strength
for both lateral and anterior posterior stabilization The knee and hip jornts
may be locked 1n shght hyperextension allowing the small gravitational
torques tending to destroy balance to be borne by the hgaments butn the
spine the joints cannot be locked and the normal antero posterior curves ar¢
constantly subject to gravitational torques which tend to ncrease them and
thus destroy upright stability If the spmal muscles are weak or if they lack
endurance curvature in 1ny direction may increase markedly and ligaments
may be subject to acute or chronic stresses These excessive curvatures be
come pathological 1n geometric proportion to their extent

Movements from Standing Position From an ercct standing position 1n
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springs nto 1ction stmultincously with the sterno cleido mastoid The oblique
2bdommnls come 1t Action most immeditely afterwards as the curl 1s
contmued, but the mtensity of ther actvity never approaches that of the
rectsd unless exceptional reststnee 1s encountered The curl is valuable because
1t actry ates abdominAls without requinng sigmficant acivity 1n the hip fiexors
Walters$ demonstrated greater ictivity in the upper portions of the rectus
abdominis when no resistance other than body weight was employed but an
equal activity in upper 1nd lower portions when 1n extra 10-pound weight was
harnessed to the shoulders
The Reverse Trunk Curl In this exercise, kaces and hups are flexed and
knees are drawn toward the chest so that the curl commences 1t the lower
spmal levels All 1bdominals are active, and Walters'® experiment showed
that nctivity was greater in the lower portions of the rectus abdominis than
1n the upper portions There 15 renson to believe that the obliques are more
active 1n reverse curls than in regular curls Because of the flexed knees and
hips the hip flexors do not encounter great resistance in reverse curls The
amount of resistance to contraction of the abdorminals may be increased by
performing reverse curls from a posion of hanging by the hands from a bar
Double Leg Raising Rasing the straight legs requires contraction of
abdomnals against strong resistance but the contraction tends to be static
Hip flevion predominates over spine fleton making the exercse better susted
for developing the 1lio psoas than the abdominals In weaker individuals the
abdorminals may be unable to stabilize the pelvis, and lumbar hyperextension
may actually be increased
Single Leg Raising Muscle contraction 1s similar to that involved 1n double
leg, raising except that the intensity of actwvity 1s much less The abdonunal
muscles on the same side as the hifted leg are more active than their opposite
counterparts, and the internal oblique 15 more active than the other ab-
dominals 3
Double Leg Circling This exercise starts from supine lying position with
knees drawn up to the chest The legs are dropped to one side knees and hips
are extended and the legs are eircled through long lying position around
to the opposite side whereupon hips and knees are again flexed and returned
to starting, position The pattern of muscular contraction 1s almost opposite
to that of regular trunk curls—although all abdormnals contract the external
oblique 1s markedly more active than the rectus abdonunus The long lever of
the extended legs offers considerable resistance to the 1lio psoas
Situps The complete situp adds an important hip flexion phase to trunk
curhng There 1s little reason to believe that the whole situp 1s superior to
trunk curls from the standposnt of abdominal development since an emphasis
upon contraction of the 1lio psoas 1s usually considered undesirable However,
Walters$ has shown electromyographically that the abdomunals are involved
:na;zoz}:\? more s;rr.;]nglyhas tht;i starting position 1s changed from long lying
1§ng] ying and that the up flexors become less and less active Whether 1n
ying or hook lying positton  the actvity of the hip flexors 1s increased
when the feet are held down and the activity of the abdonnals 1s 1increased
when they are not held down
Arm flinging malkes 1t easter to perform situps because the momentum
of the arms 15 transferred to the trunk substituting for contraction of hip
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While holding the position, the hamstrings lumbar spine extensors and
thoracic spme flexors 1re being stretched Thus the position has general
postural corrective values

Hook Sitting Position This 1s similar to long sitting posttion, except that
the knees are flexed and the heels are drawn up toward the buttocks, with
soles flat on the floor The knee flexion removes almost all tension 1n the ham
strings and the hip flexion slackens the 1110 psoas so much that it 1s unable to
shorten suffictently to pull on the pelvis Therefore, the pelvis assumes a
natural backward tilt, being restrained only by the stretched rectus femons
The lumbar curve tends to be oblterated under the influence of static con
traction i the abdomnals, which are contracting n order to hold the truck
erect The abdominals pull downward on the rib cage necessitating contrac
tion of the extensors of the thoracic spine Compared to long sitting position
the hook sitting posttion has the add:tional value of eliminating activity by the
110 psoas and of providing a greater stretch for the lumbar spine extensors

Long Lymg Position, Supite With the knees hips and spine extended
this positton gravity tends to eliminate or mimmze all spinal curves The
110 psoas and the Y ligament are moderately stretched as are lumbar spie
extensors thoracic spine flexors and shoulder girdle abductors Circulatory
stasts In the great veins of the lower extremmty and abdominal cavity 1s dts
couraged, because the return of venous blood to the heart 1s much easter in the
honzontal position

The great disadvantage of the long lying position results from the stretch
which 1s applied to the tho psoas and the Y ligament In the individual who
has excessive lumbar curvature (Iordosis), the tension yn the 1hio psoas and the
Y Ligament combines with the tension produced by the short lumbar extensor
muscles to cause forward pelvic tilt Gravity may only partly remedy this and
1 some mdividuals there may be up to 4 inches or more of vertical space
between the floor and the highest point 1n the lumbar curve Such excessive
curvature elongates and stretches the abdommals and may make 1t tmpossible
to perform curling situps In mulder cases of lumbar cunvature voluntary
contraction of the abdominal muscles may be sufficient to flatten the lumbar
curve Such lumbar flattening (or backward pelvic tilt) 1s itself a good correc
tive exercise since the abdominals are strengthened while the lumbar extensors
and 1ho psoas are stretched

Hook Lying Position This 15 sumilar to long lying position, except that the
knees are flexed and the heels are drawn up toward the buttocks with soles
flat on the floor The hook lying posttion has all the advantages of the long
lying position without the undestrable tension on the hamstrings 1lto psoas
and Y higament which are made slack by the knee and hip flexton The hook
lying posiion when used as a starting or termunal position for exercisc
eliminates the hip flexors from the acuvity provided that the legs re not
held down by a partner strap or other apparatus 8

ANALASIS OF MOVEMENTS IN TRUNR EXERCISES

The Trunk Curl From the long lying position supme a trunk curl com
mencing at the upper levels of the spine will carry the trunk about one third
of the way toward the sitting position (The rest of the situp consists primanly
of hip flexion } As the head 1s Iifted at the start of the curl the rectus abdomunis
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FiG 153 ~—Abdominal muscles of Bob Hinds The development of the external
obliques 15 unusual and 1s seen only 1n individuals who have exercised these muscles
vigorously over a long period In early physical training literature such hypertrophied

external obliques were often referred to by the poetic name Gurdle of Apollo
(Courtesy Rader)

In nstances 11 which an individual complains of low back pain without
the occurrence of an injury the kinesiologist should carefully examine the
length of the legs and the height of the ihiac crests to determine whether they
are even If they are not this may be the source of the difficulty

Strong abdomimal musculature 1s necessary to resist successfully blows
which might otherwise reach the vital organs At the least such blows may
cause an wmterruption in respiration as in the solar plexus punch at worst
they may cause hemorrhage or an actual lesion 1n one of the underlying organs
The fact that these muscles are so little employed i ordinary activity necess
tates the use of very speaific exercises In many cases the exerciser works the
frontal muscles to a satisfactory degree but overlooks the fact that the side
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and spine flexors If the object 1s to sit up with the least expenditure of energy,
arm flinging should be employed 1f the object 1s development of muscles 1t
should be elimmated

A trunk twist may be added to the situp exercise touching one hand to
the opposite foot after the situp 1s complete Walters® suggests that this
twisting ciuses no extra actvity in the external obliques and that 1t 1s per
formed almost entirely by the internal obliques The situation may be different
if the twist 1s especinlly vigorous, s 1in touching one elbow to the opposite
knee while fingers are clasped behind the neck Resistance to such a twist 15 so
great that one would expect all of the trunk rotators to participate

ACTION OF THE PSOAS ON THE SPINE

The psoas 1s primarily a flexor of the hip, although 1t 1s also listed as a flexor
of the lumbar spine The use of an articulated skeleton to study its orign and
angle of pull 1» recommended since two dimensional drawings may be mis
{feading

Under special circumstances the psoas may become a fyperextensor of
the lumbar spine This reversal of function 1s sometimes called the psoas
paradox 1t generally occurs when the body 15 1n supine lying position As
the psoas contracts 1t 1s jotned by the hacus 1n flexing the hup jomnt and it
tends to pull on the lumbar vertebrae 11 an antenior and nferior direction
If the abdominals contract simultaneously forward tit of the pelvis is
prevented and lumbar flexion and/or hip flexion will result But if the ab
dominals are weak the pelvis tilts forward under influence of the ihacus while
the lumbar vertebrae are rused off the floor (lumbar hyperextension) by
the psoas The passive weight of the head tnd thorax prevent the trunk from
flexing 1n response to the pull of the psoas

Adequate contraction of the abdommals would prevent the psoas from
hyperextending the lumbar spine but there 1s a fairly consistent tendency
for abdomnal strength to be inferior funchionally to psoas strength Further
more, the human body tends to have pre existing excessive lumbar curvature
of an inflexible nature Therefore 1t 1s a principle of general therapeutic and
condittoning exercise to emphasize abdominal development and to mummize
ilio psoas development 1n an attempt to achieve a better balance between the
two muscle groups Many proposed abdomunal exercises  such as double
leg Lifting activate the paradoxical function of the psoas as a Jumbar spine
hyperextensor and cause unwarranted stretch and stress n the abdominals

Probably 1t 1s advisable for all people to avord psoas exercises  but it 1s
particularly important for the weaker or undervitalized mdividual to do so
If when attempting an exercise that calls for flexion of the lumbar spine, an
individual s first effort 1s accompamed by lumbar hyperextension that exer
cise 15 contra ndicated

Imphcations for Athletic Traing A supporting column 1s normally ngd
1n the human spine however nature has sacrificed rigidity 1 order to secure

a relatively wide range of movement The result of this attempt to combine two
incompatible qualities 1s an unstable structure which may be serously de
ranged by sports as diverse as golf and weight hfting Back imjuries are paf
ticularly common 1n sports such as wresthng trampoline diving and pole
vaulting 1n which strong rotational mosvements of the back are frequent and
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8 What arcthe advantages or disadvantages of doing situps on a bench so that
the movement 15 started with the head lower than the hips®
9 Toc touching from (hc crccl posttion 15 sometimes recommended for the de
Vel of theabd Analyze the value of this recommendation
10 Havc a subject lie supine on a bench Have another student straddle the
bench and hold the subjeet s hips firmly in contact with 1t Instruct the subject to
situp Measure the angle through which he can move
11 Spinal rotation 1s named night or left according to the direction 1n which
the face 15 tumed 1 the upper part of the spine 15 stabilized and the lower part of
the spine 1s turned, the rotation 1s called night or left according to which direction
the face would have turned had 1t been the moving part Speaify the direction of
spinal rotation 1n the following cxercises
() From ercct standing position, turn head and shoulders to the left
(b) From a position of hanging by the hands from a bar, turn the pelvis and
legs to the left
(¢} From supine Iying with legs rassed to vertical lower both legs sideways
left to the floor while keeping the shoulders flat on the floor
12 Analyze vanous spinal column exercises 1ccording to the following schema
Exercise—~Starting Position  Supine lying hands on top of thighs palms down
Movement Curl up starting with the upper spine until the fingertips cover the
knee-caps

Exercise Curl up

Left rectus abdonmunis
Rught rectus abdominis

Left external oblique
Rught external oblique

Left internal oblique
Right internal oblique

0o aa o

Left quadratus fumborum Ror$
Right quadratus lumborym RorS

Left sacrospinalis group
Right sacrospinalis group

Left deep back
Right deep back
—_ SN
R = relaxed
€ = concentric contraction
E = eccentric contraction
S = static contraction

PEN T
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muscles need equally vigorous traiming Mayor ruptures of the abdommnal
wall as sometimes result from pushing throwing or boxing require surgical
repair

The question of whether the development of the abdomimal musculature
aids n the prevention of hermia 1s 1 matter for argument In the opinton of
some surgeons hernia results from an innate defect in the abdominal wall and
1t seems unlikely that any appreciable benefit 1s denived from preventive exer
cises On the other hand many therapists with a good deal of expenence with
exercise are convinced that abdominnl development contributes to the pre
vention of this conditton The answer probably hes in the cuse of the individ
utl injury
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LABORATORY EXERCISES

1 The layman often includes toe touching from the erect position m his  Daily
Dozen routine 1n the belief that 1t strengthens the muscle of the bach Make an
analysis of the kiniesiology of this exercise Why do many kinesiologists believe that
1ts practice contributes to poor posture?

2 Weight trainers sometimes place a heavy barbell on their shoulders and then
twist the trunk alternately to the might and the left What 1s the danger of this
exercise”

3 Analyze the differences in the function of the spine 1 an erect biped and 1
a quadruped

4 What sort of exercises might be recommended for a person hnown to be
subject to low back disability?

5 What would be the difference n muscular development achieved through
practice of the wrestler s bridge n the supme poistion as compared with practice
of 1t 1n the prone position?

6 What are the disad to sl m an 1y soft bed? Why 1s 2
person with a back imury more comfortable on a firm surface than on a yeld
g one?

7 Compare the effects of leg raising and situps on the floor with those of the
same exercise done on an inchined board
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8 What arethe advantages or disadvantages of doing situps on 1 bench so that
the movement 1s started with the hetd lower than the hips?
9 Toc touching from the erect p 15 Tec ded for the de
selopment of the abdominal musculature Analyze the value of this recommendation
10 Have a subject lic supine on a beneh e another student straddie the
bench and hold the subjeet s haps firmly 1n contact with 1t Instruct the subject to
situp Measure the angle through which he can move
11 Spinal rotation 1s named right or leflt according to the direction 1n which
the face s turned If the upper part of the spinc 1s stabilized and the fower part of
the spine 1s turned, the rotation 1s called right or left according to which direction
the face would have turned had ut been the moving pant Spearfy the direction of
spinal rotation 1n the following cxercises
(a) From erect standing posiion turn head and shoulders to the left
(b) From a position of hanging by the hands from a bar turn the pelvis and
legs to the left
(c) From supine Iying with legs rassed to vertical lower both legs sideways
left to the floor while heeping the shoulders flat on 1he floor
12 Analyze vanous spinal column exercises according to the following schema
Exercise—Starting Posttion  Supine lying hands on top of thighs palms down

Aovement Curl up starting with the upper spine until the fingertips cover the
knee-caps

Exercise Curl up

Left rectus abdominis
Right rectus abdomimis

Left external oblique
Right external oblique

Left internal oblique
Rught internal oblique

a0 a0 a0

Left quadratus lumborum RorS
Right quadratus lumborum Rors
Left sacrospinalis group
Right sacrospinalis group
Left deep back

Right deep back

R AR

R = relaxed

€ = concentric contrction
E = eccentric contraction
8 = static contraction




TABLE 14 —Spmal Muscles and Their Acfions

CERVICAL SPINE

Rotation | Rotation
Muscles Flexion |Extension Lateral | o the 1o the
Slexion | same | opposite
stde side
Sterno clerdo mastoid PM PM PM
The 3 scalem Asst PM
The prevertebral muscles Asst Asst
(Longus colli longus capitis
rectus capitis anterior rectus
capitis lateralis)
Splenius capitis and splemus
cervicts PM rm PM
The sacrospinals or erector
spinae PM PM PM
(Ihocostalis cervicis longtsst
mus cervicis longissimus cap
stis and spalis cervicis)
Semispinalis cervicis PM PM PM
Semuspinalis capitis PM PM
The deep posterior spmal
muscles
Intertransversari PM PM
Interspinales PM
Rotatores PM PM
Mulufidus PM PM PM
The suboccipital muscles Asst Asst Asst
THORACIC AND LUMBAR SPINES
The abdominal muscles
Rectus abdominis PM Asst
External oblique PM PM PM
Internal oblique PM PM PM
Psoas Asst Asst *
Quadratus lumborum PM
The sacrospinalis or erector
spinae
Ihocostalis dorsi PM PM PM
Ilocostalts lumborum PM PM PM
Longissimus dorst PM PM PM
Spinalis dors; PM PM
Semispinalis dorsi PM PM PM
The deep posterior spmal
muscles
Intertransversari PM PM
Interspinales PM
Rotatores PM PM
Multfidus PM PM PM

* Under sp=~1al circumstances (which are described in the text) the psoas may become a
hyp fextensor of the lumbar spine The 1hacus may contribute to this action indirectly

by tilting the pelvis forward
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Chapter 17

Muscles of the Thorax and Respiration

Tue framework of the thorax includes the twelve thoracic vertebrae, twelve
pairs of mibs the costal cartilages and the sternum The head of each nib
articulates with the body of the similarly numbered thoracic vertebra by
means of a synovial jont with a ligamentous capsule, and (except for the
first tenth eleventh, and twelfth ribs) with the body of the thoracic vertebra
immediately above Each rib has a tubercle which makes a synovial articula
tion with the tip of the transverse process of 1ts own vertebra The part be
tween the head and the tubercle 1s called the neck The remander of the iib1s
the long curving shaft and its point of sharpest curvature 1s called the angle
The ends of the ribs are contmuous with the costal cartilages These hyaline
bars are normal epiphyseal cartilage They may ossify partially or completely
after puberty The first seven costal cartilages join the sternum either directly
or by means of an mnterposed synovial joint The eighth through tenth costal
cartilages do not join the sternum, but are continuous with the costal cartilage
immediately above The eleventh and twelfth costal cartilages are free, their
nbs are known as floating ribs  The sternum 15 made up of three parts,
named from above down the manubrium, the body, and the viphotd process
They are joined by epiphyseal cartilages which do not ossify until after middle
age Inyouth the body has four parts separated by epiphyseal cartilages
The ribs may be raised and lowered by means of motion 1n the synovial
articulations with the vertebrae 1n addition the thin shafts, the costal carti
lages and the sternum are rather markedly deformable The sum of these
posstbl 1S app ble Rib cage movements are usually con
sidered as a whole and are called elevation and depression (Fig 154) The
movements of elevation and depression should not be confused with the
general raising and lowenng of the entire thorax caused by extension and
flexion of the thoracic spine Likewise adduction of the shoulder girdle gives
the appearance of chest expansion which should not be confused with true
movements of the rib cage Technically elevation and depression of the rib
cage occur only 1n conyunction with breathing movements
Breathing 1s the flow of air 1n or out of the lungs (inspiration and expiration)
313
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associated with elevation and depression of the nib cage and with the descent
and return of the floor of the thorax resulting from contraction and relaxation
of the diaphram muscle

‘Within the 11b cage arc the right and left pleural cavities separated medially
by the mediastinum a partition containing the heart in its pericardial sac,
blood vessels, nerves lymph vessels, thymus gland, esophagus trachea and
bronchi, connective tissue, and the two lungs The Iungs may be thought of as
having grown out of the mediastinum and invaded the night and left pleural
cavities until the cavities are obhiterated by the pushing of therr medial walls
ngamst therr lateral walls Thus the pleural cavities have no air space within
them, but only potential spaces containing a shight amount of fluid Actually
the 1dea of the lungs ‘ pushing outward s false for the lungs have a marked
elasticity which constantly tends to make them contract or shrivel Since the
pleural cvities are completely self inclosed, air cannot enter them and their

FiG 154 —Enlargement of the chest by elevation of the ribs

shght negative pressure (loosely called a partial vacuum ) allows the at
mospheric pressure of air 1n the lungs to overcome the natural contractile
tendency of the lungs and to push the walls of the lungs outward against the
b cage, virtually obhiterating the pleural cavities If the thorax 1s punctured
from the outside air rushes 1nto the pleural cavity until atmospheric pressure
18 established equalling the atmospheric pressure of the air withm the Iungs
Because the natural elasticity of the lungs 1s now unopposed the lung shrivels
up around its root 1n the mediastinum

During msprration the ribs are clevated enlarging the antero posterior
diameter of the thorax (Fig 154) The shafts of the ribs especrally the lower
ones, also move laterally ncreasing the lateral thoracic diameter Stmut
taneously the dome shaped diaphragm contracts and flattens the floor of the
thorax 1increasing the vertical diameter With the thoracic volume thus
enlarged atmospheric pressure causes air to enter the lungs and expand them
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Muscular contraction, then, 1s necessary for even the smtllest amount of
mspiration
At resting levels of breathing no musculir contraction 1s necessary for
expiration The muscles relx and the weight of the thor ix cuses depression
of the ribs The natural elasticity of the lungs driws the dinphrigm back up
10 1ts domed position, with the assistance of pressure ciused by the residunl
resting tension 1n the muscles and connective tissucs of the abdomnal wall
Forced expiration, on the other hand, such as occurs 1n deep ot sapid breath
ing requires defimte contraction of abdominal musculature 1nd of nb cage
depressors  Modern rescarch has left unchanged this historic concept of
breathing mechamsms, although therc remans much confusion nd doubt
1bout the role of specific muscles
The muscles primarily involved 1n the respiratory movements include the

following

Intercostales Externy

Intercostales Internt

Draphragm

Levatores Costarum

Serratus Postenor Superior

Transversus Abdominis

Serratus Posterior Inferior

INTERCOSTALES EXTERNI

Eleven sheets of muscular fibers located 1n the spaces between the ribs
(Fig 155)

Ongin The lower borders of the first eleven nibs

Insertion The upper borders of the last eleven nbs

Tnnervation The intercostal nerves

Structure Short parallel fibers extending diagonally forward and down
ward 1n the direction of the external oblique They extend from the spinal
column forward to the costal cartilages, being absent next to the sternum

Action Although the action of the intercostals has long been a matter of
dispute 1t1s now generally agreed that the intercostales externs act to hit the
ribs i inspiration with the upper rbs fixed by the scalent Electromyographic
studies indicate that during quiet breathing the 1ntercostal muscles contract
only during mspiration but 1t 1s possible that they contract strongly durmn,
voluntary expiratory efforts and 1n coughing if the Jower ribs are held do“ng-
ward by contraction of the abdommnal muscles and the quadratus lumborum ! 2

INTERCOSTALES INTERNIT
Eleven muscular sheets just beneath the 1
ntercostales exterm (Fig 155
Ongin The ndge on the 2 )
o 1dge on the mnner surface of a nb or the corresponding costal

Insertion The upper border of the nb below
Isnnenalmn Intercostal nerves
wmguggg:ms:lo;td ﬁ:;:;l:: tﬁbtel:s extending diagonally downward and buck-
O the intercostales externr They commence
zt;nt-;\lur‘r_x lbetween the true nbs and at the antenior cxtremx;Z« of lgllﬂ.tn‘:lzttz
e false nbs and backward as far as the angles of the rrbs ) -
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associated with elevation and depression of the r1b cage and with the descent
and retura of the floor of the thorax resulting from contraction and relaxation
of the diaphram muscle

Within the rib cage are the night and left pleural cavities separated medially
by the mediastinum 7 partition containing the heart 1n 1ts pericardial sac,
blood vessels, nerves lymph vessels, thymus gland esophagus trachea and
bronchi, connective tissue, and the two lungs The lungs may be thought of as
having grown out of the mediastinum and invaded the night and Jeft pleural
cavities until the cavities are obhierated by the pushing of their medial walls
aganst theyr lateral walls Thus the pleural cavities have no air space within
them, but only potential spaces containing a slight amount of flud Actually
the rdea of the lungs pushing ouiward 1s false for the lungs have a marked
elasticity which constantly tends to make them contract or shrivel Since the
pleural cavities are completely self mclosed nr cannot enter them and their

F16 154 —Fnlargement of the chest by elevation of the nbs

shght negative pressure (loosely called 2 partial vacuum ) allows the at
mosphernic pressure of air 1n the lungs to overcome the natural contractile
tendency of the lungs and to push the walls of the lungs outward asamst the
nb cage wvirtually obliterating the pleural cavities If the thoraxis punctured
from the outside air rushes into the pleural cavity until atmospheric pressure
15 established equalfing the atmospheric pressure of the air within the lungs
Because the natural elastieity of the hungs 15 now unopposed the lung shryvels
up around 1ts oot 1n the mediastinum

Duning inspiration  the ribs are elevated enlarging the antero posterior
diameter of the thorax (Fig 154) The shafis of the tibs especially the lower
ones, also move laterally increasing the lateral thoracic diameter Simul
taneously, the dome shaped diaphragm contracts and flattens the floor of the
thorax increasing the vertical diameter With the thoracic volume thus
enlarged atmospheric pressure causes air to enter the lungs and expand them
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quiet breathing may be the only respir itory musclc tn 1ction t 3 Contriction
of 1ts fibers pulls down on the centr 1 tendon 1nd up on the nbs ind sternum

The nibs are hfted shightly, but the centraf tendon 1s depressed ns the principl
movement Ln quict respirition the total driphrigm sic movement s about
{5 cm , 1n deep resprration the tota} diiphrigm hc excursion 15 between 7
and 12 cm 4 In norm il breathing there 1s close cooperation between the move

ments of the diaphragm 1nd of the intercostales As the diiphrigm descends it
flattens and creates more room 1n the chest The reltion of the ditphram to
the abdomen 4s well as to the chest 1s of tmportance When 1t descends it must,
of course, displace the abdomin il cavity just 1s much 1s 1t 1dds to the thoracic
cavity It pushes the stomich Iiver, and other abdominal organs before i,
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Fic 156 —The diaphragm

and since these organs are soft and pliable but not easil;

y compressible the
crowd out against the abdominal wall The soft and flexible agdomlml \wl};
gives way expanding on the front and somewhat at the side to make the
needed room If the abdominal wall 1s thick and strong 1t offers considerable

resistance to the descent of the diaphragm and
el it It oo o tus will increase the upward

LEVATORES COSTARUM
Twelve small muscles on each side of th
¢ spine (Fig 151)

Ongin The transverse processe
omgn The tr p s of the last cervical and the first eleven

Insertion The outer surfaces of the ribs be

tween t|
Isntnervﬁon Branches of the intercostal nervesn fie ubercle and the angle
ructure These muscles pass obliquely d
y downward and laterall;

the externalntercostals They nsert into the rib beneath exce;:itlhztst]l?:llg;z

four divide one part attachun, he r1b benea T
to t]
§ }:4 beneath and the other to the second
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Action The action of the intercostales mterns, like that of the intercostales
externi, 1s to draw the ribs together Electromyographic studies do not support
the distinctions often made between the actions of the external and internal
ntercostals 2 If the upper nbs are fixed, the action of the intercostales will
tend to hft the remaiming ribs, if the lower nibs are fixed, the action of the
tercostales will tend to depress the remaining ribs

THE DIAPHRAGM

A dome shaped sheet partly muscular and partly tendinous formmg a
partition between the thoracic and abdominal cavities The tendon 1s at the
summtt of the dome and the muscle fibers along the sides (Fig 156)

INTERNAL INTERCOSTAL SEEN
THROUGH ARTIFICIAL GAP IN
EXTERNAL

FiG 155 —The mntercostal muscles

Ongin  An approximately circular line passing entirely around the inner
surface of the body wall It 1s attached at the back to the upper two lumbar
vertebrae and the lumbar fascia on the sides for a vanable distance to the
lower two ribs at the front to the six lower costal cartilages and to the
sternum

Insertion The central tendon which 1s an oblong sheet formuing the summt
of the dome

Tnnervation The phrenic nerve from the cervical plexus with fibers largely
from the fourth but also from the adjacent cervical nerves

Structure The fibers pass vertically upward for some distance from the
ongn and then turn mward to their insertion The fibers of the sternal portion
are shortest the lateral portion has saw toothed attachments to the nibs and
cartilages 1 alternation with those of the transversalis which 1s a muscle of
expiration

Action The diaphragm 1s the prinespal muscle of imspiration and dunng
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quiet breathing may be the only respiratory muscle i 1ction ¥ 3 Contraction
of its fibers puils down on the centr 1l tendon And up on the ribs ind sternum

The nibs are fifted shightly, but the centr il tendon 15 depressed 1s the principal
movement In quict respirition the tot1l diphragmitic movement is 1bout
15 em  in deep respirtion the total diiphrigmatic cxeursion s between 7
ind 12 em 4 In normal bre ithing there 15 close cooper tion between the move-
ments of the dixphragm and of the intercostiles As the diaphragm descends 1t
flattens and creates more room 1n the chest The reltion of the ditphram to
the abdomen as well as to the chest 1s of importance When 1t descends 1t must,
of course displace the "bdominal cavity just as much 1s 1t adds to the thoracic
cavity It pushes the stomach liver and other abdominnl organs before 1t,
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TiG 156 —The diaphragm

and since these organs are soft and pliable but not easit

y compressible, the
crowd out against the abdommal wall The soft and flexible '\lF)’dommai waI};
gives way expanding on the front and somewhat at the side to make the
needed room If the abdominal wall 1s thick and strong 1t offers considerable

resistance to the descent of the diaphragm and this will
pull of the latter on the ribs e vl merease the upward

LFVATORES COSTARUM
Twelve small muscles on each side of the spine (Fig 151)

Ongmm The transverse processes of the CETVIC nd I v
last
al and the first eleven

Insertion The outer surfaces of the ribs by

Inmervation Branches of the mtercostal

Structure These muscles
the external intercostals Th
four diide one part attac
b below 1ts ongin

ctween the tubercle and the angle
e nerves
pass obliquely downward and laterall

y similar to
hey insert into the iib beneath except that the lower
ing to the rib beneath and the other to the second



316 MUSCLES OF THE THORAX AND RESPIRATION

Action The action of the intercostales interni Like that of the intercostales
externt 15 to draw the nibs together Electromyographic studies do not support
the distinctions often made between the actions of the external and nternal
mntercostals 2 If the upper nibs are fixed, the action of the intercostales will
tend to Lift the remaining ribs, 1f the lower nbs are fixed, the action of the
ntercostales will tend to depress the remaining nibs

THE DIAPHRAGM

A dome shaped sheet, partly muscular and partly tendinous, forming a
partition between the thoracic and abdominal cavities The tendon 1s at the
summit of the dome and the muscle fibers along the sides (Fig 156)

INTERNAL INTERCOSTAL SEENY
THROUGH ARTIFICIAL GAP IN
EXTEANAL

Fic 155 —The intercostal muscles

Ongm  An approximately circular line passing entirely around the inner
surface of the body wall It 1s attached at the back to the upper two lumbar
vertebrae and the lumbar fascia on the sides for a vanable distance to the
lower two nibs at the front to the six lower costal cartilages and to the
sternum

Insertion The central tendon which 1s an oblong sheet forming the summit
of the dome

Innervation The phrenic nerve from the cervical plexus with fibers Iargely
from the fourth but also from the adjacent cervical nerves

Structure The fibers pass vertically upward for some distance from the
onigin and then turninward to their insertion The fibers of the sternal portion
are shortest the lateral portion has saw toothed attachments to the rtbs and
cartilages 1n alternation with those of the transversalis which 1s a muscle of
expiration

Action The diaphragm 1s the principal muscle of inspiration and during
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Ongin Lateral third of the ingunal lignment, antersor three fourths of the
\hac crest, the lumbodorsal fsaa and the crtilages of the lower six ribs

Tnsertion Linea 1lba

Innenvation Branches from the seventh to twelfth ntercostal, the 1ilio
hypogastric nd tlioinguinal nerves

Structure A thick sheet of parallel fibers crossing the abdomen horizontally
Its middle part 15 thickest and also has the longest fibers Like the mternnl
and external obliques 1ts muscular fibers are placed chicfly at the sides of the
abdomen The front tendons of the three fuse 10 form 2 single tendon which
15 slit down the center to form 1 sheath for the rectus abdominis

Action Constricts the abdomen, compressing the contents nd assisting 1n
mcturition defecation, emests, partunition 1nd forced expisation

SERRATUS POSTERIOR INFERIOR

Named from 1ts position and 1ts saw toothed nsertion (Fig 71)

Ongn The spines of the last two tharacic and the first two or three lumbar
vertebrae

Insertion The lower four nbs beyond their angles

Innervation Branches of the antertor rami of the ninth to twelfth thoracic
nerves

Structure The 1nner half 1s a tendinous sheet blended with the tendons of
the latisstmus and erector spinae The muscular fibers are inserted directly
mto the nibs

Action The fibers of the serratus posticus inferior are yn a position to
depress the mibs and the angle of pull 1s large It 15 therefore generally con-
stdered a muscle of expiration

ANALYSIS OF RESPIRATORY MOVEMENTS

Although the general nature of breathing movements 1s well understood,
the individual contributions of the specific muscles 1s still the subject of great
disagreement One reason for the confusion 1s the fact that the conditions of
breathing vary from person to person and from situation to sitution Indsvid
ual differences 1n structure are starting—the number of ribs, the nature of
therr articulations the general body bwild of the person and the amount of
supenincumbent fat are widely vanable In females the relative size of the
breasts and the occurrence of pregnancy are vaniables Mobility and flexibility
of structures vary with age and degree of ossification of cartilages The chest 1s
relatively deep and narrow 1 infancy and becomes broadened and flattened
7s the mdwvidual matures, apparently as a result of the normal activity of the
body The degree of muscular development and the extent of restriction of
movement by postural defects cover a wide range Aside from individual
variations 1t 1s known that the problem of breathing depends upon upnght
or recumbent posttion the load carried on shoulders or arms water prgssﬁre
during submerston amount of stabthzation of the chest required to provide
a firm base for arm and shoulder girdle movements external forces produced
mn crutch walking and contact sports such as wresting and stmular factors
Qusxet a:1d vxg:)roui breathing are entirely different conditions

ports wnters frequently describe athletes as bein:

Actually studies of the thoracic mdices of succcss';z} gomt;éex::grsc lllsf']t;:te



318 MUSCLES OF THE THORAX AND RESPIRATION

Action No adequate studies of the functions of these muscles 1n man have
been reported ! Their anatomical position suggests that they raise the ribs
ncreasing the thoracic cavity, and, 1n the vertebral column cause extension
latern! flexion, 1nd slhight rotation to the opposite side

SERRATUS POSTERIOR SUPERIOR
A flat rhomboidal sheet of muscular fibers lying beneath the upper half of
the scapula (Fig 152)
Ongin The ligamentum nuchae and the spinous processes of the seventh
cervical and the first three thoracic vertebrae
Insertion The second to the fifth ribs inclustve beyond therr angles

FiG 157 —The transversalis

Innervation Branches of the anterior ram of the four upper thoracic nerves

Structure Longitudinal arrangement with the ends tendinous

Action  The serratus posticus superior lies so deep beneath the scapula and
the trapezius and rhomboid that 1ts action has not been observed Its position
and attachments are such that 1t 1s able to Iift the nibs

TRANSVERSUS ADBOMINIS (TRANSVERSALIS)

