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PREFAGE TO
THE SECOND LDITION

Ti 1anvosor iy and the purpose of this book s stited wn the pred
ace to the first edition, remnin unchanged The content has been
reorgamized, however, and approumatedy hilf of the book has been
completely rewntten The section on the antomic foundations of
human motion now precedes the seetion on mechanies This is for
the comvemence of those classes which do not fecl the need of
spending much time on the anatomic aspects of hincsiology

The myjor changes withim cach of the four parts arc as follows
Part I Anarosuc 1 ouspations o Huvan Morion

In an attapt to do ay with the crroncous idea that muscles
always pull from thar nsertions toward their ongins, the terms
“origim™ and “mscrtion” hwe boan replrced by the terms  provimal
and distal attachments medid and Titeral attachments, upper and
lower attachments, and, i the case of the dinphragm  penpheral
and centra] attachments Wiile this change from aceepted termi
nology may cause confusion at first, 1t is hoped that 1t will be ginen
a fair tral The author beheves that, once these terms are aceepted,
they will prove to be more meamingful to students of hmestology
than the terms “onigin™ and “insertion”
Parr I Trr Mrcnanics or Hunian Morron

The matenal in this section has been entirely rewntten and
cludes explanations of 1 more clementary nature than those n the
first edstion A number of new laboratory exercises hive been added
Parr 111 Basic Pruncirrrs Uspereying MoTon SkiLrs

Nearly all of the matenal in this section has been rewritten with
a view to placing the emphasis on basic principles  Specific tech

mques are not discussed except as they serve to illustrate the
principles

Part IV APPLICATIONS Or KINCSIOLOGY

New materal has becn added and the analyses of walling and
swimming have been transferred from Part III to this section

An outlme for a forty five hour course 1n hinesiology has
cluded m an appendix gy been

Ka
Boulder Colorado THARINE F Wirrs
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PREFACE TO THE FIRST
EDITION

Tius roon 15 mtended s a hinesiology teat both for the tencher -nd
for the student The book 1s dinided nto four parts The first part
deals with the basic mechanics of human motion, the second with
the action of the joints and museles, the third with major types of
motor skills, and the fourth with the appheations of Junesiology to
physical education actinvitics, to the techmques of physical and oc
cupational therapy, and to dwuly fe shills Tor those who like to
teach the anatomic aspects of movement before the mechanscal,
Parts L and 1T can eastly be used m the reverse order Also, the
topics m the anatomic section itself can be tthen up n any order
the mstructor desires Some may prefer to start with the upper ex
tremity some with the lower The arrangement of this text need not
deter the wstructor from following the order of lus preference

It 15 believed that there 1s enough matenal i this book to use it
as a text for a full years course, yet, 1t the stme time by judicious
selechon of the subject matter, by omussion of the supplementary
matenal and by the substitution of classroom demonstrations for
some of the laboratory exercises the book should serve equally well
as a text for a onc semester course 1 kinesiology 1t 1s left to the
discretion of the mstructor to seleet the matenal that meets us
particular needs

In 1ts onginal form this textbook was an unpublished handbook
Iaboratory manual It was used by the author m her kinesiology
classes for three years before 1t was expanded to 1ts present form
The ongmnal manual did not serve as an independent textbool It
was mtended to be used as a companion book to < hmesiology or
anatomy text Since this hmrted ats usefulness however it was de
cided to expand 1t to what 15 intended as a complete 1nd mdepend
ent textbook For those who like to use a single textbook for a
course 1t should suffice To help the student (and the mstructor)
i hus collateral reading each chapter n this text contains ~ compre
hensive bibliography In many cases there 1s also a list of readings
which are particularly recommended These bibliographies and

reading hists provide a rich source of information for the mquirng
student



vi Preface to the I'irst Edition

In regard to the value of laboratory exercises and projects s a
means of learning James B Stroud m hus book Psychology 1n Edu
cation, pomnts out that, Effectiveness of imstruction 1s not deter
muned so much by what the teacher does, as by what he leads the
pupll to do— Agam perhaps one of the most successful pro
cedures for infusing learming with sigmficance has been the con
structive activiies —The actity 1s thus a means of makmg
learning meamngful and of giving it 2 purpose In accord with
this pont of view numerous Jaboratory evercises are suggested In
conformty to the same principle, only a few complete analyses of
skills are presented for 1t 15 the writer s contention that the student
will gain far more from making one complete analysis himself than
from reading a dozen or more rerdy made analyses

As a further means of enniching the kmesiology course v number
of the chapters mnclude supplementary mater1al i the form of brief
descriptions of research projects 1n the field of anatomy and kines
ology A few of these were carned out by the author but the ma
jontty were conducted by other mvestigators and reported mn the
professional journals The purpose of mcluding this materal 15 to
broaden the mstructor s background and to provide supplementary
reading assignments for advanced students

It has been the intention of the author to write simply md to use
non techmeal terninology whenever this conveyed the metning as
clearly and speafically as technical terms The latter have been
used, however whenever they served to vvoid ambigmity For 1n
stance terms like proximal” (meaning nearest to the body) and
“distal” (meaning farthest from the body ) have been used 1n pref
erence to the terms upper” and “lower which might easily be
msmterpreted While 1t 15 desirable for the kmesiology student
to enlarge his scientfic vocabulary a text which confronts hym
with a staggenng hist of new nd strange words defeats its purpose
Texthooks should stimulate the cunosity of therr readers hot
ingh en them with a forbidding vocabulary Tor the same reagey

the use of mathematical formulie has been studiously avoided
True these might clnfy certain explnations for the mathemat
cally trammed reader but they tend to confuse and discourge the
unmmtiated

The author acknowledges her indebtedness to many mdidyn,
without whose help 1t 15 doubtful 1f this book could have beep writ
ten She wishes to cxpress her grateful appreantion p'lrhcuhrly to
Profcssor € H McCloy of the State Unnversity of Town for 3,0
continued guidance encouragement and enticism also for hyg gen
erous permussion to use material from Ins course in The \Icch'xmml
Analysis of Motor Shills to Marjonie D Sanger and Evelyn ) Di



Preface to the Iirst Idtion ‘i

lon for thur cntical reading of the manuscapt and for their con
stwt help and encourngement throughout its preparation  to
Constance A Greene, Ada R Hall and Mary I Neshatt for their
helpful advice concernmg the sections on neuromuscular action
and physical therapy and finally to the studcnts m her hinesiology
classes of the hast three yerrs who served patiently as “guinea pigs”
wd who made many constructine suggestions concermug the Ihbor
tony cveraises

For the allustrations, which add immcasurbly to the uscfulness
of the teat, grateful acknowledgment 1s made to Miss Mildred Cod
ding who made the anatomie drawings, to Mrs George Homans
who printed the labels for these, to Mrs Margarctt I' Lyons who
made most of the non anatomic shetehes, to Dale Ballwtyne whose
illustrations for the author s doctoril disscrtation served as the basis
for several of the shetches an tlus book, and to Miss Ircne Mac
Laurm who took a number of photographs speaifically for thus text
Many of the anutomic sketches are adapted from illustrations n
standard taats by Braus, Bresnahan and Tuttle, Brubaker, Gray,
Molliere Ranson Sobotta and Spalteholtz

The author 1s under obligation to a number of mdvidunls for the
use of photogriphs and to several publishers for permission to re
produce copynghted matennls To all wnters and teachers from
whom the wuthor aither wittingly or unwittingly, has dernved 1deas
which have provided the necessary background for the wnting of
this book she humbly acknowledges her indebtedness

Katitamisy T' WeLLs
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INTRODUCTION TO THE STUDY
OF KINESIOLOGY

RIAESI0L0GY, 15 1t 1s known i physical eduction, orthopedics and
physical medicine, 1s the seience of hum+tn motion In the early dys
of physical cducation whon fow activities were taught besides
gymmstics and the dance, the content of a course in hnesiology
was confined cludly to functionil anttomy Gradually as sports
assumed 2 more important plice i the physical education cumcu
lum the concept of hincsiology was brotdened to mclude the studs
of mechanical principles wlich applied to sport techniques The
prnaples were apphed not only ta the movements of the hody
ttself but also to the movements of the implements balls and other
equipment used 1n conncction with the sport In ke manner, the
desclopment of the hinesiology course in schools of physical therapy
and occupitional therapy has hept pace wath the development of
their expanded curricula Having startea s “muscle reeducation
1t has come to nclude the apphcation of mechameal prinaiples to
postural adjustments to the gut to the use of tools and houschold
mplements and to the modifications of vocational and homemak
g activities necessitated by limitations m neuromuscular eapacity
and sheletal structure

The umque contribution of kwesiology 15 that 1t selects from
sciences such as anatomy physiology and physics those prinaiples
which are pertinent to human motion and systematizes their apph
cattion The body bemg 2 hiving machine 15 subject to the laws
both of lving matter and of mechanies Hence the analysis of
human motion 15 based on anatomc physiologic and mechanseal
prnaples The studying of ny science 1s like the opening of a1 door
to a new world Ths 1s no less true of himestology than of chemustry
physics or botany The same perfection the sume orderhmess the
same attention to detail thit are manifested by these other suences
are hikewise manifested by kinesiology The mechamsms which are
mnvolved m activities such as walking throwing a haseball or hfting
a trunk are no less awe mspiring than are the mechaimsms iy olved
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Introduction to the Study of Amenology 3

other hand, is concerned with the movements of a body which has
suffered an impairment m funchion

The educator and the thermpist bae at last onc purpose in
common n stndyimg hisesialogs Both are conccmed with posture
and body mechnics, henee both are mterested in discovenng the
anatomic d mechanical bases for truning m this wrer Bath ipply
ther knowledge of hinesiology to analvzang the postur il needs of
others, to the intelhgent selection of posture excrascs bsed on in
dividual need, and to the mochanieally cffivent methods of using
the body 1n duly fe shills

The most sitisfictory way of studving hnesiology is by sup
plementing book study with 1bortery expenmentation 3t is o
trutsm thit we learn best by damng When time must be conserved,
demonstrition e be substituted for some of the cxpenmenta
worh, but it should neser replice st entirely

The usc of motion picture films 15 another good device for supple
menting book study It is particutarly hddpful of 4 hand projector
can be used, or 1 projector which ¢ be stopped at wall, thus mak
ng 1t possible to analyze positions and body relationships

Whatever method of texclung or of study 1s employed 1t 1s well
for the student to heep in mind the s of 1 hinesiology course nd
the ~pphcations which fic intends to make of what he leams He
must remember that the analysis of motion 1s not an end mn atself,
but rather a means to the learming of new movement patterns nd
the improvement of old ones This 1s as true for the physical thera
pist teaching “polio” victims and paraplegies to walk agun asatas
for the physical educator teaching 2 sport techmque [inally, he
must remember that the shill 1itsclf 15 of less importance than the
one who practices 3t huncsiology serves only half ats purpose when
1t provides the Hackground for learning or teachng motor shills 1t
must also serve to lay the foundation for perfecting repurnng and
Aceping 1n good condition thit mcomparable mechanism—the ha
man body

DEMONSTRATIONS AND LABORATORY ENERCISES

Purpose To famihanze the student with the method of observing
and palpating muscles

1 Have the subject bend his arm at the elbow while you sesist the
action by holding lus wrist With your other hand feel the subject s fore
a;m ﬂlex:}r]s (biceps and brachialis) While his arm 15 bent, release and
reapply the resistance several tim that
reupply the resistanc everal times so that he will alternately relax and

2 Have the subject bend his head to the nght and turn h,
left while you resist hoth motions with your hands Obs;rsxzhxemk:::e
muscle gong from behind the ear dingonally downvard and forward (E



2 Introduction to the Study of Ranesiology

1m mettbolism or photosynthests Nothing 1s haphazard, nothing 1s
left to chance Every structure which participates in the movement
of the body does so 1 obedience to physical and physiologic prin
caples The student of kimesiology like the student of anatomy and
physiology, can only stand m reverent wonder at the mtricate
mechansm of the body, and m the words of the psalmist exclum
to his creator, I will praise thee for I am fearfully and wonder
fully made’

But knesiology 15 not studied merely for the purpose of nciting
our mterest 1n a fascinating and mysterious subject It has a useful
purpose We study kinesiology m order to learn how to analyze
the movements of the human body and to discover therr underlying
prmeples The study of kinesiology 1s 1n essential part of the edu
cational expernence of students of physical educatson and physical
medicme For the physieal educator it has a dual purpose on the
one hand, the purpose of perfecting performance m motor shlls
and on the other, the purpose of perfecting the performer Kinestol
ogy helps to prepare the physical educator to teach effective per
formance 1n both fundimental 1nd speciahized motor skills Further
more 1t enables him to evaluate exercises and activities from the
pomnt of view of therr effect on the human structure As Dr Wilham
Skarstrom used to sty to his hinesiology students the human ma
chine has this advantage over the manufactured machime Whereas
the Jatter wears out with use the former 1mproves with use (up to
1 certamn pont of course) provided 1t 1s used 1n accordance with
the principles of efficient human motion The function of kinesiol
ogy therefore 15 to contribute not only to successful particrpation
m ranouns physical activities but also to the improvement of the
human structure through the intelligent selection of activities and
the efficient use of the body

For the physical theripist ind the occupational therapst the
purpose of studymg kmesiology (whether called by that name or
by some other) 1s not unhhe that for the physical education teacher
The difference 15 m the emphasis rather thwn 1 the purpose The
therapist 1s primanly concerned with the effect that exercises and
other techniques of physical medicme have upon the body He—or
she—1s concerned particularhy with the restoration of impaired
function wnd with methods of compensting for lost function As
with the physical educator effective performance 1s Iikewise a
gol for the therapsst But to the therapist “effectnve performance”
refers not so much to skellful pcrformance i athletic activities s
to adeguate performince n the activtties associated wath daily
hving Whereas the educator applies his knowledge of hinesiology
chiefly to the mosvements of the normal body the theripist on the



Part |

ANATOMIC FUNDAMENTALS
OF HNUMAN MOTION



4 Introduction to the Study of Rnesiology

the sternum This 15 the sternocleidomastord muscle It bends the head to
the same side and rotates it to the opposite side

3 Have the subject raise his arm sideward agaimnst resistance Obsenve
and feel the bulky muscle (the deltord) on the upper part of the arm just
below the shoulder

4 Have the subject lower lus arm sideward agamst resistance Observe
and feel the tendons formmg the anteror and postenior borders of the
axilla The former 1s part of the pectoralis major and the latter of the
latissimus dors

5 Have the subject nise on his toes Obsenve and feel the muscle in the
calf of the leg Ths 1s the gastrocnemrus
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Chapter 1

FUNDAMENTAL CONCEPTS

Ir THE sTUDY of kanesiology 1s to be meampgful to the student 1t 15
advisable for lum to grasp certain concepts at the outset of his
study, for without an understanding of these concepts he 1s hkely
to get lost 1n ambiguthies If we are to understand one another we
must talk the same language, use the same vocabulary We must
agree on basic defimtons and pomts of reference

The concepts which are considered essential to the study of
kanesiology as outhned n this text are the starting posttions of
the body the center of gravity the Imne of gravity the orentation
planes 1n which movements of the body occur and the axes of
motion about which they occur Agreement on these basic points
of reference makes 1t possible to define positions and movements
of the body precisely without the necessity of resorting to gestures
and diagrams

Starting Position There are iwo standing posttions which
are commonly used as starting positions for fundamental moyements
of the body These are the fundamental standing position and the
anatomic posttion It 1s important to state which of these 1s i
tended whenever suggesting 2 movement for anilysis particularly
a movement of the upper extrermty

In the fundamental standmg position the idividual stands erect
erther with the feet shghtly separatcd and parallel or with the heels
touching and the toes pomting shightly outward the arms hanging
easily at the sides palms facing the body (Fig 1A) This 1s the
posiion usually assumed for gymnastic exerases The military and
the old fashioned formal gyvmnastic positions are more vigorous and
tense vanations of this

The anatomic position 1s the one usually depicted n anatomy text
books The individual 1s erect with the elbows fully extended and
the palms facing forward The legs and feet are the same as in the
fundamental standing position (Fig 1B) When making a kine
siologic analysis of the fundamental movements occurnng t the

[
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elbow, wnst and finger jomts the anatomic position 1s the one
accepted as the pont of reference

The Center of Gravity The center of gruaty 1s defined as
“an imagnary pomt representing the weight center of an object”,
also as “that pomnt m 2 body about which all the parts exactly
balance each other” and as “the point at which the entire weight
of the body mny be considered 1s concentrated In 4 perfect sphere
or cube the center of gravity 1s located at the exact center Its pre
ase location n the human body depends upon the mdividuals
anatomue structure posture position nd the presence of external
weights which he 1s supporting In 2 person of 1verage buwild
standing erect with the arms hanging 1t the sides the center of
gravity 1s located i the pelvis 1 front of the upper part of the
sacrum It 1s usually ligher in men than 1 women because of the
heavier pelvis and thighs and shorter legs charactenstic of women

The Line of Gravity The hine of gravity 15 an mmaginary ver-
tical Iine which passes through the center of gravity Hence 1ts
location 15 dependent upon the position of the center of gravity It
» a farly simple matter to determime experimentally the location
of an ndividual s line of gravity with reference to his base of sup

port Directions for a common method of doing this are given mn
Chapter 17 #
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G
Fig 2 The planes of the body A Sagittal or anteroposterior plane B frontal
or lateral plane C honzontal or transverse plane

Ortentation Planes of the Body and Axes of Motion There
are three planes, corresponding to the three dimensions of space
Each plane 1s perpendicular to each of the other two There are
hkewise three axes of motwon each perpendicular to the plane
m which the motion accurs The planes and axes of the body are
defined as follows

Planes (Figs 24, B C)

1 The sagittal or anteropostertor plane 1s a verhical plme
passing through the body from front to back dividing 1t 1n half

2 The frontal or lateral plane 1s a vertical plane passing through
the body from side to side dividing 1t m half

3 The honzontal or transverse plane 1s a honzontal plane which
passes through the body dividing 1t mto upper and lower halves

Since each plane bisects the body 1t follows that each plane must
pass through the center of gravity Hence the center of gravity may
be defined as the point 2t which the three planes of the body inter
sect one another When describing 1 movement 1 terms of a plane
such as “a movement of the forearm 1n the sagittal plane” we mean
that the movement occurs m a plane parallel with the sagittal plane



Iundamental Coneepls 1]

Fig 3 Moyements of the body in the three plines A Movement of the fore
amm 1n the sagittal plane around a front1l honzontal axis B Movement of the
trunk in the frontal planc around a sagittal honzontal axis € Movement of the
head i the horizont il plane around a vertieal axis

It does not necessanly imply that the mosvement occurs 1 a plane
passing through the center of grivity If the latter 1s intended, the
term “cardinal plane 15 used Thus nodding the head 15 1 move
ment occurnng 1 the cardinal sagittal plane

Axes

1 The vertical axis 15 perpendicular to the ground

2 The frontal or lateral honzontal s passes honzontally from
side to side

3 The sagittal or nteroposterior horzontal avis passes hon
zontally from front to back

A rotatory (axial angular) movement of a segment of the body
oceurs 1 a plane and around an axis The axis around which the
movement takes plice 1s 1lways at nght angles to the plne m
which 1t occurs

Fundamental Moements of the Major Body Segments Note
The anatomic position 1s the basic pomt of reference for these
movements

Movements in the Sagiital Planc About e Trontal Horzont
Axis (Fig 3A) ontet
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FLEXION The angle at the jomt dimimshes (The shoulder 15
an exception )

EXTENSION The return from flexion

HYPLREXTENSION The contmuation of evtension heyond the
starting position

Movements i the Frontal Plane About g Sagittal Honzontal Axis

(Fig 3B)
ABDUCTION Movement away from the midhoe of the body
ADDUCTION Movement toward the midhine of the body
LATERAL FLEXION Refers to lateral bending of the head or

trunk
Mouvement n the Honzontal Plane About a Vertical Axis (Fig

3C)
ROTATION Rotatory movement of 2 segment about its own

lopgitudinal axis In outward rotatton the antenor aspect turns
laterally 1n mward rotation 1t turns medially Outward and mward
mta]tlon of the forearm are called supmation and pronation respec
trvely

Circumduction An orderly sequence of the movements wlich
occur m the sagittal and frontal planes, so that the segment as 2
whole describes a cone

DEMONSTRATIONS AND LABORATORY EAERCISES

1 Construct a simple device to illustrate the planes and ates

2 Working with a partner take turns performing simple movements of
the head trunk upper extremity and lower extrerity and identfymg
the planes and axes concerned

BIBLIOGRAPHY
I Cates H A Prmary Anatomy 2nd ed Baltumore The Williams & Wilkins
Company 1951 pp 16-18 74 75
2 Steindler A Mechtmics of Normal and Pathological Locomation n Man
Springfield Ilknois Charles C Thomas 1935 Chaps 3 and 4



Chapter 2

THE JOINTS THEIR STRUCTURE
AND FUNCTION

Tur stioint of Mineswology will have a dearer understanding of
human motion 1f he has acquired the alahty of visulizing the action
of the joints in each movement he observes This ability will stand
lim 1n good stetd not only m the analysis of specific movement
shills, but also mn the understanding of jont mjuries and of abnor
malities 1n joint motion Such 1n understanding can be based only
on a sound foundation in the structure 1nd function of cach joint
m the body Tortunately thus 1s not such 2 staggenng task s 1t
sounds Although there are many joints in the sheletal framework
there are reltively few types of joints By first studying the classt
fication of jomts one finds the study of ndiidual jomnts greatly
simphfied

Nature has shown an amizing versatibty in designing joints to
meet a vanety of purposes There are hinge joints, pivot joints
and ball and socket jomnts to name 1 few Within these categories
there are modificitions m the shapes of the articulating bony sur
faces, the thickness of cartilaginous plates and disks, 1nd the ar
rangement of ligaments

Too often the student thinks of kinesiology as bemg primanly a
study of muscular action and he tends to overlook, or at least to
underrate, the importance of studying the jonts As a result, he has
such a hazy conception of the mechanics of joint function that he 15
sertously handicapped later an his profession He will not under
stand the exact nature of the stram hkely to be put upon some joints
by certain activities, nor the nature of mjuries after they have
oceurred It 1s for this reason that the structure and function of the
jomts are treated 1n considerable detasl in this text If the student
will approach the study of this section 1n the spint of the youngster
who takes the mechanical toy apart to see how 1t works or 1n the

11
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1
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Fig 4 Frontal section of 1 diarthrodial joint having fibrocartilage

spirit of the youth who, for the same reason, tinkers with the engine
of hus jalopy his mvestigation will be equally rewarding

Defimtions A skeletal jomnt 1s the unton between two or more
bones between bone and cartilage or between two or more
carblages The word “articulation (of Latm denvation) 15 a
synonym for joint and may be used interchangeably with 1t

“Arthrology comes from the Greek word for jomnt and refers to
the branch of anatomy which deals with the study of jonts The
term “syndesmology used in some anatomy textbooks more ac
curately apples to the study of ligaments

Classification Jomts may be classified according to thewr
structure more specifically according to the way n which the bones
(or cartilages) are united Tlhe classifications 1n two well known
anatomy texts! - are based on the presence or absence of a jomnt
cavity 1e a space between the articulating surfaces of the bones
Each type of jont 1s further subdivided erther according to shape
or accordmng to the nature of the tissues which connect the bones
These classifications with their subdivisions may be grasped more
readily if presented i outline form

I Duarthrosis {from the Greek meaning a jomt in which there 1s a
separation or articular cavity ) (g 4)
A Charactenstics
An articular cavity 15 present
The jomnt 15 d within a sleevelike 1 tous capsule
The capsule 1s hned with synovial membrane which secretes
synovial fluid for lubnicating the jomnt
The articular surfaces are smooth
The articular surfaces are covered with cairtilage usually
hyalne but occastonally fibrocartilage
B Classtfication®
1 Imegular (arthrodial plane) The jomnt surfaces are wrregularly

Ut CO 1O

© Thus classification 1s based on the one :n Moms Iuman Anatomy
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shaped uanlh Mt or dihth coned The only movement
permitted d¢ of 1 ghding nature henee it is nonadal Tx
ample  the capal jonts (Lig BY)

2 Hmge (qanglymin) Ooe sfice §s spool ke, the other is
concne The conenve sufice fits over the (poal ke process
and ghdes partially around it in a hinge bpe of movement
This constitutes movement in one pline abaut 2 single axis
of motion henee 1t fs unindal Tlie movements that occur
are flexson and ¢xtension Fxample olbow foint (Fig 78)

3 Paot {trochord screw) This kind of joint may be charcter
ized by 1 peghihe prot 1s in the joint between aths and s
or by two lang bones fitting against each other near each
end in such 1w thit anc bone can roll around the other
one 15 do the rdis and ulna of the foreann In the hiter
type a small conenve notch on ane bone fits against the
rounded surface of the other The rounded surface smay esther
be the edge of a disk {hike the head of the ridius) or jt iy
Ye a rounded knob (Jhe the hiead of the ulm) The only
movement permitted in cither hind of pnot joint is rotation
It is a movement i onc pline about a single avs henee
the jont is unitaal Txamples atlintoacial and rdioulnar
jomnts (Iigs 23 and 78}

4 Ovoud (condyloid elipsordal) An oval or egg shaped convex
surface fits into a reciprocally shaped conew e surface Move
ment ¢an oceur in two planes forward and backward and
from side to side The former movement 1s flevion and exten
sion and the latter ab and adduction or laterl flewon The
joint 1s braxial When these mo ements are performed m sue
cession they constitute circumduction Example wnist jomnt

(T 88)

5 Saddle (reciprocal reception) This may be thought of 15 a
modification of an ovord joint The two ends of the convex
surface are tipped up making the surfice concave 1n the
other direction like 1 western saddle Fitting over this1s a
reaiprocally concave convex surface Like the ovoid jont
this 1s 1 biaxial joint and it permats flexion and extension
ab and adduction and arcumduction The difference be
tween the two 1s that the saddle jomnt has greater freedom
;flmohon Evimple  earpometacarpal jomt of thumb (Fig

6 Ball and socket (spherordal enarthrodial) In this type of
1omt the spherical head of one bone fits into the cup or saucer
like cavity of the other bone (Figs 56 and 104) Tt 1s very
like the swivel yomt on the top of a camern tripod It permits
flexion and extension ab and adduction circumduction
{the sequential combmation of the preceding) and rotation

It 1s 1 tivaal ot since 1t permits movement ahout three
axes

C Summary classification of diarthrodial joints
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0 1 2 3
NUMBER OF AXES NON AXIAL | UNIAXIAL BIAXIAL TRIAXIAL
Classification Irregular | Hinge Ovoid Ball and
Prot Saddle socket

11 Synarthrosis (from the Greek meanmg hterally with jomnt or ac
cording to our usage a jomt mn wlhich there 1s no separation or
articular cavity )

A Charactenstics

1 In two of the types (cartilagmous and fibrous) the two bones
are umted by means of an intervening substance such as
cartilage or fibrous tissue which 1s continuous with the jomnt
surfaces

2 The thurd type (bgamentous) 1s not a true jomnt but 1s a
ligamentous connection between two bones which may or
may not be contiguous

3 There 15 no articular cavity hence no capsule synovial mem
brane or synovial fluid

B Classification

1 Cartilaginous (synchondrosis from the Greel meaning with
cartilage )

Only the jonts which are umted by fibrocartilage pernmt
moton of 2 bending and twishing nature Those united by
hyaline carhlage permit only a shght compression Example
of hyalne type epiphyseal unions Example of fibrocar
til type articul between the bodies of the
vertebrae (Fig 15)

2 Fibrous (suture from the Latin word for seam ) The edges
of bone are umited by means of a thin layer of fibrous tissue
which 15 continuous wath the penosteum No movements
are permitted Only example the sutures of the skull

3 Lagamentous (syndesmosis from the Greel meaning “with
hgament”) Two bones which may be adjacent or which
may be quite widely separated are tied together by one or
more hgaments These Ligaments may be 1o the form of cords
bands or flat sheets The movement that occurs 15 usually
limited and of no specific type Examples coracoacromal
umon {Fig 58) mudumon of radus and ulna {Figs 79 and
80)

C Summary

The synarthrod:al jounts of greatest concern to the kinestologst

are those of the vertebral bodies Due to the thickness of

1 3

© In some anatomy texts these are as amphiarthrodial

jolnts
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the intenertebral disks these permit a moderate amount of
motton simuliting that of ball and sacket jonts The mave
ments are flexson and extensdon Tatera] flexton cirenmduc
tion and rotation

Suggestions for Studying the Structure and I unction of the Joints
In order to understind thoroughly the structure of 1 jomnt, the
student should supplement lus book studsy wath first hand study of
a skeleton or of the disarticulated bones which enter into the forma
tion of cach yont Following this prchiminary studs, the student wil)
find 1t extremely hddpful to “construct™ 4 joint by taking the dis
articulated bones and fastening them together with preces of adhe-
sne tape carefulls pliced to represent the speaific igiments of the
jomt Pieces of felt cut in the proper shape may be used to repre-
sent the fibrocartilge This method of studying a jomt 15 particu
larly helpful in regard to the hnee, lip nd shoulder jonts

The movements of cach jomt should be studied both on the skele
ton and on the hing subject When using the hatter method the
student should take into considerntion a1l of the joints ivolved 1n
the movement being studied For instance, m studying the move
ments of the elbow, the articulation between the humerus and the
radius must not be overlooked The close relrtionstup that exsts
betwcen certain joints should be noted, as for mnstance the relition
ship between the elbow jomt and the proumnl radioulnar articula
tion The tilting of the pelas which accompanes many movements
of the lower extremity should be recogmzed hhewise the move-
ments of the shoulder girdle which accompany those of the shoulder
jomnt. There 1s a particular patfall aw-uting those who study the
mosements of the shoulder joint only by observing the hving sub
Ject If not forewamed they are very likely to overlook the part
played by the shoulder girdle 1n movements of the arm on the body
The action of the shoulder mirdie may easily be detected 1f the
student will palpate the scapula and the clavicle m all moyements
of the upper arm He can follow the movements of the scapula by
placing hus thumb at the mfenior angle one finger on the root of the
scapular spine and another on the acromion process and by keep
g them firmly n contact with these pomts as the scapula moves

The « ray also affords a valuable method of studymng the struc
ture and function of the jonts Of even greater value will be the
X ray motion picture when it 1s made available for such purposes

SUPPLEMENTARY MATERIAL
Method of Measuning Joint Motion

ment of joint motion reveals a notable lack
a ponding d

The Iiterature on the measure
; of umformity m techmque and
g the normal range of motion In
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many mstances the norms quoted appear to be set up arbitrarily, rather
than as the result of experimentaton While much has been achieved
the past decade m stindardizing the techniques of measurement, there 1s
still 2 need for tables of norms for both sexes and for a complete age range
based on actual measurement The student who 1s interested 1n nveshgat
ing this field will find 2 wealth of matenal n the hterature listed m the
bibliography One of the most complete and scientific mvestigations to
date 1s that of Moore at the Division of Clinicil Research Baruch Center
of Physical Medicine Medieal College of Virgmia

Range of Motion 1 The Range of Motion n Selected Jont Move
ments An nvestigation was conducted by the author to note the range
of motion 1 certamn selected joint movements and to observe the extent
of individual dufferences The movements measured were flexion outward
and nward rotation and honzontal extension abduction of the arm at
the shoulder jomt fleion and abduction of the thighs, dorsal and plantar
Hlexion of the foot In each of the arm measurements the subject was re
quired to perform the movement with both arms although the measure
ment was taken on only the left The purpose of this was to prevent the
tendency to rotate the body toward the side being measured 1n an attempt
to get an apparent merease of motion Twenty four young women were
used as subjects All measurements were made with a protractor

e Flevion at the Shoulder Jomt The subject sat on a bench with
the head and back braced agamst the edge of an open door and raised
both arms forward upward s far as possible heeptng them shoulder dis
tance apart with the pilms facing each other and the elbows fully ex

tended The ngle between the upper arm and the vertical was measured
with a plumb line protractor

Range = 161 to 186
Medan = 1725

b Outward Rotation 2t the Shoulder Jomnt The subject assumed
the same position as described above except that the upper arms were
rased sideward to shoulder level with elbows bent at night angles and
the forearms pomnting forward wath palms down The upper arms were
then rotated outward so that the forearms moved n an are upward and
backward as far as possible with the upper arms remminmng at the hon
zontal The angle between the torearm m its final position and the hon
zonta] was measured with a plumb line protractor

Range = 90 to 138
Median = 99

¢ Inward Rotation at the Shoulder Jomnt The starting position for
this measurcment was the same as that for outward rotation The upper
arms were rotated mward so that the forearms moved forward downward
as far as possible with the upper arms remuning at the horizontal The
angle between the final position of the forearm and the horizontal was
measured with a plumb line protractor
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Hanpe — 75 to 1%
Medim = 105

d Hanzontal ¥ atenvon Abkluetion at the Shoulder fomt Ihe sub
tect Jav on hus back on v narrow bencd with his knces den up ind et
resting ot the bench The s were eatantdod udes ard At shoulder Joved
then towrted toward the oot ay fir w powthle Case s tilen to see
that the beneh was narrow enough o as not to antafore with free move
ment of the shoulder jormts The angde botweon the upper wm ind the
bhorzontal was mevsured with 1 plumb lme protector

Ringe = 20 1057
Mediin = 11

¢ Hip FHeoon with Strught kne As a mosurc of lnp and ham
stong flcubilty Tup Hoxon was measured wath the dnee fept i complae
atension The subject Tis on 1 nrow bench and rused the nght Jeg
from the lup as far as posable Leepmg the knee and the ankle fully
extended The angle between the madhne of the lateral aspect of the thigh
and the honzontal was measured with 1 plamb hine prondior

fange = 53 to 114
Medim = 92

f 1hp Abduction The subject lay on his back on the floor and
abducted both Jegs at the hip jonts as far s possible keeping the feet
ponting upward thus ehmnating rotition at the hips The angle between
the two abducted thighs was measured with a Lufhn rule protrctor each
arm of which had becn extended by the attachment of 1 strught narrow
stick long enough to reach past the patella

Range = 59 to 95
Medimn = 785

&_Dorsal Flexion of the Foot The subject sat on a long bench with
the Jegs extended and the feet projecting beyond the cdpe of the bench
Recping the nght leg extended the subjcct dorsiflexed Ius nght foot One
arm of the protractor was held along the lateral surface of the foot 1 line
with ats long axis and the measurement was tahen between this and the
vertical If the foot reached or passed the vertical the measurement was
positive If it failed to reach the vertienl 1t was negitine

Range = —4 to 15
Median = §

h Plantar Flexion of the Foot The subject sat on a long bench
with the legs extended and the feet projecting beyond the edge of the
bench Reeping the nght leg extended the subject plantar fleved s nght
foot One arm of the protractor was held along the lateral surfice of the

foot 1n line with 1t
s long aus and the measurement was taken bet
this and the vertical " eteen



18 Anatonue T'undamentals of Human Motion
Range = 47 to 80

Median = 61
2 Comparison of Shoulder Flexibility Before and After Corrective Ex
ercises In a class 1n corrective physical education the author made

several pertiment measurements at the begmming and end of the season
of mstruction Among these was the measurement of forward elevation of
the arm on the body This mvolves chiefly, flewon at the shoulder jomnt
but also includes some movement of the scapula, espectally upward rota
tion Individuals with resistant forward shoulders have limted motion 1
the shoulder jomt. It 1s pariscularly dufficult for them to get their arms to
an upward vertical position or beyond when the arms are kept only
shoulder distance apart The measurements were made on thirty guls aged
16 to 18 m the following manner The subject presented her left side
to the eaxmmer and rased both arms forward upward and backward
as far as possible without bending the elbows Using a large semicircular
protractor with a movable arm, the exammer held the protractor with
1ts center opposite the center of motion at the shoulder jont and with the
base bine parallel wath the axs of the subject s upper trunk She then moved
the arm of the protractor until 1t was i hne wth the subject s arm and read
the antenor angle between the subjects amm and trunk The results of
the two sets of measurements were as follows

RANGE MEDIAN
M, made mn N ber 1948 129° -170 1425
Measurements made 1n March 1949 1415 175 1625°

8 Comparison of Measurements of Forward Elevation of the Arm Made
by Different Investigators A companson of measurements of a selected
jomt movement may be of interest to the rexder It should be noted how
ever that the techniques used were not standardized and that the measure
ments were based on relatively small samples not selected at random
Forward elevation of the arm 15 the movement selected The techmques
of the three wmveshgators were different but had this 1n common they
used esther the vertical or the honizontal as a pomnt of reference rather
than the long axs of the trunk

¢ Expenmmenter Van Horn

Number age and sex of subjects 165 women aged 16 to 18 mn
clusive

Technique The subject lay on a narrow board with the knees drawn
up and the back kept m contact with the board The angle be
tween the honzontal surface of the board and the subjects arm
was measured with a protractor

Measurements
RANGE MEDIAN
R 159 -196 7
L 155°-198 177

b Expenmenters Glanville and Rreezer
Number age and sex of subjects ten men, aged 20 to 40 wnclugiye
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Technique The subject 1y on his back on a table with the shoulder
over the edge of the table The measurement was made with an
arthrometer having a cireular scile and n weighted metal pendulum
type of indseator Thus instrument was strapped to the Jateral sur
face of the subject s arm, fust prodmal to the elbow

Mcasurements

RANGE MEAN
R 164%-191° 179
1 165°~187 180

o

Expenimenter Wells

Number age 2nd sex of subjects 21 young women aged 17-20

Technique The subject sat on a gymnasism bench with the head
and back braced against the edge of an open door and raised both
arms forward upward as far as possible, heeping them shoulder
distance apart with the palms facing and the clbows fully ex
tended The antenor angle between the upper arm and the plumb
Iine was measured with a plumb line protractor

Measurements

RANGE MYDIAN
L 161°-180° 1725°
1t 15 interesting to sce that n spite of the small groups of subjects
and 1n spite of the differences in techmques the results are fauly
consistent It is also interesting to note the contrast between the
results of these three investigations and the one made by the author
on the students i the corrective class There are doubtless two fac
tors that account for the appreciably lower scores made by the lat
ter group The first 15 the fact that the group was selected on the
basis of poor posture The second 1s the fact that the subject s own
trunk was taken as the pomt of reference This ruled out the in
fluence of hyperextension of the spine on the position of the arm
Although the latter technique requires the use of subjectine judg
ment 1n aligming the protractor with the subjects trunk it 1s
probably a more valid measure of the range of joint motion Thus 1s
the technique used by Rraus and Weber at the Vanderbilt Posture
and Corrective Exercise Clime

DEMONSTRATIONS AND LABORATORY EAERCISES

1 Dussect 2 jomt obtamed from the butcher and 1dentify the follow
g types of tissue tendon higament fibrocartilage hyaline cartilage and
synovial membrane Identify the type of jomt and name 1ts movements

2 By studymg a skeleton and observing a hving subject clasaify the
followm% ]Ol‘nts without refernng to a textbook hip elbow knee ankle
;v;st Ifu metacarpophalangeal jomt of finger shoulder jont (Do
ulnaiol?)m:: )the motion at the elbow or wnst joints with that at the radio
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8 From a disarticulated skeleton select the necessary bones to illustrate
each type of jomt

4 Using a movable arm type of protractor measure the range of motion
m the same jomt moivements that were described in the supplementary
section of this chapter
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Chapter 8

THE MUSCULAR SYSTEM

Defimtion. A muscle may be deseribed as a bundle of red
contractile fibers held together by a sheath of connective tissue
It 15 attached to bone by means of tendons or aponeuroses (fibrous
sheets) which stem from the connective tissue sheath

The Properties of Muscular Tissue Like an elastic band
muscular tissue can be stretched, and can return agam to its normal
resting length when the stretclung force 15 removed This charac
tenstic of muscular tissue mvolves two properties, extensibility
and elasticity Unlike the elastic band, 1t can shorten beyond its
normal resting length by pulling from both ends in toward the
center This 1s a chemical process and 1t results (unless prevented)
1n the total muscle becoming shorter and at the same time, greater
n arcumference This property 1s known as contractiity Expen
menters have found that the average muscle fiber can shorten
to approximately one half its resting length and can be stretched
untl 1t 15 balf again as long as 1its resting length? 12 The range
between the mimmal and maximal lengths of a muscle fiber 1s
known as its amplitude 1

Physiolegic Prmnciples of Muscular Contraction Whenever a
muscle fiber contracts 1t contracts maximally Thss 1s known as the
all or none pnnciple of muscular contraction Gradations in muscu
lar contraction are related to the number of fibers n the muscle
which contract, not to variations n intensity

When a muscle contracts repeatedly the first few contractions
are each progressively greater than the preceding until the max
mal response 1s reached The mnability of the muscle to attam ats
maximum response immediately 1s thought to be due to the viscosity
of the muscle This phenomenon known as the treppe or staircase
phenomenon 1s one reason for recommending a warm up as prep
aration for strenuous activity

Of sigmficance to the physical educator and the physical thera
pist 1s the fact that a muscle can exert greater force when 1t 1s on

22
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Fig 5 Cxamples of muscles of different shapes and (nlr:m'\l structure A
Fusiform o spindle B pennifc Cct i D or fan shaped
E rthomboidal F rectingular

a stretch than when 1t 1s shortened It exerts its mramum force
when the resistance to 1ts action s so great that no shortening can
take place As the muscle shortens its force dimmishes progres
snely This chractenstic of muscular action to exert greater force
when 1t 15 on a stretch or when 1t encounters an apprecible re
sistance, gives the clue to the condition under which muscles are
strengthened It also forms the basis for the DeLorme heavy re
sistance exeraises The increase 1n strength can be surpnsingly
rapid of the loads are increased n exactly the nght relation to the
capacity of the muscles ®

Structural Classification of Muscles The arrangement of the
fibers and the method of attichment sary considerably among the
different muscles These structural vanations form the basis for a
classification of the sheletal muscles

Longitudinal Ths 15 a long straphke muscle whose fibers lic
parallel to one another Two examples are the rectus abdomims on
the front of the abdomen and the sartorius which slants across the
front of the thigh

Quadrate or Quadnilateral (Fig. 5E and T') Muscles of this
type are four sided and are usually flat They consist of parallel
fibers Examples mnclude the pronator quadratus on the front of
the wrist, and the rhomboid muscle between the spme and the
scapula

Trangular or Fan shaped (Fig 5D) Ths 15 ¢ relatively flat
type of muscle whose fibers radiate from a narrow attachment at
one end to a broad attachment at the other The pectoralis major
on the frout of the chest 15 an excellent example

Fusform or Spindle shaped {Fig 5A) This 15 usually a
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rounded muscle which tapers at erther end It may be long or
short large or small Good evamples nre the brachialis and the
brachioradialis muscles of the arm

Penuiform or Feather ke (Fig 5B) In this type of muscle
a series of short parallel fibers extends dingonally from the side of
a long tendon gving the muscle a5 a whole the appearance of
a wing feather Examples extensor digitorum longus and peroneus
longus muscles of the leg

Bipenniform (Fig 5C) This 15 a double penmiform muscle
It 1s charactenized by a long central tendon wath the fibers extend
mg dingonally m p-urs from erther side of the tendon It 1s hike 1
symmetrical tul feather Examples flexor hallucis longus and rec
tus femons

Multipentaform In this type of muscle there are several ten
dons present with the muscle fibers running diagonally between
them The middle portion of the deltoid muscle 1s an example of a
multtipenmiform muscle

Fascia Closely assoaated with the musculature 1s the deep
fasaia, a type of fibrous connective tissue which forms both the
emveloping sheaths for the muscles, nerves and blood vessels and
the partiions which separate muscles and muscle groups from
eich other The term fascia comes from the Latin word for band
meaning something which binds together Iike 2 bandage This
gives a good picture of the function of fascia m the body

Although fisca does not hve the abihty to contract, it does
sometimes serve as an extension of 1 muscle The fascia on the side
of the thigh for instance 1s tightened by the contraction of the
tensor fasciae latae and the gluteus maumus muscles (Figs 111,
112 113) and the mfluence of these muscles 15 thus extended to
the side of the leg just below the knee where the strip of fascin
known 4s the iliotibin] band 1s attached The effect of this tighten
g of the fascin 15 to stabilize the knee joint It 15 an example of
the part played by fiscia m mncreasing postural stability The fasciae
of greatest interest to the student of kinesiology are probably the
plantar fasci? on the sole of the foot the lumbodorsal fascia mn the
back the fasci1 latr and the 1hotibial band on the lateral side of
the thugh More will be sud bout these fasane 1n connection with
the muscles with which they are associated