This muscle forms the third layer of the abdominal wall next to 1ts inner
surface, lying immediately beneath the obliquus mnternus (Fig 157}
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are usually ictive, that the sccond ntercostals are occasionally active, and
that the remaming intercostals are never active As deeper and deeper breaths
were tahen successive intercostals were recruited, from the top down
Sternomastond The sternomastords are 1mportant wxdlary muscles of
ispiration, provided that the cervical spinc 1s extended and held firm to ginve
them a buse to pull upon Their 1ction 1s to clevate the sternum thus incres-
ing the 1ntero postenor dimeter of the thorax However, 1t 1s difficult to
evaluate the mechanical importance of this They display a surprisingly slight
imount of respiratory activity in normal subjects, but become import-nt when
the respiratory level 1s elesated 1nd the ordinary muscles of tnspiration are
operating at a greatly reduced mechanscal advantage Duchenncl! observed 1
young male patient with cervical transection of the spinal cord as the result
of a fall during the practice of gymnastics who w1s able to breathe for some
weeks by means of his sternomastotds alone
Scalem Anatomucal considerations suggest that the three scalent have the
same fundamental actions Their importance as muscles of respiration 1s a1
matter of disagreement Fick 1s reported to hive calculated that potentinlly
they are only one fifth 1s important s the intercostals 12 Campbell!2 found
that they are normally active even during quiet breathing but suggested that
they were of importance only during moderately severe voluntary inspiratory
efforts and duning such procedures as coughing or straining Their action at
times may be to fix the upper nbs and prevent the thoracic cage from being
pulled downwards by the abdominal muscles or to provide support for the
apex of the lung to prevent 1t from bulging upward
Abdomunals During quiet respiratron  the abdominals are mactive The
external and internal obliques (and presumably the transversus, which s
naceessible to or undifferentiated by electromyography) participate vigorously
in forced expiration coughing smging straimmng vomting and defecation
1 proportion to the sevenity of the activity 13 14 The rectus abdomims 1s
relatively mactive provided that there 1s no concurrent tendency toward spine
flexion 13 The abdominals are considered by Campbellls to be the most
important muscles of forced expiration His studies demonstrated that 1n the
erect position they do not contract very forcefully until the pulmonary ven
tilation exceeds 70 to 90 1 /mun Their effect upon the respiratory system prob
ably reflects the changes of ntra abdomunal pressure resulting from theiwr
contraction and relaxation which n turn affects the position and movement
of the diaphragm During quiet breathing the effects of gravity and the elastic
recoil of the thoracic cage appear sufficient to produce expiration
Other Muscles The quadratus lumborum and the serratus posterior inferior
muscles are often mentioned as assistants in forced expiration as are the
serratus posterior superior levatores costarum erector spinac and oblique
spme extensors for forced mspiration Their 1mportance 15 debatable At
moments of extreme respiratory distress (dyspnea) the thoracic and cervical
splctlm hex(ensors the thoraco humeral muscles such as the pectoralis major
:r\:el; lf:“tl}ll;lgctg :::g::: :stscles such as the serratus antersor may be effec
ton pine and keep the nib cage 1n an elevated post
The rationale for the utihzaty
chest circumference 1s ncreas
2t

on of this 1s based on Wade s¢ discovery that
ed at the begimning of forced breathing and
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that they show n tendency toward wide flat chests rather than round ones 5 ¢
According to Seltzer, i exhausting work the flat chested mdividuals display
greater capacities for supplying oxygen to the tissues, indicative of more
efficient respiratory and cardiovscular mechamsms There 1s little to indicate
that the successful athlete needs an unusually large chest The vital capacity
m most of the runners participating 1n the 1924 Boston marathon was found
to be normal,8 and the pulmonary functions of the 1956 United States Olym
pic Free Style Wrestlers did not significantly exceed the norms for young men
of similar stature 9 It has been suggested that the respiratory superionty of
the trained athlete lies 1n his greater ability to utiize his maximal lung
capacity 10

Diaphragm The diaphragm 1s the single most important muscle of mspira
tion The flattening of its dome during inspiration 1s probably responsible for
the greater part of the tidal volume during normal mspiratton In normal
subjects 1t 1 invariably active during inspiration and 1n some subjects may
be the only respiratory muscle active during quiet breathing However, 1t 15
not essential, and respiration can go on unhindered even when 1t 1s paralyzed
The blow which knocks the wind out probably paralyzes and causes
temporary spasm of the diaphragm In the trained athlete the diaphragm plays
a relatively larger role 1n respiration than it does i the untrained man This
enables hum to avord the muscular fatigue which accompanies the enlargement
of the chest wall charactenstic of costal breathing There 1s a theory that
women are naturally inchned to costal breathing as a preparation for the
time that movements of the draphragm will be hindered by the processes
of pregnancy but 1f this condition exists 1t may merely reflect a lack of vig
orous athletic traming duning youth The use of corsets or any wide tight
belt about the abdomen 15 Iikely to hinder the movements of the diaphragm
and force the individual to assume an inefficient costal breathing style

Intercostals As has been indicated earler 1n ths chapter, the function of the
intercostals has been a matter of dispute and their mechanical action 18 yet t0
be definitely established Most anatomy and kinesiology textbooks state that
the external intercostals and the intercartilaginous portions of the internal
intercostals function 1n nspiration and that the interosseous portions of the
internal 1ntercostals function 1n forced expiration The most recent studies
indicate that the external intercostals are probably second only to the dia
phragm 1n importance as inspiratory muscles Even the most advanced electro
myographical techmques? using sensitive needle electrodes nserted deep
within the muscles have been unable to distinguish between external and
internal ntercostal activity and have failed to show any 1ntercostal actmvity
during expiration throwing doubt upon the common textbook explanations

It 1s questionable whether the internal intercostals normally have any
important respiratory function but 1t should be noted that Duchenne!!
reported a case i which a subject with paralysis of the diaphragm and
stenoclerdomastords and with the scalenes about two thirds wasted away
continued to breathe by use of the intercostals alone Since the 1ntercostals
tend to pull the adjacent nibs together, they may function differently depending
upon whether the upper or the lower nbs are stabilized Koepke and his
assoctates? have demonstrated that the diaphragm 1s always active and 1s the
first muscle to come 1nto action in quiet breathing that the first intercostals
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qualification  cxcept for corrective purposes, nd it 1s probable that the
vilues of delibernte brething in some exercise circumstinces have been
under emphasized
In the absence of physiologicyf or Lnesiological needs, taking voluntary
deep breaths 1s n Arbitrary exercise 1s yvalueless Further many coaches and
exercise physiologists are convinced that conscious ttempts by athletes
to regulate breathing usunlly wterfere with performnnce Ordinartly, decp
breathing 1s useful only when 1t results from the sumulation of the breathing
mechamsms by hard work Nevertheless voluntary regulation may be war-
ranted under certun circumstances some of which are listed below
(1y After voluntary hypersentilation the breath can be held longer, yielding
an 1dvantige 10 competitine swimming wnd underwater recreition
(2) Takmg 2 deep breath tends to improve genernl posture, and may facili
tate the learning of optimal postural positions
(3) The correction of various chest deformities such as  chicken breast
and  funnel chest may be mded by maximal inspiritions which are ineffi-
ciently achieved through natural achivines
(4) The undesirble tendency to  strun  (hnown as the Valsaha effect—
an expiratory effort with the glottis closed) while doing heavy work can be
prevented only by conscious attention to continuous breathing Some gym-
nasls participating 1 arm supporting events exhibit repeated Valsalva
effects and are unable to complete their routines unless they are taught to
breathe consciously throughout their event
(5) The accuracy of precise movements such as free throwing 1a basketball
and pistol shooting may be increased if the breath s held and the nb case 1s
stabilized at the end of the last normal inspiration preceding the performance
(6) Singers and speakers are taught to mamtan a high chest position
primanly because the expanded chest serves better as a sounding box and
permuts longer intervals between mspirations
(7) Those who must talk loudly in their occupation can improve the quakity
of their voices by taking preliminary deep breaths and by huffing out
an unusual amount of arr Failure to do this may cause a feehing of strain of
the vocal cords
Cost of Ventifation The cost of resting breathing has been estimated 1o be
about 5 ml of oxygen per liter of ventilatson The mechanical efficiency 15
about 3 to 7 per cent which indicates that most of the energy developed by
the breathing muscles appears 1n the form of heat In muscular exercise
venulation usually bears an approximately linear relationship to the oxygen
consumption until the steady state 1s exceeded when pulmonary ventilation
becomes excessive Under a work load the cost of voluntary ventilation may
exceed 2ml of oxygen per liter of ventlation At high rates of breathing the
?:t)z'ﬁin requirement for ventilation becomes a significant proportion of the
onsumption hyperventilation 1s accompanied by little tncrease 1n actual
pulmonary ventdation This may reflect a decrease in the mechanical efficiency
of breathing an ncrease in the mechanical work required per umt of ventifa
tion or muscular effort not directly associated with TESpIratory movements
It has been suggested that the men who have run the mile 1n under four

minutes probably possess a umique ability to achieve
1 3 relntety oo aess 2 un y 1eve a large ventilation volume
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that subsequent thoracic movements «re relatively small around this position
This suggested to him thit an expanded chest position increases the effective
area of the diaphragm, thereby improving ventilation This finding confirms
the importance of keeping the thorax high and free from hindrance during
severe exercise and recovery Runners for example, should avoid restricted
arm movements and excesstve tenston 1n the musculature of arms and shoul
der girdle

Grasping some supporting object particularly one overhead, after vigorous
exertion permuts the thoraco humeral muscles to relieve the mnertia of the arms
and thus reduce the resistance against which the respiratory muscles must
act Teammates who assist a staggering runner after his race should throw
his arms over their shoulders and let him continue to walk while his shoulder
girdle 1s hept high In this way forced breathing 1s facilitated (and the con
tinued attempts at voluntary locomotion will help maintain adequate return
of venous blood to the heart) If the exhausted athlete collapses he should be
placed n supine lying position with his arms mn complete abduction, so that
the stretched pectoralis major will help to keep the rib cage elevated and the
taut sternomastords can effectively participate 1n breathing movements

Some athletic coaches, physical educators dramatic coaches, and teachers
of singing have distinguished between predomunantly thoracic or costal
breathing and predomunantly abdominal breathing apparently assuming
that one type may be better than the other and that a person may learn to
emphasize one or the other voluntanily Wade4 studied a physiotherapsst
a teacher of singing and two patients who claimed to be able to take breaths
which were primanly diaphragmatic or pnmarily thoracic These subjects
could control the amount of protrusion retraction of the abdominal wall and
the amount of Iifting of the thoracic cage but these differences did not affect
the excursion of the diaphragm He concluded that although there 15 volun
tary control over the depth and rate of breathing movements, there 1s n0
voluntary control over the diaphragm as an individual muscle In normal
subjects excursion of the diaphragm 15 governed exclusively by the depth of
breathing Campbell! found no convincing differences n the activity of the
imtercostal muscles 1n the two types of breathing Thoracic cage movements
may mndeed be regulated voluntanily but much of the observed elevation of
the nib cage 15 a product of extension of the thoracic spine 1 movement which
hfts not only the ribs but also the draphragm thus contributing no extfa
ntrathoracic volume

Breathing exercises The mineteenth century gymnastic systems included
deep breathing exercises in the Day s Order  the rationale being based on
the incomplete and faulty physiologtcal hnowledge of the previous century
Haphazard early Amenican variations destroyed whatever postural benefit
mght have been involved 1n these exercises Willilams 1n his early editions of
Principles of Pinvsical Education was almost single handedly responsible for
populanizing the viewpont that except for corrective purposes in defec
tne cases breathing exercises are unscientific and probably harmful 16
Willlams view was based primarily on the facts that increased ventilation
upset the normal partial pressures of blood gases and that effective gas €x
change results from physiological needs rather than from tncreased ventila
tion Physical educators were so mmpressed that they tended to ignore the
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TABLE 15 —Resptratory Muscles and Their Actions

INSPIRATION
MUSCLES EYPIRATION
Resting Forced Resung Forced

Diaphragm PM PM
The 3 scalem Asst* |[PM* Asst (7)*e*
External and internal mtercostals | PM ** P M ** Asst (?)***
Sterno-cleido mastoid Asst *
Levatores costarum Asst (7) | Asst (D)
Serratus postenor superior Asst ()| Asst (D)
Erector spinae and other oblique

spimal extensors Asst *rex
Pectoralis mayor and minor and

serratus anterior Asst 2oser
Transversus abdominis PM
External and internal

oblique abdomnals PM
Serratus posterior inferior Asst (1)
Quadratus lumborum Asst (7)

M—Indicates that the t

( )_o(hcr\VlSe thi dlsp‘; :c 10n has not been verified clectromyographucally or 1s
*—When the cervical spine 1s stabilized by extensor muscles

**—When the upper ribs are stabilized by the scalen:

***—When the lower nbs are stabil by the abd and the d

Ilumborum  Electromyographic studies have de ted no 1inter: v
tected no intercostal activity

‘::::—Stabxhzmg the spine 1n extended position
'—When the arms and shoulder gurdle are stabilized 1n a position of elevation
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Implications for Athletic Trasmng The thoracie cage must function to
protect the heart and lungs from the trauma of physical contact The curvili
near design of the nibs, their flexibility, and the network of muscles holding
them 1 position makes these seemingly fragile bones surprisingly resistant
to trauma In the young person, however, the fleubility of the ribs may be
sufficient to permut the thorax to be distorted to the point that the heart can
be 1njured without fracture of the ribs or sternum Jok119 believes that imjuries
of this sort are considerably more common 1n boxing than 1s generally real
1zed The possibility of traumata of this type should be carefully considered
before permitting young persons to engage 1n physical contact activitres

Young athletes quite frequently complain to their coaches that they have
experienced a sharp pain 1n the region of the heart accompanted by a catch
in the breath and are wornied about the possibility of having suffered 2
mild heart attack In the great myjority of cases these patns represent nothing
more sertous than a shight tearing of an intercostal muscle but the coach o
trawner should refer such cases to the team physician for consultation rather
than sumply reassure the athlete and send him on his way

Rib strains are quite common 1n such sports as wrestling i which the Tips
may be held 1n one position while the upper body 1s twisted to another Such
injures are painful during movements of the body but are seldom sertous
Fractured ribs such as may result from trauma sustained 1n football skung
boxing and similar activities are quite another matter, since the possibility
always exists that the broken rib, or a splinter from it, may penetrate the
pleural cavity

Unfortunately there appears to be comparatwvely little that the athlete
himself can do to prevent such injuries The design of the body does not Jend
tself to exercises which will develop muscles which will hold the thoracie
cage 1n place or shield 1t from mmury Prevention of thoracic mmjuries lies
primanly 1n the design of protective equipment formulation of rules of the
game and the teaching of proper techmques and skills
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LABORATORY EMERCISES

1 There 1s evidence that the administration of oxygen to swimmers just before
a race improves their times What 1s the reason for this? Why 1s 1t not equally valu
able for runners?

2 In Lfung a heavy weight overhead a lifter usually takes a full mspiration
while the barbell 1s at the shoulders and then holds his breath as he presses 1t to
arms length What 1s the rationale for this? What undestrable effects may follow?

3 In hus text The Physiology of Physical Education (p 518) Percy M Dawson
noted that ex wrestlers and weight hifters may be suff chested  with little or no
chest expansion How does this condition come about and what 15 1ts sigmificance
so far as performance 1s concerned?

4 Assume that a mature individual undertakes a program of weight training
and finds that as a result his normal chest circumference 1s 3 inches larger than it
was before he started to exercise How do you account for this change? What would
you expect to find true about his chest expansion?

5 What 1s the effect of pressure on the thorax such as appled 1n the bear
hug 1n wrestling on respiration? What 1s the purpose of the wrestler s expiratory
grunt?

6 Partially paralyzed patients may be taught a respiratory technique known as

frog breathing  Determune how this 1s done and analyze the kinesiological actions
mvolved

7 What may result 1f an indvidual deep t h when
there 1s no phystological need for increased respiration?

8 What value should be attached to spirometric tests of lung capacity? What
were the reasons for the objections made to the mclusion of this 1n the Rogers
Strength Test?

9 In the Flack Test the subject exhales against a standard resistance of 40 mm
of mercury for as long as possible What 1s revealed by this test? (Suggestion
See T J Powell and Sunahara F A A Physiologic Evaluation of the Flach Test
J Aviation Med 29 444-453 1958)

10 Analyze the effects of movements of the spinal column such as backward
bending forward bending and lateral bending on the respiration Which position
appears most advantageous for efficient respiration?

11 Have a subject hold his breath at the end of a normal mspration Compare
chest ence m sl d normal and evaggerated mil
tary posture




Chapter 18

Kinesiology of Posture

EVOLUTION AND DEVELOPMENT OF ERECT POSTURE

Evolution of Erect Posture The upnight posture which disinguishes man
from all other animals 1s the product of perhaps 350 000,000 years of evolu
tion In the evolutionary process the paired fins of certain tetrapods whose
nearest living relatives are the coelacanths developed into mbs and they
moved from the sea onto the land In the course of time—posstbly 150 000 000
years ago—the first mammals came nto existence By 70 000 000 years ago
quadruped pnimates about the size of rats and probably resembling the modern
tree shrews were mn existence Over the millennia certain changes in body form
adapted them to life as brachiating ammals whose weight was suspended from
their arms The lower limbs were extended 1n hine with the body which as-
sumed a vertical posttion Brachiation required great mobility 1n the shoulder
girdle and joints lengthened and strengthened upper imbs increased powers
of supination and pronation and the development of the prehensile hand
The thorax became flattened antero postenorly, displacing the center of
gravity backwards and simphfying the problem of standing erect The scapula
moved posteriorly The pectorahs minor imnsertion shifted from the humerus
to the coracoid process The function of the serratus anterior was altered to
produce elevation of the arm above the right angle

Some 30 000 000 years ago man s remote ancestors left the trees and be
came bipedal ground dwellers Further structural changes were necessary for
effectively bearing the stresses of body weight which was now supporred
by the lower limbs The leg lengthened and straightened The foot lost most of
its grasping abilities and became spectahized for bipedalism The large size of
the gluteus maxtmus—an extensor of the hip joint—1s pecuhar to man It 1s
offset by a corresponding enlargement of the quadniceps femons which tends
to prevent the knee from buckling as a result of the forward momentum of
the center of gravity as the foot strikes the ground The plantarts which acts
on the toes 1n most mammals faded to a vestigial muscle while the soleus
which acts on the ankle joint alone and 1s small 1n most mammals became
relatively very large The extensor digitorum longus which 1s attached to the

327
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femur tn most mammals lost this attachment and has no direct action on the
knee of man ! 2 The upper extremities freed from the burden of supporting
the body, evolved into mstruments of great deltcacy of movement

These postural transformations of the body are the culmination of a long
series of evolutionary processes and are not something peculiar to man alone
as Darwin once thought Not all of these structural modifications have been
equally successful The Jower extremities have been profoundly modified
but the pelvis, by which they arc attached to the vertebral column, has re
mained essentrally that of a quadruped Mechanically considered, the sptne
represents 2 column Under pressure a column becomes deformed and 2
curve develops In the vertebral column 1tself there has been comparatively
hitle adaptation to the demands of upright posture other than the develop
ment of a forward cervical convexity a thoracic concavity, and a lumbar
convexity Too, the miernal mesentertes are arranged for quadrupedal, rather
than bipedal position

Posture of the Infant The S shaped spinal curve of the adult develops from
the C shaped curve seen 1n the mfant and n anthropoids In the brief nterval
between creeping and walking the baby recapitulates milhions of years of
evolutionary change As Keith has observed

Indeed, 1t 15 not too much to say that the spme of the human baby, as re
gards the proportion of its parts and 1ts curvatures 1s 1n an anthropoid or
troglodytian phase of evolution We have only to watch an ifant trying to
support its body erect when learming to walk to see reproduced the orthograde
posture of a great anthropoid ape The lower Iimbs are seen to be imperfectly
extended the body plainly mclines forward, and the arms stretch out to clutch
at neighboring objects for support In the second year of life growth changes
m the lumbar vertebrae make further extenston of the body a permanent possi
bility 1t 1s then that the loins elongate and the lumbar cunve seen only the
human species, makes 1ts appearance 3

Effects of Erect Posture When we think of mans form and posture as
the result of evolution from lower vertebrate types 1t 1s natural to inquire
what changes 1 conditions and functions have come along with 1t It 15
apparent that several results are sure to follow whenever a child or a species
changes from a quadruped posture to an erect one (1) changes in muscular
development (2) changes in coordination (3) changes in the work of breath
ing (4) changes in the mechamics of the circulation and (5) increased tendency
to displacement of the 1nternal organs

Muscular Development Erect posture, with the weight borne by the lower
Timbs, must result 1n vastly greater size and strength of the extensor muscles
of those limbs and of the lower portions of the trunk greater strength it
bones and vertebrae 1s also a necessity The flexors of the trunk relieved of
much of the stramn they have to bear in the quadruped posttion have 2
tendency to detertorate

Coordmation Greatly icreased difficulty 1n potse and balance i the erect
posture leads to a corresponding devilopment of nervous reflexes to mamntamn
exact balance under all conditions while the release of the forelimbs from
heavy and monotonous labor leads to their employment i skilled occupa
tions under the guidance of the eyes developing many new coordinattons for
their control



AINISIOLOGY OF POSTURT 329

Breathmg In the quadrupedal position the ribs hing down below the
spimal column 1nd swing bk and forth in breathuing like t pendulum,
requiring very little muscular expenditure when this mechwism s shifted
to the upright position the entire weight of the chest w 1l must be lifted with
each inspiration and must be held up to proper level continuously So great
15 the pull of gravity on the chest, neck and spinc that the nibs gridually sink
as age mncreases nd the internnt organs sink along with them

Cireulation In the honizont1l position the blood returning to the heart
along the nferior and superior vena cava, the two great veins of the body
cvity, flows cassly and evenly from the anterior and posterior portions of
the body, but when the ercct posture 15 1ssumed the flow from the head 1s
hastened while that from the lower parts 1s held back by its weight unui
there 1s force enough behind 1t to overcome gravity This distends the lower
vena cava and checks the blood flow to 1 marked degree

Position of Internal Organs In honzontal posion the nternil organs
while attached to the spine by therr mesenteries are supported mainly by
the muscles of the body wall, which are hept 1n constint tension to main
tain the arch of the spine There 1s httle or no tendency to displacement of
the organs When the erect positon 15 assumed, the weight of each organ
tends to pull 1t downward toward the pelvis lengthwise of the cavity, heavy
organs, like the liver and the full stomach, pull strongly on their mesen
tertes, tending to stretch them and to crowd the organs that lie below To
hold these organs up 1n place calls for a considerable tension of the abdom
nal wall, but the muscles are no longer kept in contraction to hold up the
arch of the spine and therefore tend to relax

CRITERIA FOR GOOD POSTURE

Evaluation of Posture The term *‘good posture’ often conveys the thought
of a standing, position fulfiling certain esthetic and mechanical specifications
Sometimes the postures of school children are graded by such arbitrary
standards Whatever the values of a prescribed posture expecting everyone
to meet any given standard 15 to 1gnore the fact that posture 1s largely an
individual matter Only the muscular type represents the posture generally
constdered ideal Other types apparently cannot assume this stance and should
not be expected to do so 4

After a study of the posture of college women WellsS concluded that their
spmal structure could be divided nto two classes humanoid with a long
posterior concavity extending well up 1nto the thoracic region and anthro
poid, with a posterior convexity extending well down mto the lumbar region
Zhel Itatter Sh: b;lleves repIres;nts mhented types of structures reflecting

volutionar: endencies n her exper
respond to iorrecnve exercise perience these ypes do not generally

An erect posture 15 not necessarily the most efficient one
posture requires about 20 per cent more energy than an easy gzéiﬁf x:;gl:g;y
and an extremely relaxed standing position requires about 10 per l(?ent less
energy than an easy standing position 6 Many famous athletes have attributed
their success 10 part to the fact that they were almost tompletely relaxed
between movements thus conserving their energy for purposeful expyendlture
There 13 no evidence of physiological benefit from the correction of common
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functional postural defects A careful study by Hellebrandt and Franseen?
has served to emphasize the unsatisfactory scientific basis for many of the
current concepts of posture and statements about posture It ss plam that
upright stance imposes hydrostatic handicaps which inerease man s hability to
penpheral circulitory collapse, but ssumptions that attitudinal anomalies
must be posttively correlated with functional disturbances are based on very

k16 158 —Excellent static posture The subject was a winner mn a Los Angeles
City Schools posture contest (Houston courtesy Los Angeles City Board of
Education )

scanty experimental evidence These writers stressed the fact that the body has
a remarkable ability to compensate for deviations from the norm and that
such compensating mechanisims are seldom considered by those who stress
the malign funcuonal effects of poor posture

The esthetic appenl of erect posture and poise balance and ease of motion
are not to be denied Physique and beauty contest winners are almost 1
variably characterized by pleasing posture Strangely enough however the
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typictd Fishion model s stuce 15 1pt to be chir wtenized by pronited feet
hyperextended knees cxiggerated lumbir lordosis, protruding abdomen
round shoulders, and 1 forw 1rd head? The difficulties of s wisfictorily defining
good posture 1re evident Wells® s rejected all stitic concepts such ns the
onc holding that the lobe of the cir tip of the wromion process, middle of
the trochanter, and heid of the fibult should be aligned vertically, nd has
suggested that a vertienl zone within 2 centrally located fimuted 1ren might
provide a satisfictory reference plane from which to measure anatomical
Inndmarks

Conform eurs, compirigraphs, schematographs, silhouctteographs and
various other scientific sounding devices have been invented for the graphic
measurement of posture The difficulty with apparatuses of this type 15 that

FiG 159 —Perfect dynamic balance illustrated by dancers of the Ballet Russe de
Monte Carlo Note the extreme range of motion demonstrated 1n the joints of the
lower Limbs of the femmine dancers and the prectse adjustment of the center of
gravity over the very smali base The position of the feet shown in the murror image
of the leading dancer will repay careful study (Wolff courtesy Pittsburgh Plate
Glass Company )

while they do provide data about the alignment of the parts of the body
the significance of this information rests upon subjective and arbitrary assump
tions impheit 1n the judgment of the measurer

Esthetic and culturally determined standards cannot be entir:

ely 1gnored
establishing criteria for posture The wasp waist of the Glbsmi, glgrl of tlllg
1890 s or the breast mummuzing slouch of the flapper of the 1920 s cannot be
approved lnesiologically but attempts by the kinesiologist to nsist that his
S:g;lsmaeziopt Iiostures (;Vthh are not culturally sanctioned wall certamnly
. Tesistance and may create psychologic trauma

the phystologic trauma he 1s trying to prevent rio less severe than

It 1s often possible to suggest logical mechamcal effects of the assumption

of a certan stance Thus Lowman? h
as called attention to twi
consequences of farlure to maintain proper balance o mechament
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1 Arm and head weight forward of the gravity line must be compensated
for by an increase 1n the dorsal curve of the spine This 1n turn must be bal
anced by a forward movement of the pelvis and increased lumbar lordosis
The resultant shift of body weight onto the forefoot tends to mncrease pronation
and to depress the arch

2 Concentration on forward arm movements as in the shot put, discus or
savelin throw, will eventually result in decreased efficiency because the rhom
boids become long and the pectorals shorten As a result the arm cannot be
carried back to the maximum shoulder joint range, since the contractile length
of the pectorals will not allow 1t

F1G 160 —Typical fashion model s stance

On the other hand attempts to correct the round shoulders of a basketball
player may seniously affect his ability to shoot baskets

Posture must be considered from the standpomt of the mdividual s body
and the use which he makes of that body Perhaps the wisest words yet written
on this subject are those of Metheny

There 1s no single best posture for all individuals Each person must take
the body he has and make the best of 1t For each person the best posture 1s that
in which the body segments are balanced n the position of least stramn and
maximum support This 1s an individual matter *

* Quoted by permusston from Body Dynarues by Eleanor Metheny Copynight 1952
McGraw Hill Book Co
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1t has been suggested that the adaptability of 4 mech insm to make useful
adjustments has 1n large part been deternuned by the fictors of orginic
evolution but that the agencies employed for this purpose cxist primanly
for phystological uses and have no speenl fitness for pathologiend adapty
tions 10 The imphcations of such stitements ns the foregoing are that the
correctine physical educator the corrective therapist, the physical therapist
or similar individuals should not attempt to * correct’ an individual s posture
unless they clearly understand preessely what steps should be tiken and the
rationale therefor Ordinanly such nformation can be obtuncd only by
medical examinition and experience sndicates that physicians assign only a
very small percentage of college students to correctine classes because of
postural deviations 11 With younger groups the percentage may be somewhat
higher
Maintenance of Posture The nighting reflexes by which the ammal main
tains his posture have been studied in great detul by Magnus 12 They appear
to consist of five separate groups of reflexes (1) Inbyninthine righting reflexes,
(2) body nghting reflexes acting on the head, (3) neck nighting reflexes,
(4) body nghting refiexes acting upon the body, (5) optical nighting reflexes
The centers of these nghting reflexes lie 1n the ventral part of the mid brain
behind a section just in front of the third nerves Little 1s known about the
way 1n wiich these reflexes cooperate to provide ereet posture in the human
Presumably stimuli recesved from any of these sources and from stretch re
fiexes ymtiated by proprioceptive mechimisms in the striated muscles reflexly
bring appropriate muscles into action to correct displacements from the
desired position
Righting Reflexes Although all of these nghting reflexes may work simul
taneously 1n some situations not all of the appropriate sttmuli may be
available 1n specral situations Thus a somersaulting diver or tumbler will
not be able to employ (3) or (4) above He must depend upon (1) (2) and
(5) If he has not conditioned his visual reflexes or 1f he closes his eyes during
performance (5) 1s elimtnated and only (1) and (2) remain A person who
both closes his eyes and because of mnexperience or fear cannot utilize the
labyrinthine refiexes of (1) and (2) must depend on more haphazard mechan
tsms Thus some beginners in somersaulting report that they just jump
tuck 1nto a ball wait a fraction of a second and then open into the erect
position  Probably they depend upon an estimation of their speed of rota
tion together with a guess at the time interval necessary for completion of
their somersault but there 15 always a strong element of luck 1n this kind of
performance Usually experience and confidence will gradually lead to &
more finished performance 1n which a small amount of voluntary control 1s
Suaer mposed upon the workings of uninhibited reflexes
b thitudinal Refl Attitudinal reflexes are imtiated by movements of the
ead and result 1n an adjusted static position The stimuly Act upon the recep
for organs of the labyninth the change n posture 15 brought about by altera
gons 1n the tonus of trunk and imb muscles For example tilting the head
n:ﬁl(km order to look at an object overhead results in shortening of the
extensor muscles relaxation of the abdominal muscles adduction of
the shoulder girdle a tendency toward extens: f th
tendency toward flexion at the knees C oy Tovenpper limbs and a
onversely lowering the head 1n order
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to peer under an object results 1n flexion tendencies 1n the trunk and upper
Iimbs Rotation of the head to one side results m an mcrease mn limb extensor
tone on that side and 1n 1 decrease 1n limb extensor tone on the opposite side
lateral flexion of the neck (tnclination of the head to one side) has a stmilar
effect In sports a side stepping motion 1s usually 1mitiated by rotatmg and
mchning the head to the side of the step, this reflexly increases extensor tone
on that side and 1nstantly prepares the leg on the same side to recetve the body
weight

The muscles moving the eyeballs are also affected by labyrinthine stimuli
resulting from head tilting A forward head movement reflexly tends to move
the eyeballs upward 1 backward head movement tends to move them down
ward The tendency 1s always to preserve the ongnal field of vision These
reflex tendencies may, of course, be mhibited when they do not serve the
purpose of the orgamsm In the example of deltberately looking at an object
overhead the reflex tendency to lower the eyeballs, as the head 1s tilted back,
1s superceded by voluntary raising of the eyeballs

Positive Supporting Reflexes In all of the positive supporting reflexes the
result1s to increase extensot tone or flexor and extensor tone 1n order to make
the body rigid aganst the force of gravitational pulls The following are
examples (1) The stretching of toe flexors, foot flexors and ankle plantar
flexors as a result of pressure on the ground causes reflex contraction of the
extensors (or flexors and extensors) of the knee (2) Any tendency toward
overextension (stretching) of distal imb muscles causes a myotatic contractton
of these muscles and their synergists tending to correct the balance of the
body and counteract gravitational forces (3) Stepping on a surface stimulates
the pressure receptors 1n the soles of the feet causing a reflex contraction of
hmb extensors This 1s known as the exfensor thrust reflex 1ts utility in loco
motion and standing 1s obvious

The posttive supporting reflexes are usually considered to be statsc reflexes—
that1s useful 1n the maintenance of stationary erect posture During locomo
tion however these same reflexes assume equal importance For example m
the last phase of weight bearmg by a lrmb (the push off phase) the toe and
foot plantar flexors are stretched resulting 1n a myotatic contraction of these
same muscles thus reflexly giving additional force to the push off

Negative Supporting Reflexes The charactenistic of negative supporting
reflexes 15 a limb flexion followed by a placing and extension of the limb for
support purposes It 1s best demonstrated i blindfolded ammal or human
subjects (ammals may also be labyrnthectormzed) For example a cat
such 1 state may be held by the body m mud atr Then 1f a board 1s touched
lightly to the top of one of its paws that paw 1s reflexly withdrawn shghtly
replaced on top of the board and extended Or, if the standing ammal 1s
pushed sharply to one side there 15 a hopping reflex which mvolves sudden
pushoff flexion withdrawal and replacement of the paw under the new
location of the center of gravity of the animal The object of these and nu
merous allied reflexes 1s replacement of the foot (or hand) in a supporting
position with terminal contraction of the extensor muscles

Developing Reflex Actions All such reflexes as the foregomng and many
more are learned or conditioned reflexes probably Very few are present 10
the newborn child and maturation of the nervous system ys madequate to
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provide 1 complete expl ination of their development In mny humans there
1s 1 tendency to depend most strongly upon visual refiexes for balince and
dynamic movement In sports nd emergency situtions, such strong de
pendency upon visunl rections and the consequent lack of development of
the non visual mechimsms may be 1 distinet disadvantage, because the
vision may be temporanly impasred or obscurcd by numcrous situational
factors and the visunl ficld may not be sufficiently broad or steady to percenve
all of the avaulable visual cues Normal people, like those who become
permanently blinded can develop Inbyrinthine  proprioceptive and other
mechamsms far beyond so called normal levels Sports like tenmis aind base
ball which emphasize visunl perception may not be as suttable s 1quatics
tumbling 1nd balancing for the sharpening of 1 broad repertore of Inby
nnthine nd propnoceptne reflexes although these mechamsms once de
veloped, can be used in such sports Conversely, hand eyc 1nd other eyc to
muscle reflexes may be most casily trained 1n ball sports A child s expenience
m motor activity should 1nvolve a great vartety of activities Specralization
at too carly an age may himit the ulimnte extent of abilny mn that speaialty
At the hugher levels of performance 1n a given specalty the better performers
are Iikely to be those whose perceptual and motor learnings are most versatile
Some basketball players for instance can effectively imtiate pivot style shots
while therr backs are toward the basket They rely upon a visual memory
the location of the basket with regard to themselves upon titial movements
guided by proprioceptive reflexes and only at the last moment upon visual
lécn}:(epuons to make final adjustments to the motor act of shooting for the
asket
It has been calculated that the force which must be cxerted by the call
muscles to maintain the upright position 1s equ il to about one quarter of the
body werght In subjects standing 1t case, electrical potentials were recorded
from the soleus muscles of all subjects and from the gastrocnemius muscles
of the majority of the group Potentials were occasionally obtained from the
tibialis anterior and peroneus longus Most subjects were found to stand at
ease without detectable actwvity 1in the quadriceps and hamstrings This was
explamned on the basis that since 1n this position the hine of body weight usually
falis 1n front of the center of the knee joints the weight of the body above the
knees 1s supported by the ligaments of the knee joint Shifting of the hine of
body weight postetiorly or anteriorly to thus pont results 10 contractions of
the quadriceps or hamstrings to preserve the stance In the erect posture there
1s continuous contraction of the mternal oblique fibers possibly to protect the
ingunal region from herma As the subject sways back and forth the rectus
abdomuus and sacrospinalis contract alternately to correct the resulting
displacement 13 18
The basic response of mdividual muscle fibers to a stimulation 15 probably
atwitch rather than tetanus The immediate result 1s the production of essen
tally oscillatory forces Tremor at the rate of about 10 cycles per second
;!:apdears to accompany muscular contraction in mammals With an mcreased
- on the musculature a progressive increase in the amplitude of this tremor
omes evident 19 The approximate metabolic cost of various types of
Posture 18 shown in Cable 15 20 These figures may be altered by the individual s
body werght degree of sway and other factors
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TABLE 15 —Metabolte Cost of Various Types of Posture