The Action of the Muscles in Moving Bones In the simplest
arrangement a muscle spans 2 jomnt and attrches to the two con
tiguous bones When the muscle 1s stmulated by the motor nerves
which mnervate its fibers 1t contrects and thus pulls oty the two
bones to which it 1s attaiched If no opposing or stabihzing force
were present, the two bones vwould both move For wnstance, a mus
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cle which spumed the mner aspect of a hinge jomt would cuse
the two bones to fold together, both of them pirticipating in the
movement Likewise, 1 muscle which spinned the outer aspeet of
a lunge jomnt would pull these bones back to their ongin 1l position
If one thinks m terms of using the hand for 1 particular task, 1t
would immediatey be apparent that st would be most icom entent
if, every tume the forcinm mosved, the upper m were to move
too If such were the case 1t would be dihicult to perform move
ments of precision or power A more cffective movement results
when a muscle moves only onc of the bones to wlich it 1s attached
This 1t can do only of the other bone 15 stabihized that is, hield mo
tionlcss by the action of other museles This as ¢ssentinlly the man
ner 1 which all movements of the body scgments tahe place

Direction of Pull Winch bone 1s to remaum stationary and
which one 1s to mose, or i other words, which muscle attwchment
1s to be stabihzed and wiich 1s to move, depends upon the re
quirements of the total movement In most of the movements of
the arms and legs the more distal bones are the ones that move
But thus 15 not always the case There we a number of famibar
movements which require that the more distal bone be stationary
mn order that the more proumal one may move effectinely In chin
mng ones self, for instance, the forearm 1s stationary wiule the
upper arm moves toward it
Muscular Attachments It has been customary to nime the
attacl of the les “the ongin and “the msertion,” the
ongin bemng the attachment which 1s usually stabilized, and the
msertion bemg the attachment which usually moves This terminol
ogy has had the unfortunate result of giving students the crroneous
idea that the muscle can pull in only one direction They have had
difficulty 1 grasping the true concept of musculwr contraction
namely, that the muscle tends to pull equally from its attrchments
toward the center, and would do so if the hones to which 1t was
attached werc equally free to move

In an attempt to prevent a ption of lar contrac
tion, a departure from the usual system for numing the attachments
of the muscles 1s suggested herc It 1s hoped that students who
have previously learned the terms ongin  and msertion will
attempt to substitute the terminology suggested below

A(tachments of Muscles of the Head Nech and Trunk
'pper attachment
Lower attachment } for muscles which run more or less vertically

Medaal attachment £
Lateral attachment { (07 Tuscles which run more or less honzontally
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Attachments of Muscles of the Extrermties
Proximal attachment
Dastal attachment

Attachments of the Diaphragm
Penpheral attachment
Central attachment

Bones as Levers From the mechanical pomt of view, the
bones serve as levers, a lever being any ngid bar which turns about
a fixed pomt (1€, a fulcrum) when force 15 appled to 1t. In the
bony lever the fixed pont 1s the joint at which the movement 15
taking place and the force applied to the lever 1s the pull exerted
by the contracting muscle The mechanical laws wiich govern the
action of levers are discussed 1n Chapter 13

Angle of Pull (Fig 6) The angle formed between the mus
cles lme of pull and the mechanical axis of the bony lever 1s
known as the muscles angle of pull It represents the direction of
the apphcation of force As the bone moves, the angle of pull keeps
changing This 1s mevitable when the muscles other pomt of at
tachment 15 kept stationary The size of the angle has a durect
beaning on the effectiveness of the muscles pull n moving the
bony lever Except when the pull 1s at nght angles to the mechan:
cal axis of the lever some part of the force exerted by the muscle
1s wasted, so far as motion 1s concerned More often than not, the
angle of pull 1s less than a nght angle This means that the portion
of force which 1s not contributing to the movement of the bone
15 tending to pull lengthwase through the bone in the direction of
the joint This has a stabthzing effect as 1t counteracts any tendency
toward dislocation The components of muscular force and their
relation to the angle of pull are discussed in Chapter 15

Types of Muscular Contraction.  Although the word contrac
tion hterally means shortenmg there are three types of so called
muscular contraction only one of which mvelves a shortening of
the fibers

1 Shortering or Concentric Contraction (also called phasic contrac
tion) While one end of the muscle remains stationary the other end pulls
the bone and turms 1t about the joint The bone thus serves as a lever and
the jont as its fulerum This 1s the usual type of contraction seen
physical actvies

9 Lengthening or Eccentric Contraction Ths 1s a gradual releasing of
the contraction as when one lowars a weight slowly or gives 1 to an
external force which 15 stronger than that of the contracted muscle The
term “lengthenmng 1s miusleading since the muscle does not actually
lengthen 1t merely returns to its resting length
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Fig 6 Angles of muscle pull A An angle less than 45 degrees B an angle
of 90 degrees C an angle greater than 90 degrees

3 Static Contraction (also called tome contraction) The muscle remains
m partial or complete contraction without changing its length There ate
two different conditions under which this type of contraction 15 ikely to
take place

@ Muscles which are antagomstic to each other contract with equal
strength thus balancing each other The part affected 1s held tensely mn
place without moving Tensmg the biceps 15 an example of thus

b A muscle 1s held m partial or complete contraction aganst another
force such as the pull of gravity or an external force Examples of this
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Attachments of Muscles of the Extremites
Proximal attachment
Distal attachment

Attachments of the Diaphragm
Penpheral attachment
Central attachment

Bones as Levers From the mechanical pomnt of view, the
bones serve as levers, a lever being any ngid bar which turns about
a fixed pomnt (1€, a fulerum) when force 1s apphed to 1t In the
bony lever the fixed pomt 15 the joint at which the movement 15
taking place, and the force applied to the lever 15 the pull exerted
by the contracting muscle The mechanical laws which govern the
action of levers are discussed i Chapter 13

Angle of Pull (Fig 6) The angle formed between the mus
cles Ine of pull and the mechamcal axis of the bony lever 1s
known as the muscles angle of pull It represents the direction of
the application of force As the bone moves the angle of pull keeps
changmg This 15 mevitable when the muscles other pomt of at
tachment 1s kept stationary The size of the angle has a dwrect
bearing on the effectiveness of the muscles pull 1n moving the
bony lever Except when the pull 1s at nght angles to the mecham
cal axis of the lever, some part of the force exerted by the muscle
15 wasted so far as motion 15 concemed More often than not, the
angle of pull 1s less than a nght angle This means that the portion
of force which 1s not contrnibuting to the movement of the bone
15 tending to pull lengthwise through the bone m the direction of
the joint. This has a stabihzing effect as 1t counteracts any tendency
toward dislocation The components of muscular force and their
relation to the angle of pull are discussed mn Chapter 15

Types of Muscular Contraction. Although the word contrac
tion hterally means shortening there are three types of so called
muscular contrachion only one of which myolves @ shortenng of
the fibers

1 Shortening or Concentric Contraction (also called phasic contrac
tion) While one end of the muscle remains stationary, the other end pulls
the bone and turns 1t about the jomt The bone thus serves as a lever and
the jomt as 1ts fulerum This 15 the usual type of contraction seen mn
physical achivities

2 Lengthening or Lccentric Contraction This 1s a gradual releasing of
the contraction as when one lowers a wesght slowly or gives 1n to an
external force which 1s stronger than that of the contracted muscle The
term “lengthening 15 misleading since the muscle does not actually
lengthen. It merely returns to its resting length
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Fig 7 The clasicular portion of the pectoralis major muscle reversing fts

customary function A The line of pull is below the center of the shoulder joint
B The hne of pull is above the center of the shoulder jont

the relation of the muscle s hine of pull to the jomnts 1us of motion
at each stage of a movement

The Coordination of the Muscular System Not all muscular
action 15 for the purpose of causing motion In nearly every move
ment of the body there are some muscles which have other func
tions such as steadying and supporting a part stabthzing 1 hone
to which another musele 15 attached or neutralizng the unwanted
action of a muscle which normally causes several movements Ac
cordingly the muscles which make their vanous contributions to
2 movement may be classified respectively 1s movers stabulizers
and neutrahzers

Movers A mover 15 a muscle which 15 directly responsible
for effecting a movement In the majonty of movements there are
several movers some of them of greater mmportance than others
These are the principal movers The muscles which help to perform
the movement, but which seem to be of less mmportance or which
contract ouly under certain circumstances are the assistant movers
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are holding a book with outstretched arm a tug of war between two
equally matched opponents and attempting to move an object which 15
too heavy to move

A Funchional Classification of Muscles Whether a muscle
will cause flexion extension abduction, or any other movement
when 1t contracts 1s determined not by anythmg inherent n 1ts
structure but by the relation of the muscles lme of pull to the
jomnts axis of motion, and to the movements permitted by the
structure of the joint Thus a muscle on the front of the knee joint
can only extend whereas one on the front of the elbow joint flexes
A muscle on the lateral side of the hip jomt abducts one on the
medial side adducts and so forth A muscle on the lateral side of
the knee joint however could not abduct because the structure
of the knee 1s such that abduction 1s impossitble Because of the
nterrelationship between muscle function and jomt structure a
functional classification of the muscles corresponds closely to the
structural classification of the drarthrodial axal joints

JOINTS MUSCLES
Uniaxial
Hinge Flexors and extensors
Pwot Rotators
Biaxial
Ovad Tlexors extensors abductors
adductors
Saddle Same as for ovoid jomts
Traxial*
Ball and socket Flexors extensors abductors
adductors rotators
Reversal of a Muscles Customary Function Occastonally 1t

happens that the relation of a muscles hne of pull to the jomnts
avis of motion becomes reversed as the jomt assumes certain post
tions For wstance the clavicular portion of the pectorahs major 15
ordmanly a flexor adductor and honizontal flexor adductor of the
arm at the shoulder joint When the arm 1s elevated sideward to
a posttion slightly above shoulder level however the line of pull
of the clavicular portion of the pectoralis major shifts from below
to above the aus of the shoulder jomt (Fig 7) Contraction of the
muscle 1 this position contributes to abduction of the humerus
imstead of to adduction Thus the student will see that he cannot
take the muscular actions for granted but must always consider

* Although the jonts of the spinal column consist 0t cartilagmnous and nonaxial
Aiarthrodral jonts the movements of the spinc are stmular to those of a triaxal yoint
This 18 because of the ball and socket nature of the nucleus pulposus in the inter
vertebral disks
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Fig 9 The trapezius and rhomboids as mutual movers and neutralizers A
The trapezius alone adducts the scapula and rotates it upward B The thomboids
alone adduct the scapula and rotate it downward C Together the trapezius and
rthombords adduct the scapula without rotating it either upward or downward

mg of one of 1ts attachments that the muscle 1s able to cause an
effective movement of the bone at which 1t has 1ts other attach
ment (Fig 8)

Neutralizers A neutralizer 15 2 muscle which acts to prevent
2n undesired action of one of the movers Thus 1f a muscle both
flexes and abduets, but only flevson 15 destred m the movement, an
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Fig 8 If the scapula were not stabilized the teres major would ncrease
the upward rotation of the scapula as it adducted the humerus This dual action
on the humerus and scapula 1s shown m A In B the scapula 1s stabilized by the
scapular adductors and downwwd rotators This permuts the teres major to
concentrate its force on the adduction of the humerus

Muscles which help only when an extra amount of force 1s needed,
as when a movement 1s performed against resistance are sometimes
called emergency muscles This distinction between the various
muscles which contribute to a movement 1s entirely arbitrary There
may well be difference of opinion ns to whether 2 muscle 1s a prin
apal or an assistant mover 1n a given movement

Frxator, Stabihzing, and Supporting Muscles This group n
cludes the muscles which contract statieally to steady or support
some part of the body against the pull of the contracting muscles
agamst the pull of gravity or agamnst the effect of momentum and
recoll m certam vigorous movements One of the most common
functions of these muscles 1 the steadying or fivating of the bone
to which a contracting muscle 1s attached 1t 1s only by the stabiliz
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Fig 10 Infl of 1 force on muscular action 1 sideward
d of the arm (add of the humerus) A Eccentnc contraction of
the abductors in slow lowering of the arm B Absence of muscular action when
the arm 1s dropped to the side C Concentric contraction of the adductors when
the movement 1s performed agamst resistance

question For instance a slow sideward lowering of the arm from
an overhead position 1volyes adduction at the shoulder joint (Fig
10A) Yet it 1s the abductors (deltord and supraspinatus) which
control the movement They exert thewr control by means of eccen
tric or lengthemng contraction (p 26) If the arm were allowed
to fall to the mde gravity alone would be responsible for the move
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adductor contracts to neutrahze the abductory action of the mover

Qccasionally two of the movers have one action 1 commen but
second actions which are antagomstic to each other For mstance
one muscle may upward rotate and adduct, the other may down
ward rotate and adduct When they contract together to cause
adduction thesr rotators functions counteract each other (Fig 9)
Muscles which behate this way m a moyement are mutual neutral
wzers as well as movers Some wnters call muscles which have ths
neutralizmg funchion, synergists 3 *+ The term synergst 15 also
used by some for muscles that stabilize bones and by others for am
muscles that work together to contribute to a2 movement, regardless
of the specific function of each 1° ** Because of this confusion re
garding the mterpretation of the word synergst, its use has pur
posely been avoided mn this text

Antagonists An antagomst 1s 2 muscle which causes the op
posite movement from that of the muscle aching as a mover Thus
n a movement of flexon the flexors are the movers and the ex
tensors are the antagomists In accordance with the physiologie
principle known as reciprocal mnervation when a muscle contracts
its antagomst qutomatically relaxes (see p 43)

Hawving stated the general rule 1t 15 now necessary to descnibe
what may at first appear hke a contradiction 1f a moiement per
formed with great force and rapidity 1s not cheched 1t will subject
the I tous reinfor ts of the joint to sudden strain The
tissues would probably be severely damaged This is particular)y
true of quick movements of the arm or leg because of the tremen
dous momentum that can be developed m a Yong lever To prevent
such jury the museles which are antagomstic to the movers con
tract momentanly to check the movement As they contract, the
movers relax if ndeed they have not already relaxed allowing
momentum to complete the movement The situation 15 a little
like taking the foot off the accelerator mn order to put it on the
brake At the moment that the movement 1s beng checled the so
called 1stic Jes are not at all, but are
serving temporanly as movers 1 cccentric contraction Thus 1n a
vigorous movement, the antagomstic muscles may be said to per
form two functions Therr first function 1s to relax i order to per
mt the mosement to be made without hundrance their second
function 1s to protect the jont by acting as a brake at the comple
tion of the mavement

Relation of Gravitational Force to Muscular Action. Am
morement which conld be performed by the foree of gravity but
which 1s controlled muscularly 1s performed (1€ controlled) by
the muscles which are ordmanly antagonistic to the mosement 1n
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tancously at the knee joint Henee the hamstrings rdtun cqual ten
sion throughout their contraction, for what they lose at one end
they gam at the other Similarly, the tension of the quadriceps is
retained because extension at the knee is accompanied by simul
tancous extension at the hip Again, what is Jost 1n tension at one
end 15 gamed at the other and the end result 1s a maintenance of
umiform tension throughout the movement This amrangement is
natures remarkable deviee for providing for cconomy and cffi
aency of movement 1n the commonest of mans activitics—locomo
tion

There are movements of course which require a two joint muscle
to act at both jomnts at the same time But since jts action would
lack force, duc to the rapid loss of tension the movement would
be very meffectual were it not for the fact that nature has con
veniently provided each two jomnt muscle with a fellow one jomnt
muscle (and occasionally more than one) for cach of the jonts
For instance, 1n a lugh and forecful hick, the action 1s one of hip
flexion and knee extension The rectus femons, which performs
both of these movements, and 15 therefore rpidly losing tension
as the movement progresses, 1s supplemented by the sastus Interabs,
medrahs, and intermedius all strong onc jomnt extensors of the leg
and by the pectineus, tensor fasciac Iatae, and ilincus, strong one-
jomt flexors of the thigh If one were to hich backward, the ham
strings would be remnforced by the gluteus mavimus at the hip, and
by the popliteus and short head of the biceps femons at the knece

DEMONSTRATIONS AND LABORATORY L\ERCISES

1 Refernng to a cadaver, a muscle mantkin muscle charts or samples
of meat obtained from a butcher, identify the structural type of several
muscles Also 1dentify some deep fascia

2 Take two sticks which are jomned at one end by a hinge Attach a
single prece of elastic or a long rubber band to the opposite ends of the
two sticks

a Separate the ends of the sticks as far as the elastic wall permit and
then demonstrate the way the elastic will pull both stichs together

b Demonstrate the way the elastic will move only one of the sticks if
the other one 15 stabulized

hcksRepeat both g and b using the arm of the skeleton nstead of the
st

3 Fasten or hold an elastic on a skeleton to represent the line of pull
of the clavicular portion of the pectoralis major Note 1ts relation to the
center of motion of the shoulder jomnt Now rase the arm sideward above
glle shmtxlder level Agamn note the relation of the elastic to the center of

e joint

4 Get a subject to hold a heavy dumbbell 1n his right hand and slowly
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ment (Fig 10B) If it were brought down quickly and vigorously,
or 1f 1t were lowered forcefully aganst an external resistance, the
adductors would be the movers (Fig 10C) In analyzing move
ments, therefore, 1t 1s essential to note the part played by the force
of grwaty or by resistance In all movements controlled agamst the
pull of gravity the usual muscular action 15 reversed

Pulley or Tendon Action of Two jomnt Muscles Another type
of coordination of the muscular system 1s seen 1n the so called
pulley or tendon action of the two jomnt muscles, that 15 the muscles
that pass over and act upon two joints, mnstead of one Examples
of these are the hamstrings (semutendinosus semmembranosus
and biceps femons) which flex the leg at the knee and extend the
thigh at the hip, the rectus femons wiuch flexes the thigh and ex
tends the leg the sartorius which flexes both the thigh and the
leg the gastrocnemus which helps to flex the leg m addition to its
primary function of extending the foot, and the long flexors and
extensors of the fingers The latter are actually mult joint muscles
smee they cross the wrist and at least two of the joints of the fingers
A charactenistic of all these muscles, whether they act on joints
that flex 1n the same drection, as in the case of the wrist and fingers,
or 1n the opposite direction, as 1 the case of the knee and hup 18
that they are not long enough to permit complete movement 1n
hoth jomnts at the same time For instance, 1t 1s impossible for the
average mdividnal to achieve complete flevion at the hip and ex
tenston at the knee at the same time This may seem at first to be
a detriment to efficient motion but actually 1t 1s a help

To understand this 1t 15 first necessary to recogmize the physio
Jogic prmeiple that as a muscles length 1s mereased (e, as the
musele 15 stretched ) ats tension mncreases and as a muscles length
15 decreased (1e as the muscle contracts) its tension dummnishes
proportionately Whenevers a one jomt muscle contracts 1t Joses its
tenston progressively from the moment the contraction begms unhl
1t ceases In the case of a two jomnt muscle the tension 1s lost with
even greater rapidity if the muscle 1s acting at both jonts simul
tancously If 1t acts at only one of the jomnts however (as the result
of stabihzation of the other one) 1ts loss of tension 15 comparable
to that of 1 one joint muscle For mstance the finger flevors act
more forcefuly to flex the fingers if they are prevented from flexing
the wnst

Furthermore when the action of a two-jowt muscle at one of
\ts jomts 1s accompanted by a contra action at the other jomnt, the
muscles tension 1s mantamed throughout the movement Thus
m the propulsive phase of walking while the hamstrings are ex
tending the thuigh at the hip jomnt extension 35 tiking place simul
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12 Steindler A Mechanles of Normal and Puhologica] Locomotion in Man
Springficld N1 Charles € Thomae 1935

13 Wnght W Muscle Funetion New York Pl B Hocber Ine 1028 pp
6-7

RECOMMLNDED READING
Bowen W P and Stone 11 A Appled Anatomy and kinesfology (Sce 2
above
Steindler A Mechanics of Normal and Pathological Locomotion in Man (Sec

12 abave ) Chapters 6 8 and 9 {For advinced students )
Wnght W A\fuscle I unction (See 13 above )
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rase his arm sideward upward without beadmg at the elbow Keep your
fingers on the clavicular portion of the pectoralis major Does 1t contract?
If 50 at what position of the arm does it begm?

5 Flex the fingers hard Keep them flexed and flex the hand at the wnist
as far as possible What happens to the fingers® Explam

6 Extend the fingers then hyperextend the hand at the wnst as far
as possible What happens to the fingers? Explan

7 Get a subject to he on the left side with the hup and knee 1n a partly
fleved posttion and the nght leg fully extended The nght thigh should
now be flexed passively by an operator The subject should attempt to keep
the knee straight but not to the pomt of mterfenmg with the hup flexion
What happens® Where does the subject feel discomfort? Explam

8 With the subject in the same staring position as i 7 have him flex
both Ius nght thigh and leg completely The nght thigh should now be
passnvely extended by an operator the subject attempting to keep the leg
Heved at the knee As the thigh b fully ded what happens to
the knee? Where does the subject feel discomfort? Evplan {Caution Do
not use acrobats or acrobatic dancers as subject for 7 or 8 or the expen
ments will not work Why?)

Note Lahoratory exercises on the action of muscles as movers stabt
lizers and neutralizers are not mcluded here because i order to do them
1t 1§ necessary to know the mdividual muscles They will be found m the
laboratory sections of the chapters that follow
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the central nenvous system The complex stimulus response mech
amsm can best be understood 1n terms of the motor unit—that 1s,
a single motor neuron (Fig 11A) and the muscle fibers which 1t
supplies The cell body of the neuron 1s located 1n the anterior horn
of the spinal cord (or occasionally n the brun stem), and its other
end terminates mn a muscle The terminl end branches within the
musele and cach branch terminates i a2 motor end plate, which
m turn makes direct contact with the sarcoplism of a single muscle
fiber Because of the terminal branching of a neuron, each nerve
fiber may nnervate as many s 2 hundred or more muscle fibers
On the other hand, every muscle fiber 1s supplied by a nerve fiber
{motor neuron) The number of muscle fbers mnervated by a
single nerve fiber 1s determined not by the size of the muscle but

y the precision of its movements Muscles which are called upon
to perform movements requinng fine coordination have more nerve
fibers per muscle fiber than do muscles which perform less skillful
movements In the small muscles of the hand, such as those used
for threading a needle, there are fewer muscle fibers per nerve
fiber than 1s the case 1n the rectus abdomms, for instance, or 1n the
gluteus maximus

Impulses travel along the motor neuron 1 one direction only,
that 15 from the spmal cord to the muscle iber When a stiumulus
reaches a muscle fiber there 15 a brief latent period, followed by a
penod of contractton which m turn 1s followed by a period of re-



Chapter 4

NEUROMUSCULAR FUNCTION

THE sTUDY OF neuromuscular function belongs properly to a course
n physiology but certain aspects of 1t relate so closely to kanest
ology that some mention of these facts should be made 1n a kmes:
ology text It 1s important to realize, however that a single chapter
on neuromuscular function cannot do justice to this subject The
chapter should be looked upon merely as an mtroduction to neuro
muscular function for those who have not yet studied physiology of
movement or as a brief review for those who have studied 1t

It 15 well for the student to be aware of the fact that sciences
which relate to the human body are not m ‘artight compartments
The various bodily functions are described as separate systems for
reasons of convenience not because they are mherently separate
dependent systems Thus biologic chemstry physiology neurol
ogy, kinesiology etc are not 1solated or unrelated sciences They
are collections of scientific facts and principles, having to do with
the human body which have been systemized 1nto so called sciences
for purposes of study reference and apphication It 1s inevitable
that there should be some overlapping since the different aspects
of the body which are described 1n these sciences are closely in
terrelated and interdependent The very fact that hard and fast
boundaries cannot be drawn between them serves to pownt up the
high degree of integration within the human organism

Only those aspects and characteristics of neuromuscular function
which seem to have particular sigmficance 1n the study of kinest
ology are mentioned 1n this chapter and the discussion of each s
brief For more thorough considerations of these topics the reader
15 referred to the bibliography at the end of the chapter

The Motor Unt. Smnce muscles provide the force for moving
the anatomic levers 4 brief review of the way in which they func
tion has a logical place 1n a text on human motion_Skeletal muscles
ordinanly contract only 1n response to nerve impulses coming from

38
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synaptic connections either directly with the dendntes of a motor
neuron or mdirectly by means of connector neurons The motor
newron then camies the impulse to the musele which responds by
contracting This type of stimulus response mechamsm 1s known
as 2 reflex are (Tig 12)

Nerve Trunhs Motor neurons and sensory neurons serving
the same region are umted mto nerve trunks Each nerve trunk goes
to the general region which 1t supphes and there separates into 1ts
vartous nenve fibers At the distal extrenuty of the trunk the efferent
or motor neurons emerge and pass to their respective muscles By
means of termmal branching each neuron supphes several muscle
fibers The afferent or sensory neurons ongnating from the shin
muscles tendons ete from this region converge to become part
of this same nerve trunk The nerve trunk At its proumal or spinal
end enters the spinal column vin the notch that hies beneath the
pedicle belund the body and in front of the imnferior articular
process of a vertebra It then divides nto two roots, the postenor
root joimng the postertor horn of the spmnl cord and the anterior
root Joming the antenior horn (Fig 13) The postenior root 1s made
up of sensory neurons and the anterior root of motor neurons
Unlike the motor neuron the cell body of the sensory neuron 1s
not located within the spinal cord but m the posterior root
ganghon before 1t joms the cord There are 31 pars of spinal
nerves m all-8 cervical 12 thoracic 5 lumbar 5 sacral and 1
coccygeal

Thos 15 obviously an oversimplification of the nervous mechamsm
For a thorough description the reader should refer to 1 standard
text on physiology neurology or physiclogy of exercise

Muscle Tonus (Tomc Contraction) The major functions of
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laxation Wheneyer a muscle fiber receives a stimulus erther 1t con
tracts completely or 1t does not contract at all There 1s no such
thing as* partial contraction of a single muscle fber The tension in
a fully contracted fiber 1s not always umform, however for it 1s
mfluenced by such factors as fatigue wnd traiming Nevertheless
the fiber 15 always as completely contracted as 1t 1s able to be at
that moment Varations 1 the degree of contraction of a total
muscle are achieved by means of the number of muscle fibers inner
vated 1nd the frequeney of nerve impulses to each fiber
Innervation of Muscle The motor neuron functions only n
response to 2 stmulus This stimulus may stem from volition (1€
from the cerebrum) from the cerebellum and bramn stem, or 1t may
come as a simple reflex mitinted by pressure pan wmtation, etc
Volitional mmpulses onginate in the central nervous system (bram
and spmal cord) The reflexes from the brain stem and cerebellum
smooth and coordmatc movements The stmul for reflex move
ments come from the sensory nerves of the penpheral system
These sensory nerves conduct impulses of sensation from the sur
face of the body and from the sense organs (exteroceptive or cuta
neous nerves) from the muscles and tendons also from the mecha
mism for equbbrium located 1n the ear (proprioceptive nerves)
and from the hming of the viscera (interoceptive nerves) Thus
the exteroceptive nerves conduct sensations of touch pam tempera
ture taste heanng and sight and the proprioceptive nerves con
duct sensations of deep pressure changes in muscular tensions and
equlhbrium A sensory nerve otherwise known as 1n afferent
neuron (Fig 11B) 1s stmulated through its dendrites which are
located 1n shin muscles and sense organs The impulses are then
conducted along these dendrites to the cell body 1n a root ganglion
and thence by axon to the dorsal (posterior) hom of the spinal
cord where the fiber ends mn central terminal branches These make
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ones shoclice an «xample of the Itter In the cise of touching the
hot stove the sumuls recened by the receptors of the skin on the
palm of the hand were conducted to the spmal cord transmitted
within the cord to the motor neurons, and from the latter to the
muscles respansible for removing the hand from the stove 1t s
interesting to note that it 1s not the muscles of the palm of the
hand that are innen ted in this case, but the muscles of the wnst,
clbow, and shoulder joints and possibly cven of the trunk and
lower extrermties Thus without the mternvention of the brun, the
nenous system “knows” which muscles to mnervate m order to
accomplish the purpose of rcmoving onc small part of the body
from the offending environment This type of reflec 15 known as a
spinal reflex

Volitional Movements Volitional movements, Iike the tying
of one's shoclace, are imtiated by impulses from the motor area
of the cerebral cortex These are transmitted down the spinal cord to
the level where the motor cells controlling the proposed movement
are located The left side of the motor are1 controls movements of
the nght side of the body, and vice versa

Reflexes® A reflex act 1s onc which occurs without the ad
of the vohition The mechamsm for this 15 deseribed 1n the section
on mnervation of muscle and 1s 1llustrated 1n Tigure 12 The re
flexes of particular interest to the hnesiologist are the flevor, ex
tensor, stretch and postural reflexes

Flexor Reflexes There are two mamifestations of flevor re
fexes 1 the movements of the body One of these 1s the response
to pam It 1s due to the flexor reflex that we automatically wathdraw
a part of the body the instant 1t 15 hurt If 1 pin pricks a finger or if
we aceidentally touch a hot stove we do not have to think about
removing our hand from the source of mjury we jerk it back
almost before we know what has happened to 1t In this sense the
flexar reflex 15 a device for self protection

The other manifestation of flevor reflex action 1s m the flevion
movements of the lower extremities mn walling and runmng For
locomotor movements like these, the flexor and extensor reflexes
alternate with each other to provide 2 smooth, coordinated moe-
ment pattern

Stretch Reflex The stretch reflex 1s a proprioceptor reflex
depending upon stimulation from withm the muscle itself for 1ts
mnervaton When the tendon of a muscle 1s stretched as the resnlt
:g ntlhe contraction of an antagomishic muscle the pull of gravity, or

e external force acting upon 1t the mmpulses thus received are

© Most of the matenal m this sects bt:
of Phpmeion e fsteral on was obtaned from Fultons “Textbook
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neuromuscular activity divide themselves mto (1) tome contrac
tions for the purpose of mamntaining muscle tonus and controlling
posture and (2) phasic contractions for effecting movements of
the skeletal structure All hving muscles normally possess tonus
even when the mndividual 1s as completely relaxed as 1t 1s possible
for anyone to be A complete absence of tonus 1s found only m
pathologic conditions 1n which there 1s ijury to some part of the
motor umt Flaccidity of the muscles results from conditions such
as antentor poliomyelitis m which the motor cells m the antertor
horn of the spinal cord are damaged The degree of tonus in the
normal muscle vanes n relation to different factors such as tem
perature and emotional states It also vanes from muscle to muscle
at any given moment, the postural or anbgravity muscles usually
having greater tonus than the others

Muscles depend for thewr tonus upon stimulation from the reflex
ares and this tonus my be modified by impulses from the bran
stem nucler The exact process 1s not completely understood but at
15 believed that the muscle fibers contract in turn, a few at 2 time
Although each fiber that contracts undergoes maximum contrac
tion, not enough fibers are active to produce any motion of the
skeletal segment The individual cannot control the degree of mus
cle tonus for 1t 15 a reflex response that 15 a response to impulses
from the reflex centers and peripheral nervous system rather than
from the brain The most 1mportant of these reflexes 1s known as
a myotatic reflex The stimuli responsible for muscle tonus come
from changes 1n the tension of the muscle These changes may be
ca;ixsed by stretching 1n which case the response 1s called a stretch
refex

Muscle tonus serves the purpose of maintaming the body postures
and of preventing the full weight of body parts from falling on the
ligaments The antigravity muscles have more tonus than the other
muscles as the reader can ascertan for himself by comparing
the firmness of the gastrocnemius quadnceps femons, abdomnal
muscles and sacrospinalis with that of the trnceps pectorahis major,
and sternocleidomastoid for instance The impulses responsible
for the muscle tonus necessary for mamtaimng posture and pre
serving equlibrium are derved from the sensory receptors (pro
prioceptors) m muscles and tendons from the mechamism for
equiibnum Jocated 1n the semicircular canals and from visual
stimulation

Phasic Contrachion Phasic muscular contractions are the con
tractions that effect movements of the sheletal structure They may
be either reflex or volitwonal Jerking the hand away after’ mad
vertently touching a hot stove 1s an example of the former tyng
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ones shoelace an eaample of the Titter In the case of touching the
hot stove the stimuh recened by the reeeptors of the shin on the
palm of the hand were conducted to the spinal cord, trinsmitted
withim the cord to the motor neurons, and from the Iatter to the
muscles responsible for removing the hand from the stove It is
mteresting to note that at is not the muscles of the palm of the
hand that arc mnenated i this case, but the muscles of the wrst,
clbow, and shoulder jonts nd possibly even of the trunk and
lower extrermties Thus, without the mtenvention of the brun, the
nenous system “knows™ which muscles to inmenate order to
accomphsh the purpose of removing one small part of the body
from the offending environment This type of reflex 1s known as a
sprnal reflex

Volironal Movements Volitional movements, like the tymng
of ones shoclace, are imtinted by impulses from the motor arca
of the cerebral cortex These are transmtted down the spmal cord to
the level where the motor cells controlling the proposed mavement
are Jocated The left side of the motor area controls moyements of
the nght side of the body, and vice versa

Reflexes® A reflex act 1s onc which occurs without the ud
of the volition The mechanism for tlus 1s deseribed 1nt the section
on mnervation of muscle and 1s flustrated 1n Digure 12 The re
flexes of particular interest to the hnesiologist are the flexor, ex
tensor, stretch and postural reflexes

Flexor Reflexes There are two mamficstations of fleor re
flexes 1n the movements of the body Onec of these 1s the response
to pam It 15 due to the flexor reflex that we mtomatically wathdraw
a part of the body the mnstant 1t 15 hurt If a pin pricks a finger or if
we acadentally touch a hot stove, we do not have to think about
removing our hand from the source of mjury, we jerk it back
almost before we know what has happened to 1t In this sense the
flexor reflex 15 a device for self protection
m:)I;}:n g;}::ro;n?}:léff)t\ihon ?f flexor reflex action 1s 1n the flexion
locomotor movements (i:'kz‘(t;emmeds mﬂ\\alkmg "nd ruamung, Tor
alternate with each other to ;C:(f\’nd;ca si:zlt')timd c'(:lensordreﬁe'(es
ment pattern ), coordinted move

Stretch Reflex The stretch refle
depending upon stimulation fromr\e\gﬁ‘:u:stl?e I::\?nl;;llgcfgg{; froe:l e:’
u;n&rvahon When the tendon of a muscle 1s stretched as the restllli
of the contraction of an antagomstic muscle, the pull of gravity, or

sur.n:l e‘:tein:;ﬂ force ;xctmg upon 1t the impulses thus recewved are
ost of e mater
of e ¢ Chapte: 6m this section was obtamed from Tultons T(.x\tbcok
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carried to the spmal cord where thev are transmutted to the motor
neurons These conduct motor 1mpulses back down to the muscle
and the muscle contracts It 1s a charactenstic of the stretch reflex
that the response 1s hmited to the muscle fibers which are stretched
It 15 interesting to note that the stretch reflex 1s most fully developed
i the extensor muscles

Extensor or Antigravity Reflex As was stated above the
stretch reflex 1s particularly well developed 1n the antigravity mus
cles These include the extensor muscles of all the weight bearing
jonts the supmators of the feet, the abdommal muscles, and the
scapulwr adductors In the upnght position the pull of gravity
on the body tends to flex the jomts of the spme hips knees and
ankles This tendency serves as a stimulus to the antigravity mus
cles which respond by an increase 1n tonus which enables them to
keep the weight bearing jonts m extenston Normally, the stretch
reflex also enables man to maimntain good posture of the abdomen
and shoulders but apparently 1t has been lost 1n many individuals
because of the long hours they have spent in sedentary occupations,
working with their arms m front of ther bodies

The extensor reflex 1s brought mto action by other means than
the stretch reflex alone Pressure agamst the sole of the foot ehats
the reflex contraction of the extensor muscles of the lower extremity
Thus 1t cooperates with the stretch refle i helping the body to
resist the force of gravity when 1t 1s 1n the upright, weight beaning
posiion This 1s of value mn all forms of locomotion as well as m
standing still

Haynes has demonstrated that the voluntary contraction of cer
tain of the muscles 1 the antigravity group has a tendency to cause
others to contract reflexly Thus if a person lymg prone contracts
the extensors of the left lower extremity the extensors of the nght
one contract also Or 1f he voluntanly contracts the gluteal muscles
the other extensors contract reflexly

Postural Reflexes The postural reflexes represent the co
ordmnated cfforts of the body to resist the downward pull of gravity
They nclude three categories of reactions The first known as local
static reactions are controlled by the antigravity or extensor re
flexes just described Therr effect 1s most noticeable 1n the stance

The second group known as segmentnl static reactions hnas to do
with the effect of the movement of one extremity on the opposite
extrermty In four footcd amimals 1t 1s responsible for the coordina
tion of the mbs m locomotion 1¢, the tendency of the left foreleg
to extend as the nght hind leg extends In man, 1t would seem to be
responsible for the swing of the arms n opposition to the move
ment of the legs
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The third group, commg under the hoading of gener il static rere
wons ncludes the tonic ncch and Tbyrinthine reflexes These
function m response to the position of the hiod in space which in
turn wfluences the tonus of the nech muscles and the two mechn
msms of the hbhynnthine refloses naunddy, the scmiarcular eanals
and the otoltlne chaimbers The «fcet of stimulating these rfloves
1s to brmg about 1 rciction of the hmbs and trunk an sesponse to the
position of the head

Spastieits of Museles Muscule spustiaaty s desenbed by
Magoun and Rlunes s an exangeration of spinal stretch refleves To
understand this 1t 15 nccessany to rccogmze the function of the two
centr1l mechimsms, the central inlubitors and the central faahity
tory mechamsms The former located an the brun senves to reduce
spinal stretch reflanes The Iatter appears to have several sourees
some 1n the card stsell, some m the bram stem some m the cerebed
Tum and somc in the cercbral cortex The mnpulses from v of
these facilitrtors mechanisms serve to qugment streteh reflexes
When 1n ntcrference, caused by discase or anjury, cuts off the
mhitntory influences the normal stretch reflex wgmented by im
pulses from ny of the umnjured frcihtatory mechamsms results
the exaggeration of strctch reflexes hnown as spastiaaty The fict
that some faciitatory influences are denved from the spmal cord
explains 1 phenomenon wluch surprises the partilly mformed vy
man namely spashcity of muscles resulting from an mjury 1
which the spinal cord 15 severed

Reaproeal Innervation and Inlubition Were 1t not for the
mechanism of reciprocal annervation and wmhibition, the muscles
contracting to move 1 segment of the body would hive to work
aganst the resistance of the normal muscle tonus of the antagomstic
muscles Thus i flexion of the forearm at the ¢lbow the biceps and
brachialis would have to avercome the resistance provided by the
tonus of the tnceps and anconcns Nature 1s more efficient than
this however By means of the phenomenon of reciprocal mnerya
tion and mhibition the muscles antagomstic to a movement are in
hibited The mhibition apparently comes 1bout as the result of the
functien of the central inhibitory mechanism n the bramn This not
only mhibits phasic contraction but 1t mlubits tome contraction
also Thus the muscle tonus of antagomstic muscles during move
ment 15 considerably less than therr tonus in the normal resting state

An application of this phenomenon s oceasionally useful in
stretching exercises such as passive chest hftmg  (p 477) The
stretching may stimulate 2 stretch reflex action cusing mcreased
tonus m the pectoral muscles This can be avoided if the aperator
takes advantage of the mechamsm for reciprocal mnenation and
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mhibition If he gets the subject to adduct the scapulae and if he
synchronizes his pull on the elbows with the subjects contraction
of the adductors he will find that a greater range of motion 15
achieved than when the subject 15 merely passive Another example
of the inhibition of normal muscle tonus 1s seen 1n the comparison
of active dorsiflexion of the foot with passive dorsiflesion per
formed by an operator

Funchtional Innervation of Muscles Beevor concluded from
lis expeniments that muscles are mnervated m therr funchional
groups According to this theory, if a movement such as forward
elevation of the arm 1s desired, 1t 1s iihated by one center mn the
central nervous system rather than by 2 center for each muscle
mvolved 1n the movement Wrnght has pointed out, however, that
such groupmg 1s not fixed As evidence of this she cited the posst
bility of reeducating a muscle which has been transplanted The
peroneus longus, for mstance, normally a plantar flexor of the foot,
can be taught to contract with the dorsifiexors when its tendon of
nsertion 1s transplanted 1n such a way that the Ime of pull of the
muscle 1s shifted from behind to in front of, the center of motion
at the ankle jomnt

Kmesthetic Sense In his chapter on Somatic Sensation, Ruch
has listed six senses i addition to the familiar five ® One of these 1s
hsted as the muscle tendon and jomnt sense or kinesthesia This
1s also known as the “position sense ” for 1t 1s the sense that gives
us the tw areness of the position of the parts of the body waithout the
aud of viston or touch Other terms commonly used are kinesthesis
and proprioception There are three types of receptors which
record muscle sensations One of these 1s Jocated 1n the fleshy part
of the muscle another m the tendons close to the point of unton
with the muscle proper, and the third in the fasciae of the muscles
These receptors are responsible for making us aware of the state
that 2 muscle 1s in 1e whether 1t 15 contracted or stretched, and
the wtensity of the contraction or stret¢h They alse make us aware
of the stretch to which fascra 1s subjected In addition to awareness
of muscular and fascial sensations the Linesthetic sense enables
us to know, with a fair degree of accuracy the posttion of any
part of our body and the movement that a part of the body 1s under
going even when that part 1s moved by someone else and our own
muscles are m a state of relaxation

This awareness of position or movement and of intensity of
muscular action 1s an 1mportant factor i the learnng of new skills
In learning 7ny grven skill the memory of former sensations and the

o 4 Texthook of Physwology edited by Fulton Chapter 16 2
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consciousness of present ones in the performance of this shill, help
us to judge the correctness of our movements Glssow lins placed
considerible emphasis on hncstheic awareness, pereeption and
memory 1n the leanung of movonent patteras

Learmng Motor Skalls 1t is n matter of common obsen ance
that some movement shalls require groater concentration than others,
and that dunng the leaming penod all shills demand considerably
more concentrition than they do after they hunve been mastered
Exen fanly complicated shalls, like assembling a piece of machmery
and kmtting Argyle socks, can be so completely mastered that the
performer cn give s attention to 1 comversation or to planming 2
menu without making 1 mistake 1 his work

The process of des clopig motor shlls has been particularly well
desenibed by Morchouse and Miller At first, when full attention
must be given to the task, the movements are controlled by the
motor area of the eerebral cortex This phase usunlly requires that
the sensations recenved from the vision be closely correlited with
those recened from the hnesthetic sense The correct sequence of
movements 1s gradually learned as the result of practice As this
step 1 the learning process tahes place, the control of the move
ments shufts to the area anterior to the motor area As perfection
m the shill 15 attained, the individunl relies almost entirely on the
proprioceptis e stumuli The visual stimult 4s such are discontinued,
although, no doubt, the memory of previous visual stmul stall
plays a part i the accuracy of the movements Learning to type by
the touch method 15 a familiar example of tlus learning process
Wnting by longhand, eating and dressing oneself 1re even more
famibar 1llustrations

Ballisic Movement, The coneept of ballisic movement 1s
one which has been described, not by physialogists, but by expen
mental psychologists2 3 7 ¢ 10 11 12 They clasafy movements first
into slow and rapid movements The slow movements are said to be
moving fixations because they 1nvolve the contraction of oppos-
ing muscle fibers Rapid movements they say, may be performed
ether ballistically or as moving fixations Rapid movements are
skillfully executed only when they are performed ballistically By
this they mean that the movement 1s mtiated by muscular contrac
tion but that the muscles then relax and permit momentum to com
plete the movement This type of movement 1s charactenisic of
throwing strihing and kicking On a smaller scale 1t 15 represented
lf)g,nge%e‘nv:tg%hand 11iumo playing When these activities are per
ton s mbalbistically that 1s with a constant muscular contrac

y are uneconomical hence not skillful They are then
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tension morements This charactenzes the way m whnch bemnmers
and young chldren frequenth attempt new coordinations, esp~
crally v hen they are concentrating on accuracy of aim rather than
on ease of motion The psichologists recommend emphasizang form
at the expense of accuracy 1n Jearning new sklls Otherwise they
say bad habits of tensing the muscles are hkel to be established

Ballistsc mos ements may be termunated by one of three methods
(1) by contracting antagonistic muscles as m the forehand dme
m tenms (2) by allowng the moving part to reach the Limt of
motion 1 which case it will be stopped by the passne resistance
of hgaments or muscles, as 1n the case of a Ingh kc, (3) or by
the nterference of an obstacle as in the case of chopping a tree.