Calories Per cent greater
per nunite than hing
Lymg 114 —_
Sitting 119 44
Standing relaxed 126 105
Standing at attention 130 140

The Structure of Ercct Posture The Feet The rigid structure comprising
the human foot has evolved from the flexible grasping organ of the arboreal
pre human The functional grasping muscles are still present wn the human
foot, but are reduced 1n size and subordinated to the structural demands
required 1n providing propulsive leverage Most babres are flat footed when
they begin to walk The short plantir muscles gradually tighten up, the
anterior and postersor tibials raise the ynner border of the foot and the
longitudmal arch forms 2! No one type of arch can be considered normal, and
the height of the longitudinal arch has no relationship to 1ts reaction to the
stress of weght bearing The predomunant opinion 15 that there 1s no such
thing as a transverse arch at the distal ends of the metatarsals 22 23

Fia 161 —Antagonistic muscle groups responsible for erect posture A Tibialis
anterior B Quadriceps femoris C Hio psoas D Abdominals E Neck flexors
F, Spinal extensors, G, Gluteus mauimus H, Hamstrings I Triceps surae
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The natura! position of the feet 1s one i which the heels are together and
the fore parts of the fect 1re tocd out sufficiently—30 to 40 degrees—to give
stability to the Iateral balnee of the foot The line of the body’s center of
gravity 1s perpendicular to 1 point mudw 1y between the heels and the heads
of the first metatarsal bones In standing the weight should be about equally
distributed between the ball of the foot and the heel 23 Under the stress of
weight bearing the foot both lengthens and broadens shightly There 1s a
reflex posturil contraction of the abductors hallucis, the munimt digity, and
the adductor hallucis and the other plantar muscles in response to proprio
ceptine reflexes 24 but the greater portion of the tension stress 1s borne by the
plantar hgaments 22 Structurn] or functional foot abnormalities must be cor-
rected or compensated before good posture can be achieved

The Legs and Ances The proper position of the legs, with regard to inward
or outward rotation 1t the hip jotnts 1s best expluned by tmagining that the
patellae are eyes, and speaifying that they should be  Joohing 1n exactly the
direction of a line drawn longitudinally from the heel through the center of
the foot If 1n any weight beaning activity the feet are ‘toed out’ or toed n,’
there should be 1n nccompanying outward or inward rotation of the thigh at
the hip joint Otherwise, there will be undesirable strain 2t the knee and ankle
Joints This principle assumes more importance during body movement and
15 often stressed by dance teachers whose medium often requires foot position
or progression in a diagonal direction The military position of attention with
feet at a 45 degree angle, 15 disadvantageous to the entire lower extremuty
and especially to the foot It tends to pronate the foot and to stress the sup
porting structures of the arch

The energy expenditure of stationary standing 1s less 1f the hnee and hip
Jomnts are shghtly hyperextended since ligaments then bear the weight and
allow extensor muscles to relax However, this results in a pooling of venous
blood in the Iower extremmties So does standing with the knees shightly flexed
which has the additional disadvantage of hasteming fatigue If continued
stationary standing cannot be avoided (as during a military review) venous
stagnation can be allayed and fanting prevented by deliberate intermttent
contraction of leg muscles

The Pehis The importance of the function of the pelvis 1n mamntaining
the sdeal erect posture 1nd 1ts role in good body mechamcs cannot be over-
emphasized Tt 15 one of the most important Structural units of the body
It supports the body weight from above and conveys 1t to the legs Because
1t Joins the immovable portion of the spine to the fleuble moile portion
deviations from 1ts normal position are reflected the full length of the spimal
column The pelvis also acts as a sort of shallow cup which supports and

partly contains the pelvic viscera
crel:':li::a};y t‘l:m anterior supertor 1hac spines and the front of the pubic
e same frontal plane Any pronounced deviation from this
Position materially hinders the functiomng of the pelvic viscera An up
ward tilt of the pubis straightens the lumbar section while a downward
f"‘l’:lgon causes a lumbar curve which 1f prominent 1s a hollow back When
and t:r\:;ﬂ:\:’ard lult 1s exaggerated the pelvic contents are thrown forward
throws an ;pl I over the anterior lip of the pelvic cup the pubic arch This

ditional strain on the abdominal muscles (Fig 162)
20
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In addition to the pelvis being tilted from its optimum position in the
anterior posterior plane 1t sometimes happens that one side of the pelvis
1s igher than the other This may be caused by inequality 1n the length of
the legs a flat foot, or by muscular atrophy of one of the legs The fixed por
tion of the spine 1s tilted to one stde The mobile portion of the spine therefore
rests on an inchned surface, resulting in further deviations from the ideal erect
posture

An exaggerated pelvic tlt causes the buttocks to protrude, and gives rise
to an awkward gait

Fic 162 —Medsan section through the pelvis P pubes C pubic crest S, sacrum
S A sacral angle P S postertor spme (Spalteholz )

Attempts have been made to measure the pelvic angle on a living subject
and earlier workers estimated the ideal or normal position as having an
obliquity of 50 to 60 degrees Later workers have agreed that 1t 1s impossible
to measure accurately the pelvic tlt on a Living subject Hyperextension of
the knee tilts the pelvis forward while flexion tips 1t backward

The oblique position of the pelvis brings the pelvic organs far to the rear,
where they are beneath the sacrum and protected somewhat by 1t from the
weight of the organs above 1t also brings the lower lumbar vertebrae far
enough forward to be practically over the lup jomnts so that little force 1s
required to maintain poise
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The Vertebral Column Viewed Iaterally, the vertebral column exhibits
three curves 1 forward cervict] convexity 1t thoracic concavity, and 1 lumbar
conveuty The lumbar region 1s not well buttressed by muscle, and the rectus
abdominis 1s the only longitudinal antenior muscle directly controlling the
Amount of lumbar curvatute A common analogy 1s that 1t acts like a bow
stong the Jumbar curve being the bow Some assistance 1s afforded by the
compression of the abdominal contents by the oblique abdomunals, these
compressionl pressures being transmitted as forces tending to straighten
out the lumbar cune

The Abdonual Wall The four pairs of muscles in the abdeminal wall—
recti, internal ind external obliques 1nd transversales—are involved n two
important reflexcs those of posture and breathing A third function of this
group of muscles 15 to muntun suitable support for the internal organs

The Shoulder Girdle and Chest The best functioning of the internal organs
calls for an erect posttion of the chest and neck 1nd a moderate adduction of
the shoulder girdle The tidal movements of the nibs should take place in a
range midway between full inspiration and full expiration This semi elevated
position of the ribs and sternum takes up the slack n the abdominal muscles
and provides a good base for their action

The Head The head should be kept 1n a well balanced position When st 1s
allowed to droop forward habitually undue strain 1s placed on the igaments
and extensor muscles of the neck and back People who frequently carry
moderately heavy loads on their heads develop an excellent position for the
head neck and back If they did not keep the body head and load in perfect
balance they would either drop the load or be subjected to so great a strain
that they could not maintain their erect position

Implications for Good Posture What are the postural implications to be
derived from knowledge of mans evolutionary past and from biological

al and phystol 1 data? The evidence does not lead to clear cut
answers but the following generalizations might be suggested First static
erect postures should be deliberately avoided except for short persods
Second 1n siting or recumbent positions properly placed environmental
supports (such as firm mattresses or chair backs) should be avarlable to re
place the function of muscle groups which are relaxing Third 1n stationary
postures the center of gravity of each body segment should be vertically
above the area of the supporting base, preferably near its center If persistent
gravitational torques are being borne by ligaments or 1f excessive muscular
contraction 1s required to maintain balance this principle 1s being violated

Thus 1t 1s permussible to bear weight on the knee or hy,

p higaments by slight
hyperextension of these jomts, but excessive weight bearing by thcyspiial

higaments over a period of time will prove damaging F

reciprocating movements (such as walking) are bgne%icxa?uzgéa:xl;zﬁ:ﬁ:c
facilitate return of venous blood toward the heart and because ;he intermutis {
relaxations tend to postpone fatigue Fifth the bones tendons muscle
should be strengthened and toughened through gradual progressive stresses
and resistances, so that they may cope adequately with the common forces
encountered 1n daily hving (Do higamennts also Ttespond favorably to gradual
progressive use? Research evidence 1s lacking ) Srxth 1n forceful dgyrnar‘xx:c

movements (such as sprnt starting or a football hneman s charge) the forces

and muscles



338 KINESIOLOGY OF POSTURE

In addition to the pelvis bemng tilted from its optimum posttion 1n the
antentor posterior plane 1t sometimes happens that one side of the pelvis
15 hugher than the other This may be caused by inequality in the length of
the legs a flat foot or by muscular atrophy of one of the legs The fixed por
tion of the spine 1s tilted to one side The mobile portion of the spine therefore
rests on aninchned surface resulting in further deviations from the ideal erect
posture

An exaggerated pelvic hlt canses the buttocks to protrude, and gives nse
to an awkward gait

Fi6 162 —Median section through the pelvis P pubes € pubic crest S sacrum
S A sacralangle PS posterior spine (Spalteholz )

Attempts have been made to measure the pelvic angle on a living subject
and earlier workers estimated the 1deal or normal position as having an
obliquity of 50 to 60 degrees Later workers have agreed that 1t 1s mpossible
to measure accurately the pelvic ult on a living subject Hyperextension of
the knee tilts the pelvis forward while flexion tips 1t backward

The obhique posttion of the pelvis brngs the pelvic organs far to the rear,
where they are beneath the sacrum and protected somewhat by 1t from the
weight of the organs above 1t also brings the lower lumbar vertebrac far
enough forward to be practically over the up jomnts so that hittle force 15
required to maintain poise
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Wrong habits of posture e ciused by injury and disease 1nd by occu
pation and emvronment 15 well A boy who spruns his left ankle has to
stand on Ius right foot nd during the penod of Inmeness he forms the
habit of standing on that foot nd 15 hkely to kheep on doing so for years
A boy who has carned 1 hewy sack of papers on one shoulder every diy
for & year of 1o 1s APt to hold that shoulder low for the rest of tus Ife

A PERFECT SEAT

Curves of spine maintained

o Abdeminsl und theracic
‘contents unhampered

ADJUSTABLE
LUMBAR
SUPPORT

Y He unnec
SADOLE MOD- . R pressure under
ELLED 7O THE legs
HUMAN FORM /M8 \

Fect square!
on F?oor Y

Ceccyx snd

sacrum well

up and in rightful

relationghip Six Wany rest-Besringds, with
musculsr paddings, functien
preperly.

FIG 163 —The good pomts of a perfect seat (By permussion of Earl Thompson
Posture Seating Inc )

Thus bookkeepers are known by their pecubiar habit of holding the head
and cowboys by thetr bowlegged gait Seats shoes and clothing produce
similar effects when they have the wrong size or shape so that they hold
one 1n a faulty position  defects of vision and hearing and resting positions
on rocking chair lounge hammock or bed may induce such habits also

On the other hand, those who are strongly impressed with the advantages
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should be directed as much as possible 1n a straight line which intersects the
major joints metatarso phalangeal knee, hip, and shoulder At the same time
spinal curves should be mimimized, so that they will be ready to bend 1n a
spring like fashion as they absorb impact forces Impact forces may mjure
locked joints, but joints which are able to move 1n either direction are me
chamically ready to absorb them (Goldthwait s factor of safety?S) Seienth
the guding principle in maintaining postures and mn moving should be efficient
energ)y expenditure This concept of optimal (not minimal) energy expenditure
has been extensively developed by Metheny 26

CAUSES AND CORRECTION OF POOR POSTURE

Causes of Poor Posture Defects of posture may result from (1) injury
(2) disease (3) habt, (4) muscular or nervous weakness (5) mental attitude
(6) heredity, or (7) improper clothing

Imjury When a bone, ligament or muscle 1s mnjured 1t 1s apt to weaken
the support 1t that point and throw the framework out of balance As long
as this condition 1s present, perfect posture 1s 1mpossible after the mjury
has been fully repawred a habit set up may persist and the faulty posture
continue for a long time Since munor njuries, hke a sprained ankle often
occur and since there 1s seldom any effort made to re educate the reflexes
of the wrong habit we frequently see defects of posture that arose 1n this way

Disease Diseases that weaken bones or muscles or cause joints to lose
their strength or their freedom of action upset the control of posture as
badly as mjuries Rickets, due to faulty nutrition of bone and tubercular
disease of joints or vertebrae are examples of this kind Infantile paralysis
by weakening or destroying the motor nerve cells in the spinal cord causes
partial or complete loss of function 1n certamn muscle groups This loss of
power 1n the muscles upsets the control as 1n the former instances and also
causes another hind of defect the unminjured group that 1s the natural antag
onist of the paralyzed one, not having its normal opposition, becomes
gradually shortened and holds the joint out of normal position For exam
ple one with a paralyzed gastrocnemus gradually develops a flexed ankle
which he cannot extend

The treatment of cases involving severe myury or disease often requires
surgical measures such as cutting a muscle or tendon removing or grafting
bone transplanting of tendons to make good muscles do the work of absent
ones and the making of braces to support the weight when the natural
support 1s lacking

Habit Habuts of posture whether good or bad are acquired 1n the same
way as habits of speech or habits of walking namely, by practicing a certain
coordination so many times that the act finally becomes habitual and uncon
scious and 15 performed whenever the appropriate situation presents sell
In a very large percentage of the cases of faulty posture found among school
children and college students the bones joints hgaments and muscles are 1
normal conditton the fault 1s a wrong habit of coordination Segments of the
body have been held out of line so long with some parts bearing too much
weight and others too little some les el d and their gonist
shortened, that the wrong posture feels natural and a correct position scems
strange
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This appears to result from the it that with ngh heels the center of gravity
1s shifted forward 1nd the dorsal muscles must contr ictin order to prevent the
body from filling forward 1% 1o

Removing the Causes Whenever Nulty posture ts due to discase the
discase must be treated before anytlung else 1s attempted af 1t 15 due to an
mjury, the injury must be healed In general the cause must be removed
before any measures for improsement are apt to be effective a posture duc
to wearing hugh heels will not be much improved as long as the ugh heels
are worn, an hour in the gymnastum will not cure bad postures when many
hours are spent 1n the environment that caused them Some cases of faulty
posture arc due to fatigue mental strasn 1tmproper digestion and assimilation
of food malnutnition, or similar causes Herc rest and proper nutrition are
fully as important as a progrm of corrective activitics

Special Posture Classes Many pupils trc not strong enough and skillful
enough to assume and maintaun correct posture These require more personal
attention thin can be ginen the averige pupil Special classes of small size
should be conducted for them More complete study of each case and of its
causes 15 then possible

When poor posture is duc to general muscular weakness, such students can
be placed 1n the same class and given developmental exercises and games to
suit their sndividual needs Due regard must be taken for the cause of each
ndividual's shortcomings nd corrective procedures 1n line with the best
educational and orthopedic practice instituted This demands 1ndividual
attention The placing of all students with postural defects in a single class and
giving them the same treatment s as unwise as it would be for a physician to
preseribe the same therapy for all patients exhibiting a shin rash

Referral Cases Posture defects which cannot be voluntanly corrected by
the subject s own volitional movements are known as resistant or structural
defects All such cases should be referred to a physician preferably an ortho-
pedist Expert diagnosis including X rays and other medical techmgques, 1s
necessary before any treatment is given Not all such cases yield to exercise
therapy, but the physician may make an exercise prescription and direct the
Pauent to a physical corrective or occupational therapist or to a physical
educator for supervised excraise Coaches and physical education teachers
make a valuable professional contribution when they recogmze the possibility
of severe problems and make referrals to a physician but they act unethically
and perhaps illegally when they treat cases without the permission or prescrip
tion of a licensed doctor

SPECIFIC DEFECTS AND THEIR CORRECTION

hals"t:’ot Defects The nature of the arches and the structures supporting them

een explaimed in pages 282 to 285 The term flat feet or fallen arches
may refer to several different defects Flexible flat foot exhibits loss of the
arches only during weight bearing and 1s not regarded as pathological unless
accompanied by discomfort or interference with function True flat foot or
Pes planus 15 a structural anomaly sometimes hereditary or congemital which
’}zﬁlg Or may not be accompanted by discomfort and interference with function
e flat foot 15 not a defect but a condition resulting from the presence of
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of good posture, so that they study their own postures and try to improve
them, just as thoroughly as they study to rmprove therr complexions and
the appearance of their clothes are apt to have correct habits of posture n
spite of occupation and environment
Weakness The erect posture cannot be maintarned without the expenditure
of energy and therefore requires some strength and endurance Posture 1s a
sensitive indicitor showing to one who can read it not only our habits but also
the level of our store of energy It has been demonstrated that a slouched
position can be maintained at less metabolic cost than the erect alert position,
largely because the subject 1s supported by the ligaments of hyperextended
jomts which provide the necessary support rather than by the action of
muscles Muscular weakness and the lack of vitality then necessarily predis
pose one to assume such a slouched posture as a matter of energy conserva
tion Because general muscular weakness 15 one of the common causes of
poor posture, an active childhood 1nvolving vigorous exercise obtained by
engaging 1n games and sports 1s perhaps the best preventive measure that can
be undertaken The type of activity or game selected 1s important Interest of
the pupil in the game should be one of the most potent guiding factors because
strong 1nterest results 1n continued particspation The correction of general
muscular weakness may take a long time therefore sustained interest 1§
necessary The activities should be suffictently vigorous to provide for organic
strength If possible the activities should also provide for a balanced bilateral
development
Mental Atntude Posture frequently reflects the mental attitude Feelings
of elation confidence and satisfaction help 1n the maintenance of erect pos
ture humility and depression hinder 1t A good mental attitude 15 likewise
reflected i an erect alert posture a poor mental attitude 1s reflected 1n poor
posture
Heredity McCloy27 has shown that kyphosis may be hereditary, and 1t 1S
possible that other postural defects may have a genetic basis
Improper Clothing High heels are the special target of many orthopedists
Stewart28 considers them the most destructive factor 1n foot physiology,
and terms them essentially a prosthesis for a deformity He considers that
high heels
1 Cause a decrease in the tone of the postural muscles and an merease 18
the tension on the plantar fascia
2 Shorten the leverage of the foot for pre
effort required 1n the pushoff
3 Decrease the postural power of the erectors of the tibia A steuctural
shortening of the tendon of Achilles occurs and relaxation of the hamstrings
upsets the whole postural mechanism
4 Keep the toes in partial or complete dorsiflexion The more they are
dorsiflexed the greater the weight thrown on the articular surfaces of the
metatarsal heads As the toes are dorsiflexed they tend to spread apart but
high heels are usually accompaned by pointed toes which increases the strain

on and the

Electromyographic studies have shown that when high heels are worn a
marked increase of activity 1n the gastrocnemuus soleus and peroneus longus
muscles results whereas the tibiahs anterior 1s not affected to any great extent
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indiidual susceptible to them, and may even be 1 prmary ¢ wsative Nctor in
sedentary person Basmyian and Bentzon!6 report that

1t now seems to be beyond controversy that ubialis anterior, peroncus longus

and the mtrinsic muscles of the foot play no important active role in the normal
static support of the long arches of the foot However, no attempt 1s made
to suggest that the muscles play no role in the abnormal flat foot Furthermore
we are not dismussing the role of these muscles in the mantenance of the arch
duning focomotion Indeed the intninsic muscles of the foot are always very
actine clectromyographically when one Tises on the toes to even the shight

est degree

Fi16 165 —The position of a plumb line dropped from the middle of the popliteal
space in the normal A and the pronated B (Lewin courtesy Am J Dis Child ]

Exercise for the correction of habitual and functional d
efects sh
general and involve the foot as a whole Stronger individuals mayoﬁgelf);

from nising on the toes with the weight shifted tow:
ard the lat
the feet but usually non weight bearing ex: eral borders of

ercises re preferred
should be put through the extreme range of all of 1ts mgnons by \?;Iflexn{gct
it;l;!racnon to stretch the shortened soft structures The emphasis should EZ
T exercises mvolving t
upon exer g toe flevion foot and anke plantar flexion and
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a pad of fat on the plantar surface, under the arch None of the foregoing
are likely to be affected beneficially by exercise There remams the very
common functional flat foor caused by weakened and stretched muscles
hgaments, and plantar fascia This type ordmanly responds to exercise, and
should be corrected even when no discomfort results because 1t may distort
the mechamcal relattonships 1n other joints, causing symptoms to appear at
the ankle, knee, hip, and lumbar spine

Such defects as pes caus (a ngid and greatly accentuated longitudinal arch)

NORMAL

PRONATED
FOOT —— FOOT-

i

FIG 164 —Showng the position of a plumb hine dropped from the middle of the
patella 1n the normal and flat foot (Lewin courtesy Am J Dis Child)

pes equinus (permanent plantar flexion and rassed heel) and the various club
foot conditions require surgical treatment

Habitual pronation of the foot 1s a common defect which usually responds
to exercise therapy and habit traimng provided that the existence of structural
and orthopedic lesions have been ruled out The symptoms mclude a curved
or slanted tendon of Achilles protruding mternal malleolus toemg out and a
pseudo flat foot caused by the rolling inward of the ankle Flat foot may or
may not be an accompamment (Figs 164 and 165)

Stationary standing although 1t demands much energy expenditure does
not provide good correction for any of the foot defects Instead 1t renders the
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inward rotation occurnng at the hip and foot joints The appearance of the
defect 15 1ndicated by 1ts mekname of  cross eyed knees ™ 1t 1s often a func
tional result of habytual flat feet and pronated ankles and (1f severe structural
conditions are ruled out by an orthopedist) exeraisc treatment may be under
taken with emphasis on correcting the bsic foot defects (Fig 166)

Abdommal Wall Defects The nbd ¥ defects d d here are 1n
timately related to the spine defects considered 1n the following section, and
vice versa The division 1s made for convemence only

The stomach luner, small intestine colon and other organs completely
fill the abdomimil caty and cich 1s attached to the posterior body wall
As long as the trunk 1s honizontal the organs lie normally 1n place, even when
the abdomsnal wall s fully rel1xed, but as soon as the erect position 1s assumed

4 B c
FI6 167 —Tracings showing sagging abdomen with mdication of ptosis 4 normal
outhne Band C weak abdominal walls with apparent sagging of the viscera

their weight pulis them downwrd lengthwise of the cavity the mesenterses
by which they are attached are not composed of strong fibrous tissue like true
hgaments but are mere folds of the soft peritoncum 1n which the arteries
veins and nerves gong to the organs are enfolded When the right amount of
pressure 18 maintained by a coordinated action of the four pairs of abdominal
muscles the organs are held 1n proper position 1n upright postures even when
subjected to the jar of running and horseback nding
Visceral ptosis 1s the medical term for the sagging of the organs and their
downward drag, upon their mesenteries that takes place when there 1s not
sufficient tension of the abdomunal wall to hold them up m place The pull
on vessels and nerves causes nervous irritation whose cause 15 not easy to
find 1f continued for a long time the organ sags to a lower place 1n the cazxty
s
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Functional defects of the foot can be caused or ntensified by a shortened
tendon of Achilles, and this 1s very common among women and young girls
who wear high heeled shoes constantly To stretch the tendon and 1ts muscles
assume the long sitting position (with knees extended 1n order to take up the
slack 1n the gastrc ) and use T lar contraction to move the foot
forcibly into a position of dorsiflexion and supination An often recommended
but questionable exercise 1s standing with the balls of the feet on the edge of a
platform with heels protruding over the edge Any bouncing on the tendon of
Achilles would tend to imitiate a stretch reflex in the soleus and gastrocnemius
muscles and would tend to break down the longitudinal arch by reason of the
rotational torque exerted on the calcaneus Further, this exercise has no

L

B

FiG 166—A Tibal torsion B Correction of tibual torsion resulting from con
traction of the outward rotators of the femur (After Hawley )

tendency to strengthen the supinators and plantar intrinsic muscles which are
usually weak and stretched 1 individuals having a shortened heel cord

Leg and hnee Defects Genu valgum ( knock knees ), genu varum ( bow
legs ) genu recurvatum (hyperextended knee) and nbial torsion (twisting of
the tibia on 1ts long axis so that 1t proximal end appears to be inward or
outward rotated) are complicated deformuties which require orthopedic
attention Exercise correction should not be undertaken without the permis
ston or prescniption of a physician The defects may appear to be 1n the knee
joint but usually the entire length of the femur and tibia 1s mvolved with
abnormalities of growth occurning at the epiphyseal plates 1f the bones are

immature
The term fibial torsion 15 also frequently used to designate a functional
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imward rotation occurnng at the p and foot joints The appearance of the
defect 15 indicated by s nichnime of  cross ¢yed hnees * 1tas often 1 func
tonal result of habstual Mt feet ind pronated ankles and (if severe structural
conditions are ruled out by 1n orthopedist) exercise treatment may be under
taken with emphasis on correcting the basic foot defects (g 166)

Abdominal Wall Defects The bdomunnl defects discussed here are in
timately related to the spine defects constdered in the following section, and
sice verst The diviston 1s made for convenience only

The stomich lner, small itestine colon wnd other organs campletely
fill the abdominal ¢ ity and cich 1s attached to the postenior body wall
As long as the trunk 18 horizontil the orgns lie normnlly in place, even when
the abdominal wallss fully relaxed but 15 soon as the ercct position 1s assumed

4 B [y
Fi6 167 —Tracings sh g sapging abd with ind of ptosis A normal
outline Band C weak abdamumnal walls with apparent saggng of the viscera

glell‘hwelght pulls them downward lengthwise of the cavity the mesenteres
héav‘v“ 1<:1‘1 lh;y are attached are not composed of strong fibrous tissue hike true
vemsea“ ; ut are mere folds of the soft peritoneum 1n which the arteries
pressurg nerves going to the organs are enfolded When the right amount of
Lo 1tshmamtamed by a coordinated action of the four pairs of abdominal
b ‘e (:‘r]gans are held n proper position in upright postures even when
Vl:ceralot e Jar of runming and horseback nding

dawnwardlziom 13 the medical term for the sagging of the organs and their
sulfioent tenl;ag upfon their mesenteries that takes place when there 1s not
on veo an:;m of the abdomtnal wall to hold them up 1n place The pull
find op nerves causes nervous irritation whose cause 15 not easy to

continued for a long time the organ sags to a lower place in the cavity,
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stretching the connecting vessels and crowding the organs below A sagging
abdominal wall may permut displacement of the internal organs and contribute
to their malfunction (Fig 167)

The lack of suitable muscular tenston 1n the abdomrnal wall has another
effect 1t leads to dilation of blood vessels 1n the digestive organs, favorng
inflammatory conditions The presence of fat adds to the weight and hence
to the tendency to sag and to the distention of the wall

Herma or rupture 15 a protruston of some abdominal structure through
an opening 1n the abdominal wall The weakest point 1n the abdominal wall
in the male 1s usually the inguinal canal just above the grom and near the
crest of the pubes, in the female 1t 1s usually the femoral canal where the
femoral artery crosses the rim of the pelwis, this 1s slightly lateral to the
ingunal canal The immediate cause of a hermia 1s usually some sudden and
violent contraction of the abdominal muscles due to a fall or other accident
or to a violent fit of coughing forcing a portion of the intesting through the
weakened spot Sometimes no defintte immediate cause can be assigned
The real cause 1s a weakness of the abdominal wall

When a herma has occurred once 1t 1s liable to occur again, since the
protrusion stretches the ring of tissue and makes the opeming larger The
cure 1s accomplished by a simple operation

Prevention of visceral ptosts and herma 1s by maintarming the strength
and thickness of the abdomnal wall Sedentary hfe predisposes to these
troubles by lack of bodily activity that 1s the natural means of its development
It also encourages a depostt of fat 1 the mesenteries the weight of which
tends to increase the sagging Quiet breathing scarcely employs the abdomunal
muscles at all sitting, either when bending forward or leaning agamst 2
support, makes 1t unnecessary to use them in maintaming the posture Walk
1ng, running, and active games and sports bring them 1nto action in the natural
way and so these activities are the best means of development and the best
preventive measures Special exercises 1 bending twisting rusing and
Iowering the trunk and moving the lower limbs can help 1f carefully used but
they are apt to be used too violently and for too short a time

Round Shoulders This fault 1n its early stages consists merely of a forward
drooping of the head and neck, with a consequent abductron of the scapula¢
due to stretching of the middle trapezius and the thomboids The unbalanced
position of the head pulls forward on the extensors of the upper spine
stretching them and causing fatigue The head and neck are thrust forward
and the chest 1s flattened, because the lowering of the origms of the sterno
clerdomastord and the scalem muscles permuts the ribs to fall In the later
stages an increased convexity of the normal thoracic curve of the spine 2
postural fault known as kyphosis 1s produced In this position the weight
of the arms and shoulders accentuates the kyphosis and shoulder girdle
abduction

Causes and Frequency Round shoulders 1s the most common fault of pos
ture Nearly all school occupations 1including reading writing drawing
solving problems i mathematics library work and laboratory work keep the
head bent forward so that the eyes can be used to direct the work of the hands
or to read the printed page Fortunately there are other school occupations
such as working at the blackboard reading from charts looking at illustrative
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apparatus or 1t one who 1s spehing 1 which the head 1s held erect Mny
home occupations tre 1lso conducine to round shoulders sewing sweeping,
ironing and plhyingeards forexamples Anyoccupationinwhich theindividual
routincly works with the 1rms 1 front of the body tends to develop residunl
tension 10 the pectorils pull the clwicle forward tbduct the seapulr, and
produce round shoulders
Among students, rerding 15 the occupation in which most hours are spent
1t 1s for this reason the most importint single cause of round shoulders
Holding the book up before the cyes tires the 1rm muscles, the book 1s al
towed to drop to the table or the Inp, and the head droops to bring the eyes
within range
Correctne Exercises Exercises devised for the prevention and correction
of round shoulders are iflustrited in Figures 75 and 76 Persistent practice
of these excraises will help to elongate the shortened muscles 1nd to correct
the fulty reflex that has allowed the bk muscles to heep habitually 1n too
great a degree of clongntion For those who need more vigorous exercises the
same oncs can be praciiced while lying prone with the feet held down
Asinall correction of posture, 1t 1s of course not enough to stretch the short
tissues and make 1t possible to assume an erect posture, the habit of correct
posture must be fixed by the subect himself, through education of his nervous
reflexes by persistent practice
hvphosis Analytically Ayphosis 1nd round shoulders are distinctly differ-
ent, the former being an increased consexity of the thoracic spine and the
latter being a forward deviation of the shoulder girdle However, one begets
the other and the two commonly appear together as an integrated defect
Resistant or structural kyphosis or any such defect accompanied by acute
pan 1ndicates probable disease or hereditary defect of a more serious nature
Except on prescription of a physician, corrective exercises should never be
given 1n such cases
Hollow Back There are two types of hollow back which in resistant stages
15 called Jordosts The simpler 1s merely an exaggeration of the normal lumbar
cunve 1n the more complex type the pelvis 1s tilted forward
The simpler type of hollow back 1s illustrated 1n Figure 168 It 1s assumed
temporanly whenever one carries a weight in the arms held 1n front of im
as when a waiter carries a heavy tray of dishes The muscles of the lower back
are shortened and the abdominal muscles are elongated When this position
1s assumed habitually too much weight 1s thrown on the postenor edges of
the bodies of the lumbar vertebrae 1nd there 1s 1 marked tendency to assume
a position of round shoulders to compensate for the backward shifting of the
bady weight In flexible cases the subject has only to acquire the abihity to
assume the nght position of the spine and then to practice 1t until the habit 1s
established In cases that are shightly resistant there are two kinds of exercises
lg};at ;vﬂl help to elongate the back muscles and to shorten the abdomtnal
ou
Sitting on 1 bench agamst a wall and pushing the t
to make 1t touch the wall in the lumbar rngn 1? goodnﬂl]x(s h;\alcl]t\t‘;::a:‘tiroszg:s—
if taken while sitting on the floor with the knees straight as this tilts thy
pelvis backward and so helps to straighten the lumbar spine ©
An exercise suitable for vigorous subjects 1s taken while lying on the back
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stretching the connecting vessels and crowding the organs below A sagging
abdomunal wall may perrit displacement of the 1nternal organs and contribute
to therr malfunction (Fig 167)

The lack of suitable muscular tension 1n the abdominal wall has another
effect 1t leads to dilation of blood vessels 1n the digestive organs favoring
inflammatory conditions The presence of fat adds to the weight and hence
to the tendency to sag and to the distention of the wall

Herma or rupture 15 a protrusion of some abdominal structure through
an opentng 1n the abdominal wall The weakest point 1n the abdonunal wall
1n the male 1s usually the mguinal canal just above the groin and near the
crest of the pubes 1n the female 1t 1s usunlly the femoral canal, where the
femoral artery crosses the nm of the pelvis this 1s shghtly laterl to the
inguinal canal The immediate cause of a hernia 1s usually some sudden and
violent contraction of the abdomunal muscles due to a fall or other aceident
or to a violent fit of coughing forcing a portion of the intestine through the
weakened spot Sometimes no definite ymmediate cause can be assigned
The real cause 1s a weakness of the abdonminal wall

When a hermia has occurred once 1t 1s hable to occur agamn since the
protrusion stretches the ring of fissue and makes the opening larger The
cure 1s accomplished by a stmple operation

Prevention of visceral ptosis and herma 1s by mamtaiming the strength
and thickness of the abdomnal wall Sedentary life predisposes to these
troubles by lack of bodily activity that 1s the natural means of its development
It also encourages a deposit of fat 1n the mesenteries, the weight of which
tends 10 increase the sagging Quiet breathtng scarcely employs the abdomnal
muscles at all, siting, either when bending forward or leamng agamnst 2
support makes 1t unnecessary to use them i mamtaming the posture Walk
1ng, runming and active games and sports bring them mnto action 1 the natural
way and so these activities are the best means of development and the best
preventive measures Special exercises 1n bending twisting raising and
lowering the trunk and moving the lower limbs can help if carefully used but
they are apt to be used too violently and for too short a time

Round Shoulders This fault 1n 1ts early stages consists merely of a forward
drooping of the head and neck with a consequent abduction of the scapula¢
due to stretching of the middle trapezius and the rhomboids The unbalanced
position of the head pulls forward on the extensors of the upper spme
stretching them and causing fatigue The head and neck are thrust forward
and the chest 1s flattened because the lowering of the origins of the sterno
clerdomastord and the scalem muscles permuts the ribs to fall In the later
stages an ncreased convexty of the normal thoracic curve of the spine 2
postural fault known as kyphosis 1s produced In this position the weight
of the arms and shoulders accentuates the kyphosis and shoulder girdle
abduction

Causes and Frequency Round shoulders 15 the most common fault of pos
ture Nearly all school occupations including reading wniting drawing
solving problems 1n mathematics hibrary work and laboratory work keep the
head bent forward so that the eyes can be used to direct the work of the hands
or to read the printed page Fortunately there are other school occupations
such as working at the blackboard reading from charts looking at illustrative
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some careful work with the help of the instructor a few will learn to control
the tilt of the pelvis at will, and then the nght habit cin be established with
compcitne eisc Others cin learn to heep the front of the pelvis up by
tiswng carclully and slowly from the situng position, contracting the abdom
inal muscles first and then the hamstnings, with as little tension 1s possible
on the back muscles 1nd the flexors of the hips If the ihofemoral ligaments
are short, they will tilt the pelvis forward n spite of 11l the muscles can do
to prevent it

When the flexors of the hups and iliofemoral Iigaments arc yust a httle
short 1t may be possible to stretch them 1n the following manner lying flat
on the back on the floor knees extended, try to press the Jumbar part of
the back closc to the floor possibly putting onc hand there and trying to
press the back agamst 1t will help 1n the coordination The work has to be
done by the hamstrings and abdominal muscles, against the resistance of

>

Fic 169 —The bicycle exercise (Drew)

the back muscles flexors of the hips and iliofemoral igaments A variation
that will sometimes help 1s this flex the knees a few degrees shding the
feet along the floor toward the hips then press the back down agawnst the
floor now while holding the back down slowly extend the knces This uses
the extensors of the knees along with the hamstrings and abdominal muscles
to stretch the flexors of the hips and the 1liofemoral hgaments

Flat Backh Flat back 15 the absence of the normal lumbar curve 1t 1s a
reversion to the posture of the apes whereas hollow back 1s too great a de
parture from 1t Here the pelwis 1s held too flat the hamstrings being short
and the flexors of the hips and 1lofemoral ligaments too long 1t may be
developed by a habit of sitting with the hips forward and the lumbar cfxrve
obliterated As 1n the former case when the condition 15 flextble a better
coordination can be acquired and a new habut of holding 1t established the
r;}ght position may be acquired by nsing slowly from the sitting posttion with
the trunk held well forward fixing the position of the pelvis by contraction of
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on the floor with the hips flexed until the feet are vertically over the face and
12 to 18 mches away from 1t the hands or a pillow may be used to hold the
hips off the floor From this position move the feet tn a circle as large as can
be made convenently The back muscles are kept in a stretched position and
the abdomimal muscles used moderately 1n a shortened posttion The so called
bicycle exercise 1s easier here the hips are against the wall and the lower imbs
extended upward along the wall, from this position one limb 1s flexed and
extended 1 alternation with the other, as in bicycling (Fig 169)
When the pelvis 1s tilted too far forward we have not only a wrong coor
dination of the flexors and extensors of the trunk but also a wrong coord
nation of the flexors and extensors of the hips at the same time In this case

A B [o] D E

FiG 168 —Tracings made with pantograph showing normal posture lordosis and
flat back 4 normal Band C lordosis D and £ flat back

the back muscles and flexors of the hips are shortened, while the abdommal
muscles and hamstrings are elongated It will do no good to correct the
coordimation of trunk muscles alone or of lip muscles alone all four groups
must be adjusted and controlled to keep the pelvis in 1ts proper degree 0
inchnation

It will be readily seen that the exercises that have been described to correct
the simple hollow back will not be of any use when the pelvis 1s inclined t00
far forward None of these exercises will help to elongate the flexors of the
hips and the leg archng exercise described above will stretch the ham
strings still more In flexible cases having especially good powers of coord!
nation, the subject will be able to correct the wrong tilt of the pelvis by
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comvex side, and this 15 what would be observed if the curve were due o
unopposed action of the longitudinil muscles However, clectromyographic
studies hve shown that 1n the mayonty of cases the muscles on the concive
side are weaher than normal This is attnbuted to the fact thit imbalance of
the deeper muscles (senuspinabis multifidus, nd rotatores) 1s the mun fictor
in producing the deformuty These deep muscles tre tmportant rotators When
those of one side are paretic, the unopposed action of the muscles of the
opposite side rotate the vertebrae into a scoliotic position?? 30 (Fig 170)
In some cases, however, the muscles on the convex side arc trophied and
those on the conce side are contricted Changes then take plice which

FIG 171 —Scohosis due to unequal leg length resulting from poliomyelitis con
tracted 1 mfancy A total night scoliosis 1s extibited The right gluteal crease 15
2 inches lower than the left the dimple at the posterior superior 1hac spie 15
lower on the night and the nght 1hac crest and the anterior superior spine are Jow

cannot be explained on the basis of muscle imbalance alo

ne 31 The complex
ties involved 1n scoliotic defects should make 1t obvious that physical eguc::
tors and therapists should not attempt to  correct them without the advice
ang gu\dimce of a qualified physician

ateral curvature lessens the ability of the s

pine to support the
weight distorts the body cavities and crowds the organs outl:)I;' place a::lng;
ig;:[l:i:e;li cases1 cgus?s pressure on the spinal nerves where they pass out of the

canal Scoliosis usually begins with a single C o
urve s
:?dt:((l;x:r‘ lslledel:) ot:lut sifice most people are right handed the musclesT :rll t}r::ar}: gtlﬁ
y are ge
. generally stronger and the convexity tends to develop
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the extensors and flexors of the hips, and finally comng to the erect posture
by extension of the lumbar spine

A combination of flat back and round shoulders gives the “gonilla type
of posture, 1t 1s commonly seen 1 weak and fatigued cases

Fig 170 —The above 1llustration of a segment of the spinal column demonstrates
the manner 11 which the unopposed action of the deeper muscles of the spine
(semtspinalis multifidus and rotatores) causes the vertebrae to rotate intoa scoliotic
position when the muscles of the opposite side are paretic (Allbrook )

Lateral Cunature Lateral cunvature of the spine which mn pronounced
stages 1s called scoliosis 1s a sideward deviation It represents 1 combination
of lateral dewiation and longitudinal rotation One mught expect that the
muscles on the concave side of the curve would be stronger than those on the
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n the erect posiion In our scdentary culture 1t 15 probable that people
actully spend more time stuing than they do stainding As 1n standing,
seated posture 15 muntuned by rregular volleys of action potentinls but
the furmityre itself my force the body 1o assume one position or nother
Long continued poor seting habits may result in degenerative tissue changes -
and pun It 1s only within recent yeirs that the study of anitomical and
physiologienl principles tnd anthropometric data has provided 1 basis for the
scientific design of furmiture Among these data are the following

1 Frequent changes of position ire important in preventing fatigue A
chur should permat the sitter to move about, rather than restrun himn a
given position

2 Comfort 1s 2t 1 m xamum when the weight of the trunk 1s borne mainly
by the 1schunl tuberosities The soft tissues of the thigh are incapable of

1)

FiG 172 —Straightemng a lateral curve by use of 1 key note position

affording good support They compress under the body weight affecting the
muscles blood vessels and nerves, with consequent discomfort and possible
numbness tinghing or anesthesia A number of cases of thrombosis of the
decp leg veins due to continued sitting during long automobile rides3? or while
watching TV programs33 have been reported in medical Iiterature

3 The height of the seat should be designed to Prevent undue pressure on
the soft tissue of the posterior aspect of the thigh It1s generally recommended
that the height of the seat be slightly less than the length of the lower l¢; whe
tfhe foot 1s flat on the floor and the knee bent at a right angle Marked d%scorf'xn
'I?}:; ‘ds :I;\;Sz?' ::5:::;3 \s‘\;:'ndll are so high the sitter s feet do not reach the floor
O
P backl(l) ;1!:: i‘;l; that the edge of the seat does not exert
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to the left The condition tends to be more prevalent 1n girls and among
ectomorphic types but s not confined to either The curvature may extend the
whole length of the spine or 1t may be localized A C curve may tilt the head
sideways 1n which case there 15 a reflex tendency to right it until the eyes are
again level Over a period of time this righting reflex creates a reversal of the
C curve at the upper spinal levels producing an S curve Further attempts at
compensations may appear, creating additional undulations in the curve

In the early stages scoltosis may be functional, or postural These terms
indicate that the curve can be obliterated by voluntary effort or by hanging
from the hands In the later stages the condition becomes reststant or stric
tural and the curve can no longer be so obliterated Many physicians classify
all S curves as structural regardless of the degree of flexibility which they
present Therapists and corrective physical educators should refer all cases
of scolioss to a physician before any attempt at correction 1s made Once a
structural curve 1s established corrective exercises may produce a compen
satory curve rather than an abolition of the pnimary curve 31

Scoliosis may be caused by numerous umlateral conditions 1ncluding the
following

Hereditary defects 1n structure

Deterioration of vertebrae ligaments or muscles as the result of infections
or diseases

Umlateral paralysis of spmal muscles

Unilateral short leg

Umnilateral flat foot or pronation

Imbalance of muscular development as the result of occupation or habit

After ruling out the necessity for surgical or medical treatment the physt
c1an may refer scoliosis patients to a therapist or corrective physical educator
for special exercises Correction of unilateral foot defects often eradicates
functional curves and elimination of such habuts as that of standing on one
foot may be of value Inschools physical educators should screen all scoltotic
pupils for umlateral vision and hearnng defects which may cause scoltosts
and which require referral to medical specialists Seat and desk adjustments
should also be checked

Ke) nofte Positions Cases of lateral curvature are so varied and the com
plications are so many that correction 1s largely an ndividual matter  Key
note positions have been much used for the correction of flexible cases The
key note position 1s a device to help the subject in assuming the correct
position When he tries to stand straight and shows a thoracic curve convex to
left raising the right arm to a certain height may bring muscles into actton
that will pull the spine strught 1n some cases 1t may require raising both arms
but to different positions when the curve 15 low 1t may require a sideward of
diagonal position of one foot When a position 1s found that brings the spine
to a vertsical and straight positton that 1s the key note position for that
case The subject practices this posiion many times and he takes pans 11
returnming to the fundamental position to hold his spine n the erect position
if possible 1n this way he gradually acquires ability to assume the erect post
tion at will (Fig 172)

Seated Posture Statements about posture usually refer to the mdividual
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oppostte dircction Thus, posturil defects are seen 15 tot1] body phenomena
tending to occur simultancously at several Ievels

Posture 1s 1 dynamie, not 1 static concept The body 1s scldom stationary
for more thn a few moments ofien 1t 1s enpaged 1n movements of greatly
varying extent 1nd direcion The neademic emphasis on static positions
serves to stmphfy and clinfy the cxplanation of postural mechamsms The
understandings derived from v study of staties can be applied to the imitless
number of dynamic situttions of the body and the student should never be
musted 1nto forming a static concept of postural relntionships
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4 Churs should have a back rest providing support to the lumbar region
of the sitter s spine m order that the lumbar erector spinae may be relaxed
without full flexion of the trunk and undue ligamentous strain

S Axiomatically the sitting worker s elbows should bear the same relation

-to hus work table 1s they would 1f he were standing This height vanes accord
ing to the work to be done and the amount of pressure 1t 1s necessary to exert
For clerical work the forearms should be approximately horizontal 34

The push and pull forces which can be exerted 1n seated positrons have been
carefully studied at the Umiversity of Michigan 35 36 It has been shown that
1n 1ddition to muscular forces such factors as bracing of the body inertia of
body dead weight position of the body mass relative to its support, and fric
tion between the body and the seat must be considered 1n any analysts of the
principles of body mechanics The failure of earlier 1nvestigators to consider
these potnts has resulted 1n considerable uncertainty regarding the apphcation
of their experimental findings to practical situations

Low Back Problem Medicine has been defined as ‘a science that deals
with the faillure of adaptation of the human orgamsm to environmental
stress 37 One of the most common of these failures of adaptation results
1n the so called low back problem Of all the mammals only man shows
evidence of lumbar breakdown but i him 1t occurs with distressing fre
quency A tilted pelvis places the lower lumbar vertebrae n such a position
that compression forces tend to cause 1 superior vertebra to shp antersorly
over an mferior one The powerful erector spinae, the rectus femorrs, the
tensor fasciae latre and the tho tibial bands act to bring the spine mnto hyper
extension The principal muscles counterbalancing this effect are the abdom
inils which are usually weak from disuse With weak abdominals poot pos
ture may result the lordotic curve 1s augmented the center of gravity of the
body falls posterior to the bodies of the lower lumbar vertebrae and the
tendency for the lumbar vertebrae to shp 1s correspondingly ncreased In
Juries of this type almost always occur 1n the lumbo sacral area While the
layman often speaks of sacro thac strains the vertebrae of this area are sO
strongly held together that mjuries of this type seldom occur to them Pro
gressive resistance exerctses designed to strengthen the back and abdommal
musculature and to reduce the strength imbalance between the back extensors
and the trunk flexors appear to provide relief from chronic, painful low back
symptoms 1n a high percentage of cases 38

Interrelationships of Posture Defects Although the subject matter of this
chapter has been organized on a segment by segment basis for clanty of
presentation the student of posture must integrate his thinking on a total body
basis Muscles and ligaments are arranged so that they cross jomnts Any
tenston n them will cause an equal pull at both of their ends This arrange
ment may be Iikened to the links of a chain which forms an endless belt
Under 1deal conditions the various segmental tensions of this endless belt
will be mutually neutralizing so that the parts of the body are held precisely
n equilibrium The main force which can upset this equilibrium 1s gravity
which pulls constantly downward Normally the downward gri\VlmllOﬂa]
pull on any body part1s borne on the or structure drately below
it but if any body part deviates significantly from vertical alignment s
weight must be counterbalanced by the deviation of another body part int the
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opposite dircction Thus postur il defeets are scen 1s tot1l body phenomena
tending to occur simultncously at sever1) levels

Posture 1s a dynimic not a static concept The body 15 scldom stationary
for more than a fow moments often, 1t 1s engaged 1n movements of greatly
rarying extent and dircction The cademic emphasis on static positions
serves 1o simplify and clanfy the explination of postural mechamsms The
understandings derived from 1 study of statics cin be applicd to the imitless
number of dynamic situations of the body and the student should never be
msted 1nto forming 1 static concept of postural relationships
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Chapter 19

Walking, Runming and Jumpmg

WALKING

Individual differences 1n walking appear as soon as a baby takes its first
steps 1 In part, atleast these differcnces are due to inherent structural features
which are not under voluntary control and which it the possible types of
movement Elftman? lists three such features

and configurations of the bones

2 Restriction of movement 1n the jomts

3 Distnbution of mass 1n the members
There 1s reason to believe that locomotion 1s an individual matter each
person tending to assume a type which 1s the most efficient for s particular
structure

In ordmary walking six distinct features require special attention (1) the
contact of the foot with the ground (2) the position of the feet (3) the move
ments of the center of gravity (4) the transmission of weight stresses (5) the
energy expenditure and (6) the muscular functions 3

The heel usually strihes the ground first The body wesght is then trans
mitted forward along the lateral peniphery of the entire foot, and finally
passes to the metatarsal heads as the step 1s completed The supporting
phase of one leg largely comncides with the swinging phase of the other but
there 15 usually a transitional peniod during which both feet are 1n contact
with the ground The mechanical shock of the transfer of body weight from
foot to foot 1s cushioned by a flexion of the knee

The majonty of mndividuals toe out 7 5 degrees for each foot with a range

from 10 degrees 1n toeing to 20 degrees out toemng apparently falling within
normal fimits This angle 1s beheved to represent an adaptation of the body
to the problems of support resulting from assumption of the vertical stance
and the consequent elevation of the center of gravity It 1s produced by lateral
or medial rotation of the thighs and may be different 1n each foot 3
Progression 1s best measured by the movement 1n space of the center of

gravity * since from 1t the velocity and acceleration of the body as a whole
* In man the height of the center of gravity 1s about 56
1t 15 about 55 per cent of her height Y 1t 30 per cent of hus height 1 women

359
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WALKING

Individual differences 1n walking appeas as soon as a baby takes s first
steps ! In part, at least, these differences are due to inherent structuraf features
which are not under voluntary control and which limst the possible types of
movement Elftman? bists three such features

1 Dimenstons and configurations of the bones

2 Restriction of movement n the joints

3 Distnbution of mass n the members
There 1s reason to believe that locomotion 1s an mdividurl matter each
person tending to assume a type which 1s the most efficient for hus particular
structure

In ordsnary walking six distinet features require special attention (1) the
contact of the foot with the ground (2) the position of the feet (3) the move
ments of the center of gravity (4) the transmussion of werght stresses (5) the
energy expendsture and (6) the muscular functions 3

The heel usually strikes the ground first The body weight 15 then trans
mitted forward along the lateral periphery of the entwre foot and finallv
passes to the metatarsal heads as the step 15 completed The supporting
phase of one leg largely comncides with the swinging phase of the other but
there 1s usually a transitional period during which both feet are 1n contact

with the ground The mechamical shock of the transfer of body weight from
foot to foot 1s cushioned by a fiexion of the knee

The majonity of individuals toe out 7 5 degrees for each foot, with a range
from 10 degrees 1n toemg to 20 degrees out toeing apparently falling within
normal hmuts This angle 15 believed to represent an adaptation of the body
to the problems of support resulting from assumption of the vertical stance
and the consequent elevation of the center of gravity Itis produced by lateral
or medal rotation of the thighs and may be different 1n each foot 3

Progression 1s best measured by the movement 1n space of the center of

gr::vnty * since from 1t the velocity and acceleration of the body as a whole
In man the height of the center of gravit b
1015 o 55 g ot OF ho center gravity 1s about 56 per cent of his height 1n women
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can be computed In normal walking the center of gravity describes a sinus
oidal curve 1n both the vertical and the honizontal planes The amount of
vertical displacement 1s about 4 6 cm , the horizontal displacement 15 nearly
the same Since these two displacements are about equal, the movement of
the center of gravity in the body forms a figure of eight occupymng approxt
mately a 5 cm square 4 The longer the stride, the greater the movement of the
center of gravity with each step
By translating the center of gravity through a smooth smusoidal pattern
of low amplitude the body succeeds in conserving energy The pattern 1s
flattened by means of five separate but coordinated mechanisms
1 Pelvic rotation In walking the pelvis alternately rotates right and left
This elevates the extremities of the successive arcs formed by the passage of
the center of gravity
2 Pelvic tilt In normal walking the pelvis tilts downward about 5 degrees
on the side of the non weight bearing hmb This depresses the amphitude of
the summuts of the successive arcs
3 Knee flexion The body weight passes over the supporting Jeg at a time
when the knee 15 beng flexed The magmtude of this flexion 1s about 15
degrees The flexion also lowers the amphitude of the successive ares
The total effect of this elevation of the extremities of the arcs by pelvic
rotation and the depression of the summts of the arcs by pelvic tilt and knee
flexion 15 to cause the sinusoidal curves to more nearly approach a strarght
line and thus materially reduce the range of flexion and extension which would
otherwise be required at the hip jornt
4 Foot and knee mechanisms As contact with the ground 1s made by
the heel the foot 1s dorsiflexed and the knee jont 1s fully extended, so that
the center of gravity attains its maximum depression As the weight passes on
to the forefoot and the heel 1s raised the knee flexes so that abrupt infleions
of the arc of travel of the center of gravity are smoothed into sinusoidal
waves
5 Lateral displacement of the pelvis Horizontal deviations of the center of
gravity also aid 1n teplacing sharp mnflexions with smusoidal curves in the
horizontal plane This movement 1s greatly exaggerated mn competitive walk
ng 1n order to achieve a longer stnde
It has been estimatedS that the person whose work requires him to be on
tus feet takes 19 500 steps daily If he weighs 150 pounds, he will beat into hus
shoes about 3 000 000 pounds per day In walking at the rate of 120 three foot
steps per minute one advances at the rate of 4 I mp h Each foot 1s at rest
on the ground for one half second then moves forward six feet and comes
to rest again in the next one half second The moving foot passes the stationary
foot at a maximum speed of about 128 m p h The maximum acceleration 15
approxsmately 3 7 g 8 Osaillations of the extremities are independent of oscilla
n1ons of the body s center of gravity but are an important factor in the meta
bolic cost of progression
The optimal horizontal walking rate for women appears to be about 24
mules per hour 7 for men 1t 1s approximately 3 5 mules per hour 8 although
varous studies show shght deviations from these figures Walksng at the rate
of 35 mph requres an energy expenditure of approximately 4 8 calores
per minute © divided approximately equally between the movement of the leg
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and the moyement of the center of grasity There re sather large individual
differcnces n encrgy cost howener, since muscutar trmmng and efficiency,
waight of clothing (pirticul iy shoes) differences in posture, length of stride,
frequency of sinde, nnd rhyvthm of mevement hve been found to ffect the
cnergy expenditure ¢

The hinesiology of Walking The sequenee of muscle mosement in the lower
extreminies dunng wilking has been studied by use of the clectrobnsographt!
and by the clectromyopriph 12 As the weight ts transferred from the left
forefoot 1o the nght heel the muscles of the feft lep except the ks an
tenor contract In the nght leg the dorsifiexors {extensor digitorum longus
tibialis antenor 1nd extensor hallucis longus) and the tbialis postenior con
tract The former provide 1 controlled appro ich of the plantar surface of the

EFFICIENCY

» L—-—-—-—_---

30 35
MILES PER HOUR

EFFICIENCY WALKING

Fic 173 —Effect of rate on efficiency in walking

foot to the ground The contraction of the latter 1s responsible for the custom
ary wear on the lateral side of the shoe heel Shortly after the heel strikes the
ground the glateus maximum begins to contract to prevent the pelvs from
dropping forward As the left foot enters the swing phase 1t 1s held 1n dor
sifiexion by the contraction of the muscles histed above 1n order to provids
adequate clearance between the foot and the ground The forward sﬁun ; 7
the Ieg 15 carried out by the hip flexors At the end of the swing the hamstrg .
act to halt the forward movement The extent of the rotation of the elvmgs
lfargely controlled by the abductors and adductors As the weight on tll)le r:s lﬁ
0ot moves forward to the mudtarsal Tegion the tihalis ante :
and tendo Achullis contract and the tibialis (< the werght

posterior relaxes As the w
comes down upon the entire plantar surface of the foot the peroner t:;g;lc:
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can be computed In normal walking the center of gravity describes a sinus
oidal curve 1n both the vertical and the honizontal planes The amount of
vertical displacement 1s about 4 6 cm  the horizontal displacement 15 nearly
the same Since these two displacements are about equal the movement of
the center of gravity in the body forms a figure of eight occupying approu
mately 2 5 cm square 4 The longer the stride, the greater the movement of the
center of gravity with each step

By translating the center of gravity through a smooth sinusoidal pattern
of low amplitude the body succeeds in conserving energy The pattern 1s
flattened by means of five separate but coordinated mechanisms

1 Pelvic rotation In walking the pelvis alternately rotates night and left
This elevates the extremities of the successive arcs formed by the passage of
the center of gravity

2 Pelvic tilt In normal walking the pelvis tilts downward about 5 degrees
on the side of the non weight bearing imb This depresses the amphtude of
the summuts of the successive arcs

3 Knee flexton The body weight passes over the supporting leg at a time
when the knee 15 being flexed The magmtude of this flexon 1s about 15
degrees The flexion also lowers the amphitude of the successive arcs

The total effect of this elevation of the extremuties of the arcs by pelvic
rotation and the depression of the summuts of the arcs by pelvic tilt and knee
flexton 1s to cause the sinusodal curves to more nearly approach a straight
hine and thus matenially reduce the range of flexson and extension which would
otherwise be required at the hip joint

4 Foot and knee mechanisms As contact with the ground 1s made by
the heel, the foot 15 dorsiflexed and the knee jont 15 fully extended so that
the center of gravity attains its maximum depression As the weight passes on
to the forefoot and the heel 1s raised the knee flexes so that abrupt inflexions
of the arc of travel of the center of gravity are smoothed tnto sinusoidal
waves

5 Lateral displacement of the pelvis Horizontal deviations of the center of
gravity also aid 1n replacing sharp inflevions with sinusoidal curves n the
honizontal plane This movement 15 greatly exaggerated 1n competitive walk
g 1n order to achieve a longer stnde

It has been estimatedS that the person whose work requires him to be on
his feet takes 19 500 steps dmly If he weighs 150 pounds he will beat mto his
shoes about 3 000 000 pounds per day In walking at the rate of 120 three foot
steps per minute one advances at the rate of 4 I m p h Each foot 1s at rest
on the ground for one half second then moves forward six feet and comes
to rest again i the next one half'second The moving foot passes the stationary
foot at a maximum speed of about 128 m p h The maximum acceleration 1s
approximately 3 7 g 6 Oscillations of the extremities are independent of oscilla
nions of the body s center of gravity but are an important factor in the meta
bolic cost of progression

The optimal honzontal walking rate for women appears to be about 24
mules per hour 7 for men 1t 1s approximately 3 5 miles per hour # although
various studies show slight deviations from these figures Walking at the rate
of 35 mph requires an energy expenditure of approximately 4 8 calones
per minute,® divided approximately equally between the movement of the leg
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As the individunl progresses the lower extremities lternite in therr function,
cach in turn drving and supporting while the other swangs forward

The foree resulung from the extension of the drising leg may be broken
down 1nto three components  verticd component which acts agunst the
pul of gravity and supports the body, and two honzontal components One
of these acts 1n the dircction of progress, and the other, which 1s relatively
insigmficant, acts at 1 night sngle to the preceding component When one
foot 1s on the ground 1t supphics a small force 1n the medsal direction This
component will not be included in our discussion

These are the simple mechameal features charactenstic of our forward
progresston Needless to sty thuis brief analysis 15 inadequate 11 1s nceessary
to study cach individual mosement made by the body, when walking or
running 1n order 10 understand its contribution to the entire activity

Forward Inclination of the Body Immediately before stepping forward
the trunk 1s inchined toward the direction of progress The purpose of this
forward inclination of the trunk 1s to place its center of gravity more nearly

wINGING PHASE SUPPORTING PHASE

\/Q\f\/

GROUND LINE

Fi6 175 —Diagrammatical representation of the action of the leg 1n the swinging
and supporting phases, while walking

in a direct line with the force exerted by the dnving leg In this way, man
1s better able to overcome air resistance and the mertia of the trunk If he
fails to incline the trunk forward he finds that the leg drive will carry the
lower portion of the trunk forward well enough The center of gravity of the
trunk however 15 above and behind the force exerted by the dnving leg
therefore the inertia of the body 15 not overcome directly, and 1n effect will
exert a torque about the hips 1n the reverse direction This will tend to cause
a person to fall over backward
The faster a person antends to walk or run the greater should be the
mfclmahcn of the trunk This 15 because the major horzontal component
fheit::r{mce supplied by the driving leg 1s relatively greater as compared to
el ‘_D:Val ::iomponem (Fig 174) Similarly, 1t will be found necessary to bend
Yontal Coar when walking 1nto a strong wind Here again the major hon
Tl & mponent of the driving force must be increased 1n order to over
© great increase 1n air resistance In each case the increased forward

mchnation brings th
the dnving fopes, e center of grawity of the trunk more nearly in line with
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Achillis and extensor digitorum communis are 1n contraction partially to
prevent dorsiflexion of the foot Further contraction of the gastrocnemuus
and soleus, assisted perhaps by the other plantar flexors, provides the force
to elevate the heel and the weight shifts on to the forefoot As the metatarsals
strike, the abductor hallucis and flexor digitorum brevis begin to contract
although their action 1s not yet clear The peroner and extensor digitorum
place the foot into valgus as a preliminary to the transfer of the weight from
the lateral to the medial side, while the extensor digitorum communts opposes
the tendency for plantar flexion of the toes The body weight 15 now trans
ferred from the great toe of the right foot to the heel of the left foot and the
cycle of muscular contraction and relaxation 1s resumed

CENTER OF
', GRAVITY
\

A}

1
Ay
A
A}
Ay
\

VERTICAL COMPONENT

HORIZONTAL
COMPONENT

_CROUNDLINE o~ m——————

FIG 174 —The total force exerted by the driving leg while walking and 1ts relation
ship to the center of gravity of the body The two major components are shown

Mechanics of Walking Essentially man propels himself forward by alter
nate and rhythmical drives from the legs The body 1s inclined forward 1m
mediately after which the driving or supporting leg extends and pushes the
trunk forward When the forward motion of the trunk brings 1ts center of
gravity past the forward edge of its supporting base (the tocs of the driving
foot) the pull of gravity tends to cause the body to fall forward and down
ward At this pomnt the other leg 1s swung forward and placed on the ground
This supplies 2 much wider base for support and saves the body from the fall
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momentum of the leg wsoaated with extension of the hnce Just before
contact with the ground, torque may be exerted by the ip extensors to slow
down the forw1rd swing
At the start of the Torward swing the hip, hnee nd ankle are 2l in com
plete extension As the leg swangs forw ird, fiexion of Al the joints increnses,
espectally t the knee and inkle This flexion 1t the knee 1nd ankle 1s 1n
order that the foot will not serape on the ground When the foot has passed
under the body, the tup of course, continues to flex, but the hnee extends
This 1s not neeessanly an 1ctive muscular extension, the momentum of the
leg, coupled with the <light restrunt exerted 1t the end of the swing by the
extensors of the hip 1cts to extend the hnee When wathing rapudly or
running the swinging phise requires less time and the extensors of the
knee function 1n order thit the knee be extended when the heel strikes the
ground The ankle extends shgltly afier prssing under the center of gravity
and 1s ner its normal position when the heel strskes the ground
Combining the Swinging and Supporting Phases While the leg supports
the body and propels 1t forward the other leg swings forward to make
contact with the ground When walking the time required for the swinging
phase never exceeds that needed for the supporting phase When walking
slowly, there will be an overlapping of the two phases and both fect may
be on the ground s much as 30 per cent of the ime As the speed 1s increased
the supporting phase 18 shortened far more than the swinging phase, and the
penied of overlapping or double support decreases or vanishes completely
When the time required for the supporting phase becomes less than that
required for the swinging phase the swinging phases overlap and there will
be a period when both fect are off the ground At this point the individual has
ceased to walk and has commenced to run
Vertical Mosements of the Peluis Because the legs alternate rhythmically
with penods of support and non support so the pelvis finds tself supported
alternately first on one side and then on the other If progress 1s slow, there
will be periods when 1t 1s supported on both sides Because the extent of sup
port depends upon speed of progress 1t 15 difficult to provide an accurate
description of the vertical movements of the pelvis when walking The pelvis
1s at 1ts lughest point on the supporting side when the center of gravity 1s
directly over the pomnt of support The lowest pomt 1s found 1n the forward
swinging phase of the Jeg Just before the foot strikes the ground Intermediate
conditions are dependent upon the length of the period of double support
Rotation of the Pelvis and Legs When the swinging leg advances the
pelvis on the same side 1s carried forward to a greater degree than 1t 15 on
the opposite side When the other leg swings ahead the situation s repeated
but the oppostte side 15 nvolved The amount of rotation produced 1n this
r:ranner will vary greatly but the width of the pelvis and the speed of walking
\3‘};'::!11% arlz major fat;tors dand th G o th
e leg swings forward and that side of the
and rotates the foot should rotate nward This does ES{VAZ;ZXEISn[z:aﬁ
walking the toes always pointing straight ahead Therefore the thigh s
be rotated outward along with the forward swing Likewise after %henf‘: ot
C}t:mams the ground there 1s an equal amount of mward rotation dum;J .
the supporting phase to compensate for the opposite rotation of the pelv;sg
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The Supporting or Driing Leg—The First Step  When the center of
gravity of the trunk has moved forward to the optimum posttion which n
very slow walking 1s a little back of the hine of force to be exerted by the
dniving leg but advances as the speed of walking 1s increased, the leg 15
extended at the hip knee and ankle (Fig 175)

The vertical component of force serves to support the body against the
pull of gravity and the horizontal component propels the body forward
the two acting together accelerate the trunk forward and upward Dunng
forward progress the foot 1s fixed the pelvis moves forward and the angle
the leg makes with the ground decreases The force exerted by the leg
changes as the leg approaches complete extension and the relative magnitudes
of the honzontal and vertical components also change

Once the body 1s 1n forward motion the second and subsequent support
g phases differ only 1n that the supporting phase starts when the swingmg
leg strikes the ground The force exerted by the leg at this pomt also may
be resolved into two components As before, the vertical component sup
ports the body as soon as contact 3s made with the ground but the hon
zontal component acts as a slight restraint to forward progress and shightly
reduces the efficiency of the operation With the forward movement of the
body this restraiming force becomes progressively smaller and finally disap
pears when the center of gravity of the trunk 1s directly over the pomt of
support The pomnt of support, however 1s indefinite, shifting from the heel
to the ball of the foot as the trunk moves forward This restraimng foree
may assume great magmitude when one wishes to come to a sudden stop

‘When the supporting leg first makes contact with the ground, 1t 1s in almost
complete extension, but flexes slowly unul the center of gravity of the trunk
1s directly over the poimt of support At this point extension begins and con
tinues until the supporting phase 1s terminated

Extension occurs at the hip, knee and ankle Ankle extension 1s delayed
somewhat but persists longer than at the knee When the heel hfts from
the ground the knee 1s usually completely extended, but the foot and ankle
continue to act Extreme extension (plantar flexion) of the ankle acts to
lengthen the supporting leg and by transfernng the supporting area from
the heel to the ball of the foot permuts the time the force 1s exerted by the
leg to be longer than otherwise