In many movements found both m sports and 1 shiled labor
threc types of muscular action cooperate to produce a smgle act.
This type of cooperation 1s seen especialls m stoking mo ements
which require the use of an implement such as a tenms rachet,
golf club or ax Movements such as these mvolhve (1) fixation to
support the moving part and to maintain the necessary position
(2) ballistic movement of the actine hmb and (3) fixation n the
fingers as they grasp the implement Hartson suggested that the pur
pose of the “follow through” in throwmng and strkang movements
n sports 1s to assure a ballistic type of movement.

The mvestigations of these psychologists based on acton cur
rent analysis raise many queshions of nterest to the hinesiologist
and demonstrate 1 tool of research which 1s unfamihar to the major
ity of physical educators but which opens up an excitmg new field
of experimentation The expeniments from which the psycholo-
gists draw their conclusions were based for the most part on arti
firal movuments of the hand or arm Therr findings have many
imphications for the physical educator yet the latter should not
aceept tham without further evidence—evidence based on actual
sport movements It would seem for nstance that there may be
some¢ sport movements which cannot be categorized as either ten
sion or ballisiec movements Where maximum speed or force 1
desired 1t would scem necessary to evert muscular effort through
out the movement yet undesirable to contract the antagonistic
muscles It would 1lso scem that there are more factors m the “fol
low through than are suggested by Hartsons hypothesis Ques
tions such as these awat further research by mvestigators in the
field of physical education

Since demonstrations and Jtboratery exercises pertamming  to
neuromuscular function belong properly 1n a physiology Inboratory
they are omitted here
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Chapter 5

THE SPINAL COLUMN

Ir onE were faced with the problem of devising a single mecha
msm that would sunultaneously (1) give stability to a collapsible
cylinder, (2) permit movement m all
directions, yet always return to the
fundamental stating position, (3)
support three structures of consider
able weight—a globe, a yoke and a
cage, (4) provide attachment for
numerous flextble bands and elastic
cords (5) transmmt a constantly n
creasing weight to a ngid basin ke
foundation, (6) act as a shock ab
sorber for cushomng jolts and jars
and (7) encase and protect a cord
of extreme delicacy, he would be
staggered by the immensity of the
task Yet the spmal column fulfills
all of these requirements with amaz
mg efficiency It 1s at the same time
an organ of stabiity and mobihty,
of support and protection, of resist
ance and adaptation It 1s an m
strument of great precision, yet 1s of
robust structure Its architecture
and the manner in which 1t per
forms its many functions are worthy
of careful study From the kinesi
ologic pomnt of wiew we are 1n
terested i the spine chiefly as a
mechamism for mamtunmg erect
posture and for permtting move
ments of the head, neck and trunk

In order to understand these
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Fig 14  Lateral view of the
spwnal column showing antero
postenor curves
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Annulus Nucleus pulposus
fibrosus

Annulus fibrosus

Nutteus puiposus”

Fig 15 A Sagiltal section of lumbar vertebrae and inten ertebral fibrocartlage
B Transserse scction of intervertebral fibrocartilage

functions of the spine, 1t 1s necessary to have 2 clear picture, first
of the spinal column as a whole and secondly of the distingwishing
charactenistics of the different regions The spinal column, consist
mg of seven cenvical, twelve thoracic, and five lumbar vertebrae,
the sacrum, and the coceyr, presents four curves as scen from the
side The cervical and lumbar curves are convex forward, the
thoracic and sacrococcygeal curves convex to the rear (Ig 14)
The thoracic and sacrococeygeal curves are called pnmary curves
because they eust before birth The cervical and lumbar curves
develop during infancy and early childhood hence are called sec
ondary curves From the first cervical vertebra to the fifth Jumbar,
the vertebral bodies become mereasingly larger an important factor
w the weight beanng function of the spine

There are two sets of interspinal articulations, those between the
vertebral bodies and those between the vertebral arches The ar
ticulations of the first two vertebrae are atypical and will be de-
scribed separately

Articulations of the Vertebral Bodies (Fig 15) These jonts
are classified as synchondroses or cartilaginous jomts The bodies
of the vertebrae are umted by means of fibrocartilages, otherwise
known as intervertebral disks These correspond to the surfaces of
the adjacent vertebral bodies except m the cervical region where
they are smaller from side to side They adhere to the hyaline
cartilage both above and below there being no articular cavity
this type of jomt In thuckness they are fairly umform 1n the thoracic
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Fig 16 Anterior longitudinal igament of the spine A Antenor view B saguttal
section of vertebrae showing lateral view of hgament

region but i the cervical and lumbar regions they are thicker
front than in back Altogether they constitute one fourth of the
length of the spmal column Each disk consists of two parts an
outer fibrous nm and an mner pulpy nucleus known as the nucleus
pulposus This 1s a ball of firmly compressed elastic material not
unlike the center of a golf ball It constitutes a pivot of motion and
permuts compresston i any direchion, 1s well as torsion The mnter
vertebral disks are also mportant as shock absorbers

Ligaments of the Vertebral Bodies Anterior Longitudinal
Ligament (Fig 16) This Iigament extends from the mner sur
face of the ocapital bone down the front of the spmnal column to
the sacrum It starts as a narrow band and widens as 1t descends
It 1s thinnest i the cervical region and thickest m the thoracic

Posterror Longiiudinal Ligament (Fig 17) This extends
from the occipital bone down the back of the vertebral bodies to
the coccyx It 1s a relatively narrow band with lateral expansions
opposite each intert ertebral fibrocartilage especially mn the thoracic
and Iumbar regions

Articulations of the Vertebral Arches (Fig 18) The articula
tions between the facets of the vertebral arches are nonaxial
diarthrodial jomnts Each of these joints has an articular cavity
and 1s inclosed withmn a capsule A shght amount of ghding motion
15 permmed The resultant movement of each vertebra 1s de
termmned largely by the direction 1n which the articular facets face
In the cervical region they slant at about a 45 degree angle, lying
halfway between the horizontal and the frontl phnes (Fig 194)
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arches

The upper surfaces face partly upward and partly backward the
lower ones partly downward and partly forward Thus they favor
no one motion more than another In the thoracic region they hc
shightly more 1n the frontal and less in the honizontal plane than the
cervical articulations and they have a shght inward and outward
slant (Fig 19B) The upper facets face backward shghtly upward
and Jateralward the lower facets forward shghtly downward and
medialward They are adapted equally well to rotation and to
lateral bending In the lumbar region except at the lumbosacral
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articulation, the articular facets lie more nearly m the sagittal
plane (Fig 19C) The upper facets face inward and shghtly back
ward, the lower facets face outward and shightly forward Further
more, the upper facets present shightly concave surfaces and the
lower facets convex By this arrangement of the facets the lumbar
vertebrae are virtually locked against rotation The shght amount
of rotation that does occur 1s made possible by the looseness of the
capsules At the lumbosacral articulation the facets lie somewhat
more 1n the frontal plane than 1s the case in the other lumbar joints

Ligaments of the Vertebral Arches Ligamenta Flava (Fig
20A and B) These are thick elastic plates which connect the
lammae of adjacent vertebrae They are thickest in the lumbar
region, less thick but faly strong n the thoracic region, and thin,
broad, and membranous in the cervical region

Interspinous Ligaments (Fig 20B) These are thin mem
branous hgaments connecting the lower border of each spmous
process with the upper border of the one below 1t They are thickest
and broadest in the lumbar region and are but slhightly developed
1n the cervical region

Supraspinous Ligament (Fig 20B) This 1s a strong fibrous
card which connects the tips of the spinous processes extending
from the seventh cervical vertebra to the sacrum It 1s thicker and
broader m the lumbar region than 1n the thoracic
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Ligamentum Nuchae (Fig 21) This 1s the continuation of
the supraspinous ligament m the cervical region It extends from
the seventh cervical vertebra upward to the occipital bone 1n the
form of a thm fibrous membrane

Intertransverse  Lagaments These rather poorly developed
ligaments connect the transverse processes of adjacent vertebrae m
the thoracic and lumbar regions In the thoracic region they are
round cords in the lumbar thin membranous bands

Atlanto-occipital Articulation (Fig 22) This 1s the articula
tion between the head and the peck It consists of a pair of jomts
one on each side Each condyle of the ocerpital bone of the skull
articulates wath the corresponding superior articular fossa of the
first vertebra otherwise known as atlas Each articulation by itself
belongs to the ovoid (condyloid) classification but the movement
which occurs 1n the two jomts together 1s more hke that of 2 hinge
ot The ngd relationship between the two jomts results in 2 re
striction of the lateral motion that would normally occur n 2n
ovord joint The movements which take place at the atlanto occipital
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articulation are chiefly flevion and cxtension, with a shght amount
of lateral flenton There 1s no rotation

Atlantoaxial Articulation (Ing 23) This 15 a perfeet exam
ple of a pivot jomt The toothlike peg (odonteid process) that
projects upward from the sccond cunieal vetchra  otherwise
known as axis or epistropheus fits into the ning formed by the mner
surface of the antenor arch of atlts and the transverse hgament
which bndges across the tips of the arch The only motion permutted
at this jomt 1s rotation Since no rotition occurs at the atlnto
ocapital joint rotation of atlis on axis wall cury the head wath at
thus the movement occurring at the atlintowial jont contributes
to the movement of the head on the body

Movements of the Spme as a Whole The movements of the
spimal column resemble those of a ball and socket jont

Flexion (g 24A) This 1s forward downward bending
the sagittal plane bout 2 frontal horizontal axis It msolves a com
pression of the antenior parts of the intervertebral dishs and
ghding motion of the articular processes It occurs most freely in
the cervical upper thoracic and lumbar regions The cervieal
curve may be reduced to 2 straight Iine and the lumbar curve m
flexible ndiwiduals may be reversed

Extension and Hyperextension (Fig 24B) Extension 1s the
return movement from flexion Hyperextension s a backward down
ward movement 1n the sagittal plane It occurs most freely n the
cervical and lumbar regions and particularly at the lumbosacral
Junction In the thoracic region hyperextension 1s imited by the
overlapping of the spmous processes

Lateral Flexton (Fig 24C) This 1s a sideward bending n the
frontal plane about a sagittal horizontal avis It 1s freest mn the
cervical region and quite free 1 the lumbar region and at the
dorsolumbar junction But 1t 1s limited m the thoracic region by
the presence of the ribs Each rib (except the first tenth eleventh
and twelfth) articulates with two adjacent vertebrae and the



Fig 24 Movements of the spmal column A Flenon B hyperextension €
lateral flexion D rotation.
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Fig 25 Articulation of 1 nb with two adjrcent vertebre

ttenvening dish, 1nd each nb (except the cleventh and twelfth)
articulates with the transyerse process of the lower of the two verte
brae (Tig 25) Thus 1t 1s scen that the nbs senve as splints, re
stncting lateral flexson of the thoracic spine to 1 marked degree
It 15 amazing that 1ny motion can take plce there at all Tor
several reasons—the slant of the articular processes the presence
of the anteroposterior curves of the spine and muscular and hga
mentous tensions—lateral flewon 15 alwys accompamed by 1 cer
tam amount of torsion

Rotation (Ihg 24D) This 1s a rotatory movement of the
Spime 1n the honzontal plane about 1 vertical aus Spinal rotation
1s named by the way the front of the upper spme turns with refer
ence to the lower part Thus 1 turning of the head and shoulders to
the night constitutes rotation to the nght A turning of the legs and
pelvis to the left, without turning the upper part of the body
also constitutes rotation of the spine to the rnight since the anatomic
relationships are the same as 1n the former example The movement
of rotation 1s most free 1n the cervical region and next most free 1n

e thoracic region Due to the mterlocking of the articular proc
€sses 1t 15 extremely limited n the lumbr region there beimng only
about 5 degrees of rotation to each side In the corvical region,
there 15 no rotation between atlas and the skull, but free rotation
at the pivot jont between atlas and axis Whenever rotation oceurs
mn the spime 1t 15 accompanied by a slight amount of unayoidable
lateral flexion to the same side

Influence of the Starting Position on Lateral Flexion and the

;l'rorston Accompanying It When lateral fleion 15 performed
lu(x’:';) the erect position, the mavimum movement occurs 1 the
ar

region and at the dorsolumbar junction, with only a shght
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mvolvement of the lower thoracic spme (The cervical spime s ex
cluded from this discussion ) The torsion occurs 1n the same part
of the spine and consists of a turning of the vertebral bodies toward
the side of the lateral flexion Thus 1if the spine bends to the nght
(forming a curve concave to the nght) the vertebral bodies of the
lumbar and lower thoracic vertebrae turn shghtly to the night the
spmous processes therefore turning to the left

If the lateral flevion 1s performed from a position of hyperex
tension and the hyperextension 1s maintained throughout the move
ment, the lateral flecion moves lower mn the spme occurring almost
entirely below the eleventh thoracic vertebra The torsion occurs
1 this same regron and m the same manner that 1t does when the
lateral flexion 1s performed from the erect position The position of
hyperextension seems to lock the thoracic spine agamst lateral
movements

If the lateral flexion 1s performed from a position of forward
flexion the movement occurs higher m the spine than heretofore,
the greatest deviation bemg at the level of the eighth thoracic ver
tebra The torsion in this case reverses itself Thus in a side bend to
the nght the vertebral bodies turn to the left and the spmous proc
esses to the night This reversal 1s not mconsistent It 1s directly
related to the anteroposterior curves of the spine In the first two
examples, that 15 when the lateral flexion 1s performed esther from
the erect or from the hyperextended position, most of the move
ment takes place i the lower part of the spme the part that 15
concave to the rear The rotation that accompames the side bend
1n these two cases 15 called concave side rotation because the bodies
turn 1n the direction of the concave or inmer side of the laterally
curved spme When the side bend 1s performed from the flexed
position most of the movement takes place mn the thoracic spine,
the region that 15 convex to the rear The rotation that accompames
the lateral flexion 1n this case 15 called convex side rotation because
the vertebral bodies turn 1n the direction of the convex or outer
side of the Jaterally curved spme®

Influence of the Starting Position on Rotation and the Lateral
Flexion Accompanying It ‘When performed from the erect post
tion, rotation of the spine (below the seventh cervical vertebra)
occurs almost entirely 1n the thoracic region When performed from
the position of hyperextension the movement shifts lower 1n the
spine occurring n the neighborhood of the dorsolumbar junction
When performed from the flexed position the rotation 1s higher
than usual occurring mn the upper thoracic spine Regardless of the
position 11 which the rotation 1s performed—whether erect flexed
or hypereﬂended—(he shght lateral flecon which accompanies 1t
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15 always to the snme side as the rotation Thus if the spine rotates
to the left, it flexes slightly to the left This movement s very shght,
however, and can searcely be detected ®

Circumduction This is a creular movement of the upper
trunk on the lowcr, being a combination of fexion, latcral flecion,
and hyperextension, but not fncluding rotation

Summary of Spinal Movcements

Flexion extension, hyperextension
Free 1n all three regions

Cervical and thoracic cunves may be reduced to straight lines
Lumbar cunve m1y be reversed in flexible subjects
Lateral flexion
Free in cenvical and lumbar regtons
Limited in thoracic region by nb attachments
Accompanied by torsion
Rotation
Freestat top least free at bottom of spine
Accompamed by shight latcral flexion
Circumduction

Sequential combmation of flcxon lateral flevon and hyperexten
sion

Regronal Classification of Spinal Mosements

Occipitoatlantal jomnt
exion and extension

Hyperextension

Shght lateral flexion
Atlantoaxial jomnt

Rotation

emaimng cervical joints

Free flexion and extension

Free hyperextension

Free lateral flexion

Free rotation’

oracic region

Moderate flexion and extension

Shght hyperextension

Moderate lateral flexion

Free rotation
Lumbar region

Moderate to free flexion and extension

Free hyperextension

Free lateral flexion

Shght rotation

fSl;lmmary of Factors Which Influence the Stabi]
of the §

Iity and Mobility
pmal Column

Before considering the movements of
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the spine 1t 15 well to review some of the special charactenstics
which contribute to 1its stability and which modify 1ts mobility m
one way or another

1 Pressure and Tension Stresses The tendency of the com
pressed ntervertebral disks to push the vertebrae apart, combmed
with the tendency of the hgaments to press them together, 1s an
mmportant factor m the stability of the spmal column

2 Anteroposterior Curves The alternating anteroposterior
curves of the spmal column 1nfluence the nature and the degree of
movement that occur 1n the different regions Individual vanations
from the so called normal curves will make for vanations mn the
movement patterns The anteroposterior curves are said to serve
as a safeguard against the development of abnormal lateral curves
(curvature of the spme, scolosis)

3 Relatie Thickness and Shape of the Intervertebral Disks
There 15 a durect relationship between the thickness of the disks
and the degree of movement permutted there being greater freedom
of motion where the disks are thucker

4 Thickness and Strength of the Ligaments These differ 10
the different regons, and have a corresponding mfluence on the
motions permtted in each regron

5 Direction and Obhquity of the Articular Facets These are
charactenstic for each region and play an important part 1n deter
mining the type of motion permitted n each

6 Size and Oblquity of the Spinous Processes These over
lap Iike shingles 1n the thoracic region, hence Limit hyperextension
In the lumbar region they are honzontal and, although unusually
wide, they do not restrict motion

7 Articulations of the Ribs with the Vertebrae These limit
lateral flexion 1n the thoracic region

Muscles The muscles responsible for the movements of the
spme mclude not only those which have one or both attachments
on the vertebrae but also the abdominal muscles and the hyouds
Both of these groups are superficially located on the front of the
body, nevertheless they are important muscles of the spimal column

The muscles acting on the spine are as follows

Muscles of the Head and Nech

Antenor
Prevertebral muscles
Hyoid muscles
Lateral
Three scalem
Sternoclexdomastoid
Levator scapulae
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Postenor
Splenius
Suboceipitals
Camtis and cervicis portions of posterior muscles of spine

Museles of the Thoracic and Lumbar Spine

Antenor and )| 1 (abd 1 les)
Rectus abdominis
External oblique abdommnal muscle
Internal oblique abdominal muscle
teral
Quadratus Jumborum
Psoas

Posterior
Sacrospinalis
Semsspinahs
Deep postenor spinal muscles

Prevertebral Muscles (Thg 26) This group of deep anterior
muscles of the head and neck consists of longus capitis, longus colly,
rectus capitis antersor and rectus capitis lateralis

UPPER ATTACHMENTS Antenor portions of occipital bone and
of cervical vertebrae

LOWER ATTACHMENTS Antenior surfaces of varous parts of
cervical vertebrae and of upper three thoracic vertebrae

NERVE SUPPLY Cervical nerves
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Fig 27 Hyoid muscles

ACTION Both Flexion of head and neck
One Lateral flexion of head and neck

Cannot be palpated

Hyoid Muscles (Fig 27) These mclude the suprahyoids and
the nfrahyoids that 15 the muscles "bove and below the hyord
bone

ATTACHMENTS The suprahyoids are attached to the temporal
bone and the mandible above and to the hyoid bone below The
infrahyoids are attached to the hyord bone above and to the ster
num and shoulder girdle below

NERVE SUPPLY Facial inferior alveolar, hypogloss: and ansa
hypogloss:
ACTION (AT CERVICAL SPINE) Flevion

WHERE TO PALPATE The suprahyoids may be palpated just be
low the jaw bone The infrahyoids cannot be palpated

COMMENTS These muscles are prnimanly muscles of some
phase of the act of swallowing They contract 1n cervical flevon,
however whenever the movement 1s performed against resistance
By neutrahzing one anothers pull on the hyowd bone their action
1s transferred to the shull and thence to the cervical spine
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postenor Scolenu

medius

Scelenus
onterior
Fig 28 The three sealeni muscles

The Three Scaleni (Scalenus Antertor, Posterior and Medius)
(Fig 28)

LOWER ATTACHMENTS Tirst two nibs

UPPER ATTACHMENTS Transverse processes of cervical verte
brae

NERVE SUPPLY Branches from second to seventh cervical

nerves tnclusive
ACTION Both Help to flex neck
One Lateral flexion of nech
WHERE TO PALPATE.  On the side of the neck between the ster
nocleidomastord and upper trapezius Difficult to 1dentify

Sternocleidomastord (Tig 29)

LOWER ATTACHMENTS
medial third of clavicle

UPPER ATTACH\ENTS Mastoid process of temporal bone and
adjacent portion of ocaipital bone

NERVE SUPPLY Accessory and branches from the second and
third cervical

AcTION Both Flexion of head and neck
One Lateral fleuon rotation to opposite side
WHERE TO PALPATE On the side of the neck from just under

By two heads from top of sternum and
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Sternocleido
masteid

Fig 29 Sternocleidomastoid muscle

the ear to the front of the neck at the junchon of the clavicle and
sternum It may easily be seen

COMMENTS From the upper attachment of this muscle one
would expect 1t to hyperextend the head on atlas regardless of the
movement of the cervical vertebrae In fact, some authors claim
this movement for 1t The wniter however, has not been able to de
tect contraction of the sternocleirdomastoid when the head was being
hyperextended unless the neck was being flexed at the same time
One can only conclude that the pull of the sternocleidomastord 1s
more nearly 1n line with the transverse axis of motion than 1t ap
pears

Levator Scapulae (see also muscles of the shoulder girdle}
(Fig 30)

UPPER OR PROXIMAL ATTACHMENTS Transverse processes of
upper four cervical vertebrae

LOWER OR DISTAL ATTACHMENTS Vertebral border of scapula
between medial angle and root of spine

NERVE SUPFLY Dorsal scapular and branches from third and
fourth cervical

ACTION(AT CERVICAL SPINE) Both None

One Lateral flexion
Cannot be palpated
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Splerus
copiti.

Splenius

cervicis Levolor scopuloe

Fig 30 Posterior and lateral muscles of cervical spine

COMMENTS As the name indicates, the levator scapulae 1s pnt
marly a muscle of the shoulder girdle If one scapula 1s fixed, how
ever, the levator scapulae muscle on that side will flex the cervical
spine laterally If both muscles contract at the same time when both
scapulae are fixed, they neutralize each other without effecting any
movement

Splenius, Capitis and Cervicis (Fig 30)

LOWER ATTACHMFENTS Lower half of lhgamentum nuchae
SPll)m‘ms processes of seventh cervical and upper six thoracic ver-
tebrae

UPPER ATTACHMENTS Mastoid process of temporal bone and
adjacent part of occipital bone transverse processes of upper three
cervical vertebrae

NERVE SUPPLY Branches from the second, third and fourth
cervical nerves

ACTION Both Extension and hyperextension supports head

1n erect posture
One Lateral flexion rotation to the same side

WHERE, TO PALPATE On the back of the neck just lateral to the
trapezius and posterior to the sternoclerdomastord, above the leva
tor scapulae, especially if the head 1s extended agaimnst resistance
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Sternccle do
mastod

Fig 29 Sternocleidomastord muscle

the ear to the front of the neck at the junction of the clavicle and
sternum It may easily be seen.