Action of the Swinging Leg Upon completion of the supporting phase
the leg 1s ifted and swung forward n order to mtiate a new supporting
phase The Weber brothers taught that the swinging leg acted as a pendu
lum 1n 1ts forward motion The fact that the knee flexes in the forward
swing 1s sufficient to invalidate the pendulum concept Studies on the accelert
tion of the imb by Braune and Fischer and later by Fennt3 15 and by
Elftman 2 16 18 definitely show that the leg does not act as a pendulum In the
case of running the torques exerted by the hip flexors during the first third of
the forward swing are large The forward swing of the leg starts with up and
knee flexion As the speed of walking or running 1s increased so ss the torqué
at the hip increased because the speed of the forward swing 1s largely depen
dent upon the magmtude and duration of the torque exerted by the hip flexors
From the point when the thigh 1s vertical until near the end of the forward
swing the thigh swings freely at the hip except for the impetus provided by the
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momentum of the feg 1socinted with extension of the knee Just before
contact with the ground, torque mny be exerted by the hip extensors to slow
down the forward swing
At the start of the forward swing the hip knee ind nkle are 1l 1n com
plete extenvion As the leg swings forward fievion of nll the jomnts incretses,
espeailly 1t the knee wnd ankle This ficuon 1t the knee and 1nkle 15 1
order that the foot will not seripe on the ground When the foot has passed
under the body, the tap of course continues to flex, but the knee cxtends
This 15 not necessanly 0 1chve muscular extension  the momentum of the
feg, coupled with the shight restr unt exerted 1t the end of the swing by the
extensors of the hup nets to extend the knee When walking ripidly or
runmng the swinging phie requires less time and the extensors of the
knce function 1n order that the hnee be extended when the hecl strikes the
ground The ankle extends shghtly ifter passing under the center of gravity
and 1s near its normal postion when the heel strikes the ground
Combining the Swinging and Supporting Phases While the leg supports
the body and propels 1t forward, the other leg swings forward to mahe
contact with the ground When walling the time required for the swinging
phase never exceeds that needed for the supporting phase When walking
slowly, there will be an oveslapping of the two phases and both feet may
be on the ground as much as 30 per cent of the ime As the speed 15 inereased
the supporting phasc 1s shortened far more than the swinging phase and the
penced of ovetlapping or double support decreases or vanishes completely
When the time required for the supporting phase becomes less than that
required for the swinging phase the swinging phases overlap and there will
bea peniod when both feet arc off the ground At this point the individual has
ceased to walk and has commenced to run
Vertical Movements of the Pelvis Because the legs alternate rhvthmucally
with peniods of support and non support so the pelvs finds stself supported
alternately first on one side and then on the other If progress 1s slow, there
will be periods when 1t 1s supported on both sides Because the extent of sup
Port depends upon speed of progress, 1t ts difficult to provide an accurate
description of the vertical movements of the pelvis when walking The pelus
15 at sts highest point on the supporting side, when the center of gravity 1s
directly over the pont of support The lowest point 1s found 1n the forward
swinging phase of the leg just before the foot strikes the ground Intermediate
co&ilt:to:;: aor;: ‘(:lcpc;dlcm updon the length of the period of double support
pelvis ot e cdm an Lcdgs When the swinging leg advances the
the oppasie s élmtivs}x’ c 1shcarne forward to a greater degree than 1t 1s on
but the op 051 t: 4 en the t{lher leg swings ahcad the situation 1s repeated
el wﬂl[! val sl Ctlls 13\0 ved The amount of rotation produced in this
or runnung arerz'ngrea ry ut the width of the pelvis and the speed of walking
When o ajor factors
and m(atese “e‘g ;;w:lgts‘ fo‘r‘\ivard and that side of the pelvis moves forward
walking the toes ao]wa)os“ ml;](:l:le Slnwm;:l ’l;lhls does not happen 1n normal
be rotated cutward o p thl 1};1 traight ahead Therefore the thigh must
contacts the grouad t}?g with the forward swing Likewise after the foot
the support groun, ere 15 an equal amount of inward rotation dunng
Pporuing phase ta compensate for the opposite rotation of the pelvis
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Pelvic rotation has been emphasized by coaches of competitive walking
and running and 1s commonly referred to as “hip roll  An optimal amount
of hip roll improves runming efficiency by ncreasing the length of strude and
the duration of application of force by the dnving leg
Movements of the Shoulders, Arms, and Head When one side of the pelvis
moves forward dunng the swinging phase the shoulders on that side drop
back to compensate for pelvic rotation The arms also swing in opposition
to movements of the leg The action of the arm 1n the anterior posterior plane
serves to reduce the rotation of the shoulders This can be demonstrated by
holding the hands against the thighs while walking and noticing the mncreased
swing of the shoulders By reducing the swing of the shoulders the arms
indirectly aid 1n keeping the head facing forward otherwise the rotators of
the head and neck would do an enormous amount of work
The arm swing tends to be across the body to a shight degree This 1s
exaggerated 1f the individual 1s short and broad shouldered The sideways
movement of the arms helps to compensate for the sideways movement of the
body caused by the swinging legs and by the fact that the body 1s supported
first on one side and then on the other When walling slowly the arms swing
loosely at the sides and only a little muscular effort 1s employed As speed
1s ncreased so 1s the frequency of the arm swing and the action becomes
much more vigorous and complex With increasing speed, there 1s an increas
g tendency to drive the arms with greater violence and the elbow 1s bent n
order to shorten the arm and make possible the faster alternating movement
which 1s required
Arm action lhike leg action, 1s sometimes modified m spectal forms of
marching Soldiers of the English army are taught to use an exaggerated arm
swing and those of the German army are taught an exaggerated leg move
ment the so called goose step These movements are mechamcally 1n
efficient but are employed when show or ceremony are more mmportant than
efficiency Extensive movements of this type form a direct contrast to the
contracted arm muscles and restricted arm movements seen 11 a runner Who
15 fiIIngup as aTesult of fangue but both decrease efficiency by nterfenng
with the normal balance and respiratory mechanusms as well as by requnng
energy to contract the muscles
The head does not move forward at the same velocity as the trunk, 1ts
velocity being shightly less than the trunk when the body 1s driven forward
by the leg and shghtly greater when no propulsive force 1s being exerted
These fluctuations 1n head velocity are neghgible when walking but increase
to a marked degree when running
Pathological Gasts Paralysts or other causes of defictency 1n tone tn cerfain
muscles often result 1n characteristic types of pathological gaits This can be
touched upon only briefly here students desiring more detailed 1nformation
on such disabilities are referred to the texts by Steindler 19 20

Paralysis of the Gluteus Maximus Shortly after the heel touches the ground
a backward thrust of the trunk begins This 1s completed at the end of the
stance period Its object 1s to move the center of gravity behind the hip Jomnt
and thus prevent jackkmifing of the joint

Paralysis of the Gluteus Medius When the affected leg swings forward
the trunk 1s swayed to the sound side so that the swmging leg may clear the
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ground Dunng the supporting phase the pelvis drops to the sound side To
offsct this the trunk 15 swayed to the affected side

Spastic Gait Contracture of the muscles linders the rhythmie shortening
and lengthening of the legs and the forward and bichw ird swang of the hmbs
The hips become loched nd stabulity 15 further disturbed by adduction 1nd
ward rotition 1t the joint The patient may wilk primanly on his toes
(spastic cquinus gant) or on fus heels (spastic crleneus gut)

RUNNING

When the speed of locomotion excceds 4 mph 1 runming gut becomes
less fuguing than the forced rite of walking although the energy consump
tion 15 increased This results largely from the fact that 4 greater part of
energy cxpended 1n rusing the body 1s utiized tn propelling the runner
forward than s true in the c1se of the walker There 1s an rdditionnl saving
i the reduction of arm 1nd shoulder movements Morton and Fuller2t
huve utiized data collected by the Hamvard Paugue Laborwtory and the
Laboratory of Physiological Hygiene of the University of Minnesota to
compute the metabolic cost of walking and runming at vanous speeds (Table
16,

Inrunning of course there1s no opttmal speed By the very ¢t of breaking
into a run the subject has exceeded the most economical rate of horizontal
locomotion and the energy expenditure increases 1s the speed increases
A series of studies by Fenn 1315 whose findings have been confirmed by
Elftman 16 18 determined that in running At maximum speed the legs work 1t
\_I}_leb]ra(c of approxumately 295 hp His caleulations are summanzed n

able 17

TABLE 16 —Energy Cost of Walking and Running

O3 Used
Method and Speed Cal [Hr Luter{Hr
Walking
23mph 210 43
29 250 51
32 270 55
35 2950 59
40 350 7
46 470 96
Running
57 720 147
69 870 178
}; ; 1300 265
e 2330 477
e 2680 547
2880 588
Sprinting
1 3910 798
186 4740 967
189 7790 1590

9480 1935
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TABLE 17 —Energy Consumption 1n Runmng
(Figures 1n Horsepower)

Chemical Energy from Oxygen Consumed 1300
Energy of Anaerobic Phase of Muscle Contraciion 520
(403 of Total Energy)
Waste in Recovery 780
Total T300 1300
Energy of Anaerobic Phase of Muscle Contraction 520

Total Useful Work n Propulsion
(22 7% of Total Energy Expendrture
this figure may be 10-15% too hugh) 295
Acceleration of Limbs 168
(12 9% of Total Energy Consumption
figure may be 10,4 too low)
Deceleration of Limbs 067
{40% of Acceleration figure may be
9% too high)
Mamtenance of Velocity 050
Overcoming Gravity o010
Total 395 E

Fixation Energy, Waste Heat Frictional Loss
Vertical Movements of the Body Changes i
Horizontal Velocity Wind Resistance Side
wise Movement Movement of the Shoulders eic 225
Total 520 520

@l

In spite of these impressive figures and mn spite of the fact that man 1s
characterized by a comparatively low crural index (ratio of the length of
the lower leg to that of the thigh) which theoretically better fits hum for run
ning than for jumping 22 as a running ammal man falls into the slower group
Just how 1mportant varations of the crural tndex are to runners 1s yet to be
determined

The essential difference between walking and running 1s the absence of a
period of double support and the presence of a period of non support when
neither foot 1s 1 contact with the ground (Fig 176) In order to achieve the
ncreased speed charactenstic of running far more force must be exerted 1n
the direction of progress The vertical force 1s also increased but not to as
great 1n extent In order to accomplish this the angle which the leg, makes
with the ground during extension 1s smaller and the pelvis 15 necessarily
carrted lower

The addittonal force supplied by the extensors of the dnving leg at this
new angle both requires and produces several changes 1n the mechanics of
runmng when compared with walking Then too 1t must be recogmzed that
running speed may vary from the slow jog to the extreme effort of the sprinter
and that the mechamical patterns will not be alike

The lower position of the pelvis necessitates greater flewon of the knee
of the supporting leg when the center of gravity of the trunk passes over the
pomt of support This increased flexion of the knee makes possible a more
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denve of the leg incre 1ses
xtension of the drivng leg The grever
{’}?c“f::;‘;lﬂ: of the stnide The mereased speed ;:oup‘llfd f“(l)lthoft’l:lc]cpsc\?::éu :gf
ter impact when the 1o
non support should result 1n 2 gre o the foo0 o eut does ot
the ground To mimmize the shock, the swing
lncicst“;ll:‘: sgro‘un%i with the heel 1s 1n walking The leg reaches full extension

< . .

oy A~

i i

FiG 176 —Middle distance runners demonstraung the period of non support

and appears to have started back before contact 15 made with the ground
This change of the angle of impact permts the first contact with the ground
to be made by the ball of the foot This of course, cushions the shock and to
some extent reduces the restraining force, because the center of gravity 1s

more nearly over the foot at the mstant of contact than would otherwise
24
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TABLE 17 —Energy Consumption in Running
(E1gures m Horsepower)

Chemical Energy from Oxygen Consumed 1300
Energy of Anaerobic Phase of Muscle Contraction 520
(40% of Total Energy)
‘Waste in Recoverv 780
Total 1300 1300
Energy of Anaerobic Phase of Muscle Contraction 520

Total Useful Work 1n Propulsion
(22 7% of Total Energy Expenditure
this figure may be 10-15% too high) 295
Acceleration of Limbs 168
(12 9% of Total Energy Consumption
figure may be 10%; too low)

Deceleration of Limbs 067
(40% of Acceleration figure may be
9/ too high)
Mamntenance of Velocity 050
Overcoming Gravity a10
Total 295 2%

Fixation Energy, Waste Heat Frictional Loss
Vertical Movements of the Body, Changes in
Horzontal Velocity, Wind Resistance Side

wise Movement Movement of the Shoulders etc 225
Total 520 520

In spite of these impressive figures and 1n spite of the fict that man 1s
charactenized by a comparatively low crural index (ratio of the length of
the lower leg to that of the thigh) which theoretically better fits hum for run
ning than for jumping 22 as a runmng ammal man falls into the slower group
Just how 1mportant variations of the crural index are to runners 1s yet to be
determuned

The essential difference between walking and running 1s the absence of a
period of double support and the presence of a period of non support, when
neither foot 1s 1 contact with the ground (Fig 176) In order to achieve the
increased speed charactenistic of running far more force must be exerted m
the direction of progress The vertical force 1s also sncreased but not to as
great an extent In order to accomplish this the angle which the leg makes
with the ground during extension 1s smaller and the pelvis 1s necessarily
carried lower

The additional force supplied by the extensors of the dnving leg at this
new angle both requires and produces several changes mn the mechanics of
runmng when compared with walking Then too 1t must be recognized that
running speed may vary from the slow jog to the extreme effort of the sprinter
and that the mechanical patterns will not be alike

The lower position of the pelvis necessitates greater flexion of the knee
of the supporting leg when the center of gravity of the trunk passes over the
pomt of support This increased flexion of the knee makes possible 3 more
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powerful extenston of the driving leg The greater drive of the leg 1ncrenses
the length of the stride The increased speed coupled with the period of
non support should result 1n 4 greater impact when the foot of the swinging
leg strihes the ground To minimize the shock, the swinging foot does not
meet the ground with the heel s 1n wtlking The leg retches full extension

Fig 176 —Middle distance runners demonstrating the period of non support

aTnhz?s:;%Ziar: okf:tltx‘ave started back before contact 1s made with the ground
s madSb theeb aﬁgli of impact permits the first contact with the ground
e madet };'ed all of the foot This of course cushions the shock, and to
e exten bees the restraining force because the center of gravity 1s

i rly over the foot at the instant of contact than would otherwise
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be the case The greater the speed of running the less the amount of restramt
caused by the contact of the foot of the swinging leg

As the center of gravity of the body passes over the supporting leg the
heel of the foot may or may not be pressed to the ground Slow running
usually finds the heel on the ground whereas n the case of a sprint, the
heel may not touch the ground at any time

When the supporting leg reaches complete extension and the foot 1s
Iifted from the ground, the knee 1s flexed far more than when walking and
the foot 1s brought up quite high in the rear This, 1n effect, serves to shorten
the swinging leg and reduces the amount of force needed to bring the leg
forward As a result, the runner exerting his maximum effort can swing the
leg forward much faster and greatly increase his speed This 15 important
because the duration of the forward swing of the leg may be a imiting factor
on total speed Increased flexion of the knee 1s also necessary to provide for
clearance for the swinging leg needed because of the lower position of the
pelvis

The arm action serves the same purpose as in walkmg but 1t must be
done with far greater speed 1n order to keep 1n phase with the faster move
ment of the legs This 15 accomplished by a great increase 1 muscular effort
and by bending the arm at the elbow Like flexing the knee n the swimgmg
phase of the leg, flexing serves to shorten the arm and permut greater speed
The tendency to draw the arm across the body increases with the speed

The mechanical features of running like walking may undergo consider
able change with changing speed That there will be differences 1n the form
used by marathon runners and sprinters 1s obvious Endurance bemng a
mayor factor for successful performance, the distance runner 1s greatly con
cerned about economy and must adjust his style and pace to provide for the
greatest effictency Sprinters on the other hand, do not exhaust themselves
after 100 yards They give little thought to the matter of efficiency from the
standpoint of energy utiized and may make great sacrifices m economy to
gain a little added speed

Sprmting It1s important to get away to a fast start under racing conditrons
A yard lost at the outset of a race because of a slow start must be made up
an unlikely event 1n a short race 1f the contestants arc evenly matched A short
reaction time and great driving power are the chief natural prerequisites fora
quick start Good techmque enables the athlete to capitalize on these advan
tages Two artificial aids are employed the spiked shoe and the starting block
The spiked shoe provides a firm base for the dniving leg so that the magmtude
of the horizontal component of force will not suffer because of inadequate
traction The starting block or holes dug 1n the track serve the same purpose
for the 1utial dnive

In the crouch start the low position of the body makes 1t possible for the
horizontal component of the driving force to be greatly mncreased because
the body 1s more nearly directly 1n Iine The legs can also provide a stronger
drive upon extension from this position because the gluteus maximus 1S
brought into play This 1s the result of hip flexson This muscle does not act
to extend the hip when the body 1s more nearly erect

When the sprinter 1s on his mark his weight 15 largely supported on hus
feet and one knee His hands arc on the starting hine and 2 little weight 1
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supported by the thumb nd fingers The position of the feet 15 not exactly
preseribed  Considerable titude 1s pernutted 10 ther distance from the
starting line Sclection should be governed by ascertuming which stince
produces the fastest stirt for 1 given indnvidu @ This 1s determined by the
cnergy supplicd by the combined efforts of the legs The force exerted 1gunst
the ground 1nd the Tength of time 1t s applied are the determining fictors
The front leg scems to exert hout the sime 1mount of foree for the same
amount of time regardless of position As the position of the rear foot 1s
moved bick the force 1t can exert s increased  but 1ts duration will be reduced
Opuimum conditions for the ndividual are a matter of trial and practice The
proper balancing of these factors agunst exch other makes 1t possible to
achieve the fastest start Investigations by Henry2? indicate that for most
indviduals optimum results are achieved when the spacing between the
sprinter s fect at the start lies between 16 and 21 inches Laterally the fect
should be spiced about 7 or 8 inches apart to 1void loss of balanee nd 1o
nsure a direct drive from the feet to the pelvis

Fi6 177 —The start of a sprint race Extension of the dnving leg 1s not complete

Observe that one team starts with the right foot on the rear block and the other
uses the left foot

The get set position elevates the hips to the optimum position where the
legs can exert thew most effective drive The height will vary depending
upon the position of the feet but will always be higher than the shoulders
I.}leon ts}tlanmg thef sudden extension of the hips will elevate the shoulders

row the center of gravity ahead of t| a
throw the ¢ venlcalli y he feet and drive the body horizontally

‘When the race starts the sprinter drives as hard as posstb
It 1s essential that the first few strides be relatively shorI; and ii:geu:v?t(l)\tglllet%\se
force possible 1n order to provide the needed acceleration to reach top speed
quickly The body gradually rises untit full speed has been reached at which
time most sprinters lean forward about 20 to 25 degrees This keeps the center
of gravity ahead of the feet and simultancously reduces the air resistance
. 'l;he remainder of the sprint has already been described except that a few

catures of runmng are exaggerated 1n order to gain top speed Flexion of the

knee 1n the swinging phase 1s ncreased m order to mncrease the speed of the
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forward swing The swinging leg 1s often well on 1ts way back when the foot
strihes the ground contact being made when 1t 15 directly under the center
of gravity This ehmunates the restraimng force present in the walk or slow run
When the toe of the swinging foot touches the track the ankle flexes and the
heel nears the ground Force comes from extension of the knee and especally
the ankle This 1s applied as soon as the foot strikes the ground and 1s con
tinued until the foot 1s lifted Speed 1s increased by increasing the length of the
stride, rather than the speed of leg movement alone, but after the optimal
length of stride 1s achieved, any further extension will result 1n a reduction of
speed
The leg functions as a third class lever, with the fulcrum at the hp joint
The leg1s pulled forward by the thigh flexors and backward by the gluter and
hamstrings The quadriceps and the triceps surae act to extend the knee and
ankle respectively The complex workings of the two jomnt muscles, 1s exem
plified 1n Lombnrd s Paradox {p 253) increase the efficiency of thesc move
ments If the toe flexor muscles are suffictently developed, they can contribute
significantly to the final phase of the propelling force If they are flaceid, the
result 1s, 1n effect like reducing the length of the stride by an amount equl to
the length of the tocs
Middle Distance Runming From the standpoint of the kinestologist middle
distance running does not differ greatly from sprinting The need for a fast
start 1s almost as great when running 440 yards as 1t 1s when runming 220
yards The same principles apply i each case The middle distance runner
breathes during the rice which s not necessarily true of the sprinter in the 100
yard dash This results in less fixation of the respiratory muscles
The cadence of the middle distance runner 1s slower, consequently there
may be less heel Iift in the swinging phase of the leg and the knees are not
lifted as lugh The arms are not so tense and need not be flexed as much
The slightly slower speed permuts the body to be carnied more nearly erect
say at an angle of about 15 degrees which also aids respiration The drive
from the legs being less all the factors which contribute to the sprinter s
great speed are given shghtly less emphasis but attention 1s devoted to keeping
vertical movements of the center of gravity as small as possible while struding
Newton s First Law of Motion indicates that changing the speed, regardless
of whether 1t 15 increased or decreased, requires an expenditure of energy
It would thus appear that the middle distance or distance runner should
immediately establish his optimal pace and maintain 1t unchanged throughout
the race Theoretically at least a strong fimishing kick  would seem to be an
expensive use of energy which might have been more effectively applied
another way However Banmster24 has pointed out that i mmddle distance
racing runners seem to achieve their best times by runming the first part of
the race considerably faster than the latter part He suggests that the explana
tion may lie 1n the fact that the muscle pH falls as lactate accumulates, and
this may affect the efficiency of the aerobic mechanism Another factor may
be the motnvational or psychological state of the runner at various tumes 1n
the race Ideal pacing patterns must also be modtified for strategic purposes
such as jockeying for position on a turn
Distance Runnng In track events such as the 2 mile run endurance and
muscular efficiency are of major importance The energy consunung start
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of the sprinter 1s not necessarily destrable since 1y ird or two lost at this stage
of the rice may be reguned hiter without too much cxpenditure of energy
Relaxation rhythm nd adequate respirition ire essential for effective
distance runming

Because the leg drive is less, the trunk s carned more nearly crect than tn
the shorter runs When the leg swings forward the heel 1s not hited quite as
tigh as when runmng the shorter distances The foot 15 often brought into
contact with the track with the weight almost evenly distributed between the
ball of the foot and the hecl

The distance runner endeavors to conserve his energy in every posstble
way The arms are flexed Jess nd swing loosely There s ltle if any fixation
of the shoulder muscles The runner docs not ordinarily consciously endeavor
to greatly increase his stide but moves 1s casily 1s possible A umique feature
of the marathon and other runs of great distance 1s the fact that the athlete
may be given candy, oringe juice or other nutrients as he runs in an endeavor
to replace the encrgy used tn the race

JUMPING

The Broad Jump The goal of the brond jumper 1s to propel his center of
gravity honizontally through the air as far 1s possible Since the distance of
the jump s directly proportional to the energy of projection maximum speed
at the take off would be desirible but the necessity for changing the direction
of mo t demands a ary stabihization of the body at the point of
the change and this cn be accomplished only by 2 reduction of speed
The forceful beat on the take off bowrd required to implement Newton s
Third Law may further reduce s speed—and may also result tn a tendency
to incur heel bruises In theory the body should be propelled into the air at the
optimum angle of 45 degrees Actually most jumpers take off 1t an angle of
about 25 degrees and there are some students who feel that the body cannot
develop sufficient power to attain the theoretically optimum angle 1nd still
project 1tself forward to any distance However the theoretical calculations
made by Cureton?’ and by Bunn?6 support the theory that a lugher angle than
15 customanily used would be advantageous

As the jumper approaches the take off board the knees are a little bent and
he 15 1n a shght crouch ( gather ) At the take off the extensors of the hips
knees and ankle are forcefully contracted The amount of elevation and
distance achieved may be ncreased by a forceful upward swing of the arms
and the leading feg since the mass of these limbs times their velocity produces
?hmom}(:ritl:xm “111?;1 may be transferred to the body to assist in propelling 1t

rough the air * To increase this advantage the
weights (haltéres) in their hands ge the ancient Greek jumpers feld

Onee the runner has left the ground there 15 nothing he can do to ncrease
* The kiretic energy
KE = i mV

fxpended m jumping can be roughly calculated by the formula
where
KE = kinetic energy
m = mass of the body moved
V = veloaity

Calculations of the distance to be travelled by th
require the application of tnignometric formu)a); @ body for guven angles and velocttcs

{weight/gravitational acceleration)
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his forward acceleration but he can affect the distance achieved by changing
the configuration of his body and the relative position of the partial masses
A hitch kick  will not increase momentum, and the legs cannot develop
enough resistance against free air to enable the runner to increase his distance
by continuing his running motions after the take off However such move
ments may rotate the hips backward and give a greater forward reach with
the legs Whether this will actually increase the distance jumped 1s a2 matter of
dispute

Fic 178 —Good form 1n the broad jump demonstrated by Willie Stecle San
Diego State College National and Olympic Champion with a mark of 26 feet
6 inches
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Fic 179 —George Stamich clears the bar in the highjump using the straddle variation
of the Western style (Photo courtesy of Thomas McDonald )

While still 1n the air, the athlete must prepare to Innd (Fig 178) The legs
are brought forward and the arms down and bick This inclines the trunk
forward so that the center of gravity 1s a little above the trajectory of the feet
and there 1s less hikelthood of the jumper falling backwards when he lands
When the actual landing takes place the hips and knees are flexed to absorb
the shock and the jumper rocks forward onto his hands and knees

The High Jump In contrast to the broad jumper, the hugh jumper must
propel his center of gravity vertically as far as possible For this he need not
have unusual honizontal speed since his success will depend largely upon his
height (his center of gravity 1s higher to begin with) and an unusual amount of
leg spring He needs only sufficient horizontal speed to carry him across the
bar The theoretical effects of distance of take off, angle of take off, velocity
tme in the air energy and other factors for various heights of the bar have
been calculated by Cureton 27

Three styles of high jumping may be observed the scissors, the Eastern
style the Western roll and their variations The following descriptions as
sume that the athlete takes off from hus left foot, as 1s customary for nght
handed men

‘When executing a scissors jump the approach to the bar 1s made from the
right and at an angle of about 45 degrees About 8 or 10 steps are all that are
needed to insure sufficrent horizontal speed The take off made by the left
foot 1s at a point a little over 3 feet 1n front of the bar The first 6 steps are
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made at moderate speed and the last 2 are slightly slower because 1t 1s here
that the athlete adjusts for the final spring The last strnde may be a tnfle
longer and the body 1s carried somewhat Jower 1n order to gather for the
jump and to get a good swing with the right leg When the center of gravity
1s directly over the left foot, which strikes the earth flat footed and quite hard
the vertical drive 1s given and the right leg 1s thrown upward as far as possible
The flat footed take off and bent knee due to the lowered body, permits
powerful extenston of the knee and ankle and projects the body vertically into
the air When the hips reach the height of the bar the extended right leg 15
thrown over the bar and as 1t descends 1s followed by the now extended
left leg It 1s this scissors action of the legs which gives the style 1ts name
Before the mechantcs of the high jump received much study the scissors
Jump was executed with the trunk of the body nearly erect or leamng forward
a few degrees It 1s obvious that the center of gravity of the body need not
be lifted so high above the bar Too much energy 1s wasted 1n doing needless
work and ths style 1s now seldom used 1n competitive yumping The Eastern
form gamns greater height with the same amount of effort As the athletes
foot leaves the ground, the hips are extended and the trunk dropped bachward
to permut the leading leg to be thrown upward and the hips hfted over the
bar At the same tume the opposite arm 1s swung forcefully upward to aid 1n
hfting and rotating the body The knee of the jumping Jeg 1s tucked under
to permut the body to rotate faster The athlete s body clears the bar almost
as 1f he were lying on his back with his body nearly honizontal The center of
gravity 1s only a little above the bar and no energy 1s wasted doing unproduc
tive work By modifying the scissors style in this way greater height can be
reached with the same force
The yumper usually lands on his left side because the final scissors 1ction
of the legs tends to rotate the body on 1ts Iongitudimal axis so that he faces the
bar as he passes 1t 1n his descent
The difficulty with the Eastern style 1s that the jumper must travel some
distance horizontally 1 order to get lus body over the bar To overcome this
the Western roll was introduced In this style the bar 1s approached at an angle
of approximately 45 degrees trom the left Agamn only 8 to 10 strides are
required The speed 1s not great and the last two strides are used to make the
necessary adjustments to get perfect coordination and spring The position
and 1mitial portion of the take off are about the same as for the scissors
When the jump 1s made the right leg and left arm are thrown high into the
arr Their momentum 15 a great aid 1n getting added hift Duning the ascent
the left leg 15 Iifted and flexed but the nght remains extended The upward
swing of the right leg must be very vigorous because 1ts momentum not only
aids the lift but also supphes the energy required to turn the body on 15
longitudinal axis as 1t passes over the bar The arm head and shoulders
rather than the leading foot pass over the bar first (Fig 179) Thenightlegisin
complete extension and the left leg 15 drawn up and flexed as the athlete rolls
over the bar on his left side
The body 1s flexed at the ips just before the bar 1s cleared but straightens
out when passing over the bar When the jump 1s executed 1n good form the
body 1s as nearly horizontal as possible as 1t passes over the bar with shght
and uniform clearance the entire length of the trunk The left arm and the
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head and shoulders e dropped «is soon 1s posssble in order to provide 1
Isttle lift for the hups 1s they clear the bar This s the part of the body most
likely 10 touch In order to lnd safely, advoc ttes of this style throw the flexed
left leg forw ard turn, wnd break thar f1ll with the left leg and 1rm

When cletning the bar some yumpers rotate the body carher than others
and pass over the bar Ncing dowaw ard During the descent the flexed night
leg 1s thrown forwird and the Iading 15 ordmnly made fice downward
with the night leg and 1tm absorbing the shock This belly roll style gives a
shghtly greater Lft and 1s considered by students of body mechanics to
be the most eficient form yet devised other than diving over head first
(Fig 180)

FiG 180 —John Thomas cleaning the bar at 7 feet n stradd
athlete waighs 185 pounds and 1s 6 43 tall The length of hxas lelge ;g::e:‘flslim?::
portant {actor 1n lns success as a jumper, since the amount of work which a muscle
can perform depends upon the number and size of its fibers and the distance through
which they can contract (Photo by Boston University Photo Service ) ¢
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Chapter 20

Kinesiological Principles m Sports and Games

finds 1ts greatest practical apphcations in the ficlds of athletics
t;::siz;o;znon s\udgy, and the vanous services in physical medicine and
rehabilitation While the problems confronting the coach and the therapist
are baswcally the same—that 15 teaching the individual to make the most
effective use of his bodily machinery—the methods of solving them may be
very different It 1s doubtful whether a corrective therapist a physical thera
pist or an occupational therapist 1s likely to hinder a patient s recovery by too
much emphasts on kinesiology whereas many a coach has completely dis
orgamzed an athlete s performance by injudicious emphasis on speaific
muscle actions

LIMITATIONS OI' KINESIOLOGY IN COACHING

As both Jackson and Beevor emphasized (Chapter 1,p 25), 1t 1s movements,
not muscles which are represented 1n the higher nerve centers The high
jumper for example must concentrate only on propelling his body over the
bar The minute he begins to think of contracting the gastrocnemius soleus
of the take off leg to lift mself by their action on the ankle lever he 1s no
longer thinking of s pnime objective (Fig 181) The result will probably
be confusion and farlure ! 1t 15 an ymportant kinesiological principle that the
coach should seldom 1if ever emphasize the contraction of specific muscles
when gmding athletes although his teaching 1s more effective when his advice
1s based on such specific knowledge

Neither should the coach err 1n the opposite direction and be too general
i tis admomitions For example the tenms teacher s order to  hit the ball
harder may be quite ambiguous to a novice who 1s already stroking as hard
ashecan It becomes meaningful to the learner when the coach is precise in his
mstructions calling attention to the need for a longer preliminary backswing
a more definite  step into the ball and an attempt to  stroke through the
ball nstead of chopping at 1t The instructions then become specific and
meaningful from the learner s pomnt of view although the coach may have
denived Ius advice from a formal study of anatomy kinestology, and body
mechanics

179
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If a knowledge of academuc kinestology were necessary for the learning
of motor skills, no baby would be able to learn to walk. Motor skalls can be
acquired at hughly effective levels by performers who are uninformed of the
subject matter of kinesiology Often great athletes have stopped to analyze
their performance only after winning champronships In many cases they have
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Fic 181 —George Stanich of the Umited States Olympic Team takes off 1a the high
jump (Photo courtesy of Thomas McDonald )
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given false and cven absurd explinitions of what they do 1nd how they do it
For snstance, champion tenmis players have taught that 1n the forchand dnve
the axis through the shoulders should be at right angles to the net 1t the
moment when the ball 1s contacted, although motion pictures reveal that they
themselves rotate the shoulder s bick 1o 1 position parilel to the net and
that at the moment of contact they are alrendy begmming to return to center-
court position (Fig 182) Such ex wmples illustrite both the ease of making

Fic 182 —Tilden forehand drive (Courtesy of American Lawn T
ennis, Inc Fi
Mechanics of the Game of Lawn Tenms Vol 11, by J Parmly Pa,ret ) rom

errors 1n kinestological explanations and the fact that effe

ective functiomng
may occur without a formal knowledge of such 1
AN principles 1f the other condi

APPLICATION OF KINESIOLOGY TO COACHING
Even though kinesiological analysis 15 not esse:
ntial to effective fi
1t does not follow that kinesiology has no contribution to make ;l([:fctvisl[:elclllgge
g?ﬂde?;;:};:atrr; of hnesx;t)gxcal principles can make important and crucial
n learning e problem 1s to determine what ki
kn;[wledge to select and how to apply it 1n a given teaching Slm;r:le;;oloycal
. uch of the information 1n this text consists of formal background knowl
edge some of which 1s not directly applicable 1n the form presented At the
practical level kinesiological knowledge 1s a professional tool which can be
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If a knowledge of academic kinesiology were necessary for the learnmg
of motor skills no baby would be able to learn to walk Motor skills can be
acquired at lghly effective levels by performers who are wninformed of the
subject matter of kinesiology Often great athletes have stopped to analyze
their performance only after winming championships In many cases they have
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Fi 181 —George Stamch of the United States Olympic Team takes off in the high
jump (Photo courtesy of Thomas McDonald )
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apphed 10 human motion More adsanced mech wieal analyses of 1 tremen
dous variety of sports shills have been published, or e wulible 15 gedunte
theses Many of these arc cited 10 Bunn's text, which mrkes its own extensive
contnbution to thns ficld
A knowledge of mechanics 1s particulacly important to physic i eductors
A good physical eduction program includes such 1 tremendous varicty of
activities that no one teacher 1s likely to be able to obtun personal perform
ance experiences in Al the activities he will be ealled upon to teach Mechan
1cal apalysis gues mm 1 sound basis for intelligent conching 1n the less
fmibiar wctivines
Analyzing the Internal Mechanics of the Performance Internal mechnics
refers to the bone muscle leverages stress resistances of the various body
tissucs, mnternal fnchion  Tnge of movement, and numerous other tra
orgamismic worhings The significance of intern1l mechanics 15 equal to that
of external mechanics but the body acting on mformation fed back through
the proprioceptne and hinesthetic mechanisms, tends to make  automatic
or sub rational adjustments 1n internal mechames Therefore, coaching atten
tion 15 more often devoted to ¢xternal mechanics than to internal mechanics
Assessing the hanesiological Requirements of the Actimty For successful
performance each separate motor skill d ds 1ts own cc 1on of
kinesiological abilities and charactenisics Considerable body mass for
example 15 a necessity for inside line play 1n football but it 1s a hindrance in
gmynastics Both activities require great strength but this should be pre
dominantly in the legs for football and 1n the arms for gymnastics
Guilford? has emphasized the need for studies of the 1ntercorrelations be
tween anatomical and psychologicnl traits He considers that a fuller under
standing of the properties of bone a1nd muscle and the manner 1n which they
are put together might go far to explain psyct Abilities Neurol \
parts and properties might also account for many of the observed distinctions
Known psychomotor factors appear to include two general factors strength
and unpulston (rate at which mavements are itiated from a stationary post
tion) and several specific factors among which are speed (rite of movements
after they have started) static precision dynamic precision coordination 1nd
flexibility These may represent a sumultaneous 1nvolvement of two or more
regions Muscular endurance circulatory respiratory endurance, agility, ind
power appear to be primary psychomotor abilities but 1t 1s possible they are
syndromes of phystological characteristics A wise coach must understand that
a mynad of physical factors exist and that different patterns and combina
tions are required for each activity
Assessing the hanesiological Aptitude of the Performer Just as each actwvity
h{:sl its own demands so each performer or each team has his or its own
fh; ities and potentialities Kinesiology helps the coach and teacher to match
performer to the activity 1nd the activity to the performer A short
;t:tiky hiy would be much more apt to be a successful gymnast than he would
o achieve fame as a high Jumper A bashetball coach with a team of
predommantly tall heavy slow moving men mught select the zone as his
xgeri‘s,:)v:l dsyls‘:elm although in theory he mught prefer the man to man defense
ilize 1t 1f he had personnel adapted to 1t

Preventing Athletic Injuries Although athletic njures are usually associated
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uttlized effectively only by a skallful, artful practitioner who 15 the master of
the basic subject matter In the following paragraphs, specific ways of applying
kinesiological principles to the teaching of sports and games are presented
Describing the Movement to be Performed It 1s an axiom of educational
psychology that a learner must have a clear knowledge of what he 15 trying to
learn 1f orderly progress 1s to be made This1s especially important in learning
motor skills At the first attempt a hook pass or a high jump or a kip on the
honizontal bar 1s likely to be a mysterious and frustrating complexity An
important task of the teacher 1s to instruct the learner in exactly what to do
Kinesiology helps the coach to view performances analytically Frst, he
must analyze expert performance (through the neuro muscular memory of his
own past performance, or through observation of other experts or through the
study of pictures and descriptions) so that he may demonstrate potnt out, or
explain the desired performance to the learner Second, he must analyze the
learner s performance so that he may call attention to the factors responsible
for errors and successes and thus provide a basis for subsequent and more
successful attempts by the learner
Descriptions of motor skills must take ito account some or all of the
following factors
1 The posture or position at the start and the fimish
2 The direction of each action at each joint (Hip flexion, spine rotation
to the night etc)
3 The kind of motion at each joint (Fixation, moving fixation, ballistic
motion etc)
The sequence of joint actions
The speed and acceleration of joint actions
The force of joint actions
The source of motive power for each joint action (Concentric contrac
tion eccentric contraction static contraction, or some external force
such as gravity )
8 The timing coordmation, and rhythm of joint actions
9 The integrated pattern of the joint actions
10 The muscular or skeletal or external stabilization necessary
1t 15 not imphed that all of these factors should or could be brought to the
conscious attention of the learner, nor that techmical language should be used
1n communicating the 1deas In addition to the factors hsted there may be
other important factors such as clothing 1mplements equipment and other
external masses each with force speed, direction momentum and so forth
Also there may be non kmesiological considerations, such as game strategy
fear motivation and so forth
Analyzing the External Mechanics of the Performance External mechanics
refers to the movements of the gross body segments and their externally ap
phed leverages forces and other physical factors Since mechamics as a
branch of classical physics 1s rather completely worked out and 1ts vahdity
firmly established a person with a knowledge of mechanics can make logical
applications to sports performance with relatively great confidence Mechant
cal analysts thus becomes one of the most potent phases of apphed kine

stology
Earlier chapters in this text have presented the fundamentals of mechanics

~N N th b



RINFSIOLOGICAL PRINCIPLES IN SPORTS AND GAMLS 385

abandomng such precise systems physical education has probably tended to
ane too little 2ttention to evaluating the effect nnd worth of each activity

A physical educator should constantly be ishing  What are the purposes
of this actinaty and to what extent does the actity help to achieve these
purposes? In most cases the answers requre a broad hnowledge of the
biological sciences When they deal with physical development or motor shalls,
an understanding of hnestological principles becomes essential

WARM UP

The coach will normally start 2 truming session by having his athletes
warmup  believing that this 1s indispensable for maxmum performance
and aids in the presention of injuries The evidence on the value of ths pro
cedure 1s confusing It has been asserted that warm up improved the perform-
ance of swimmers 4 but did not improve the performance of runners 5 that 1t
did not improve strength speed or accuracy 6 that formal warm ups 1m
proved speed and endurtnee 1 swimming and accuracy 1in bowhing and foul
shooting but that informal warm ups did not improve strength,7 that 1t
improved strength but did not improve speed of movement, endurance, or
accuracy 8 that 1t resulted 1n decreased times for performing both long and
short bicycle nides at maximum cffort and in mmproved dynamometric
strength scores 9 The effect of warm up on the prevention of injuries may be
even more important than 1ts effect on performance but 1s, of course, ex
tremely difficult to evaluate

Part of the confusion over the subject results from an ambiguous use of
terminology Preliminary exercise may be local or total body general (formal)
or specific (informal), of long or short duration and involving light or heavy
resistances Some writers equate warm up with preliminary exercise others
equate 1t with passive techmques such as hot showers and massage Clearly,
some of the discrepancies between experimental results are caused by radical
differences in the kind of warm up employed and by the test exercises used

Warm up benefits to performance have been demonstrated 1n a sufficient
number of expeniments to warrant the tentative concluston that preltmnary
exercise often improves subsequent maximal performance The experiments
suggest that benefits are associated with prehminary work which 1s relatively
ntense long and accompamed by increased deep muscle temperature How
ever the experiments also suggest that the benefits of warm up when they
have been detected at all are inclined to be smaller 1n magnitude than has
generally been assumed by athletes coaches and physiologists

Laboratory studies have shown that cooling intact muscle increases the
reaction time two or three times as much as the contraction time of the
muscle 10 reduces the excitability of the muscle 11 increases the duration of
the action potentials (indicating a decrease 1n the propagation velocity of the
mmpulse over the muscle fiber) and decreases the amplitude of the action
potential 12 Reduced muscle excitability reduced velocity of transmussion
and a failure of the antagonsts to relax would lead the kinesiologist to antict
pate both poor performance 1n explosive movements and a tendency for the
performer to suffer certain types of injuries such as sprinter s strain Increases
of 8 to 10 F 1n the shin temperature!3 and of 4° F 1n deep muscle tempera
tures? have been observed Diathermy and hot showers have also been found

23
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with 1ntense competitive activities at the mterscholastic level they refer as
well to minor abrasions and sore muscles which might occur 1n a hop scotch
game m the elementary school Thetr prevention depends n part upon inti
mate knowledge of the somatic materials and arrangements of the human
body of the quality and character of environmental objects and sports
implements of the nature of forces and other potential hazards 1 various
activiities and of many other factors which conststute the subject matter of
kinesiology

Mahing First-Aid Diagnosis and Deciding upon First-Awd Care In recent
years medical and physical education personnel have come to closer agree
ment upon the professional division of their dutses 1n the care of athletic
mjurtes  partly through more adequate professional training of physical
educators and partly through an mncreased understanding of the nature and
value of physical activities by physicians Only quahified medical personel
conduct diagnosis and treatment beyond the Iimuts of first aid except when
the consulting physician specifically prescribes exercises massage, or other
treatment to be given by the tramner therapist, correctives teacher or others
Although the extent of first aid care by the physical educator 1s imited he
needs an understanding of the nature of trauma While he does not make
diagnoses he must be alert to the possibility of involvements which are not
mmmediately apparent m the symptoms displayed at the time of mjury
Kinestologicil knowledge helps him to conduct first aid care until the victim
can be brought to a phystctan for defimte diagnosis and treatment When a
doctor releases a patient from treatment he often 1mposes some temporary
restriction upon the nature of subsequent activity He may for example
indicate following an operation that the individual should engage in general
exercise of moderate intensity but should avoid activities which might put
excesstve strain upon the abdominal wall Such a decision 1s the responstbihity
of the doctor alone but he frequently leaves 1t to the judgment of the physical
educator or therapist to determme what comprises exercise of moderate
mtensity or what activities might  stram the abdomunal wall In either
event an advanced knowledge of the nature of actvities and the nature of the
human body 1s essential if the physical educator or therapist 1s to be ade
quately qualfied to undertake such responsibilities

Adjusting Equipment, Clothing, Apparatus, Implements, Grounds, and Other
Factors Kanesiological knowledge determines to a great extent answers 10
such questions as the following How Iong a bat should a baseball player use
and how much should he choke hus grip on 1t? What 1s the optimal shape
and length of football cleats for use on a turf of a certain quality? How close
to the basketball court boundaries at the side of the gym can the parallel bars
be safely stored? Are long trousers a hindrance to performance or a safety
hazard for a boy engaged 1n tumbling? Is 1t safe to play soccer on a field
which has small impressions left from the shot put practice of the day before?

Evaluating the Effect and Worth of Activities In the hey day of the Swedish
System of Gymnastics 1t was argued that each movement should cause a
definite and predetermined effect upon the physiology or development of the
body and that exercise dosages could be prescribed accurately by spectfymng 2
certatn number of counts or repetitions It 1s now known that such precision
and pre determination of purpose 1s 1mposstble In the historic process of
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Fig 183 —A typical situation i Olympic free style wrestling which illustrates
the complexity of muscular action in ths sport (Photograph courtesy of the Assoct
ated Students of the University of California )

prone wrestler to avoid being turned over and pinned or a submarning line-
man m football) require an extremely low center of gravity A high center of
gravity has two disadvantages—first, the body may be upset by a force of
smaller magmtude and second, an upsetting force applied low may more
easily undercut the supporting members of the body In Judo the lowering of
the center of gravity to obtain greater stability 15 recognized as a tacit admis
sion of the superiority of the opponent 1n baseball a c
oncoming runner crouches Jow so that there will be less
knocked down

4 Fora given stance stability 1s proportional to the mass or weight of the
body A heavy object of the same size and shape 15 harder to upset than a
lighter one Therefore body weight per se becomes a tremendously important
factor 1n physical contact sports Superionty n skill quickness strength and

other factors may modify this advantage to a greater or lesser extent

atcher awaiting an
chance of his being
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to increase deep muscle temperatures, whereas massage did not 9 Asmussen
and Bgje® found that within linuts both deep muscle temperatures and subse
quent performance 1ncreased as erther the duration of warming up or the
mtensity of warmung up was increased

It 15 the emprrical experience of coaches and athletes that warming up
appears to result in a decrease 1n injuries and many localities now have laws
requunng that high school football players be warmed up before being sent
mto a game Certainly the experiences of hundreds of years are not to be
hghtly discarded Until the matter has been defimtely settled 1t might be sug
gested that specific warm ups be utilized rather than general ones, since the
practice effect 1s 1n itself of value regardless of whether 1t 1s accompamed by
physiological benefits

STARTING POSITIONS

hunds of Positions The starting positions 1n sports may be classified into
three hinds according to whether their purpose 1s (1) to provide stability
and resistance to external forces (2) to allow an optimal application of
muscular force or (3) to prepare generally for any one of several possible
movements Since these three purposes require the application of radically
different principles of body mechanics the athlete and the coach must give
constderable attention to the determimation of the requirements of the sport
and to the analysis of the positions to be assumed by the athlete
Stable Positions A position will be stable and will best resist the onslaught
of various external forces to the extent that the following conditions are
fulfilled
1 An mmagmary line dropped vertically from the center of gravity should
fall well within the area of the base of support This area 15 defined by straight
lines connecting the most peripheral ponts of the body parts contacting the
supporting surface Thus 1n decreasing order of stability we find the effectrve
area of the base of a wrestler in the referee s position on the mat 1s a four pomt
rectangle that of a person performing a headstand 1s approximately a three
point tnangle with the head and each hand at its angle a handstand has a
stance composed of two pomts on a single line smallest and least stable of all
1s the one point stance of the ballet dancer on the toes of one foot
2 Stability agamst a force from a grven direction 1s proportional to the
distance m that direction from the pomnt at which the hine of gravity falls to
the edge of the base If the direction of the upsetting force could be known m
advance the body position could be adjusted so that the distance from the
point where the line of gravity falls to the edge of the base 1n the direction of
the on coming force 1s maximal Thus 1f a wrestler knew 1n advance that he
was to be pushed forward he could move his hips backwards and extend and
brace his arms m a forward position In practice he does not know whether
he will be pushed pulled lifted or turned In such ambiguous circum
stances the strategy of stability 1s to keep the center of gravity approxim
ately over the center of the base
3" If stability 1s the primary consideration the center of gravity should be
hept as low as possible In most sports a sem crouch stance 1s assumed when
stability 15 threatened This 1s usually a compromise between stability and
mobility but a few sports situations (such as a purely defensive attempt ofa
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Fic 185 —Rod Franz All American guard demonstrates a typical stance (Photo
graph by Thomas McDonald )

Fic 186 —The charge The relative positions of

the trunk and leg denot:
application of maximum power The position of the arms 1s charactfnsuc ot? l:::
play (Photograph by Thomas McDonald )
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Posttions Designed For Optimal Force Production In the racing starts of
the runner and swimmer 1n the waiting position of the baseball batter and
1n many other sports situations the starting position 1s adjusted prrmanly to
enhance the application of muscular force on an external object The center
of gravity tends to be at the edge of the area of the base opposite the edge
next to which the force 1s to be exerted The baseball batter or pitcher (Fig

FiG 184 —Preparing to make the throw (Photograph courtesy of Assocated
Students of the University of California )
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signal 1s grven, contraction 1n the propulsive muscles intensifics and changes
from static to concentric The antigomsts are relixed and reaction time s
decreased bectuse the propulsive muscles hue already contracted sufficiently
to t1he up any shck in themseles (gs 185 and 186)

Relaxed stirting positions e deletenous to performance {n sports 1an-
guage, the relwed performer 15 oud to be crught flat footed * This 1s the
opposite of beng on your toes (Fig 187) No doubt there are centr 11 “alert

Fi6 188 —The left jab Notice fixation of the scapula (Photograph by Thomas
(10 )
BT Y 3

mechamsms as well as penipheral ones and the:
e hymm bl here 15 evidence that these are
When the intial propulsive moveme:
nt 1s complete the
f;o[rt“i:eal stiimght l;lneb as evidenced 1n the position of a spnnjtz;n:lst ::l:det::
eg drive the boxer as his left jab or straight
188 and 189) the swimmer as he Jea e s 15 Tk (s
ves the starting platform and the
1;::;5:;] gsa:ht; shtot leavels his hand The extending forces have reachefi s(}ilx‘:r
1s terminal position of drive, and the extended
best posiion to bear the reactive weight ’of the drive If thejfc;:lrftss Z:;:: stlllllel
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184) for example carnes his weight to the rear so that he may step forward
with sufficient momentum the sprinter carnes his wesght forward opposite
the back edge of the base from whence he will be driving with his legs

In these positions the joints through which the driving muscles act tend to
be held 1n an mtermediate phase—that 1s, about halfway between flexion and
extension Positions of extreme flexion or extreme extension would erther
reduce the mechanical advantage of the muscle bone levers by decreasing the
angles of 1nsertion of the tendons, or prevent effective movement because the

S ta

FiG 187 —A typical on guard position used by boxers (Photograph by Thomas
McDonald )

shortening power would be all used up 1n attaiming the extreme posttion In
the sprinter s starting position 90 degree angles tend to predom:nate in the
joints through which driving power will be exerted Actually 1t 1s not the
angles of the joints but the angles of insertion of muscle tendons which must
be arranged optimally

Ready positions or  get set positions are not relaxed positions The
muscles which will exert propulsive force are contracting statically while
being held 1in check by co contraction in their antagomsts When the go
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making 1 offensive mosement tiere the problem 15 not mamtenance of
stability, nor preparition lo make 1 pre determined application of force
Instead the problem is to be ready to move quickly i any direction with
maximum speed The center of gravity must be hept over the aret of the bise
until the decision to move 1s mude but the area of the basc 15 ordinanly
reduced so that a small displacement of the center of gravtty results in an
unbalanced position Usually the weight must be shifted from both feet 1o
one foot, and if the feet are placed widely apart, the weight shift requires
4 longer ime Symylarly too low a center of gravity will slow the motion

Fic 190 —The ball carner changing direction Note

the position of th
which 1s about to be planted to enable the runner to cut to his left (P}To‘;f::aleﬁ
courtesy of Associated Students of the University of California ) v

'I;ga tJc)mtskare held 1n posttions intermediate between flexion and extension
so that quick movement 1n any direction 1s possib]
5o that quick m possible, and because of factors

It 1s evident that there 1s tncom|

patibility between the positional
Te

w;lms fgr stability and those for quick movement m any dirtction (Fqu;gf)e)
v c:l the two purposes come into direct conflict the skilled performer adjusts

15 Sb arting stance to effect a compromise In sports which mvolve maneuver
f:g etween opponents the stance of one player may provide information to

1s ogponem regarding tus mtended actions at the go signal The football
;?vuar ust not take a stance when he 1s gomng to pull out and run 1 ta
erence whichis diflerent than he assumes when he 1s going to charge fon:a:;
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m a position of flexion at this moment, the forces could not be borne effi
ciently

By the same token the body 15 best able to maintain loads when the joints
are fully extended so that the pull of gravity 1s offset by the bones rather than
by muscular contraction A weight lifter can ordinanly sustain the bar over
head 1f he can get his arms strasghtened, but will find 1t impossible to support
the same weight aloft with hus arms only partially straightened out In lifting
the werght overhead, he keeps 1t as close to the body as possible 1n order to

FIG 189 —A strmght night Power comes from ankle knee and hip extension
body rotation and arm extenston (Photograph by Thomas McDonald }

reduce the distance from the edge of his base to the point at which the lne of
gravity through the combined mass of his body and the weight falls Simulta
neously he lowers the center of gravity by splitting or squatting thereby
reducing the distance through which he must move the weight 1n order to get
1t to the chest or overhead

Posttions of Readiness for Vanable Movement Somewhat different from the
foregomg 1s the posttion of a baserunner taking a lead off from first base ora
defensive basketball player waiting for his opponent to  declare humself* by
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Fic 191 —The action of the whole body 1n putting the shot



394 RINESIOLOGICAL PRINCIPLES IN SPORTS AND GAMLS

even through adjustments 1n stance would be mechameally more efficient
(Fig 185) Scouts closely observe the position of backfield players feet, since
many players tend to turn one foot 1n the direction 1n which they are to run
The resulting gan 1n mechanical efficiency 1s more than offset by the mforma
tion given to the opponents Therefore the football player, unltke the sprinter
on his starting blocks 1s forced to assume virtually the same stance on every
play and may face in a direction directly opposed to the one 1 which he s to
run This versatile compromuse stance must be very carefully planned and
practiced 1f 1t 15 to serve the performer well 1n all of the various maneuvers he
must execute 1n the course of a game

On the other hand a performer may use varations of stance m order to
dehiberately mislead the opponent He may also use movements of the eyes
head shoulders or hands 1n order 1o feint the opponent out of position
Ideally such a fent 1s obvious enough to muslead an opponent but subtie
enough to avoid interfering with the movement which 1s actually contem
plated Primanly this means that st must be strong enough to cause the op
ponent to react to his disadvantage but must not be so strong thatat displaces
the feinter s center of gravity 1 an undesirable direction, and thereby places
him at the disadvantage Every athlete and coach should study the lunesiology
of effective femting Observation of skilled performers tn action 1s essentral
textbook descriptions cannot adequately describe feinting techmques 1n 2
practical manner, although many of the kinesiological principles mentioned
above will be helpful

TERMINAL POSITIONS

Terminal positions may be categonzed as follows

1 Those which are irrelevant to the performance The high jump and pole
vault provide examples While the performer has a need to avoid imjury,
which 1s usually met by providing a deep bed of soft shavings the judges
1gnore terminal positions

2 Those which are arbitrarily specified and which reflect the quality of the
preceding performance Instances are found in skijumping diving and
gymnastics as well as 1n events such as shot putting discus and javelin 1n
which a restraining line must be observed (Fig 191) The gymnast 15 strongly
Judged on the steadiness of control of his landings and dismounts because
the quality of the termimal posttion directly reflects the preciston with which
the body was controlled prior to the landing A half knee bend 1s employed in
gymnastic Jandings not only to absorb impact force, but also to Jower the
center of gravity and thus ncrease stabihty (Fig 192) The arms may be
extended outward to act as balancing poles

3 Those which are integrally related to the strategy or objective measure
ment of the performance For example the broad jumper who lands and falls
backward instead of forward reduces the measurement of lus jump The
tenms player who reaches to make a beautiful backhand shot but who then
stumbles to the ground finds himself effectively penalized because he cannot
return to center court 1n readiness for his opponent s return shot (Frg 193)

Sport skills often employ the terminal posttion or terminal movements of
one movement to contribute to the execution of the next one The forward
momentum of the tenmis serve may be employed to carry the server forward
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1nto a strategic position on the court Properly done, bunting 1 basebatl s an
wntegenl part of the start of the run toward first base A long 0y ball m1y be
caught tugh on an outfielder s throwing side, so that the subscquent throw
10 the infield c1n be commenced without wasted movement

STRINGTH

Musculnr strength 1s perhaps the most import it of 1l factors n athletic
performance One study!® has indieated that in certun cases at least, Mc
Cloy s Genernl Strength Quotent grves the best index of tbility to learn an
unfamiliar or new activity This may 1lso apply to activmities which re not
commonly thought of as strength actnated The rationale for this statement
1s partly explained by 1 common physical formula expressing lanetic energy

Most sports shills require the development of hinetie energy which may
be defined as 3mv? inwhich m = the mass of the object 1nd v = theveloaty

Fic 193 —Pass reception lllustrating the difficulues of applying precise tech

nuque n a real game situation (Photograph courtesy of Assoc:
University of Califorma ) Y iated Students of the

of the object The object may be the body itself, as 1n the case of runmin and
jumping or a projectile as in the case of a baseball or javeln or a Sg o1ts
p such as a baseball bat or tenms racket The greater the kllr)leil
energy developed the faster will be the run the further the throw or the mm‘c
powerful the striking of the ball An clementary formula of physics state:
that Fd = $mv2 in which F = force d = the distance over which the force

15 applied and 4mv2 = lanetic energy The ma

gitude of kinetic

:i derCtiy gn;portlonal to both the force exerted and the dlstanc:n:x‘;gz“::fcl
1s applied Insports fi

et D otce 1s usually derived mostly or entirely from muscu

In sports applications the mass the -
t; t. m) in Yy
; (m) kinetic energy formula 1s ords.

that the distance (d) through
force 1s applied 1s also constant it follows that ve]o(mgy mcregase:vl:ft};l t:r?
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Into a strategsc position on the court Properly done bunting 1 baseballis an
integral part of the start of the run toward first base A long fly ball may be
caught high on 1n outficlder s throwng, ssde so that the subsequent throw
to the 1nficld can be commenced without wasted movement

STRINGTH

Muscul tr strength 1 perhaps the most smportint of 1l fictors in thletic
performance One study!® has indicated that in certun cses at fenst, Me
Cloy s Genernl Strength Quotient gnves the best index of ability to levrn an
unfamiliar or new 1ctnaty This miy also 1pply to tetivities which are not
commonly thoueht of s strength 1ctivated The ritiontle for this statement
1s partly expluned by 1 comman physic o formult expressing hinetic energy

Most sports shills requite the deselopment of hinctic energy, which may
be defined 15 4mv2, mwhich m = the mass of the object ind v = the veloaity

FIG 193 —Pass reception  Illustrating the difficulties of applyng precise tech
nique in a real game (Ph h courtesy of A d Students of the
Unnersity of California )

of the object The object may be the body tself, as in the case of running and
JxUmrlng or a projectile as in the case of a basebnll or javehn, or a sports
mplement such as a baseball bat or tenmis racket The greater the hinetic
energy developed the faster will be the run the further the throw, or the more
powerful the stuking of the ball An elementary formula of physics states

:’;:l Fld d= 4myz m" which F = force, d = the distance over which the force
. dpp led and ymv? = kinetic energy The magnitude of kinetic energy then

irectly proportional to both the force exerted and the distance over which

1t1s applied
e m[-’:nlg A Insports force 1s usually derived mostly or entirely from rauscu

In sports applications the mass
nanly constant If we assume als
force 1 applied 15 also constant,

(m) 1n the kinetic energy formula 1s ordi
o that the distance (d) through which the
1t follows that velocity increases with an
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increase n force In this situation however, F = v2 or v =~/ For each
fourfold increase in force there 1s only a doubling of velocity This relation
ship pomts out the fact that there 35 a diminishing return for progressne
increase 1n muscular strength as follows

Force Velocity
(=+F)
1 10
2 14+
4 20
8 284
16 40
32 57—
64 80
128 113+

Overload Principle The overload principle states that mereases i muscular
strength hypertrophy and endurance result from an 1ncrease 1n the mtensity
of the work performed 1n the given tyme unit 16 The work may be intensified
by rasing the cadence or by increasing the resistance agamnst which the
muscles contract Examples of the use of these devices may be found 1n 1n
terval tratming 1n track 1n the use of progressive resistance exercises 1 the
gymnasium and elsewhere Whether the exercise 1s 1sotonic or 1sometric does
not appear to be important If an individual desires to tncrease his muscular
strength hypertrophy, and endurance he must be willing regularly to subject
his body to the stress of repeated all out efforts In the case of a patient in a
physical medicine and rehabilitation clinic this may be at a relatively low level
of accomplishment on any absolute scale, but the important thing 1s that it
represents a maxmmal volitional performance for the sndividual This 1s
achieved only when the person concerned 15 motwvated by some powerful
psychological drive The physiological mechamisms underlying these responses
have been discussed at length elsewhere 17 20 but 1t 1s clear that responses to
physical actiuty are neurc lar, not stmply lar The development
of skill the more effective utitlization of the central nervous system and the
overcoming of psychological barriers are integral aspects of the overload
principle

As 2 corollary to this principle the total amount of work done without
any increase 1n the intensity thereof 1s without sigmificance for the develop
ment of the kinesiological factors under consideration Once the body has
become accustomed to and able to sustain the stramn placed upon 1t by routine
work 1t will not of 1ts own volition make additional gams with a view to
making the work easier to perform For this reason the average manual
worker or housewife does not display the well developed body or physical
ability of the athlete even though the demands of their particular occupations
may have developed certain abihties which the athlete might find 1t difficult
or impossible to equal untl he or she had had an opportumty to become
proficient 1n the worker s specialty

Athletes may attempt to intensify their traiming by practicing with a shot
which 1s heavier than the one which they will put 1n competition runnmng
distances greater than that of their event swinging three bats while awaiing
their turn at the plate or by similar means While procedures of this sort do
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\mvoke the overlond pranciple, they clash with the pnnciple of speasfierty of
tramng This agnn allustrates the need for professional triming in kinesiology
1 the coach 15 to make wise use of its principles

The Principle of Rest Pauses When the exercise ss hevy 4 greater amount
of musculr work c1n be accomplished 1f it s interspersed with rest periods
In general short frequent rest pauses seem 1o m ke for greater efficieney
muscular work than do long infrequent rests The phystological principles
underlying rest pauses hwve been considesed by Mueller 22 Waight truners
have found from expernience that 1t1s wvisable to tthe 1 short piuse between
cach set of excreises, the studies of Clarke Shay and Mathews?? suggest thit
About 2 5 inutes compnses the optimal ime There appear to be no dutain
the Iterature regarding the use of rest pauscs in other forms of Athlete trun
g but from the practical standpoint st will be noted at track meets that the
program 1s arranged 1n such 1 way 15 to provide 7 rest penod between the

FiG 194 —A swing hutter connects with the ball Natce the follow
throu: Phot
graph courtesy of the Associated Students of the University of Cahfgohm(m )o °

100 yard dash and the 220 yard dash and between the h

alf mile and the
runs so that a competitor in either of these pairs may enter both of the evre“t:i:
without too great a handicap bemng imposed upon him 1n the second one

FOLLOW THROUGH
The principle of follow through 15 an m,
iportant element in all
::xgi:filpgw&rful ;;:opulsnon of an object Such skills xncludesi?:;ils:;[;
atting shot putting discus throw
(as in boxing) and blocking and tackling (a ot T roMng punching

s m football) In thy
gou?w through 15 often thought of as a contmuanol)x of mecoﬁzi“?é:l?l?e
ontact with the propelled object has terminated (Fig 194) However 1t 1s

obvious that after the contact has termina
ted no action of t)
?nyEﬁ‘ectupon the path of the propelled object The b:d‘;l E:;I}::dycii?bhta?
or example by a bowler as the ball rolls down the alley 15 a useless kmideof
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motion, except as 1t may satisfy some httle understood psychological need
of the performer

Follow through 1s more properly defined as a continuation of a propulsive
force so as to mcrease the duration of 1ts application on the propelled object
as long as possible (Fig 195) Under this definition the importance of follow
through can be explained by the physical law expressed by the formula

V =at

m which V 1s the final velocity of the propelled object a 1s the acceleration
(assumed here to be constant) and t 1s the duration of application of the
accelerating force For a given constant rate of acceleration the terminal
velocity 1s directly proportional to the time of application The time factor
applies only to the duration of a propulsne force (that 1s an accelerating
force) A force which only follows along with the propelled object without
acting wpon 1t so as to increase its velocity, has no effect on the object
(Fig 196)

As a techmque 1n communicating with a performer, a teacher may choose
to emphasize a continuation of motion after the contact period (Fig 197)
but this exaggerated coaching advice does not accurately reflect the physical
principles involved

STABILIZATION

Newton s Third Law of Motion states that for every action there 1s an equal
and opposite reaction When a baseball pitcher throws a ball he applies
force about equally to the ball and to the pitching rubber The earth because
of 1ts great mass 1s stable and does not move detectably The prtching rubber
15 stable because of 1ts anchoring pins attaching 1t to the earth The pitcher s
body moves forward by rotating at the ankle joint Muscles stabihze the knee
hip and spime joints to a great extent The arm, forearm hand and baseball
exibit the greatest motion The propelling force 1s largely applied to the
baseball because the other parts were effectively stabihzed (Fig, 198}

A jump pass m football or basketball 1s poorly stabilized (Fig 199) The
product of the mass and velocity forward of the football 1s equal to the prod
uct of the mass and velocity backward of the passer s body Some of the
energy generated by the muscles has been wasted 1n propelling the passer $
body backward Thus the jump pass 1s mefficient mechanically and s 1 shill
employed only as a compromise with non mechanical strategic aspects of the
situation Performance 1s often improved by attention to proper stablization
of the joints through muscular contraction and of the body against external
objects through the use of spikes cleats surfaces with a high coefficient of
friction and equipment such as track starting blocks or 4 pitcher s rubber
One of the advantages of the semicrouch stance employed 1n football wres
thng boxing track and swimmung starts 1s 1ts efficiency mn directing forces of
reaction nto the earth so as to secure adequate stabrlization

SUMMATION OF FORCES
From a mechanical point of view the mam problem in many elemental
sports skills 1s that of creating maximal acceleration 1n 2n object or 1 body
segment If a given time pertod 1s available for the application of force to an
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Fic 196 A —Jack Jensen All American backfield star demonstrates the stance used
preparatory to punting

B —The first stnde taken just before the ball 1s dropped The posttion of the ball
remarns unchanged

C —The foot coming forward to meet the ball The swinging leg will come into ex

tension at the instant of impact

D —The follow through with the supporting foot off the ground (Photographs by

Thomas McDonald )
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Fic 197 A— Sandy Munro demonstrates the backswing Notice the

cocked wrists the honizontal position of the shaft and the position of the player s
feet and legs

B —Position of the left arm and the club shortly after the impact with the ball
C —The follow through

* Photographs by Thomas McDonald
AN
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FiG 198 —The delivery (Photograph courtesy of the Associated Students of the
Unnverstty of California )
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object its ceclerttion will be directly proportional to the wmount of force
applied (I = m1, where 15 the werage force pplicd, m 1s the mass of the
object, and 1 1s the resuling weelertion) The basic problem  therefore, ts to
recrnt 11l forces tvalible so thit the totaf is mximl A knowledge of the
principle of summation of forees 1s helpful in anilyzsing such shills and n
formulating conching dvice

FiG 199 —A jump pass executed with the left ha;
nd (Photograph cou:
Associated Students of the Umniversity of Cahfﬁmxl)a ) riesy of the

Assuming that all of the forces come fr
are two fundamental wa;
summed first by sim
contraction

In a given action of a single jont, the various muscles which perform that

om the contraction of muscles th
ere

ys 1n which the forces from different muscles m 1y be

ultaneous contraction and second by sequential
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motion ordinarily contract simultaneously Sometimes, however one muscle
by virtue of 1ts position and structure, acts mainly 1n the first part of a joint
actron, while another muscle acts mainly 1n the latter part of the joint action
Detailed knowledge of such facts may be mmportant to the physician or the
therapist 1n dealing with problems of surgery or rehabilitation, but the per
former and the coach can safely 1ignore them since the sequence of contraction
of individual muscles 1s controlled automatically and subconsciously in the

Fi1G 200 A —Jack Rocker demonstrates the chest shot Notice that the elbows are
kept close 1n to favor arm extenston
B —-The release of the ball in the chest shot (Photographs by Thomas McDonald )

normal individual The performer therefore, should concentrate only on what
movement to make and on making 1t with maumal force However the
performer can often profit by making a deliberate attempt to adpust his body
h so that the lar forces are applied to the object for the longest
possible time (see for example the preceding section on  Follow through )
Almost all sports skills involve combinations of actions in more than one
jomnt and the muscular forces at each joint are added together and applied to
the object For many reasons, some theoretical and some kinestological or
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practicl 1t 1s ordinantly not possible or desirable to have alt of these various
forces act simultancously Instend there1s 1 definite sequence of joint actions
and of the musculr forces powering them With proper timing and body
mechames the foree of cach subsequent joint acion mty be added, 1 cflect
to that of the preceding one This s somewhat analogous to the finng of 1
mults stage rochet and 1lso m 1wy to the eraching of a whip

The shot put provides n example of summition of forces of various joint

s i e e
w )

Fic 201 A —The start of the one handed Western shot
B —The action of the wrist and fingers 1n the one handed Western shot
C —Completion of the one handed Western shot (Photographs by Thomas
McDonald )

a};:ncns (Fig 191) Although there 1s some overlapping in the application of
:1 ¥ :1 ;':?}r%cmuﬁlﬁs ll}lm{ te:&d tndtake place sequentially starting with those most
e shot and ending with those nearest the shot The
:s l:;ﬁ::;zi at thet:egmmng of the motion Various joint actions sé? :?1?1:233
cross the ring 1mparting an acceleration to the b
Then a series of extensions and twisting itk g
gs occurs starting with the ankle thy
the knee the hip the trunk (rotation) th ; o T
¢ shoulder the elbow and fi
the hand The force of each joint action accelerates all body parts“abml;lea 111ty
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and the wrist ind hand action applies a final force to the shot, which s already
moving and has constderable velocity
For the summation of forces to be effective, there are two important condi

tions Furst, for each successive joint action to make 1ts maximal contributton,
the joints below 1t must be firmly stabilized so that no back shding results
from the reaction component of the force (Newton s Third Law) Thus each
Jomnt action tends to end with a static contraction phase Second the forces
of each successive joint action must be precisely timed If any time intervenes
between the application of the successive forces, the shot merely coasts along

T fun a S ot

FIG 202 —Smash by Patterson (Courtesy of Amenican Lawn Tenms, Inc From
Mechanes of the Game of Lawn Tenms Vol IF by J Parmly Paret)

atuts existing velocity Better timing could have utilized this distance and time
period for the imparting of additional force thus providing additional
acceleration

The principle of summation of forces together with its elements of adequate
stabilization and optimal timing can be observed 1 shooting a basket
(Fig 200and 201) executing a left jab serving a tennts ball (Fig 202) kicking
a football driving a golf ball and many other skills In some activitics the
sequence of joint actions begins 1n the upper body and termunates at the ankle
and foot Various jumping styles, execution of a back somersault in tumbling
and performing the racing start 1n swimming are cases 1n pont
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CONSIRVATION OF ANGUI AR MOMINTUM

Angular momentum 15 the product of the moment of incrtta® ttmes the
angule \eloaty This alw1ys remuns constant unless the object 15 acted
upon by n outssde force (Newton < First Law) 1fonc of the two components
(for example, the moment of inerty1) 1s decreased the other (angular velocity)
must be correspondigly increased, and vice versa so that the product of the
two factors remains unaltered Apphications of the law of conservaton of
angular momentum apperr frequently mn sports aclivities being apparent
whenever there1s aspi - pivot twist somersault, or pendulum swing nvolved
m a sports shall The prnaiple may be expluned, non technrcally by descub
mg two shills whose performance depends erucially upon its operation