COMMENTS From the upper attachment of this muscle one
would expect st to hyperextend the head on atlas regardless of the
movement of the cervical vertebrac In fact, some authors clatm
this movement for 1t The wnter however, has not been able to de
tect contraction of the sternocleidomastoid when the head was bemg
hyperextended unless the neck was bemg flexed at the same tune
One can only conclude that the pull of the sternoclerdomastord 1s
more nearly 1 line with the transverse axis of moton than 1t ap
pears

Levator Scapulae (see also muscles of the shoulder girdle)
(Fig 30)

UPPER OR PROXIMAL ATTACHMENTS Transverse processes of
upper four cervical vertebrae

LOWER OR DISTAL ATTACHMENTS Vertebral border of scapula
between medial angle and root of spine

NERVE SUPPLY Dorsal scapular and branches from third and
fourth cervical

ACTION (AT CERVICAL SPINE) Both None

One Lateral flexion

Cannot be palpated
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Longissimus Spinolis
coplis CervieIS
Inocostel,
Longissimus
- cervicis

Longissimus / dorsi
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Fig 82 Sacrospinahs muscle
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// lumborum
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One Lateral flexion and rotation of head and spmne
to same side
WHERE TO PALPATE In the lumbar nd lower thoracic regions
of the back m two broad ridges on erther side of the spine
COMMENTS The muscle commences as a large mass 1n the
lumbosacral region but soon divides into three branches
The ilocostalis branch 1s divided mto lumbar, thoracie, and
cervical portions which are named lnmborum dorst and cervicis
respectively It receives an additional tendon of ongin from each
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4
w71 Rectus
Obliquus " ;/,7/{/5//; copitis
capthis fre b postenor

superior minor

Obliquus Rectus capihis
capihis infenior posterior major

Fig 31 Suboceipital muscles

1 the prone position and the shoulders are kept relaxed It 1s diffi
cult to identfy, however

COMMENT This 1s an 1mportant posture muscle, one of its
chief functions being to hold the head erect agamst the downward
pull of gravity

The Suboccipitals (Fig 31)

LOWER ATTACHMENTS Posterior portions of atlas and axis

UPPER ATTACHMENTS Occipital bone and transverse process
of atlas

NERVE SUPPLY Branches from first two cervical nerves

ACTION Both Extension and hyperextension of head

One Lateral flevion rotation to the same side

Cannot be palpated

COMMNMENTS The suboccapitals consist of the rectus capitis
posterior major and minor and the oblhiquus capitis superior and
mferior They are short muscles situated deep under the skull

The remaimng posterior muscles of the head and neck consist
of the capitis and cervicrs portions of the deep posterzor muscles of
the spine These are described on pages 70 and 71

Sacrospinalis ( Erector Spinae) (Fig 32) This extensive mus
cle of the back consists of three branches namely 1liocostalis the
lateral branch longissimus the middle branch ‘and spinalis the
medial branch The attachments given here are of necessity very
general since they are for the muscle as a whole and not for the
specific branches

UPPER ATTACHMENTS Angles of nbs posterior portions of
cervical and thoracic vertebrae mastoid process of the temporal
bone

LOWER ATTACHMENTS Lumbodorsal fascia postenor portions
of lumbar thoracic and lower cervical vertebrae angles of rbs

WERVE SUPPLY Posterior branches of spinal nerves

ACTION Both Extension and hyperestension of head and en

tire spine
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Fig 83 Semispinabs

laminae of vertebrae shightly ligher than lower attachments

LOWER ATTACHMENTS Postenior surface of sacrum and pos
terior processes of all the vertebrae

NERVE SUPPLY For first four muscles
nerves

For levatores costarum Intercostal nerves

and eighth cervical nerve

1 and hyperext: of spime

Sp!
One Rotation to the opposite side, assistance m lat
eral flexion

Cannot be palpated

COMMENTS These muscles consist of small shps, 1 most cases
mserting to the vertebrae immediately above their lower attach-

Branches of spinal

ACTION Both E

71
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nb throughout the thoracic regton and gives off small shps to msert
into the ribs in the thoracic region and ito the transverse processes
of the vertebrae 1n the cervical region

The longisstmus branch consists of three distinct portions which,
m fact appear to be three separate muscles (see Fig 32) Lon
gissimus dorst 1s a broad band lying agamst the angles of the nbs,
longisstmus cervicis 1s narrow er and hes shghtly closer to the spine,
connecting the transverse processes of the upper thoracic vertebrae
with those of the lower cervical vertebrae and longissimus capitis
15 2 thin strand which Lies aganst the vertebrae for its lower two
thirds and then slants outward and upward to the mastoid process
of the temporal bone

The spinalis branch lies against the vertebrae and 1s attached by
separate slips to the spmous processes It 1s of sigmficance 1 the
thoraeic region only

Semuspinalis Dorst Cervicis, and Capihis (Fag 33)

LOWER ATTACHMENTS Transverse processes of all thoracic
and seventh cervical vertebrae, articular processes of lower four
cervical vertebrae

UPPER ATTACHMENTS Spnous processes of upper four thoracic
and lower five cervical vertebrae, occipital bone

NERVE SUPPLY Posterior branches of cervical and upper six
thoracic nerves

ACTION Both Extension and hyperextension of head, neck,

and thoracie spine
One Lateral fleion of head, neck and thoracic
spine, rotation of thoracic spine to opposite side
Cannot be palpated

COMMENTS The dorst and cervicis portions consist of tendi
nous bands which extend obliquely upward and medialward from
the transverse processes in the thoracic region and spinous processes
1n the cervical region to spmous processes of vertebrae above These
portions of the muscle Lie beneath the sacrospinabs Semspmals
capitis 15 constructed differently from dorst and cervicss and 1s
1 fact, frequently descrnibed as a separate muscle under the name
“complexus” It 15 a broad band of fibers extending vertically up
ward from the upper six thoracic and lower four cervical vertebrae
to the occipital bone It lies beneath the splemus capitis and the
upper trapezius

Deep Posterior Muscles of the Spine (Fig 34) These include
the multfidus the rotatores the mterspinales, the intertransver
sales, and the levatores costarum

UPPER ATTACHMENTS Spinous and transverse processes and
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from the more superficsal muscles of the back In the lumbar region
1t cunves wround the Iateral margin of the saerospinlis and folds
in front of it to attach to the tips of the transverse processes of
the vertebrae and to the intertrinsverse higaments Its lateral por
tion provides attichment for the transversahs muscle (g 54)
and 1ts posterior portion blends with the aponcurosis of the Intiss:
mus dors1 (g G1)
Rectus Abdominls (sce also muscles af the thorwx) (g 35)

LOWER ATTACHMINTS Crest of pulns

UPTER ATTACHMINTS Crrtilages of fifth, sivth and seventh
nbs

NERVE SUTI 1Y Anterior branches of lower six intercostal
nenes

ACTION (AT sPIND) Both Tlevion of thoricic and lumbar

spine
One Lateral flewon of thoricie and
Iumbar spine

WIERF TO PALPATE. The front of the 1bdomen, from the pubis
to the sternum

COMMENTS The rectus abdomims 1s situated on the antenor
surface of the abdomen on either side of the hinea alba It 15 a long
flat band of muscle fibers extending vertically between the pubis
and the lower part of the chest At three different levels transverse
fibrous bands, known s tendinous mscriptions cross the muscle
bers The muscle 1s enclosed 1n 1 sheath formed by the aponeu
roses of the other muscles making up the abdominal wall

Laternal Obhque Abdomnal Muscle (sce also muscles of the
thorax) (Fig 36)

UPPER, LATERAL ATTACHAENTS Lower borders of lower eight
nibs by tendinous slips which interdigstate with those of the serratus
antenor

LOWER MEDIAL ATTACHMENTS Anterior half of crest of ilum
aponeurosis from nbs to crest of pubis

NERVE SUPPLY The lower seven imtercostal nerves and the
thohypogastric

ACTION (AT SPINE) Both Flexion of thoracic and lumbar

spme
One Lateral flevion Rotation to the op
posite side

WHERE TO PALP.'sr'l}']E At the side of the abdomen

COMMENTS e fibers of this muscle run dragon:
and outward from the lower part of the abdomen t%le ?\1\% :Inli::é]lzg
together forming an mcomplete V as seen from the front
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Infer-
spinahis

Rotator

Levator
costae
fongus

Intertrans
versus
loteralis

Inferfrans
versus

Fig 34 Deep posterior muscles of the spme

ments Some of the fibers run vertically and some slant medially as
they ascend The former are best developed m the cervical and
Jumbar regions where their action 1s that of extension The latter
are best developed 1n the thoracic region where they erther extend
otate
orliy\monons& rasaa (Fig 37) The lumbodorsal fascia binds
together the sacrospinalis and other deep muscles of the spine
holding them close to the skeletal structure and separating them
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Obliquus
bd Rectus
exlernus sheath
(antertor

leaf)
Inguinal
\\ N ligament

(" \ \//ﬁq]

\ -
Fig 88 Cxternal oblique abdominal muscle (obl bd )

COMMENTS This muscle lies beneath the external oblique
The fibers fan out from the crest of the thum most of them passing
diagonally forward and upward toward the mb cartilages and
sternum  some honizontally forward toward the linea alba, and
Solge diagonally forward and downward toward the crest of the
pubis

The Abdomunal Wall The abdomnal wall consists of the
three abdominal muscles just deseribed and the transversus abdom
ms (Fig 54) The latter muscle 1s a broad sheet of horizontal
fibers whose function 1t 15 to compress the abdomen It 1s primanly
a muscle of respiration and other physiologic functions Together,
les form a strong anterior support for the abdominal
viscera They are subject to considerable stress from the pressure
of the latter agamst thewr iner surface The more stretched they
become as 1n the case of a protruding abdomen, the more heawily
the organs rest upon the abdominal wall subjecting 1t to direct

these four musc
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Fig 35 Rectus abdomins

Internal Oblique Abdominal Muscle (see also muscles of the
thorax) (Fig 37)

LOWER, LATERAL ATTACHMENTS Ingunal Ligament, crest of
1hum, lumbodorsal fascia

UPPER, MEDIAL ATTACHMENTS Antenior and middle fibers into
crest of pubis linea alba and aponeurosis on front of body poste
rior fibers by three separate shps into the cartilages of the lower
three nbs

~erve supPLY  The lower three imntercostal nerves the ihohypo
gastric and the 1homnguinal nerves

ACTION Both Flexion of thoracic and lumbar spme

One Lateral flexion Rotation to the same side

WHERE TO PALPATE The side of the abdomen, beneath the ex
ternal oblique It may be palpated through the external oblique
when the latter 1s relaxed as in rotation
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Quodrotu
fumborum

1ig 85  Quadratus lumborum

ably helps to support the waght of the peluis on the side of the
swinging leg 1n walling
Psoas (see also muscles of the lup, I'g 110)

UPPLR ATTACHMENTS Later1l anterior margms of bodies of
twelfth thoracic and Il lumbar vertebrac transverse processes of
lumbar vertebrac nd intervertebral dishs

LOWER ATTACHMENTS Lesser trochanter of femur
NERVE SUPPLY Upper three lumbar nerves
ACTION (AT SPINE) When the psois muscle pulls downward

toward 1ts low er attachment 1t esther flexes the trunk as 4 whole on
the thighs or 1t flexes the lumbar spine If the spine 1s muntauned
In a position of extension the psoas will act with the other hip
flexors to flex the trunk on the thighs, but 1f the hip joint 1s fixed 1n
extension the psoas will help the abdominal muscles to flex the
lumbar spime Contraction of one side causes lateral flexion

WHERE, TO PALPATE See information about the psoas muscle
1n the chapter on the hip and pelvis The psoas cannot be palpated
when 1t acts on the spine because of the contraction of the abdom
mal muscles

COMMENTS Like the quadratus lumborum, the psoas 15 situ
ated at the back of the abdomunal cavity These two muscles may
be sad to form the posterior abdommal wall Although the psoas
1s primanily a muscle of the hip jomnt 1ts action on the lower spine
and pelvis 1s of great mmportance Ordmanly 1t causes flecion Under
certain circumstances however the psoas muscle appears to reverse
its customary function and to participate i hyperextension of the
lumbar spine This 15 seen when an individual whose abdominal
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Obliguus
internus
abdominss

Lumbo

dorsal
fosea

Rectu, sheath
(antenior leaf)

Inguinal
ligament

Fig 37 Internal oblique abd, 1 muscle (obl nternus abd )

gravitational stress Thus a wvieious arcle 1s set in motion The
pressure agamst the lower abdominal wall stretches it stll more,
causing 1ts protrusion to merease and subjecting 1t to ever mcreas
g gravitational stress As s so often the case correction of this
postural fault 15 much more difficult than 1ts prevention A strong
abdomnal wall 1s greatly to be desired

Quadratus Lumborum (Fig 38)

LOWER ATTACHMENTS Crest of 1hum and 1lolumbar hgament

UPPER ATTACHMENTS Twelfth rib and tips of transverse proc
esses of upper four lumbar vertebrae

NER\E SUPELY Branches from the upper three or four lumbar
nerves

ACTION Acting singly 1t flexes the lumbar spine laterally

WHERE TO PALPATE Just lateral to the sacrospinalis in the

Jumbar region It 1s difficult to palpate and can be felt only on thin
muscular subjects

CONMENTS This 15 a flat quadnlateral muscle situated be
hind the abdomnal cavity at the side of the lumbar spme It prob
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Extenuon and Hyperestenuon
Spleniut cenacis nd capitis
Sacrospinaby, censas and capits por

tons
Pancipy! Semurpnalie cervias and capits por
tions
The subocciputals
Moves The deep posterior spinal muscles cer
viaas and capitis portions
Asustant Trapezws [
Aetrali ers The muscles on the two sides neutralize

onc 1notlier s lateral motions
Extensors of the thoracic and lumbar
spine
Stabals ers Rhombord and trapezius IV (stabilize
the seapula for trapezius I)
Lateral Flexson
‘Three scalen
Splemus capius and cenvicis
Prevertebral museles lateral portion
Principal Sternocieidomastod
Sacrospinalis, capius and cerviais por
tions
Semuspinalis  capiis and cervicas por
tions

AMovers

Subocaipitals
Deep posterior spinal muscles, cervicis
Assistant portion
Levator scapulac
Neutralizers The anterior and posterior muscles
neutralize one another’s flexion and
cxtension actions
Flexors and extensors of thoracic and
lumbar spine
Stabalizers Subclavius (stabilizes the clavicle for the
sternocleidomastord)
Lower trapezius (stabilizes the scapula
for the levator scapulac)
Rotation (Fig 39)
Sternocleidomastord
Rotators to the |Deep posterior spinal muscles, cervicis
opposite side portiang
Movers Splenus, capitis and cervicig
Ratators to the {Sacrospunalis capws and cerviaus por
same side tions
Subocapitals
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muscles are weak attempts to perform a strenuous abdommal ex
ercise from the supme lymg position For mstance 1f he hes on his
back with both legs extended upward and then slowly lowers his
legs, keeping the knees extended his lumbar spine 1s seen to hyper
extend as his legs approach the floor Likewsse, 1f he attempts to
do a situp exercise, keeping his trunk strmght, his lower back
hyperextends before hus upper trunk leaves the floor It 1s the weak
ness of the abdommal muscles and ther consequent fallure to
stabihze the pelvis which 15 responsible for the hyperextension
Whether or not the psoas actually contributes to the hyperextension
1s difficult to say If 1ts line of pull has become shifted to a position
behind the axis of motion, 1t 15 logical to assume that its customary
function has been reversed (p 28)

Individuals who find that they cannot do the leg lowermng or
the sit up exercises without hyperextending the lower back some
times conclude that smce the cause of their difficulty 15 weak ab
dominal muscles, the best way to strengthen the muscles 1s to
persist 1n practicing these exercises This 15 a fallacious conclusion
Muscles which are taxed beyond their capacity are more hhely
to be strammed than strengthened® 12 The result may well be a
rupture A better method 15 to start with less strenuous abdomnal
exercises and to work up gradually to the more vigorous ones The
cnterion whereby one may judge the switability of an abdominal
exercise for his own use 1s his abihity to execute 1t without hyper
extending the Jumbar spine

MUSCULAR ANALYSIS OF THE FUNDAMENTAL MOVE
MENTS OF THE HEAD AND TRUNK

Cervtcal Spine and Atlanto occipital Joint

Flexion
(Sternocleidomastoid
Principal [Prevertebral muscles
AMovers
Asststant [Three scalem
[Hyord muscles
Neutralizers The muscles on the two sides neutralize

one another’s lateral mottons
Clavicular portion of pectoralis major
Subclavius (stabilizes the clavicle for the

sternocleidomastoid)

Stabilt ers Lower cervical and upper thoracic ex
tensors (stabilize the spine for the pre
vertebral muscles and the three scalem)

Rectus abdomens {stabilizes the sternum
for the sternoclerdomastoid)
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Thoracic and I wmbar Spine

Flexton
Principat
Moz
[Auunnl
Neutralt err
Stabals 15
Extension
Principal
Mozers
Asustint
Neutrah ers
Stabilt ers
Lateral Flexion
Principal
Movers
Assistant
Neutralizers
Stabtlrers

Rectus b o mms
¥ xternal obligue abxdomin s} muscle
Tnternal obligue atxlomnat muscle

Praas

The muscles of the Ieft ) nght sides
neutrilize one nother s Iteral flexion
and rotrtonal tendencies

Hip flexors parucularly when the move
ment 13 performed in the supine pow
ton

Sacrospinalis, thoriaie and Jumbar por
tons
Semispinalis doms

Deep posterior spinal muscles

The muscles of the left and night sides
neutrahze one nother s Iteral mo
tions

Hip extensors  particularly when the
movement 1s performed in the prone
position

Sacrospinalis thoracie and fumbar por
tions

External oblique abdominal muscle

Internal oblique 1bdominal muscle

Quadratus lumborum

Semspinalis dorst

Rectus abdomimis

Psoas

Derp posterior spinal muscles

Latissimus dors1

The anterior and posterior muscles neu
tralize one another s fleion and ex
tension tendencies

Hip abductors on the same side and
adductors on the opposite side, par
ticularly when the movement 15 per
formed m the side lyng position
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Rt sterno
clesdomastord

Lft
suboccipitals

Lt
splenius
capihs cervicis

Rt muthifidus
cervicis

Lft sacrospinalis
capihs cervicis

Fig 39 Muscles which contract to rotate the head and neck to the left

Neutrahzers The anterior and postertor muscles neu
tralize one anothers flexion and ex
tension tendencies

{Flexors and extensors of thoracic and
| lumbar spine

Stabilizers

Subclavius (stabihizes the clavicle for the
sternaclerdomastoid)
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and wice versa [he nternal anter
costals stanlize the niby for the leva
tores costirum

SUPPL LMENTARY MATERIAL

The Iiterture contans many obsennations conceming, the contours of
the spine_the angulatton of the lumbosacral junction and the shape and
posture of the pelvis The matersal comes munly from two sources notably
the onginal rescareh of 1y estigators in the fields of anatomy anthropology
and physicil educition, and the cline) obsens ations of orthopedists and
other physicins Becnuse of thar sy nificance to the student of kinesiology,
a number of these iy estigitions are reported briefly

Structural Vanations sn the Lumbosacral and Pelvie Region Ina

study made 1t the State University of Town in 1033 Howland i estigated
the position of the sacrum m the adult female pelvis Measurements made
on the x rays of fifty voung women reverled a marked vanation in the
shape and position of the sacrum and indicated a relationsthup between
these and pehac obhquity the stant of the lower lumbar vertebrae and the
posttion of the line of gravaty with reference to the tip of the sicrum She
ound at one extreme s1cra wath shallow cunes pliced lugh in the pelvs
mn a relatnely vertieal posiion Sacra of this type were assoainted with 1
d d pelvic incl and d 1 lumbar cune At the other
extreme she found sxcra of marked postenor convexty, situated low 1n the
peluis 1 a relatnely honzontal position These were assocnted with an
increased pelvie inchnation and ncreased lumbar cune She suggests
that the normal increase 1n the curve of the lower lumbar region serves
as a compensating factor for the structural component of force set up by
the varymg position and slope of the sicrum upon which the vertebral col
umn must rest  Hence the condition commonly labelled lordosis” by the
correctives nstructor may netunlly be 1 normal condition for that indmid
uals pelvis and sacrum It would secem from ths investigator s conclusions
that she assumes the shape and position of the sacrum to be the primary
condition the 1ncreased pelvic inchnation and the deep lumbar curve
bemng secondary to 1t She suggests a causal relationship

Brown on the other hand believes the sagittal position of the srcrum
to be determined by the ratatory movement of the pelvis and lambar spine
He seems to infer that the shape of the sacrum 1s the result of its position
In other words he considers it an example of the modification of structure

y function He condemns the horizontal position of the sacrum as 2 factor
n sacrothae stram and he considers that 1t mdicates the need for treat

ment His opimion seems to be representative of the orthopedic pomt of
view

In 1934 at the State University of Iowa Boynton made a study of the
pelvis and lumbar spine using for her subjects fifty college women Her
data consisted bath of anthropometric measurements and of measurements
taken from lateral x rays Like Howland she found considerable vanation
n the contour and position of the sacrum and she observed a close rela

tionship between these and the slope of the lower lumbar vertebrae Tn
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Lt
sacrospinolis

nternal
oblique

Fig 40 Muscles which contract to rotate the trunk to the left

Rotation (Fig 40)

External obhique abdominal muscle
Semisprnalis dorst

Deep posterior spinal muscles

Rotators to the
opposite side

AMovers

Rotators to the tions parucularly the thocostals dorst
same side Internal obhique abdominal muscle
Neutraliers The anterior and posterior muscles neu
tralize onc another s flexion and ex
tension tendencies The muscles on
opposite sides neutralize one another s
lateral flexion tendencies
Stabilrers The oblique abdomtnal muscles serve to
stabilize the pelvis for the sacrospinalis