A figure skater, With arms stretched out sidew 1ys swings into a series of
spins or piroucttes wWlile balanced on the point of one skate The angular
momentum was achicved ortginally by pushing off with the other skate, and
by swinging the arms 1n a horizontal circle against this resistance. The onginal
momentum continues to spin the skater, 1if he holds his outward reaching arm
posihon untl fcthion gradually decelerates bim to the point of Joss of balance
However, 1f the arms are drawn 1n and folded on the chest during the spins
the speed of rotation (angular velocity) 1s markedly tnercased so that the
prrouetting shater 1ppears as a blur to the spectator When the skater wishes
to discontinue this rapid spinming  he thrust his arms outward agamn, where
upon his angular veloerty 1s greatly decreased

A diver performing a onc and one haif front somersault 1n tuck posttion
gans his mitial rotation by leaning forward on the take off from the board
The speed of thts original rotation 1s moderate, but as soon as the diver 1s 1n
the arr, he draws his arms and legs 1n toward the center of the body (tuck post
tion) and the speed of his forward spin increnses greatly After about one full
somersault the diver emerges from the tuck position and extends his arms
legs and trunk inte layout position whereupon his angular velocity decreases
markedly The diver seems to float slowly through his last half somersault
before making his head first entry into the water The same principle holds
when a gymnast executes a front somersault (Fig 192)

Conservation of angular momentum may be further explained by returmng
to the example of the spinning skater For simplicity, one arm only mav be
constdered and the mass of that arm may be assumed to be accumulated at
its center of gravity, just above the elbow The original momentum was
sufficient to impart a certain angular velocity, and the center of gravity will
traverse a certain Circular distance at efbow s distance from the center of
rotation 1 a given time pertod Now when the arm s center of gravity 1s
drawn 1n toward the center of rotation, 1t follows a circular path of smaller
;:dll‘llls andlshorter ;lrcumference If the body continued to rotate at the same

gular velocity the distance traversed by the arm s center of gravity would

* The moment of 1nertia 1s obtamed by multipt
plying the mass of each particle
by the square of its perpendicular distance 1o the center of rotatron ang summﬁ-nfg‘ 2712?3
products for the whole body It may help the begmning student to think of the moment of
:r}l]eenr:l:; sassoarn‘ :fgrc;mnanon of the average distance from the center of rotation at which
0dy 1S concentrated It appros
of ommnts of the b PProximares but is not identical with the center
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be much smaller mn the given time period This, however 1s not possible under
the law of conservation of angular momentum Instead the angular velocity
1s increased sufficiently so that the arm s center of gravity traverses 1 the
given time period a distance equal to that which would have been traversed
along the circle of greater circumference at the slower ongnal angular veloc
ity Momentum—which has here been expressed as a mass distance time
relationship—has been conserved neglecting 1ts dissipation by air resistance
and friction between skate and 1ce A more complete and theoretically vahd
explanation can be found 1n any good elementary textbook of phystes

The principle of angular momentum 1s so commonly 1nvolved 1n sports
skills that a teacher who understands and can recogmze 1t will be able to
give effective coaching advice 1n many activities with which he has had httle
experience as a performer In gymnastics and diving the law has almost con
stant apphcation Mechamcally speaking the pole vault differs from the high
Jump largely 1n the fact that 1t mnvolves the movement of a pendulum on a
pendulum re linear motion 1s converted to angular motion at the ground
level, when the pole pivots within the box, and agamn at the other end of the
pole, when the vaulter s body pivots around his hand grip At the take off
the center of gravity 1s directly below the point of support The take off leg1s
flexed and then snapped down hard to implement Newton s Third Law (often
giving rise to heel brurses) As the body leaves the ground the knees are flexed
up toward the chest and the body rolled backward to conserve angular mo
mentum The center of gravity pivots around the center of rotation (hand
grip) and the leverage of the pole flings the vaulter into the air Once off the
ground the vaulter keeps his center of gravity as close to the pole as possible
since any weight at an angle to the pole will slow the movement of the pole™*
(Fig 203)

As a football quarterback pivots to hand off the ball he decreases the radius
of his pivot by pulling one leg his arms and the ball closer to his vertical axis
of rotation thus increasing his speed A basketball or football player starting
from a spread out position with a relatively large radius measured from his
pivot foot can pivot or feint more rapidly 1f he draws his arms and free foot
back toward a vertical axis of rotation over his pivot foot

The tumbler diver or trampoline man who performs a twisting somersault
employs the prnciple of conservation of angular momentum around two
different axes of rotation simultaneously First his somersault may mvolve
some shortening of radius around the axis through his hips stmular to that
previously described for diving Second hus twist which1s a rotation around a
head to toe axis mvolves an minial arm swing like that of the figure skater
followed by a pulling in of the arms toward the chest which increases the
speed of the twist At the termnation of the twisting somersault both radu
are lengthened again slowing both of the rotations so that a controlled land
ing or entry nto the water may be achieved

A baseball pitcher starts his throw with an extended arm rotating around
the shoulder axis with a large radws (Fig 198) As the arm 1s brought for
ward elbow and shoulder joint motions draw the ball closer to the shoulder
effectively increasing the speed of the ball just before its release The football
passer does not use this techmque b 1) baseball pitching speeds which
approach 100 mules per hour would be impractical 1n the football situation,
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d (3) the
2) he cannot afford the ime nor nisk the unbalanced posttion, an

§!1)1pc of the foatball and the chotce of moving targets requires a sacnifice of
speed 1n favor of accuracy (Fig 204)

TAILING

The dangers of falling result largely from impact, or the reception of forces
therefore, some of the retated hinesiological principles will also apply to the
problem of recening the impncet of objeets in sports such as occurs in ¢ itching
\ hard-driven ball The following discussion, however assumes for the most

L R TS RPN

16 203 —Apphcation of the Conservation of Angular Momentum m pole vaulting
(Edgerton)

part that the body 1s falling under the nfluence of gravity ‘The factors to be
considered are (1) the velocity at the moment of impact "(2) the mass of the
falling body (3) the distance through which the deceleration takes place (4)
the surface area through which the impact 15 absorbed (5) the part of the
anatomy subjected to the impact and (6) the properties of the surface on
which the body lands

The following formula expresses relationships which are helpful 1n under-
standing several of the problems of falling

Work = Fd = $mv2 = kunetic energy
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1n which F 15 force d 1s the distance through which 1t 1s applied, m 1s the mass
of the body or object, and v 1s the velocity of the body or object The problem
15 to do work so s to absorb the kinetic energy of the fall and to do this
work safely

The kinetic energy of the fall 1s proportional to the square of the velocity
Anything which can be done to reduce the velocity will pay off with
geometrically accruing benefits Usually the velocity of the fall 1s the result
of the acceleration of gravity This gravitational acceleration constantly m

- ~uis L N ¢
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FiG 204 —Jack Jensen getting off a pass The weight has just been shifted to the left
leg as the ball 1s being brought forward (Photograph by Thomas McDonald )

creases during the fall and the speed increases geometrically The time of
falling can be decreased if there 15 some warning A fainting person, for ex

ample can sometimes start to sit or lie down before becoming completely
unconscious at which time falling becomes free and uncontrolled A ladder or
other tipping object starts to fall slowly and although 1t may be 1mposstble
for the person on 1t to recover balance there may be a moment 1n which he
can chimb shde or step down part way, and thus reduce the time and height
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of the fall Sometimes grasping or contacting stionary objects on the way
down mny decrense the neceleration of the a1l people have fillen amazing
distances through tree hmbs or through an wning without sustuning scrious
mu
JTlrlyc impact of landing 15 proportional to the mass of the Niling body
Heavy masses do not fall any fister, howeser, and 1t is sometimes wise to
retun 2 grasp on an object For example filling onto 1 large pasteboard
carton held 1 one s arms may be preferible to falling directly onto a floor
But 1f the obyect 10 one s arms 15 hewy and will be on top 1t the moment of
landing 1t would be better to push it aside Obese persons, beeause of thar
greater mass Without equn alent agility or strength, are injured more seriously
by falls
yThc fonger the distance through which decelerttion takes place, the less the
danger of triumn The eqution cited 1bove demonstrates that the greater the
distance through which force 15 1pplied the less the decclerating foree will
have to be since the product of the two must equal the kinetic energy of the
fall In the same manner thit a fast bail ss caught with giving  of the arms
the arms or legs may sometimes be used as shock 1bsorbers powered by the
muscles When the limbs are so used, they should be nearly but not quite
extended at the moment of contact Joints which are locked 1n complete ex
tension must absorb the impact 1lmost 1nstintaneously with the shock
absorbing distance clement reduced to v mmmimum  the mrgmitude of the
force required ss likely to tear hgaments and shatter bones Falling with the
arm elevated over the shoulder may force the humerous out of the joint
through the tnangular opemng formed by the muscles beneath the armpit 25
In such activities s football and trampolining performers are coached to
avoid extending the arms in order to break falls Boxers are taught to ‘roll
with the punch 1n order to reduce the force of the impact
If the impact of a fall 1s sprend over a large surfice aren the magnitude of
the force at any one place on the body 1s reduced It 1s obvious that landing on
both feet 15 safer than landing on one In some cases, landing flat on one s
back 15 preferable to landing on the small surface areas of one to four hands
and feet Circus acrobats falling from great heights are said to prefer to land
flat on their backs rather than on their feet The standard break falls of the
sport of judo represent effective devices for spreading the impact of falls over
farge arm and body areas The judoka 15 taught to land on the well padded
side of the thigh if possible and to take up as much of the shock as he can with
the hands and feet In many falls 1n which there 15 lateral as well as vertical
momentum part of the fall may be taken on the feet and the rest absorbed by
downga forward sideward or backward rolt The sideward rofl 1s often known
oo s oo oo BB 4 P
€ pomn
m%)‘t 4 blocked of tachied p of the shoulder after being
e deformabilty and compressibihity of the la

tremendous difference 1n the seriousness Zf falls Peo;‘limwgh: lxl":x‘]\;l?utr?;l;xe;t;
windows are sometimes uninjured 1f they land on the roof of a parked ca
which 1s surprisingly deformable and which ncreases the distance element 11;1
the work of absorbing the kinetic energy Asphalt or black top 18 noticeably
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safer than cement as a landing surface and may compare favorably with
sand or compressed earth Heavy turf, especially 1f the underlying earth 1s
moist 1s markedly superior to dry compacted bare earth

The seriousness of trauma resulting from a blow depends largely upon the
part of the anatomy recewving the impact Damage to the head 1s probably
most to be avorded vertical and whip lash forces on the spinal column
especially the upper parts, are probably next 1n sertousness Injuries to the
viscera are fairly common, but this area does possess certain means of self
protection The sight of an approaching blow results 1n a reflex contraction
of the abdominal muscles When the blow 1s recetved the intestines tend to
slide out of the hine of force Most of the internal organs have a certain amount
of mobility and are able to swing aside when their area 1s struck The vertebral
column against which they might be crushed arches backwards to reduce the
impact and 1s itself cushioned by the hydraulic buffer action of the aorta
and inferior vena cava 26

ACTION OF MECHANICAL FORCES ON MISSLES

Curves If a ball 1s thrown with a spin or hit off center so that 1t spins
aerodynamic effects may cause 1t to curve m 1ts flight The degree of curving
will be positively related to three factors—the speed of the spin the weight
of the ball and the roughness of its surface The direction of the spin de
termines the direction 1n which the ball tends to curve

An adequate mechanical analysis of curving requires reference to the com
plex workings of Bernowlh s principle a topic in aerodynamics The followmng
1s a more casual explanation as the ball rotates the roughness of 1ts surface
creates a greater air resistance on the side of the ball which 1s turming toward
its path through space and a lesser air resistance on the stde turning away
from 1ts path 1n space This difference results 1n a force acting on the ball at
night angles to 1ts main direction and the resulting Jateral displacement pro
duces the curved path (Fig 205)

Gravity tends to produce a parabolic downward curve n the path of the
ball Thus in throwing a down curve (drop) gravity accentuates the curve
m throwing a pure side curve (in shoot or out shoot) gravity has no effect
on the extent of lateral curving and 1n throwing an up curve (up shoot or
hop) gravity tends to counteract the extent of curving and vice versa Asa
result a drop 1s the easiest curve to throw, and an up shoot 1s most difficult

A tennis ball because of 1ts ight weight and fuzzy surface (if the ball1s new)
and a golf ball because of 1ts dimples curve much more readily than a base
ball

Rebound Angles When a beam of light 1s reflected from a surface 1ts angle
of incrdence with the surface will be equal to its angle of reflection from the
surface Rebounding balls tend to react in much the same manner although
the relationship 1s subject to several discrepancies Rotation of the ball the
area of contact the degree of penetration of the ball into the surface or of the
surface nto the ball all cause the angle of rebound to differ from the angle of
mecidence Roughly however we may assume that the angles of incidence and
rebound are equal if the ball 1s not spinning and 1f both the ball and the sur
face are hard If the ball 1s spimning when 1t hits the surface the angle of
rebound 1s markedly affected by the amount and direction of the spin Figure
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206 1Mustrates the cffect of back and top spin on the rebound of 1 tenms ball
A cut or side spin will cause 1t to break to one side when 1t rebounds from the
court

Ghroscopic Action The spin of an object in flight produces a stabilization
agunst end over end tumbhing and other erratic behavior This 1s ealled
gyroscopse action The laws of gyroscopic action cannot be explaned here
but 1t m1y be sard that the result 1s beneficl to the fhight path of such sports
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— e
s — ‘\¢\\
paTH
W S o

o GIREGTION BALL,
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g
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INCREASED °¢b S/ﬁy
PRESSURE Q™50

DIRECTION OF AIR CURRENT

FIG 205 —Bernowill s principle operates to defiect a spinning ball from its straight
path By dragging a little aur along on 1ts surface as 1t spins differences of pressure
are created on opposite sides of the ball

BACK SPIN NO SPIN
—

TOP SPIN

Fi16 206 —Illustrating the effect of spin on the angle of rebound of a ball striking
a horizontal plane surface Back spin increases the angle of rebound of 4 When no
spin1s present asin B there 15 no change in the angle of rebound 1t being equal to
the angle of impact Top spin decreases the angle of rebound of C

implements as a football or a discus The effect of gyroscopic action Bernowi!

It's principle and other aerodynamic factors upon the flight
e Stathes o oaner 2cto p ight of the javelin have

Awr Resistance Small heavy
are affected very hittle by air
at fast speeds may be deterres

smooth objects traveling at moderate speeds
resistance Large light trregular objects traveling
d significantly in their flight path by air resistance



414 RINESIOLOGICAL PRINCIPLES IN SPORTS AND GAMES

safer than cement as a landing surface and may compare favorably with
sand or compressed earth Heavy turf, especially 1f the underlying earth 15
monst 15 markedly superior to dry compacted bare earth

The seriousness of trauma resulting from a blow depends largely upon the
part of the anatomy receiving the tmpact Damage to the head 1s probably
most to be avoided vertical and whip lash forces on the spinal column
especally the upper parts, are probably next 1n seriousness Injunes to the
viscera are farrly common, but this area does possess certain means of self
protection The sight of an approaching blow results 1n a reflex contraction
of the abdominal muscles When the blow 1s recerved, the intestines tend to
shide out of the line of force Most of the internal organs have a certain amount
of mobility and are able to swing aside when their area s struch The vertebral
column against which they might be crushed arches backwards to reduce the
ympact and 1s 1tself cushioned by the hydraulic buffer action of the aorta
and nferior venn cava 26

ACTION OF MECHANICAL FORCES ON MISSLES

Cunves If a ball 1s thrown with a spin or hit off center so that 1t spins
aerodynamic effects may cause 1t to curve in 1ts flight The degree of curving
will be positively related to three factors—the speed of the spin the weight
of the ball and the roughness of 1ts surface The direction of the spin de
termunes the direction mn which the ball tends to curve

An adequate mechanical analysis of curving requires reference to the com
plex workings of Bernowllt s principle a topic 1n aerodynamics The followmg
1s a more casual explanation as the ball rotates the roughness of its surface
creates a greater aur Tesistance on the side of the ball which 1s turning toward
its path through space and a lesser air resistance on the side turning away
from 1ts path 1n space This difference results 1n a force acting on the ball at
night angles to 1ts mamn direction and the resulting lateral displacement pro
duces the curved path (Fig 205)

Gravity tends to produce a parabolic downward curve 1n the path of the
ball Thus 1n throwing a down curve (drop) gravity accentuates the curve
in throwing a pure side cunve (in shoot or out shoot) gravity has no effect
on the extent of lateral curving and 1n throwing an up curve (up shoot or
hop) gravity tends to counteract the extent of curving and vice versa As a
result a drop 1s the eastest curve to throw, and an up shoot 1s most difficult

A tenmis ball because of 1its light weight and fuzzy surface (:f the ball 1s new)
and a golf ball because of its dimples curve much more readily than a base
ball

Rebound Angles When a beam of light 1s reflected from a surface 1ts angle
of incidence with the surface will be equal to its angle of reflection from the
surface Rebounding balls tend to react in much the same manner although
the relationship 1s subject to several discrepancies Rotatton of the ball the
area of contact the degree of penetration of the ball into the surface or of the
surface into the ball all cause the angle of rebound to differ from the angle of
mcidence Roughly howeser we may assume that the angles of incidence and
rebound are equal if the ball 1s not spinnung and 1f both the ball and the sur
face are hard If the ball 1s spmning when 1t hits the surface the angle of
rebound 1s markedly affected by the amount and direction of the spin Figure
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Thus, a baseball or shot 1s seldom affected whereas a badminton bird or ping
pong ball reacts obviously to air resistance

The object s speed referred to above, means 1ts speed with respect to the
amrstream Wind resistance has the same effect as increasing the object s speed
or in the case of 1 tallwind as decreasing the object’s speed The surface area
of the human body 1s not great enough to cause great retardation due to air
resistance at ordinary speeds of self propulston on a still day Hill28 calculated
that 1n running air resistince may be computed by the formula R = 000107
v2Ar, where v equals speed 1n feet per second Ar equals projected area n the
running posttion (1pproximately 0 15 times the square of the runner s height)
By this formula R equals 32 horsepower for a typical runner, which 1s con
siderably larger than the estimates made by Elftman (015 hp )29 and by
Cureton (195h p) 30

In the event of a strong head wind, the relative speed of the body with
respect to the airstream becomes large enough to cause sigmficant retardation
Strong winds also affect the path of small objects such as a baseball or fool
ball Records made 1n track and field events are disallowed 1f the runner 15
arded by 1 tailwind of greater than a stated magmitude

Center of Percussion Tenms and baseball players know from experience
that 1f a bail 1s hit at a certain spot on a racket or bat no vibrations are
transferred to the hands and arms of the player In sports terminology ths
area 1s known as the sweet spot 1n physics 1t 15 known as the center of
percusston or center of oscillation of a compound pendulum

If a ball lits a racket or bat at other than the center of percussion the
resulting vibrations 1n the implement are unpleasant and some of the energy
of the swing 1s neffictently dissipated 1n setting up the vibrations
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Fi1G 207 —Incorrect technique of Iifting Note that 1n this position the principal
stresses will come on the muscles of the spmal column which, mn this position 1s
hterally hanging from its igaments  (Photo by Pierson )

FiG 208 —Proper techmique of Iifung Note that 1n this position the prin¢ipal

stresses will come on the quadriceps femorss the largest and strongest muscles m
the body (Photo by Pierson ) s ¢



Chapter 21

Kinesiology 1n Daily Living

Lifting Since the levers of the human body are adapted for range speed,
and precision of movement, rather than for weight handhing 1t 1s not surpris
ing that the incidence of back myuries attributed to ifting 1s extremely high
Such traumata may be due to acute injury, such as 1s sustamed by the indus
trial worker or to a continual mild overstretching of the muscles and liga
ments such as 15 experienced by the housewife They may result from the

nutcracker effect of compression forces or from lesions of the soft tissues
These conditions are especially apt to occur 1n the elderly whose interverte
bral discs and muscles have lost their strength and elasticity

To offset the mechanical disadvantages inherent 1n the human machine
requures the use of the most efficient techmques of body mechanics Davis!
has pointed out that general rules are difficult to apply, since the way m which
burdens are Lifted depends upon their size, shape position n space and the
habits of the person hfting them He estimates that the theoretical maximum
lift 1n the erect position 15 about 500 pounds, and notes that this figure 1S
achieved by weight lifters A study? of the methods employed by them 1o
raise these enormous poundages revealed that six cardinal principles were
observed

1 The feet are kept flat on the floor The hifter does not balance himself on
his toes as 1s sometimes shown 1 shop posters depicting the techmques of
hfting

2 The legs are spread a comfortable distance (about 12 inches) apart to
increase the stability of the body If the stance 1s exceptionally wide the
muscles of the groin are more easily strained

3 The weight 1s kept as close to the lifter as 1s convenient

4 The spine 1s kept as straight as possible

S The actual hfting 1s done by the largest and strongest muscles which can
be utilized for the purpose—usually the extensors of the knees In most cases
the knees are bent the object grasped 1n the hands, 1nd then lifted by force
fully contracting the extensors of the knee and straightening the legs not by
pulling upward with the arms and back

418
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space to gy 1 reduction of momentum The intbility to mike this sacnifice
and the dangers attendant upon loss of stability make hfting an obyect over
head while standing on 1 kitchen stoo! or sumilar support 1 potentially hnzard
ous occupation In all overhead hfting an cffort should be made to avord
thrusting the hips forward or increasing the lordotic curve of the back

Carrying Weights 1f the weight must be carnied the problemu s largely one
of limiting msofar as possible the amount of displacement of the body neces
sary to bring the center of gravity over the feet The most common cause of
accidents in carrying loads 1s loss of balance resultng 1n insupportable
muscular strains being placed on the body Observation of the following
principles will assist 1n carrying loads 1n a safe and cfficient manner

t 1f possible the load 1s dwvided 1nto two equal parcels 1nd one 1s crrned
n each hand, so that the spine 1s kept strught

2 If the lond 1s a single bundle the free rrm may be rused sideward to
assist 1n heeping the spine erect

3 The weight s carried close to the body

4 The most efficient handle to use on a bundle 1s the one which exerts the
least concentrated pressure on the hinds Carrying puls for example 15 less
fauguing if the wire bale 1s covered with a handle

5 When carrying pachages in the hands the elbows are hept shightly bent
to take some of the strain off the elbow joint When a worker must carry
sachs the weight of the sacks should not exceed 60 hg on the level and 50
\g up stairs ©

Bedale$ measured the oxygen consumption per minute 1n virious methods
of carrying to determine the energy expenditure each required As sum
marized 1n Table 18 1t will be noted that the order of effictency differs some
what for different carrying methods

TABLE 18 —Oxygen Consumption in cc Per Min
In Vanious Methods of Carrying

Weight 1n Pounds 20 30 40 50 60
Oxygen Consumption Per Mmute

Methods of Carrying

1 Tray carned in front of the body 464 522 613 675
2 Tray carried in front strap around
shoulders 473 522 604 656
3 Weight carried n equal bundles in
each hand 455 492 534 667
4 Weight distributed on board on
left shoulder 428 547 609
5 Tray on left up 574 657 694 ggg 78
6 Rucksack on back 561 573 608 700
7 Welgllél mn t:o pails supported by
shoulder yoke 400 440 48
8 Tray on head 527 575 622 g‘;.’ﬁ. 1

Sitting and Rising In Western cultures 1t 1s tacutl
y 1ssumed that an indiv;
ual accepung an 1mvitation to be seated will sit on a charr or davenport I;:l
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6 The lifter faces 1n the direction mn which he intends to move, 5o that he
does not have to turn while holding the weight and thus set up centnfugal
forces which may result in 1yury In many cases however advantage may
be taken of the counterbalancing of the body and follow through to per
form 1n one smooth motton what mght otherwise be accomplished 1n a series
of nefficient discrete movements
} Upon careful analysis 1t will be found that almost all forms of work are
performed most efficiently when these principles are kept 1n mind In using
the wringer on 2 mop bucket for example, the cleaning woman will profit by
facing i the direction 1n which the wringer handle moves so that the weight
of her body may be applied on the down stroke and the strength of her legs
employed on the up stroke At the other extreme, one acute witness? of the
hard rock drilling contests of the early Southwestern mimers has noted that
the man swinging the hammer bent forward at the hip and knee as much as
at the elbow and shoulder, caught the elbow of the lower arm on the forward
thigh, and threw 1t back up into the air by the upward jerk of the leg The
two types of work are very different, but the principles mvolved are exactly
the same

Moving Weights When possible, heavy objects should be pushed rather
than pulled and shid rather than carried In theory the force required to lft
a weight 1s approximately 32 times that required to side 1t although m actual
practice this difference 1s reduced by the amount of energy necessary to over
come the friction 1nvolved 4 The principles for the most efficient method of
pushing are very similar to those for Iifting

1 The feet are placed a comfortable distance apart with one foot near to
the object to be pushed and the other extended to the rear

2 The spine 1s kept straight and the hips are kept low

3 The hands are placed at the level of the object s center of weight If they
are placed above 1t the object will tend to tip forward rather than to slide
forward

4 The object 1s moved by contracting the extensors of the mp knee and
ankle and straightening the legs not by extending the arms

Variations on the utilization of the principle of pushing may be found m
the use of the shovel 1n which the advanced hand or hand and thigh may
be used as a fulcrum and the weight lifted by pushing down on the shovel and
1 canoeing 1n which the principal effort 1s made by a push of the arm whose
hand and fingers grasp the top of the paddle It should be noted that ;n both
cases first class leverage 1s tnvolved and force 15 gamned by the fact that the
force arm 1s longer than the resistance arm

Handling an Object Overhead The problem of handling an object overhead
as i removing a box from a closet shelf, 1s rendered more severe by the fact

that the moving of the object builds up a honizontal momentum and its post
tion raises the center of gravity of the mover thus decreasing hss stability and
rendertng hum more hikely to be tipped 1n the direction 1n which the object 1s
moving or to suffer a strain 1n trying to prevent undesired movement A solu
tion 1s to place one foot 1n advance of the other The object 1s first moved with
the body s center of gravity supported by the advanced foot As the object
comes forward, the body weight 1s shifted to the support of the back foot
which can be moved still further backward 1f necessary Ineffect this sacrifices
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restricted to Athletes wWho have triditionally included squts, duck walks
and stmalir exereises 1n their trumng programs Some yeirs 4go Kranz!®
adyanced the theory that the prictice of exererse of this type stretched the
ligaments of the knee Joint ind predisposed the joint to injury 1t has been
suggested that 1 1 deep squat the thigh acts as a first cliss lever, with the
fulerum on the bulky triceps surne, ind hterilly pries the jont open, thereby
over stretching nd wethemng the igaments As 1 result of such arguments
use of these exercises has fallen into distepute
hneehng Certain types of work such as that of chirwomen require fre
quent 1nd prolonged knecling In the opinion of some surgeons this may
result 1n 1 wearing thin of the quadniceps fibers with 1 resultant tendency to
fuptyre 1
Star Chimbing Stair climbing 15 a speeial case of locomotion 2nd an
extremely fiiguing one It has been estimated thit 1 person expends the
same amount of energy 1n climbing one aserage flight of stairs that he does in
walking on the level fifteen umes the distince represented by the vertical
height of such a stair case 12
Placing the ball of the foot on the tread of the stair and then hifung the body
by contraction of the gastrocnemus (plantar flexion) 15 considerably more
fatiguing than 1s placing the entire sole of the foot on the tread and rasing
the body by extension of the knec joint By keeping the center of gravity
forward the effect of the resistance arm of the thigh lever 1s reduced and
energy 1s conserved The most effictent rate of stair chimbing has been de
termined to be about 1 3 seconds per step 13 Elderly people may be observed
to grasp the hand rail for support and to letn well forward The increased
flexton of the hip thus obtained enables them to employ the gluteus maximus
to better advantage 1n extending the hip joint
When descending a stair the body 1s kept more erect 1n order to prevent
the center of gravity from getting too far forward The hip of the swinging leg
1s shightly flexed the amount depending upon the width of the tread, and the
knee and ankle are extended The extensors of the hip, knee and ankle of the
supportung leg gradually reduce the force which they are exerting and permut
a slow flewon This 1s a typical lengthening contraction  or negative
work where gravity does work and the extensors resist it The body 1s Iowered
until the ball of the foot of the swinging leg makes contact with the step The
werght 1s then transferred to this leg the knee of the other leg 15 flexed the
foot lifted and swung forward and when the knee 1s extended the cycle 15
repeated Descending stairs requires about one third the energy expenditure
of ascending them 12
In walking down hill the quadriceps femoris must contract to keep the knee
joint extznded aganst t};_e gravitational forces working on the body This
continued stress 1s one of the reasons for t
muscle after Tabing he ache often expertenced 1n that
Sex Factors Where possible duties involving heav:
by male workers since the strength of women is mezitljlggl%;:(;fgx::n‘f;ﬁ
tests 15 about half of that of men The fact that women s thighs nchine 1
toward the knees makes it more difficult for them to mamntain therr bal en
hence work which requires standing on a stool or at the top of a ladgﬂc
more safely assigned to men The wward inclination of the female 'cln'r:3 K;“I:S
counts for women s difficulty 1n handling screw drivers and other equipment
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this 1s not necessarly true elsewhere One survey? found that sitting on the
floor with the legs stretched straight ahend or crossed at the ankles or knees
15 a characteristic fermmine seated posture 1n many other parts of the world,
perhaps because 1t enables the woman to nurse a baby and at the same time
carry on the weaving basket making and other tasks which usually engage
her attention Sitting on the heels with the knees resting on the floor and
sitting with legs folded to one side are also common postures among women
n other societies Body positian reflects anatomucal, psychological, cultural
kinesiological, and environmental factors The relative advantages and dis
advantages of different positions 1n general use 1n vanous parts of the world
have never been studied and offer the kinesiologist 4 fascinating field of
exploration

In sitting down and nising one 1s confronted with the problem of supporting
the body while the center of gravity moves backward and downward or for
wardandupward as the case may be In sitting down on a chair the ndividual
stands with hus back to the chair places one foot shightly to the rear inclines
the body forward from the hips to keep the center of gravity over the base of
support, and lowers the body by relaxing the knee extensors and permitting
the joint to bend In ansing from a chaur one foot 1s placed shghtly under the
chaur, the individual bends forward from the lps and nises by contracting
the knee extensors transferring the center of gravity forward so that 1t 1s
supported by the forward foot

In sitting on or ansing from a straight backed char, the aid of the hands 15
not normally required In some deep chairs the center of gravity 1s thrown so
far backward that 1t 1s difficult to sit down or nise and 1n such cases the arms
are often used to assist in the movement Schools for fashion models and
actors usually teach that 1t 1s ungraceful to employ the arms in nising

Older persons may find 1t difficult to sit 1n comfort or to arise after being
seated for long periods Keegan8 explains that poorly designed chairs cause
an excesstve decrease 1n the pull of the thigh trunk muscles This permits the
lumbar curve to flatten and the hydraulic pressure resulting from anterior
wedging within the fourth or fifth intervertebral disc may force a degenerated
piece to protrude causing a painful stretching of the sensitive posterior longt
tudinal ligament of the disc

When the vastt are paralyzed or weakened the weight of the body may
be too great to be withstood by the knee extensors and the indtvidual may be
able to stabilize his body 1n the erect position only by hyperextending the
knees s0 as to throw the center of gravity forward of the normnl ine of body
weight A person so afflicted may sometimes be seen to place his hands on his
knees and assist humself to rise by pushing the knees backwards as he leans
forward

When the seated individual 1s required to operate foot pedals of some kind
the thrust which can be exerted by the legs may be a matter of some impor
tance The thrust exerted by the legs 1s 1t a maximum when the knees are bent
at an angle of approximately 165 degrees At this point the mean thrust 15
about 227 kg If the knees are bent at a smaller angle there 1s a tendency for
the upper part of the body to be pushed backward if they are bentata greater
angle there 1s 1 tendency for the body to be tilted forward 9

Squatting  Squatting 1s the normal resting position 1n large areas of the
world In the Western culture 1t 1s considered undigmified and 1ts usc 1s largely
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He mrkhes the important point that apparently e1sy work may be strenuous if
it 1s done by relatively weak muscles, ts of a predominantly static character,
15 performed m an whward position, or 1s carried out under extreme en
vironmental conditions

1f left to humself the worker will take voluntary rest pauscs, perhaps 1s an
unconscious means of self protecion The frequency and duration of these
will vary with the seventy of the work being done but for manual labor
appears to approximate ten minutes out of every hour 21 It 1s not clear
whether the figures optimal for men 1re necessanly so for women Mead22
has pointed out that women scem to possess 1 capacity for continuous
monotonous work, wherens men are charactenized by sudden spurts of energy
followed by 2 penod of recuperation These differences appear related to the
endocrinological systems of the two scxes, whether they have significance for
Lnesiology 1s yet to be determined

Rhythm Rhythm may be an important factor aflecting the efficiency with
which movements are made Exch individual has lus own preferred speed of
morvement It has been suggested that this 1s determined by the sum of all
hinesiological  physiological, and psychological factors nvolved and that
the indvidunl imstinctively tends to move at the rate most efficient for his
particular make up The ease and efliciency of movement may be increased »f
1t 3s done to a distinct rhythm Wrappers of soap for instance have been
observed to rhythmically sway their trunks and rotate their heads while at
work The greater the amount of this movement, the greater was the efficiency
of the worker 25 Perhaps one of the factors making for success 1n a famous
backfield such as the Four Horsemen of Notre Dame or a dancing group 1s
the combination of individuals whose preferred movement speed 1s 1dentical
On the other hand, an assembly line worker whose preferred speed of move
ment clashes with that imposed upon him by lis work may find that he 1s
subjected to stresses which render him both mefficient and unhappy

Additional Reading Articles and books dealing with what has been appro
prately termed ‘ The Anatomy of Work 24 and Body Dynamics 25 are
numerous The student of kinesiology will find that this study will enrich hus
Iife by giving new insightsinto his daily expenences and may lead um to new
discaveries n a field 1n which scientific nvestigation has only begun
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requiring a rotary motion 14 In work requining dexterity rather than strength
however women are equal or superior to men

Working Space Arrangements Regardless of sex no worker can hope to
function effictently unless the arrangement of the equipment which he 1s
required to use has been designed with a full consideration of anatomicat and
kimesiological principles Each job has 1ts own peculiarities and may mvolve
such details as determining the optimal load for a miner s shovel or the opti
mal length of a tuna fisherman s pole Here only the barest and most general
outhne can be given

I Work benches and tables should be at the elbow height of the user
whether he 1s sitting or stainding

2 The height of work chairs should be adjustable They are in proper
posttion when the operator s feet rest on the floor or on a support For the
average male American the distance from the floor to the top of the chair seat
should be about 18 inches

3 Levers to which maximum force must be applied should be at shoulder
level for standing operators at elbow level for seated operators

4 Controls which must be used often should be between elbow and shoul
der height

5 Conventent arm reach 1s about 28 inches controls more distant will
probably require the average operator to bend his body

6 For aside to side movement the strength of pushing ts greater than that
of pulling 1 forward and back movements pulling strength 1s greater than
pushing strength

7 Honzontal movements of the hand are faster than are vertical move
ments

8 Flexion movements of the arm are slower thin extension move
ments 15 16

Rest Pauses When Taylor!” made hs ciassical study of the apphcation
of kinestological principles to the carrying of billets of pig 1ron, he nearly
quadrupled work output by the utilization of three basic techmiques m
motivation (promising the worker an increased wage) (2) selection of the
physical type best suited to the work, nd (3) the introduction of rest pauses
The question of rest pauses has recerved sufficient attention from the
kinesiologists Unlike 1ts mechamcal counterparts the human machine cannot
work continuously without a decided loss tn efficiency Duning World War I
the British found that the weekly output for a 554 hour week was 13 per cent
greater than that for a 74} hour week During World War II American stu
dents determined that hours beyond 48 to 50 a week resulted in higher
absenteersm higher injury rates and lower output per man hour 18

Numerous studies of the energy costs of various industnal sports and do
mestic activities have been made 19 The energy output required 1s generally
expressed 1n terms of calones used per min ite and Chnistiansen20 has sug
gested the following figures as standards for work classification

Light 25- 49cal/mn
Moderate Heavy 50- 74
Heavy 75- 99
Very Heavy 100-124

Unduly Heavy i25- Up
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He makes the important point that ipparently e1sy work may be strenuous i
1t 1s done by relatnnely wenk Yes, 15 of 1 prede 1y static charcter
1s performed 1n an wkward positton or 1s cirned out under extreme en
vironmental conditions

1f Teft to humself the worher will take volunt ity rest piuses, perhaps s an
unconscious means of self protection The frequency nd duration of these
will vary with the seventy of the work being done, but for mnual Inbor
appears 10 approximate ten minutes out of cvery hour 2! It 1s not clear
whether the figures optimal for men are necessanily so for women Mead™?
has pointed out that women scem 1o possess 1 cipacity for continuous
monotonous work, whereas men are charactenzed by sudden spurts of encrgy,
followed by 2 period of recuperntion These differences ippear related to the
cendocninological systems of the twa sexes, whether they hwe sigmficance for
hinesiology 1s yet to be determined

Rhythm Rhythm may be tn important fictor affecting the efficiency with
which movements are made Each individual has lus own preferred speed of
movement It has been suggested that this is determined by the sum of alt
hinesiologie1l  phystological, and psychologreal factors involved and that
the individual astinctively tends to move at the rate most efficient for his
particular make up The ease nd efficiency of movement may be increased 1f
it 1s done to a distinct rhythm Wrappers of soap, for instance, have been
observed to rhythmically sway their trunks and rotate therr heads while at
work The greater the amount of this movement the greater was the efficiency
of the worker 2% Perhaps one of the factors making for success m a famous
backfield such as the Four Horsemen of Notre Dame or a dancing group 1s
the combination of individuals whose preferred movement speed 15 1dentical
On the other hand an assembly hne worker whose preferred speed of move-
ment clashes with that imposed upon him by his work may find that he 1s
subjected to stresses which render him both inefficient and unhappy

Additional Reading Articles and books dealing with what has been appro
priately termed The Anatomy of Work 24 and Body Dynamucs '25 are
numerous The student of kinesiology will find that ths study will enrich hus
Iife by giving new nsights into is daily experiences and may lead him to new
discovertes 1n a field in which scientific investigation has only begun
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requiring a rotary motion !4 In work requiring dexterity rather than strength
however women are equal or supertor to men

Working Space Arrangements Regardless of sex, no worker can hope to
function efficiently unless the arrangement of the equipment which he 1s
required to use has been designed with a full consideratton of anatomical and
kinesiological principles Each job has its own peculiarities and may mvolve
such details as determining the optimal load for a miner s shovel or the opti
mal length of a tuna fisherman’s pole Here only the barest and most gencral
outline can be given

1 Work benches ind tables should be at the elbow height of the user,
whether he 1s sitting or standing

2 The height of work chairs should be adjustable They are in proper
position when the operator s feet rest on the floor or on a support For the
average male American the distance from the floor to the top of the chair seat
should be about 18 inches

3 Levers to which maximum force must be applied should be at shoulder
level for standing operators, at elbow level for seated operators

4 Controls which must be used often should be between elbow and shoul
der height

5 Convenuent arm reach 1s about 28 inches controls more distant will
probably require the 1verage operator to bend his body

6 For a side to side movement, the strength of pushing 1s greater than that
of pulling 1n forward and back movements pulling strength 1s greater than
pushing strength

7 Honizontal movements of the hand are faster than are vertical move
ments

8 Fleuion movements of the arm 1re slower thin extension move
ments 15 16

Rest Pauses When Taylor!7 made his classical study of the application
of kinesiological principles to the carrying of billets of pig iron he nearly
quadrupled work output by the utilization of three basic techmques (1)
motivation (promising the worker an increased wage) (2) selection of the
physical type best swited to the work, and (3) the introduction of rest pauses
The question of rest pauses has received insuffictent ittention from the
kinesiologists Unlike 1ts mechanical counterparts, the hum in machine cannot
work continuously without a decided loss 1n effictency During World War 1
the British found that the weekly output for a 554 hour week was 13 per cent
greater than that for 1 74} hour week During World War I American stu
dents determined that hours beyond 48 to 50 a week resulted n higher
absenteersm higher injury rates and lower output per man hour 18

Numerous studies of the energy costs of various industrial sports and do
mestic activities have been made 19 The energy output required 15 generally
expressed 1n terms of cilories used per mmte and Christiansen2? has sug
gested the following figures as standards for work classification

Light 25~ 49cal/mnn
Moderate Heavy 50- 74
Heavy 75- 99
Very Heavy 100-124

Unduly Heavy 125~ Up



APPENDIX

ARFAS O MUSCUI AR ATTACHMENT

Figuses 209-226 all of which re taken from Grav s Anarony, the bony
ongns of the muscles arc shown tn red and the mnsertions i blue The lines
of attachment of acticulte capsules are wdicated by a heavy blue line

Sternal extremity Acromid extremity

TRArEr i, A
o N

e -~
.,

16 209 —Left clavicle Supenior susface

Asticular :ngmlt

Articular capsule

Fia 210 —Left clavicle Inferior surface
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Bone membrines of periosteum 37
orgamization of, canaliculs 37
canals, 35
Haversian system 35
lacunae 36
lamella 36
osteocyte 36
ossification of, 19
structure of body 37
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ends 37
head 37
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Elftman H 29 34 66 82 86 257 262
359 367 377 378 416 417
Endurance arculo resptratory 106 383
muscular 106, 383 398
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Green J H 325

Grsiel D C 417

Gross L A 417

Guaart J, 32

Guilford J P 107 416

Gymnastics 42 49 55 100 106 181
193 236 240 308 309 321 323 335,
383 384, 386 394 396 408 410 413

Gyroscopic action 20 415

H
Hapen R L 32
Hagiwara S 84
Hale C J 416
Hamilton W J 228 240 286 357
Hammer toes 283
Harding D 79 85
Harnson R 67
Harvey W 19
Haughton S 23
Haxton H A 286
Haycraft J B 32
Health T L 32
Heath A L 34 378
Hellebrandt F A 24 32 142 357
Henry F M 34 371 378
Hernia nguinal 296 310 335 348
Hewes G W 32 426
High heels effects of 285 342 346
High yjumper s strain 240
Hill A 'V 29 34 82 86 416 417 426
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Hill I R, 258 262
Hirschlaind R P, 49
Hut S 1,24 32,142
Hitch ek, 374
Hoag D G, 417
Hochey 275
Hodghins J, 416
Hocler, P | A 8BS
Hoff, H T ,32
Hoffman P 287
Hollow back 337 349
Holmes R 66
Hooton L 28 33
Hopper * 305
Horscback niding 236 239 240
Horsepower 122
Howell T H 262
Hunsicher P A 33
Hunter J,21
Huxley, A T 66
Huxley H ¥, 66

e F L, 105,107

Impact l'on:cs 340 411 413

Impulsion 383

Inertia 116 (see Moment of mnertia)

Intibition 103 104

Inman, V 29 34 162 174 185 186
193 240 377

J
JacksoN J H, 25 379
Jahnke W D, 240
Jansen, M, 27
Janssen 24
Javelin 118 122 193,394 397 399 415
Joffer A, 358
Johnson J HT 162
Jounts ankle 268
carpo metacarpal, 197
distal radio ulnar 182
clbow 181
hip 222
interphalangeal 200 269
intertarsal 269
knee 242
metacarpo phalangeal 199
metatarso phalangeal 269
mudcarpal 197
middle radio ulnar 182
proumal radio ulnar 182
tibio fibular 242
radiocarpal 197
radio ulnar 182
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De Lorme T L 262

Dempster W T 358

Denny Brown D 66

Denslow J S 67

Dernick hft 305

Devas, M B 262

Discus 20 118 122 394 399 401 415

Dislocation of bones 43 45
of shoulder joint 177 178

Diving 308 394, 409 410

Donnelly R J 33

Dorcas R M 67

Dorsal expansion 213

Drew J F 266 286

DuBois Reymond E 22

Duchenne G B A 22 32 83 84 157
320 321,325

Dunkelberg J C 357

Duwvall E N 162

Dynamics 108 116

E
EeeruarT H D 376
Eccles 3 C 67 76 85
Edgerton H 29
Efficiency 82 131 257
Efron A 124
Electromyography 29 84
Elftman H 29 34 66 82 86 257 262
359 367 377 378 416 417
Endurance circulo resprratory 106 383
muscular 106 383 398
Energy conservation of 126 360
Equihibrium 63 128 140
dynamic 142
neutral 142
unstable 142
Ergonomics 28
Evans F G 27 33 39 49
Extensor expansion 213

FaLLING 411

Fascta 43
lumbar 172

Fash B 425

Fatigue 71 72 73

Fay T 30 34 98 107

Femnstein B 67

Femur kinesiological effects on 239

Fenn W O 29 34 67 85 86 137 364
367 378

Ferguson C L 377

Fick A B 25 321

Fick R A 24

INDEX

Field events 48 308
Fischer O 24 25 133
Fisher M B 22C 364
Flat back 351
Flat foot 161 282 283 284 285 336
338 343 344 345 347
false 343
fleuble 343
functional 344
pseudo 344
true (see Pes planus)
Flexibility 47 48 49 106
Flnt M M 310 358
Floyd W F 310 325 357 358 426
Foley J 67
Follow through 399
Foot defects 282-286
drop 286
Football 40 63 66 117 141 178 193
218 228 229 239 253 260 261 286
324 339 383 384 386 387 389 393
394 397 399 400 402 408 410 413
415 425
Football knee 260
Force 109 116 117 118
centnfugal 20 121 142
centripetal 20 12§ 142
couple 119 167 175
Force Impulse equation 118 120
Forces parallelogram of 20 111, 112
117 130 362
summation of 400
Forward head 160
Foster M 32
Franseen E B 357
Freeman, R V 417
Fricion 45 116 122 130 138
Fries C 24 32 142
Fuller D D 34 357 367 377 378
Fulton J F 2] 32
Funnel chest 323

G

Garrs pathologrcal 366
Galen 18
Galileo G 18 22
Galvamt L 22
Ganslen F 32 415 417
Gasser H S 85
Gasteiger E L 85
Gaughran G R L 358
Gethorn E 417
Genu recurvatum 346

valgum 346

varum 346
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Lipaments, volar radio ulnar, 183
Y hgament 223 306

Liljestrand A 8$

Ling P H 20

Lipovetz 1 ) 137

Lippold O C ) 86

Local exentatory state (les) 89

Locomotion 284

Locweadah! ' 286

Logan G A, 357

Lombard W P 25% 262

Lombard « Paradoy 25% 372

Lordosis 349

Low back pamn 275 05 156 (sce
Backache Sacro thac strain)

Lowman C L 286 331 157 388

M

Macaenzir € 28 33
Magnus R 333 357
Mamnland D 39 48 49
Manzer C W 417
Marey £ J 24
Marhee J 82 86 262
Martin C P 240
Mass 116 117, 119 120 138
Mastellone A © 378
Mathews D K 399 447
Mautner H E 66
McCloy C H 342 358
McCoffom I N 33
Mckerrow C B 325
McLean F C 49
McMaster P I 86
Mead M 426
Mechanical advantage 122 135
Mechanics 108

e€xternal 382

Internal 383
Medical Research Council, 86
Medulfary sheath 87
Metheny E 332 340 358 426
Miller A T 325 378
Miller J L E 286
Miller w 5 3
Mussiles action of mechanical forces on

air resistance 415
center of percussion 416
curves 414
BYroscopic action 415
M rebound angles 415
oment of inertia 119 120 409
Momentum 109 17 118

449

Momentum angule 120 409
conservation of 117, 120 409
Mommaerts W F H M 71 85
Morchouse L L 29 32 34 49,137
142 193 240 262 325 357 378 416
417
Monn |30 357
Morpurpo B 25, 53
Mortes C B 86
Morns, R 67
Mortenson O A 162
Morton 1 1,29 34 283,287 288 327,
358, 367, 377 378
Mosso AL 28
Motion angulr or rotary 17 108 109
115 119-121 122 126 138 140
curvilincar 108 109 114 122-124
Newton s Laws of 17, 20 116 117,
118 119 120 121 400 408 410
rectilinear or translatory 17 103 109
113 114 115 138 140
Motor end platc 87 90
feasming 104 105 106 107
maturation and 105
perceptual 105
pracucing for (07
progression in 106
Motie A 32 124
Movements abduction 45
adduction 45 163 200
backward rotation 222
caircumduction 47, 165
dorsiflexion 269
clevation 164
eversion 269
extension 45 164
flexion 45 47 164
forward rotation 222
hyperadduction 47, 164
hyperextension 47, 163
nversion 269
inward rotation 47 164
Nteral tlt 222
leg circling 307
rasing 307 308
opposition 198
outward rotation 47 165 253
plantar flecion 269
prehensile 217
pronation 270
reposition 198
respiratory 319
reverse trunk curl 307
rotation 222

164 200
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Jomts sacro iliac 211
shoulder 164
symphysis pubis, 221
tarso metatarsal 269
types of 42

Jokl E 32 171 324 325

Jones L 144

Jones R L 284 288 358

Joseph J 357

Judo 213 286 387 413

Jumping 17 118 239 256 368 373

408
broad jump 17 373 379 394
hugh yjump 240, 375 393 394
belly roll style 377
Eastern style 376
scissors 375
Western style 376

K
Kapar H 85
Kaplan E B 261
Karpovich P V 33 85 416
Kawz B, 85
Kawakami M 85
Kay H 34
Keatinge W R 378
Keegan J J 422 426
Kell J 21
Kenth A 328 357
Kendall H O 162
Kicking 228 229 237 239 253

Kmematies 108 113 114 115 116

Kinesthesia 99-102 304
Kianetic energy 373 397 410
Kinetics 108 116-121
Knee, mmjuries 259-261 286
Kneeling 423

Knock knees 246
Knowlton G C 85

Koch J C 26 27 33
koepke G H 320 324
Koepkt C A 67
kossons M D 426
Kranz 423

kraus H 49

Kreezer G 67

krogman W 28 33
Kyphosts 342 348 349

L
Lanrorp C S 378

Lateral spine defects 239 352 353 354

355

INDEX

Latf A 193
Law of Levers 126 128
Leighton J R 48 49
Levens A S, 34
Lever action 125-133 254 255
Levers Istclass 127
2nd class 128
3rd class 128
Levine M G 85
Levine § A, 324
Lewin P 288
Libet B 67
Liftng 305 418
sex factors in 423
Ligaments acromioclavicular 145
antertor sacroiltac 221
collateral 181
arcuate pophteal 245
articular 42
bowstring 266
calcaneofibular 269
capsular 42
coracoacromial 164
coracoclavicular 145
coracohumeral 164
coronary 244
costoclavicular 145
cruciate 244
deltord, 269
dorsal radio ulnar 183
fibular collateral 245
gleno humeral 164
1o femoral band 223 351
1nterosseous 221
interspinous 290
terclavicular 145
ischio capsular 223
ligament of Wrisberg 244 260
ligamentum nuchi 290
Iong plantar 266
oblique pophteal 245
patellar 242
plantar ealcaneo-cuboid 266
calcaneo navicular 266
posterior collateral 181
sacrothac 221
pubo-capsular 222
radial collateral 181
subflava 290
talofibular 269
tibal collateral 244
transverse 243
humeral 164
ulnar collateral 181
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Ligaments yvolar tadio uin 181
3 ligament 221 306

Lijjestrand A K8

Ling P 11 20

Lipmetz ¥ 3 VY3

Lippold O C ) 86

Local exartatory state e s) &9

Locomotion 284

Locwendahi ¥ 286

topan G A 57

Lombard W P 253 262

Lombard s Paradox 253 172

Lotdosis M9

Low backh pan 27§ 08 356
Backache, Sacroale stran)

Lowman C L 386 1§ 157 158

(we

N
Macninawr €, 28 33
Magnus R 333 3587
Mamland D 39 48 99
Manzer C W 417
Marey T3 24
Markee J 82 86 262
Marim C P 240
Mass 116 117 119 120 138
Mastellone A T 378
Mathews D K 399, 417
Mautner H £ 66
McCloy C H 342 358
McCollom 1 N 33
Mcherrow C B 328
Mclean F C 49
McMaster P F 86
Mead M 426
Mechanical advantage 122 135
Mechamics 108
external 382
nternal 383
Medical Research Council 86
Medullary sheath 87
Metheny E 332 340 358 426
Miller A T 325 378
Miler J L E 226
Miller W S, 32
Mussiles action of mechanical fotces on
air resstance 415
center of percussion 416
curves 414
BYrOComc action
M rebound angles 41‘?5
Y~emr:m ofnerta 119 (2 40
Tomentum, 105 317, 117

449

\omettum angulir 120 409
conweniton of U7 120 40)

stommacrte W B LM 7185

sorchouse 1 | 29 32 34 49 117
142 191 240 262 325 357, 378 416

417
Sonn 1 M0 187
Motpurgo B 25 53
AMotns C B B6
Aforns R, 67
Mortenson O A 162
\Morton 1) J 29 31 283 287 288 i,
1R 67,377 78
Mowwo A 28
Noton anppuiir OF oty 17 108 109
(15 119 121 122 126 138 14G
curvilinear 103 109 114 122-124
Newton s Laws of 17 20 116 117,
118 119 120 121 400 408 410
rectifinear or transhatory 17 108 109
113 114 115 138 140
Afotor end plate 87,90
Jewnmg 104 105 106 107
maturation and, 105
perceptual 105
pracucing for 197
progression 1n 106
Moite A, 32 124
Mosements abduction 45 164 200
adduction 45 164 00
backward rotation 222
circumduction 47 163
dorsifiexion 269
elevanon 163
eversion 269
extension 45 163
flewon 45 47 164
forward rotation 222
hyperadduction 47 164 197
hyperextension 47 164
inversion 269
raward rotation 47 163 253
Iateral it 222
leg cirching 307
raang 307 308
oppontion 198
outward rotation 47 165 253
plantar flexion 267
prehenule 217
pronation 270
reposiion 199
respiratory 319
reverse trunk curf 307
rotation 222
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Movements supmation 270 Muscle nsertion 59
thumb 216 movements ballistic 64
tlt 222 maxumum force 63
trick 258 oscillating 64
trunk curl 307 prehensile 217
situps 307 rapid tension 64
spinal 292 slow tenston 64
Mueller (Muller) E A 399 417 substitution 258
425 tnick movements 258 259
Mumby H 34 ongm 59
Mureckhause H 357 phystology action potential 68
Muscle circulatton 55 71 alkaline reserve 72
contraction all or none law 74 ATP cycle 69 70
co-contraction 78 104 blood supply 54 55
concentric 65 buffers 72 73
contracture 76 77 chemustry 69-73
cramps 78 104 end plate potential 68
eccentric 65 77 glucose 70
fasciculation 77 glycogen 70 73
fibrillation 77 glycogen lactic acid  cycle
1sometric 65 78 nn
1sotonic 78 glycolysis 70
reciprocal innervation 78 103 lactic acid 70 71 72 73
shivering 77 negative after potential 68
spasm 79 84 104 phosphocreatine cycle 70 71
static 65 phosphorylation 70
tetanus 76 335 positive after potential 68
tonus 57 spike potential 68
tremor 64 75 roles of agomist 60
treppe 335 antagomst 60 78 79 161
twitch 74 335 assistant mover 60
fiber organization actin 53 direct antagomsy 161
actomyosin 51 52 53 80 emergency muscle 60
bands 5t - fixator 61
endomvsium 51 prime mover 60
fat granules 51 stabilizer 61
gels 51 synergist 61 62 79 161
glycogen granules 51 spindle 99 100 101 102
hpoprotein granules 51 structure of bipennate 59
microsomes 51 fusiform
myofibnls 51 54 multipennate 59
myosin 53 74 penmform 58
reticulated structures 51 umpennate 59
sarcolemma 51 study of 83
sarcomere 53 types of 57 58
sarcoplasm 51 cardiac 51
sarcosomes St red and pale 54
sol 51 smooth 50
substrates 51 strated 50
syncytium 51 two jont 82
hypertrophy 25 53 54 73 398 Muscle boundness 49
mnervation 55 56 57 Muscles action of belt ke 255
motor unit 56 57 tendinous 255

muscle umit 55 two jomnt 253



X
Muscles deseribed liotibial band, 250

Muscles desenbed abductor digitis
quinti 208 279
hallucs 277
polhes brevss 281
fongus 210
adductor brevss, 234
hallueis 279
fongus 234
magnus 234
polhcis 211
anconcus 185
iceps brachn 185
femons 232
brachialis 189
brachioradialis 188
complexus 301
coraco brachialis, 172
deltord 166
diaphragm 316
dorsal interosser 207, 281
cxtensor carps radiahs brevis 202
carpt radialis longus, 202
uinans 202
digitt quints proprius 205
digitorum brevis 282
communis 203
longus 270
expansion 214
halluais longus 272
mdicis propnius 205
pollicis brevis 208
longus 208
external oblique 295
fiexor carpt radiahis 200
ulnats, 201
digit1 quinti brevis 209 280
digitorum brevis 278
longus 274
profundus 203
sublimis 203
pollicis brevis, 211
longus 210
gastrocnemius 272
gemellus 1nferior, 236
supersor 236
gluteus maximum 230
medus 233
mmimus 233
gracihs 234
hamostnings 236
thacus 226
sliocostalis cervics, 301
dorsi 30
tumborum 301

451

infrispinatus 174
wntercostales externt 115
mternt 315
mternal ablique 296
merspinales 299
intertranssersarn 299
facking muscle 229
latissumus dorst 173
Tevator scapufac, 151
levatores costarum 317
Jongissimus capitss 301
cervicis 301
doiss 301
longus capiss 298
colli 297
lumbricales, 205 279
multfidus 299
obturator externus, 236
femons 236
apponens digits quinty 209
pollicss, 211
palmar interossct, 207, 281
palmans Jongus, 200
pectincus 229
pectotalis magor, 169
mimmus 169
munor 156
peroneus brevis 275
longus 274
terhus 272
pinformis 236
plantars, 272
popliteus 248
pronator quadratus 150
teres 190
psoas 225
minor 225
quadratus femons 236
lumborum 294
plantae 279
rectus abdoraims 294
capitis antenor, 298
femons 228
rhombowds 152
rotatores 299
sartonius 228
scalent 297
semimembranosus 233
semispinahis capitis, 301
cervicts 301
dorst 301
semitendinosus 232
serratus antersor 153
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Movements supination 270
thumb 216
tlt 222
trick 258
trunk curl 307
situps 307
spmnal 292
Mueller (Muller) E A
425

Mumby H 34
Mureckhause H 357
Muscle circulation 55 71

399 417

contraction all or none law 74
co-contraction 78 104
concentric 65
contracture 76 77
cramps 78 104
eccentric 65 77
fasciculation 77
fibnllation 77
1sometric 65, 78
1sotonic 78

reciprocal innervation 78 103

shinverning 77
spasm 79 84 104
static 65
tetanus 76 335
tonus 57
tremor 64 75
treppe 335
twitch 74 335
fiber orgamization actin 53
actomyosin SI 52 53 80
bands 51 -
endomystum 51
fat granules 51
gels 51
glycogen granules 51
lipoprotein granules 51
microsomes 51
myofibnls 51 54
myosin 53 74
reticulated structures 51
sarcolemma 51
sarcomere 53
sarcoplasm 51
sarcosomes 51
sol 51
substrates 51
syncytium 51
hypertrophy 25 53 54 73 398
innervation 55 56 57
motor umt 56 57
muscle umit 55

INDEX

Muscle insertion 59

movements ballistic 64
maxmmum force 63
oscillating 64
prehensile 217
rapid tension 64
slow tension 64
substitution 258
trick movements 258 259

origin 59

physiology, action potential 68
alkaline reserve 72
ATP cycle 69 70
tlood supply 54 55
buffers 72 73
chemistry 69-73
end plate potential 68
glucose 70
glycogen 70 73
glycogen lactic acid  cycle

71
glycolysis 70
lacticacid 70 71 72 73
negative after potentral 68
phosphocreaune cycle 70 71
phosphorylation 70
positive after potential 68
spike potential 68
roles of, agonist 60
antagomst 60 78 79 161
assistant mover 60
direct antagonis: 161
emergency muscle 60
fixator, 61
prime mover 60
stabilizer 61
synergist 61 62 79 161
spindle 99 100 101 102
structure of bipennate 59
fusiform 58
multipennate 59
penmiform 58
unipennate 59
study of 83
types of 57 58
cardiac 51
red and pale 54
smooth 50
strated 50
two jomnt 82

Muscle boundness 49
Muscles action of belt like 255

tendinous 255
two joint 253

70
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Paralysis of poas 226 229 Posture crect, 248, 251, 304 327 328
of quadratus lumborum 294 134 338
of scateru 320 good, 329 339
of serratus anterior 158 htuts of 340
of spinal muscles 354 infant, 328
of supraspinatus 169 maintenance of, 51, 333
of teres major, 174 military 337
of tiahs antenior, 283 poor 340
posterior 283 seted 354
of tnceps brachir 185 structure of 336
surac 283 unbalanced 331
of vastus medialis 250 Powell T J 326
of wnist extensors 213 Power 109 122
Parasympathetic ncrvous system Pronated foot 284 344, 347
51 Proprioceptors 51, 87 101, 335
Parmenter, H S 378 426 Provins Kk A 193
Partnidge M J 310 Psoas paradox, 308
Pauwels F 27 Ptosis visceral 347 348
Peaseley V67 Pulley action 135
Pelvic uit 338 weights 160
Perry S V 66 86 Putnam T J 85
Pes cavus 283 344 Pyramud bwilding 40 42
equinus 344 Pythagorean thecorem 110
planus 283 284 374
Petren T, 66 Q
Physical fitness 47 Quicx cnergy 73
Pke F H 78 85
Piper H 29 R
Pitcher s arm 192 RADIAN 115
Plexus brachial 95 96 Ralston H J 67, 185 186
cervical 94 96 Rapp L H 162
coccygeal 96 97 Rasch P J 32 49 66 86 192 240
lumbar 96 262 324 416 417 425
sacral 96 97

Rathbone J L 105 107
Pole vault 394 410 411 Rebound angles 414

Poliomyehus 77 88 251 340 Reflex attitudinal 333
Portnoy H 310 357 conditioned 104 105
Positions erect standing 304 327 development of, 335

forceful 388 extensor thrust 334
hook lying 306 myotatic 102

sitting 306 negative supporting 334
key note 354 positive supporting 334
lifung 418

nghting 333
spinal 96 97 98 99
stretch 102 (see Stretch reflex)

fong lymng 306
long sitting 305
readiness 392

Rewch J 32
stable 386 Rest pauses 399 424
starting 386 390 Retroverston 257
termimal 394 Rhythm 425
Postural defects resistant 343 349 Richardson A T 261
structural 343 349 Ruckets 340
Posture 29 63 115 296 323 Riddle H F V 358
cost of 336

Rider s strain 236
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Muscles described serratus posterior
mferior 319
postertor superior 318
spmalis cervicss 302
dors1 302
splemus capitis 303
cervicis 303
sterno-cleido mastoid 296
subclavius 157
suboccipital 304
subscapulans 175
supinator 190
supraspiatus 169
tailor s muscle 228
tensor fasciae latae 229
vaginae femoris 229
teres major 174
minor 174
tibralis anterior 270
postenior 275
transversalis 318
transversus abdomims 318
trapezius 147
inceps brachn 183
surae 274
vastus intermedius 250
laterahs 248
medialis 250
organization of epimysium 54
fasciculus 54
penmysium 54
work of 80
mechanical efficiency 82
negative work 81 423
static work 81
study of 62
work load 82
Muybrnidge E 24 32
Myelin sheath 87
Myotatic reflex (see Stretch reflex)

Naipe M 358
Naprer J R 217 218
Nenve 87
degeneratton of 88
fiber 87
impulse 89
regeneration of 88
Nenves cramal 91
mixed 89 91
spwnal 91
Nervous system divisions of auto
nomic 91

INDEX

Nervous system divisions of central 91
parasympathetic 51
peripheral 91
somatic 91
sympathetic 51

Neurilemma 87, 88

Neuron 87 89

afferent 89 98
efferent 89 96 98
intercalated or mternuncial
96 98
Newton I 20
Newton s Laws of Motion 1st Law 20
121 372 409
2nd Law, 20
3rd Law 20 121 373 400 408
410
Nightengale A 357
Noms F H 85

89 95

o
Oper F R 288
O Donoghue D H 288
OKeefe F L 426
Olschki L 32
OMalley C D 32
Orthopedics 19 20
Osteopathy 28
Ous A B 325
Overload principle 398

P
PACINIAN corpuscle 101 102
Palmer C E 142
Palmer J F 32
Paralysts of abdomunal muscles 296
of biceps brachn 187 188
of brachialis 188
of deltord 168 171
of diaphragm 320
of dorsiflexors of foot 283
of elbow flexors 187 188
of extensor digitorum longus 283
halluais longus 272
of gastrocnemius 340
of gluteus maximus 238 366
medius 238 366
of hamstrings 238
of hip muscles 239
of intninsic plantar muscles 283
of latssimus dorst 174
of pectoralis major 171 174
of peroneus brevis 283
longus 283
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Sylen B 66
Sympathetic nervous systen, 51
Symipse 91
Syncytum 51
Synergv 61
helping 61 161 188, 212
true 62 213
Synovial flurd 42
membrane, 42 246

T
Tawporr J H 85
Talipes calcancus 283
equinus 283
valgus 270
varus 270
Tappent N M 28, 33
Taylor C L 220
Taylor, F S 32
Taylor F W 28 33,424 426
Taylor J 33
Taylor N B 107
Tendon of Achilles 272, 284 286 344
sheath 45
Tenms 30 193 213 237,335 379 38)
394 397 399 408
Tennis elbow 184
Thayer W S 32
Thesleff § 84
Thompson H, 416
Threshold stimulus 50 89 103
Throwing 116 117 118 192 193 237
310 400
Fibia kinestological effects on 257
Tibial torsion 257 346
Tilney F 78 85
Tobn W J 33
Torque 119 120 126 128 134 135
140 254
Trautmann O 378
Trendelenburg s sign 233 23§
Triceps surae 274 283 284
Trick shoulder {78
Trotter M 241
Trunk exercises 306, 308
Tuberculosis of bone 340
Tuttle W G 426
Tuttle W W 416
Twain M 256

U
UnEquaL heght of shoulders 161
Umnst M R 49

455
v
VALSALVA mancuser, 55 323
Van Den Berg 3 11,30 34
Vectors 20 109 110 111 112,113 114
138
Veloeity, 109 113 114 115 117 397
398 400

angulr 115, 120 121
Volta A 22
von Haller, A, 19 21 22
Voshell A I, 262
w
Waor O L, 321,322,324
Wakim Kk G 66
Walking 17 23 82 108 119 232 237
238, 239 339 359 366
energy cost of 367
Walter W G 31 34
Walters C £ 307 310
Warm up 385
Watanabe A 84
Watson J B 107
Weak foot 284
Weber L H 22
Weber L F W, 22
Weber W E, 22
Weber brothers, 364
Wedenshi, 29
Weight 116 117 138
Ifung 49 63 82 122 I8l 258 259
260 305 308 309 392
traimng 55 399
Wemer N, 30 34
Wesman S A 324
Welch W H 357
Welford A T 426
Wells, . F 142 193 329 331 357
Wheatley, M D 240
Wheel and axle 134
Whitney R J 310 357
Whitson L A 67
Whytt R 21 22
Wiedenbauer M M 162
Wilkie D R 66
Willams J F 322 325
Willams R J 218
Wilmaers A 324
Wind resistance 116 122 123
Winged scapula 155 157 160
Winslow J B 25
Wolff J 26 27
Wolff s Law 26 39
Wood W O 262
Woodson W E 33 426
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Ritchie A D 85
Roaf R 358
Roberts D F, 358
Robims, L L 358
Rose D 417
Rose,J C 66
Rosenfalk P 71 85 417
Rotary component 136
Round shoulders 348 349
Roux W 25 26 27 39
Rowing 174
Running 17 23 61 72 77 108 119
232 239 253 257 275 283 320
322 366 367 385 388 398 400
416
distance 372
energy cost of 367 368
marathon 73 320 370 373
muddle distance 372
sprinting 63 118 240, 370 390 391
Rupture (see Herma)

S

SACRO ILIAC strain 309 356
Salter N 33 193
Saunders J B DeC 32 162 174 377
Scalar quantities, 109 114
Schafer E A 32
Schwartz A 262
Schwartz P 29 34
Schwartz R P 378
Schwarz R J 220
Scoltosis 294 352 353 354 355
Scott M G 34 137

Screw home movement, 250 251 252
Scudert C 426
Sekhon G S 417
Seltzer C C 320 324
Sesamoid bones 242 274
Severed nerve 88
Shay C T 399 417
Sheffield F J 378
Shepard E 266 286
Sherman H C 378
Sherrington C 26 33 67 78 84
Shin sphints 37 261 286
Shirley M M 377
Shooting 119 323
Short leg 161 309 338 354
Shot put 122 162 237 39t 394 395

398 399 407 416
Siebert W 25
Siver P H § 310 325 357
Sine 110 130 131
Sines table of 134

INDEX

Singer C, 32

Sitting and nising 421

Sjostrand F S 85

Sjostrand T 66

Skating 120 275 409 410

Skung 236, 237 275 286 324 394
Skinning the cat 159

Skubic V, 416

Soccer 253 384

Spasticity 79 99 367

Spector W S 33

Speed 114 117

Sperry R W 67

Spinal cord 91 92 93
Sprinter s strain 240 385

Sprofkin B 288

Squatting 422

Stability 141 142 386

Stabilization 400

Stabilizing component 131 136

Stair chmbing 423

Stall A 417

Starr I 86

Statics 108

Steindler A 19 28 29 32 33 86 131
137 193 266 283 286 358 366
378

Steinhaus A H 66 417

Stensen N 19

Stewart S F 288 342 358

Sult AT 28

Stillwell G K 66

Stone E 288

Strasser H 2§

Straus E 30 34

Strength bodily 106 383 385 397
gnp 218
feg hft 251
of biceps brachn 186
of elbow flexors and extensors 192

193

of gastrocnemtus and soleus 274
of pectoralis major 171
of tensor fasciae latae 229
of triceps brachu 185

Stretch reflex 63 102 103 104¢ 334

Sullivan W E 193

Summation of forces 400

Sunahara F A 326

Sutton R M 378

Svensmark O 71 85

Sweetman R 262

Swelling 42

Swimming 17 48 66 73 162 174 323
335 339 385 388 391 400 408






456 INDEY

Work, 80, 81 82 109 121 122 131 Y
Working space 424 Yamsgon L J 162 193
Wrestling 40,48 66 178 193 213 308

320 386, 387 400 z
Wright S 85 ZausMER, D M 416

Wnght W G 61, 67 Zinsser H 32