(Sacrospmahs thoracic and lumbar por
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and wvice versa  Ihe internal nter
costals stalulize the nibs for the leva
tores costarum

SUPPI LMLNTARY MATERIAL

The hterature contuns many obsen ations concerning the contours of
the spme the angulhtion of the lumbosacral yunction, nd the shipe and
posture of the pelsss The matenn) comes mainly from two sources notably
the onigmal research of 1 cstigators in the fields of anatomy anthropology
and physical educition and the clinieal obsenyations of orthopedists and
other physicians Beeruse of therr significance to the student of hincstologs,,
a number of these mvestigations are reported briefly

Structural Vanations m the Lumbosacral and Pelvie Region Ina
study made at the State Unnversity of Jowa in 1933, Howlhind investigated
the position of the sacrum 1 the adult female pelvs Measurements mnde
on the x rays of fifty young women revealed a marked vanation 1n the
shape and position of the sacrum and indicated n relationship between
these and pelvic obliqusty the shint of the lower lumbar vertebrae and the
position of the hine of gravity with reference to the tip of the sacrum She
found atone extreme sacra with shallow cunes placed hugh in the pelus
ma relatnvels vertical position Sacra of this tvpe were associated wath 1
decreased pelvic mclination and deereased lumbar cune At the other
extreme she found stcra of marked posterior com ety situated low in the
pelus 1n A relatnvely honzontal position These were associated with an
mcreased pelvic mehnation and ncreased lumbar curve She suggests
that the “normal increase i the cunve of the lower lumbar region serves
as a compensating factor for the structural component of force sct up by
the varymg position and slope of the sacrum upon wluch the vertebral col
umn must rest Hence the condition commonly labelled “lordosis by the
correctives nstructor may actually be 1 normal condition for that individ
uals pelvis and sacrum 1t would seem from this 1mvestigator s conclusions
that she assumes the shape and position of the sacrum to be the primary
condition  the increased pelvic inclination and the deep lumbar curve
being secondary to 1t She suggests a causal relationship

Brown on the other hand believes the sagittal position of the srcrum
ta be determined by the rotatory mov ement of the pelvis and lumbar spine
He seems to infer that the shape of the sacrum 1s the result of its posttion
In other words he considers 1t an example of the modification of structure
by function He condemns the honzontal posttion of the sicrum as a factor
m sacrothac stran and he considers that 1t mdicates the need for treat
:::lvf His opimon seems to be representative of the orthopedic pomt of

In 1934 at the State University of Iowa Boynton made a study of the
pelvis and lumbar spme using for her subjects fifty college women Her
data consisted both of anthropometric measurements and of measurements
taken from lateral x rays Like Howland she found considerable vanation
1 the contour and position of the sacrum and she observed a close rela
tionship between these and the slope of the lower lumbar vertebrie In



84 Anatomic Fundamentals of Human Motion

A B

Fiy, 41  Vanations in sacral contour A Sacrum showing shallow conveuty
Sacrum showing exaggerated conveuty

her opinion the slope of the lower lumbar vertebrae 1s determined by the
slope of the top of the sacrum and the posttion of the sacrum 1n the pelvis
She also observed that the angle of pelvic obliquity varies wath these
factors Furthermore—nd this 1s probablv Boynton s most important con
tribution—she found that the correlation between the measurements on
the surface of the body and those on the x rays was 50 low that it was
impossible to judge accurately the slope of the lower lumbar vertebrae
and the angle of pelvic obliquity from the external measurements The
coefficients of correlation which she computed give further emphasis to
this revealing observation

LOEFFILIENTS OF CORRELATION BETWEEN MEASUREMENTS
MADE ON SURFACE OF BODY AND MEASUREMENTS MADE ON

X RAY

Position of sacrum 0222
Slope of sacrum 2430
Slope of lower lumbar vertebra 0465

Bigelow made a study at Wellesley College on the vanations and nter
relations of the Jast lumbar vertebra and the sacrum Her data were ob
tained from seventy nine male and seventy eight female sheletons and
from seventy six lateral x rays of male laborers She found that the sacra
showed considerable vanation not only n the degree of curvature but an
contour The range of vanition in these two aspeets of the sacrum are
shown m Tables 1 and 2 (Fig 41) Vanations in the size of the lJumbo
sacral angle are recorded in Table 3 and illustrated m Figure 42

In a verv different type of studv made on female pelves Caldwell
\oloy and D Esopo obsery ed that there were two radically different trends
represented mn pelvic wrchitecture On the one hand they found a range
between mascubne and femmine tvpes of structures possibly indicating
the presence of 2 sexual or hormonal factor On the other hand thev noted
an evolutionary trend a range between the apelike tvpe and the human

f pelvis
f)’l}i ‘:mpamc]e entitled The Lumbosacral Junction  Mitchell discusses
the anatomy of this region of the spine 1n great detul In regard to van
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Fig 42 Vanitons in stze of lumbosaeral angle A Angle of 9 degrees B
angle of 30 degrees

ations he says the frequency of lumbrosacral vanntions 1s a good
mdex of the mstibility of this region and sts tendeney to evolubioniry
change "

The sigmificance of these myvestigitions of structural v imntions m the
lumbosacral and pclvic regions would seam to be twofold In the first
place they enable us to be more intelligent in our body mechamies and
corrective programs, ind sccondly they mdicate the need for more
thorough examinations preferably by xray before permitting students
to participate 1n strenuous athlcties In fact Dr Arthur Steindler the
eminent orthopedic surgeon nd hnesologist his sud that in his opmnion
xrays of the lumbar and lumbosacral regions of the spine should be in
cluded as part of the routine procedure 1n examining athletes ® Similarly
although the author 1s aware of the impractically of the suggestion 1t
would be desirable to take x rays of the lower back of all individuals who
contemplate heavy manual Ihbor If such examinations could be made
of athletes and laborers and 1f the individuals would be guided by the
findings 1t 1s likely that a substantial reduction in the meidence of lower
back stramns could be effected

Structural Vanations i the Spinal Column The hterature contuns
relatively few studies on the nonpathologic human spine 1s 1 whole
Physical anthropologists have concerned themselves with evolutionary
trends Sir Arthur Keith has doubtless made the most important contnbu
tions 1n this field Goldthwwut has called attention te vanations m the
anatomy of the spmal column as representative of vanations i body
types which he calls herbnvorous and carmwvorous Rogers suggests an
hereditary factor 1n determming the postural curves of the spine McCloy

s made an x ray study of the spines of eighteen postadolescents These
fell mto two groups a so called hereditary group consisting of three ind:
viduals who were known to have had round backs from mfancy and three
who were known to have had hyperstraight thoricic spies from early
youth and a second group which was subdnided nto groups referred

° Stat made 1 Ad d k

logy class State University of Ios
November 1945 Quoted by permussion of Dr Steindler &4 e
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Table 1 VARIATIONS IN THE CONTOUR OF THE SACRUM (Bigelow}

DEGREES OF SACRAL CURVE MaLe (N = 79) remaLe (N = 78)
95 -104° 3% 0%
105 -114° 229 16%
115 -124 289 26%
125 -134° 249 26%
135 ~144° 149 26%
145°-154 99, 6%

Table 2 VARIATIONS IN THE SITE OF THE APEX OF THE SACRUM

(Bigelow)
SITE OF APEX MaLe (N == 79) |remare (N = 78)
Second sacral segment 8% 5%
Third sacral segment 849, 75%
Fourth sacral segment 8% 219
—1
Table 3 VARIATIONS IN THE SIZE OF THE LUMBOSACRAL ANCLE
(Bigelow )
SIZE OF LUMBOSAGRAL ANGLE MALE X RAYs (N = 76)
5-9° 7%
10 -14 289,
15 -19° 439
20 -24 149,
25 -29 50
30 -34° 39 J

to as bent medium bent and medium straight according to the shape
and fleibility of their thoracic spimes Measurements were made of the
antersor and posterior thicknesses of each vertebra of the length of the
vertebral body at the lower margin and of the distances between the
articulations Indices were then computed for each of the subgroups
studied Without giving, the 1ctual figures which are based on too small 2
number of cases to be of statistical significance 1t 1s interesting to quote
the inferences wich the i lers one 1s justified in draving

from this study
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Sy

A < B

Fig 43 Lateral views of two female figures 1llustrating vanations 1n spinal

l);pe A Convex or “anthropoid” type of spine B Concave or “humanaid” type
ot spine

1 There 1s a wide range of individual difference n bony structure
Many of the diff are bedl htary

2 There 15 no one standard of curvature to which all individuals should
conform

8 There 1s need for discovering accurate methods of determining what
1s the correct standard of posture for each tvpe and for each mdnidual

The present author investigated the spmnal contours of 100 college
women as recorded 1n routine anteroposterior posture photographs in
which the MacEwan pomters were used to show the location of the tips
of the spinous processes These 100 photographs were selected from 1200
fifty of them on the basis of a predominantly comvex spine that1s a spmne
m which the conveuty mvolves a porhon possibly all of the lumbar
Tegion and fifty on the basis of a predominantly concave spine that 1s
a spme 1n which the concasity extends well up into the thoracic region
Because the convex spine 15 charactenstic of the anthropoid apes, this
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Table 4 COMPARISON OF ANTHROPOID AND HUMANOID TYPES OF
SPINES WITH REFERENCE TO THE DEPTH AND LENGTH OF THE ANTERO
POSTERICR CURVES OF THE THORACIC AND LUMBAR PORTION OF THE
sene (Wells)
(Mean v alues of meisurements taken from the pasture photographs of 100
college women 50 representing the anthropmd type and 50 the huma
noid type )

ASPEGT OF SPINE MEASURED ANTHROPOID UMANOID
SPINE SPINE

Total length of thoracic and lumbar

portion of spine 3 54cm 3 S54cm
Length of postertor convexty 2 7%em (79%) | 1 48cm (42%)
Length of postersor concavity 75em (21%) | 2 06 em (58%)
Depth of posterior convexity 22 em 08 cm
Depth of posterior concavity 06 ¢m 16 em

—

Table 5 ANTEROPOSTERIOR SPINAL FLEXIBILITY OF FOUR SELECTED
cases (Wiles)

SUBJECT FLEXION HYPEREXTENSION TOTAL
Miss P 64 35 29
Miss R 62 19 81
Child 76 39 115
Man 50 7 121

group was called the nthropoid spine group and because 2 lumbar curve
1s charactenstic of the human spmne the second group was called the
humanoid spie group (Fig 434 B) Measurements made on the photo
graphs revealed that significant measurible differences eisted between
the two types of spine The mein vilues of these measurements are
presented n Table 4

An teresting study of the fleubility of the spinal column of four
mdiaduals w rs made by Wiles Two of the subjects were normally active
women two were acrobatic dancers onc of them a child and the other
a min While too small in scope to be of any real sigmficance this study
1s mteresting because 1t suggests the wide vamation 1n fleaibihty found
m the humn spine  Although attention w1s not called to the fact the
present wnter noticed that the photograph of Miss P showed a spme of
“normal” contours that of \iss R showed a long convexity or anthro
poid type™ of spwe that of the child showed a marhed lordosis and
that of the man showed a shallow but long concavity or “humanoid type
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of spime The range of motion in <ich spme s mersured on xrys iy
recorded tn Table 5 The reltionship between the tvpe of spine and the
degree of flexalulity should be noted The Wilcs study, although st in
volves only four indinaduals two of whom were highly ity pical from the
pomt of view of agihty nesertheless suggests 1 scdationship between
structure and function 1t 1s interesting, to note that Miss B whose spine
scemed to be of the “anthropmd type ™ showed 2 marked limitstion in
hyperextension whereas the wdult male acrobat who seemed to represent
the extreme “humanoid type ™ hid exeessne by pesextension but hmited
fleuon A study of the floatbity of 4 Iarge samphing of these two spimat
types might prove to be of v1lue to the physieal educator and the athletic
coa

The sigmficance of studses such as these to physicl educators and
therapists hes 1 their impheation for posture education and for recom
mendations regarding actinaty Such studies are valuable to the degree
that they gne (1) 1 broad concept of the “normal  (2) an appreen
tion of the relatedness between structural type and physical shills and
(8) an awareness of the himitations charactenstic of each type Physical
educators and therapists should realize that identical goals of posture
fleability and function cannot be lud down for all types of body build
Just what the specific 1bilities and himitations of each type are and just
what the goals for each type should be are problems that are still wide
open for v estigation

DEMONSTRATIONS AND LABORATORY EXLRCISES

Jomnt Structure

1 Study the bones of the spmal column then fill out an outhne like
the one on page 92 for cach of the following joints including the articu
Iations of both the bodies and the arches

2 Atlanto occipital

b Atlantoavinl

¢ A middle cervical jont

d The joint betwcen the seventh cervical and the first thoracic vertebrae

e A rmuddle thoracic jomt

f The joint between the twelfth thoracie nd the first lumbar vertebrae

g A middle lumbar joint

I The lumbosacral jomnt

Jomt Action

2 Have a subject sit tatlor fashion on a table and flex his spine as com

pletely as possible Observe the shape of the spme as seen from the side
Compare the three regions of the spine as to forward fleability Make a
me drawing of the side view of the spme

3 Have a subject sit astnide a chair facing 1ts back and hyperextend
the spine as completely as possible Observe and record the shape of the
Spine asin 2

4 Have a subject st astnde a bench and bend sideward as far as
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possible first to one side and then to the other Observe from the rear
and draw a line representing the spine i maximum lateral flevion, both
left and right

5 Have a subject sit astride a bench with the hands at the neck then
rotate the trunk as far as possible first to one side, then to the other Ob
serve and compare the regions of the spine as to rotntg ability

6 Observe flexion hyperextension lateral flewion and rotation of the
spine 1n several subjects prefernbly sul rep ifferent body
bwlds and note mdividual differences

7 Have a subject lie face down on a table with the Jegs and pelvis
supported on the table the trunk extending forward beyond the table
and the hands clasped belind the neck

a Have the subject bend laterally Compare the thoracic and lum
bar regions Note the torsion accompanying the Jateral flexion

b Have the subject flex the spine and then flex 1t laterally Observe
asma

¢ Have the subject hyperextend the spme (with someone helping to
support the elbows) and then flex laterally Observe as mn a

d Have the subject rotate the trunk to one side as far as possible Com
pare the thoracic and lumbar regions Is any lateral bending apparent 1
the spine?

e Have the subject flex the spine and then rotate it Observe as m d

f I‘-ilave the subject hyperextend the spine and then rotate it Observe
asm

Muscular Action The purpose of these exercises is not to test the
strength of the muscles but to enable the observer to study the action of
the muscles 1n stmple movements of the body The procedure therefore
1s quite different from that followed by the physical therapist m testng
muscle strength It 1s suggested that students work m groups of three
one acting as the subject one as an assistant helping to support or steadv
the stationary part of the body and ginng resistance to the moving part
and one palpating the muscles and recording the results T}{ check

lists on pages 93 and 94 may be used for this purpose Thev maf also be
used for the analysis of other movements selected by the nstrtictor or
the student
8 Flexion of the neck
a Subject Lae on the back and Lift the head bringing the chin toward
the chest
Observer Palpate and 1dentify as many of the contracting muscles
as possible
b Subject Lae on the back and hft the head leading with the chin
Obsercer Compare the action of the stemoclerdomastord in b with
its actionin @
9 Extension and hyperextension of the neck
a Subject lie face down on a table with the head over the edge
Raise the head as far s possible hyperestending both the head and the
neck
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Assistant M2y reaist the movament if stronger musculir action is
desired
Obserter Palpate and identify as many of the contracting, muscles
as possible
b Subject 1ie face down on a table wath the head over the edge
Raise the head as far 15 possible sath the chin tucked in
Assistant Resist the retrction of the chin
Obscrier Compare the museulir action in (b) with that in (a)
10 Lateral flexion of the head and neek
Subjeet 1% on one side and ruse the hewd tow wd the shoulder
without turning the head or tansing the shoulder
Assistant Gnve shpht resistinee at the temple
Observer Palpate and sdentifs as many manscles as possible
I1 Rotation of the herd and neck
Subject Sit crect and turn the head to the 1o ft as fur 15 possible
Assnistant. Grve furly strong resistinee to the side of the jaw
Obserrer Palpate the stemoclesdomastaid Which one contracts®
12 Flevion of the thoracic and Jumbar spine
Subject Lie on the back with the arms folded across the chest
Rasse the head shouldcrs and upper back from the table Leeping the
chinin There 1s no need to come 1o 1 sitting positton since thus 15 mtended
as a movement of spinal not lup flexion
Assistant 1old the tinghs down

Obscrer Palpate the rectus abdomms and the external oblique ab
dominal muscle
13

Fxt,

and hypere of the thericic and lumbar spine
Subject Lie face down with the hands on the lips Ruse the head
and trunk as far as possible
Aswistant Hold the feet down
Obsercer Palpate the sacrospmalis and the gluteus mavimus (the
large hup extensor muscle located 1n the buttocks) What 1s the function
of the latter muscle 1n this movement?
14 Lateral flevion of the thoracie and lumbar spine

Subject Lie on one side with the under arm placed across the chest
and the hand resting on the opposite shoulder and with the hand of the
top arm resting on the up Rause the trunk sideways

Asststant Hold the legs down If necessiry help the subject by
pulling at the elbow

Observer Palpate the rectus 1tbdomius external oblique abdominal
muscle sacrospinalis and latissmus dorst (the large superfictal muscle of
the lower back whose tendon of mnsertion forms the posterior margin of
the amm put)

15 Rotation of the thoracic and lumbar spime

Subject Sit astnde a bench with the hands pliced behind the neck
to one side as far as possible without lewvng the bench
oh Assistant Resist the movement by graspmg the subject s arms close
0 lus shoulders and pushing (or pulling) m the opposite direction

Twist
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Observer Palpate as many of the spinal and rbdominal muscles as
possible Disregard the muscles of the seapula and arm

Action of the Muscles Other Than the Movers
16 The sit up
Subject Lie on the back and come to 1 sitting posttion keeping
the spine as ngid as possible
Assistant Hold the feet down
Observer Palpate the abdominal muscles the sacrospinalis and the
sternoclerdomastord Explun the function of each
17 Double leg lowering
Subject Lae on the back Raise both legs then slowly lower them

OUTLINE FOR STUDYING THE JOINTS OF THE SPINE

Region of spine Name of joint

Check the correct item

TYPE OF JOINT

. Diarthrosis Synarthrous
Irregular Cartilaginous (synchondrosis)
. inge
Pwvor
Ovoid ______ Ligamentous (syndesmosis)
Saddle
Ball and sacket _____ Fibrous (sutures)
TYPL OF MOVEMENT AXIS OF MOTION
Ghding . Nonaxial
e Uniaxial
Axial or rotatory ______ Biaxsal
Triaxial

Enumerate and describe briefly
Articular surfaces

Ligaments

Fibrocartilage

Specral charactenstics of yoint

Movements
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Obscrier Palpate the abdomunal muscles and the sacrospimalis
Explain the funchion of each
18 Trunk bending forward
Subjeet Stand wath the feet dightly separited  Bend forwnrd from
the lips hecpmg the back fixt

Obserter Pilpate the sacrospimabis Lxplan its function
19 Push up

Subjcet Assume 2 front Jeanng rest position on the hands and toes
with the body straight Let the elbows bend until the chest almost touches

the floor then push up agam heeping the bady strught the entire time
Da not let 1t sag or hump

Obscrier Palpate the abdominal muscles Explan their function

CHFCK TIST FOR THE MUSCULAR ANALYSIS OF MOVEMENTS OF THE
IEAD AND NECh

1

<Trs | tATERAL | ROTATION | ROTATION

¥
FLFXION ston FLEXION SAME OPFPOSITF
siDF SIDF

AxteRion |

Prevertebral muscles ‘

|

Hyoid muscles ‘ { !
|
'

Laterar i

Three scalem {

Sternocleidomastord

Levator scapulac

Posterior

Splentus

Suboccipitals

Sacrospinahs

|

|

!

\ i

Senuspinalis ) B ‘
—i—

Deep poster muscles \

Omer \ i
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Observer Palpate as many of the spmal and abdommnl muscles as
posstble Disregard the muscles of the scapula and arm

Action of the Muscles Other Than the Movers

16 The sit up
Subject Lie on the back and come to a sithing position keepimng
the spine as ngid as possible
Assistant Hold the feet down
Observer Palpate the nbd 1 les the sacrc lis and the
sternocleidomastord Explain the function of each
17 Double leg lowenng
Subject Lie on the back Rarse both legs then slowly lower them

OUTLINE FOR STUDYING THE JOINTS OF THE SPINE

Region of spine Name of joint

Check the correct item

TYPE OF JOINT

. Diarthrosis Svnarthrosis
Irregular Cartilaginous (synchondrosis)
_____ Hinge
Prot
Ovord _ ____ Ligamentous (syndesmosis)
Saddle
Ball and socket ______ Fibrous (sutures)
TYPE OF MOVEMENT AXIS OF MOTION
Gliding __. Nonaxial
__ _ Unaxial
Axial or rotatory _____ Biaxial
Triaxial

Enumerate and describe briefly
Articular surfaces

Ligaments

Fibrocartilage

Specual characteristics of jount

Movements
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CHECK LIST FOR THE MUSCULAR ANALYSIS OF AOVEMENTS OF THE
THORACIC AND LUMBAR SPINE

FLEX! EXTEN | LATERAL | ROTATION }zon-r:::
ToN SION FLEXION SAME OPPOS!
SIDE SIDE

ANTERIOR
Rectus abdominis

e
Ext oblique abd
Int oblhique abd

 —
LATERAL

e
Quad lumborum

I
Psoas

I
PosTERIOR /

e —
Sacrospinalis ‘ {
Semispinalis dorsy \
Deep post muscles 1 ,
OTHER
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Chapter 6

THE MOVEMENTS OF THE THORAX
IN RESPIRATION

THE THORAX 15 2 bony cartilagmous cage, shaped considerably Iike
1 bechive with an mverted V shaped doorway 1n the front (Fig
44) It 1s formed munly by the ribs and their cartilages but also
meludes the sternum which constitutes the antertor base of attach
ment for the nbs and the thoracic portion of the spme which
constitutes the posterior base of attachment The upper seven nbs
are called true nbs because thewr cartilages articulate directly with
the stemum The remaimng five ribs are called false ribs This 1s 2
musleading term since the ribs themselves nre just as real as the
others the only false thing about them bemg that they do not
articulate with the sternum In the case of the eighth nmth and
tenth nbs the cartiliges of each umte with the cartilage above,
but i the case of the eleventh and twelfth ribs known as the
“floating nbs  there 15 no antenior attachment These ribs shorter
than those immediately above have only short tips of cartilages
and except for their muscular attachments they are free at therr
anterzor ends

The angle formed between the margins of the lower nib cartilnges
at the front of the chest (the door” to the bechive ) 15 called the
subcostal ingle This 15 charactersstically wider 1 mdividuals of
stocky build than m those of slender bwld The thorax 1s wider
from side to side than it 1s from front to back and 1s shghtly flat
tened 1n front An mfant or young child has 2 more “brrel shaped
chest than does an adult that 1s 2 thorax whose anteroposterior
diametcr more nearly approaches ats transverse diameter than 1t
docs m the 2dult

Before studymg the uticulitons ind the movements of the
thorax the student should review the nibs by observing them on 1
skeleton noting particularly ther shipe nd the way m which
they twist 1f no skeleton 1s 1vulible he should look carefully at
ures of the ribs such 1s those shown n Figure 45

1ct
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Ti, 48  Sternocostal articulations Key 1 Sternocostal 2 costochondral
3 interchondral 4 intersternal

the other between the body and the xiphoid process The remfore
g ligaments in this region mclude the radiate sternocostal the
mterarticular sternocostal and the costoxiphoid

Movements Because most of the rbs are attached both pos
teriorly and anteriorly their movement 15 extremely hmted In
the thoracic expansion issociated with ihalation the anterior ends
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Fig 46 Anterior and lateral views of costovertebral articulations

Articulations and Ligaments The majority of the articulations
ot the thor ix belong to the nonqvial diarthrodial classification They
permit a very shght amount of ghdmg

Costovertebral CAPITULAR (COSTOCENTRAL) The hend of
the nb articulates with the costal facets of two adjacent vertebrie
and the wtervertebral disk between them (T'ig 25) The first tenth
eleventh and twelfth nbs each articulite with 2 single vertebr
The jomnt 1s 2 nonaxial dinrthrodial one and permuts only a shght
ghding motion It 1s enclosed 1 a capsule and 1s strengthened by
a radiate hgament and an mterarticular hgiment (Fig 46)

COSTOTRANSVERSE (Fig 47) The tubercle on the under side
of each rib (Figs 45 and 47) with the exception of the eleventh
and twelfth artienlates with the adjacent transverse process This
1s a nonaxial diarthrodial joint The articular capsule which 1s thin
and membranous 1s remnforced by the antertor and postenor costo
transverse higaments (Figs 46 and 47) and the strong hittle hga
ments of the neck and tubercle of the nb respectively

Sternocostal Articulations (T, 48) There are four groups
of articulations 1 the sternocostal region Thiese are (1) the ster
nocostal jomts between the costal cartiliges and the sternum  (2)
the jomts between each b and its cartilage known as the costo
chondral jomnts (3) the jomts betwecn one costal cartilige and
another, called the nterchondral jonts and (4) the two inter
sternal jomnts one betwcen the manubrium and body of the sternum
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the other hetween the body and the viphoid process The remfore
mng hgaments n this region include the radiate sternocostal the
mterarticular sternocostal and the costouiphoid

Movements Because most of the ribs are attached both pos
tenotly and anteriorly ther movement 15 extremely Iimted In
the thoracic expansion associated with inhalation the anterior ends
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g 49 Expansion of thorax during mnhalation A Lateral view B supenor
view

of the nibs are elevated n 1 flexion type of movement This 1s ac
companted by a shght eversion in which the lower margin of the
central portion of the rib turns upward and lateralward the inner
surface being made to face somewhat downward As the anterior
ends of the upper nbs move upward they also push forward carry
ing the sternum forward and upward with them In the case of the
lower nbs the anterior ends move laterally thus opening the
chest and widening the subcostal angle

The expnston of the thorax 15 associated not only with inhalation
but also with all movements of the body requiring effort If one
were to push or hft a heavy piece of furmture, for mnstance he
would first nhale then hold his breath while making the effort to
move the object The mhalation that occurs may be considered 2
secondary function of the thorax m this case The primary function
15 the stabilization of the nbs and sternum for the purpose of pro
viding firm anchorage for the muscles which attach to them namely
the abdommal muscles the pectorahs major and the serratus an
terior

In mhalation the thorax is enlarged in three divmeters—trins
verse anteroposterior and vertical

Increase n the Transierse Diameter (Fig 49) Ths 1s due
to the elevation and eversion of the Iateral portion of the nbs The
shape and twist of the nbs together with their anterior and pos
tenor attachments arc responsible for what has so aptly been called
‘buchet handle inspiratory movement (Cates) The elevation of the
lower nbs 1s accompamed by a 'ateral movement of their antenor
ends This widemng of the lower part of the thorax increases the
power of the diaphragm by putting 1t on - stretch

Increase n the Anteroposterior Dwameter (Fig 49A) Ths
1s due to elcvation of the anterior ends of the ebliquely plced ribs
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and to elevation of the body of the starnum, eaused by the deva
tion of the nbs The clevation of the mtenor ends of the ribs causes
the nbs to assume 1 more horizontal position and results in t
strughteng of the costal cartilages The movaneants of the thorax
m the anteropostenior and trmsverse diymcters are fnseparble
The expansion in both dircctions when the nibs are el ated 1s the
natural result of thar shape and of the oblique dircetion of thar
axes of motion

Increasc 1n the Vertical Diamcter This 1s duc partly to the
clevation of the first two nbs but (ven more to the depréssion of

¢ central tendon of the dinphragm  In forced inhalhion extension
of the thoricic spine contnbutcs to cxpmsion of the thorax m ats
vertical ditmeter

Muscles Muscular action 1s required for all mhalation no
mtter how shallow but ordinary cxhalation 1s brought about by
the recoil of the clastic structures of the thorax and by the weight
of the chest In vigorous or resisted exhalation, howes cr, ind n al)
forms of vocalization, muscular action 1s required

Muscles of normal inhnlation

Duaphragm

External mtercostals

Internal intercostals antensor cartilaginous region
Additional muscles of 1gorous inhalition

Sternocleidomastord®

The three scalem

Levatores costarum

Serratus posterior supesior

Pectoralis minor

Trapezius I°®

Levator scapulae®

e thoracic spine extensors®

Muscles of vigorous exhalation

Intemal mtercostals postenor ind lateral portions
Transversalis

Rectus abdominis®

Oblique abdominal muscles®
Transyersus thoracis

Serratus postenior inferior

Diaphragm (Fig 50)

PERIPHERAL ATTACHMENT Circumference of thoracic outlet
CENTRAL ATTACHMENT Central tendon a clover leaf shaped
poneurosis

NERVE SUPPLY Phrenic

° These are primanly muscles of either the spune or the shoulder girdle
r
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Fig 19 Expansion of thorax during whalaton A Lateral view B supertor
view

of the ribs e elevated 1n 1 flevion type of movement This 15 ac
companted by a shght eversion i which the lower margmn of the
central portion of the nb turns upward and lateralward the mner
surfice being made to face somewhat downward As the anterior
ends of the upper nibs move upward they also push forward carry
g the sternum forward and upward with them In the case of the
lower mbs, the nterior ends move laterally, thus openmng the
chest and widening the subcostal angle

The expansion of the thorax 1s 1ssociated not only with inhalation
but also with all movements of the body requiring effort If one
were to push or hft a heavy piece of furmture for instance he
would first mhale then hold his breath while making the effort to
move the object The nhnlation that occurs may be considered a
secondary function of the thorax in this case The primary function
1s the stabilization of the ribs and sternum for the purpose of pro
viding firm anchorage for the muscles which attich to them namely
the abdominal muscles the pectoralis myor and the serritus an
terior

In inhalition the thorax is enlarged n three diameters—trans
verse anteroposterior and vertical

Increase in the Transverse Dwameter (Fig 49) Thas 1s due
to the elevation and eversion of the lateral portion of the nbs The
shape and twist of the nbs together with their antertor and pos
terior attachments are responsible for what has so aptly been called
‘buchet handle mnspiratory movement (Cites) The elevation of the
lower nibs 1s accompamed by a 'ateral movement of their antenor
ends This widemng of the lower Lart of the thorax mncreases the
power of the dinphrigm by putting 1t on A stretch

Increase n the Anteroposterior Dwameter (Fig 494) This
15 due to elevation of the anterior ends of the obliquely placed nibs
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and to elevation of the body of the sternum, cwsed by the desa
tion of the nbs The elevation of the antenor ends of the nbs cses
the nbs to assume a more honzontal position and results in 2
strughtening of the costal eartilages The movamants of the thoray
m the wtcropostenior and temsverse dimaters are mseparable
The expinsion an both dircetions whon the mibs are e ated s the
naturl result of their shape and of the oblique direction of their
es of motion

Increase in the Vertical Diamcter This 1s due partly to the
clevation of the first two nbs, but ¢ven more to the depression of

¢ central tendon of the dinphragm In forced inhaltion extension
of the thoracic spinc contributcs to cxpmsion of the thorax i ats
vertical dinmeter

Muscles Muscular action 1s required for all mhalation, no
mitter how shallow but ordiniry cxhaltion 1s brought about by
the recail of the elastic structures of the thorax and by the weight
of the chest In vigorous or resssted cvhaltion, however, and in all
forms of vocalization muscular action 1s required

Muscles of normal inhalation
Duaphragm
External intercostals
Internal intercostals anterior cartilgmous regron
Additional muscles of vigorous mhahition
Sternocleidomastoid®
The three scalem
Levatores costarum
Serratus posterior superior
Pectoralis minor®
Trapezius 1°
Levator scapulae®
The thoracic spine extensors
Muscles of vigorous exhalation
Internal intercostals postenior ind lateral portions
Transversalis
Rectus abdomimnis®
Oblique abdominal muscles®
Transversus thoracis
Serratus postenor inferior

Diaphragm (Fag 50)

PERIPHERAL ATTACHAENT Circumference of thoracic outlet
CENTRAL ATTACHNENT Central tendon a clover leaf shaped
aponeuros;s

NERVE SUPPLY Phrenic

® These are primanly muscles of exther the spine or the shoulder girdle
r
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Fig 49 Expansion of thorax dunng mhalation A Lateral view B supenor
view

of the rbs are elevated 1n a fleuon type of movement This 15 1€
compamed by a shght eversion m which the lower mrgm of the
central portton of the rib turns upward and lateralward, the mner
surface bemng made to face somewhat downward As the anteror
ends of the upper rbs move upwrd they also push forward, carry
ing the sternum forward and upward with them In the case of the
lower nbs the antertor ends move laterally thus “openmg" the
chest and widening the subcostal angle

The expansion of the thorax 1s associated not only with inhalation
but also with 11l movements of the body requiring effort If one
were to push or Ift a heavy piece of furmiture for mstance he
would first inhale then hold his breath while making the effort to
move the object The mhalation that occurs may be considered 2
secondary function of the thorax i this case The primary function
1s the stabilization of the rbs and sternum for the purpose of pro
viding firm anchorage for the muscles which attach to them namely
the abdommal muscles the pectorilis major nd the serratus an
terior

In mbhalation the thorax 1s enlarged 1 three diameters—trans
verse anteroposterior and vertical

Increase 1 the Transverse Dwameter (Fig 49) Thas 1s due
to the elevation and eversion of the Iateral portion of the mbs The
shape and twist of the nibs together with therr anterzor and pos
terior ittachments are responsible for what has so aptly been called
“buchet handle mspiratory movement (Cates) The elevation of the
lower nibs 1s accompanted by 1 Mteral movement of therr antenor
ends This widening of the lower part of the thorax ncrenses the
power of the diphragm by putting 1t on a stretch

Increase 1n the Anteroposterior Diameter (Fig 49A) This
15 due ta elevation of the anterior ends of the obliquely pliced nbs
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Intercostale.

externi [P TN

Intercostales
interm f\;:\b

Tig 51  Theintercostal muscles

WHERE TO PALPATT On thin subjects between the nbs n
tenor to the serratus antersor

COAMENTS These muscles he between the nibs from the spine
1 back to the costal cartilages n front They consist of short parallel
fibers wlich slant downward and forward n the same direction
as the fibers of the external obhque abdominal muscle They hft
the nbs thus mncreasing the thoracie caity m both the trnsverse
and anteroposterior diameters

INTERNAL INTERCOsTALS (DIig 51)

ATTACHNMFNTS Inner surface and costal cartilage of one mb
and upper border of nib mmediately below

NERVE SUPPLY Branches from corresponding ntercostal
nerves
AcTiov Antenor portion Llevation of ribs

Lateral and posterior portions Depression of ribs

Cannot be palpated
COMMENTS Like the external intercostals these comsist of
short paralle]l fibers which he between the nbs but unlike them,
the fibers of the, ternal mtercostals slant downward and back
Ward This 15 the same direction as that taken by the fibers of
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the mternal oblique abdommnal muscle They extend from the
sternum 1n front, to the angles of the nbs in back Since the ex
ternn! intercostals extend only as far forward as the costal car
tilages the anterior portion of the internal ntercostals 15 not covered
by the external

Sternoclerdomastoid (see also muscles of the spme) (Fig 29)

LOWER ATTACHMENTS By two heads from top of sternum and
medial third of clavicle
UPPER ATTACHMENTS Mastord process of temporal bone nd

adjacent portion of occipital bone
NERVE SUPPLY Accessory and branches from the second and
third cervacal

ACTION (ON THORAX) Helps to elevate the sternum and clivi
cle
WIHERE TO PALPATE On the side of the neck just under the

ear and on the front of the neck at the junction of the clavicle and
sternum

COMMENTS In vigorous mhalation the head 1s held Srmly erect
and the sternocleidomastoid, instead of pulling at 1ts upper at
tachment pulls at ats lower attichment thus lifting the sternum
and the sternal end of the clavicles

The Three Scalent (see also muscles of the spme) (Fig 28)

UPLER ATTACHMENTS Transverse processes of cervical verte
brae

LOWER ATTACHMENTS Furst two ribs

NERVE SUPPLY Branches from second to seventh cervicil
nerves mclusive

ACTION (AT THORAX) Help to elevate first two mibs

WHERE TO PALPATE On the side of the neck between the

sternoclexdomastord and the upper trapezius Thev are difficult to
dentify

COMMENTS In wvigorous mhalation the head and neck are
held firmly erect This m1kes 1t possible for the scalemt muscles to
pull at therr lower attachments and Lift the first two nibs

Levatores Costarum (Levator Costae) (Fig 52)

UPPER ATTACHMENTS Ends of transverse processes of seventh
cervical and upper cleven thoracic vertebrie

LOWER ATTACHMENTS The two nbs below between the tu
bercles and the angles

NERVE SUPPLY Brinches from corresponding ntercostal
nerves
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Levotor
costae
brevis

Levotor
costae longus

Fig 52  Levatores costarum (levator costac)

ACTION (AT THORAX) Elevation of nbs
Cannot be palpated
COMNENTS The levatores costarum are sometimes ealled the

posterior portions of the external mtercostals They have two func
tions extension of the spine nd elevation of the nbs Which of
these movements they will cause depends upon which attnch
ment 15 stibihized According to the principle of muscular tension,
one would expect them to be more effective 1 hfting the nbs
if the spine were mamtamed mn 1 positon of flevion Yet this
does not seem to be the case since we know that elevation of
the nbs 15 usually accompanied by extension of the spme This
1s an teresting pomt but one which cannot be casily settled since
1t 15 impossible to palpate the levatores costarum

Serratus Posterior Superior (Fig 53)

UPPER ATTACHMENTS Spinons  processes nd ligaments of
lower two or three cervical and upper two thoracic vertebrae
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Serratus
posterior
supenor

Serrofus
posterior
nferior

Fig 53  Serratus postertor superior and inferior

LOWER ATTACHMENTS Upper borders of second third, fourth
and fifth nbs

N\ERVE SUPPLY Branches from the first four intercostal nerves

ACTION Elevation of second third fourth and fifth nbs

Cannot be palpated

CONMENTS This 15 2 flat quadnliteral muscle whose paralicl
fibers slant upward and backward from the upper nbs to the spine

Pectorahis Mmor (sce 1lso muscles of the shoulder girdle) (Fig 67)
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Lumbo
dorsol
fascia

Teons
versus
abdomins

Rectus
sheoth
{posterior
leaf)

Inguing!
ligament

g 54  Transversus abdominss

LOWER ATTACHMINTS Anterior surface of third fourth, and
ffth nbs near therr carhilages

UPPER ATTACHMENT Tip of coracord process of scpulr

MNERVE SUPPLY Medial anternior thoracic

ACTION (AT THORAX) Elcvation of third fourth, and fifth nbs

WHENE TO PALPATE Halfway between the clavicle and the
nipple, or between this pomt and the tip of the shoulder

COMMENTS The pectoralis mmor can reverse the direction
of 1ts pull and hft the nibs only if the thoracic spine 15 extended and
the scapula 1s stabilized The most favorable posiion for the
Iatter 15 one of elevation and adduction

Transversalis ( Transversus Abdominis) (Fig 54)

LATERAL ATTACHMENTS Ingunal hgament, crest of ihum
Tumbodorsal fascia and cartilages of lower srx mibs

MEDIAL, ATTACHIMINTS Linen alba and crest of pubs

NERVE SUPPLY Branches of lower six intercostal nerves ilio
hypogastric and 1homguwnal nerves
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ACTION Compression of the abdomen and depression of the
lower nbs

Cannot be palpated

COMMENTS This 15 one of the four muscles forming the ab

domunal wall Its fibers run honizontally from the lumbodorsal fasci
and cartilages of the lower nbs forward to the linea alba Its pull 1s
mward agunst the ibdommal viscern hence 1t 1s 1 strong muscle
of exhalation 1nd expulsion

Rectus Abdomims, External and Internal Oblique Abdomnal
Muscles (see also muscles of the spime) (Figs 35 36, 37)

ATTACHMENTS Lower nbs and nb cartilages, lumbodorsal
fascia upper portions of pelvis and linea alba (For exact attach
ments see muscles of the spme )

NERVE SUPPLY Intercostal 1liohy pogastric, and 1lomgumal

ACTION (AT THORAX) Depression of the lower nbs and ster
num compression of the abdomen

WHERE TO PALPATE Front and sides of the abdomen

COMMENTS When the spine 1s fixed 1n extension these mus
cles contract 1n vigorous exhalition By compressmg the abdominl
viscera they indirectly exert an upwird pressure agamst the dia
phragm causing 1t to be pushed up into the thorax

Transversus Thoracis (Trangulans Sterm) (Fig 55)

\EDIAL ATTACHMENTS Lower half of inner surface of sternum
and adjomnng costal cartilages

LATERAL ATTACHMENTS Lower borders and mner surfaces of
costal cartilages of second third fourth fifth and sixth nbs

NERVE SUPPLY Branches from upper six thoracic intercostal
nerves

ACTION Bepression of the nbs nto which it 15 nserted

Cannot be palpated

COMMENTS This muscle consists of flat bands and 1s located
on the mner surface of the front wall of the thorax The bands
radiate upward and outward from the sternum to the nbs the low
est fibers being continuous with those of the transyersus 1tbdomnis

Serratus Posterior Inferior (Fig 53)

LOWER MEDIAL ATTACHMENTS Spmous processes and liga
ments of lower two thoracic and upper two or three Iumbar verte
brae

UPPER LATERAL ATTACHMENTS Lower borders of lower four

ribs
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Stetnum

(\/ \7»
Tronsversus o
thoratis /( \D

Intercostales
inferm

Tronsversus
Diophrogm abdom ms
Tig 55 Posterior {inner) view of antenor wall of thorax

NERVE SUPPLY Branches from nmnth tenth, and cleventh
tercostal nerves

ACTION Depression of the lower four nbs

Crnnot be palpated

COMMENTS Like the superior this 1s 1 flat quadnlateral mus

cle The fibers slnt downward and medilward from the lower
nibs to the spine

Muscles Other Than the Principal or Asststant Movers, Acting
1 Respriration Simce the muscles which act as the movers 1n
inhalation and exhalition have already been histed (p 101) 1t
seems unnecessary to repeat them here The prinapal movers are
the muscles which belong pnimanly to the thorax the assistant
movers those which are primanly muscles of the spine or shoulder
girdle Some of the lntter muscles also serve as stabilizers m res
Pprration

Stabilizers wn Inhalation QUADRATUS LUMBORUM This an
chors the last b agamnst the pull of the diaphragm

THE THREE SCALENI These hold the upper two nbs agamst
the pull of the external mntercostals
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CHECK LIST FOR THE MUSCULAR ANALYSIS OF THE MOVEMENT INVOLVED
IN RESPIRATION

NORMAL
INHALATION

VIGOROUS
INHALATION

VIGORQUS
EXHALATION

MuUsCLES OF RESPIRATION

Draphragm

External intercostals

Internal intercostals anterior

Internal 1ntercostals postersor and
lateral

Levatores costarum

Serratus posterior superior

Serratus posterior inferior

Transversus thoracis

Transsersalis

MuscLEs oF THE SPINE

Sternocleidomastoid

Three scalem
S

Thoracic extensors
]

Rectus abdommis

External ablique abdomunal

Internal oblique abdorminal

]
NMuyscLEs OF THE SHOULDER GIRDLE
AND JoOINT

Pectoralis minor
— ]

Trapezius I
W~l

Levator scapulae

OrueRs ‘
!
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CERVICAL AND THORACK 1.XTI\SORS These stilize the head
nd negh agunst the pull of the sternoclcidomastard and sealem

ABDOMINAT MUSCLIS By their normal tension these muscles
stahibze the Yow cr nbs agamst the pull of the diphngm

UPLER TIATLZILS AND 11VATOR sCAtULAL.  Those stibilize the
seapult agunst the pull of the peetoralis mimor

Stabih.crs . Lxhalation SACHOIINAT IS Stabulizes  the
spime nd pelvis agamst the pull of the abdommal muscles

DEMONSTRATIONS AND 1 ABORATORY ENERCISLS

1 Movements of the thorx in respirition
Subject Breathe naturally for a while then breathe s deeply as
possible
Observer @ Place the hands on the sides of the thorix and note
the movement m the lateral diameter
Place one hand on the nibs at the subeostal angle (just
below the sternum) and the othier hand against the back at the same Jevel
Note the movement i the anteropostenior diameter
¢ Place the fingers on the sternum Cin you deteet 1y
motement in norm1l respiration® In deep respiration?
2 Muscular action 1 forced mhalition
a Subject Inhale through 4 small rubber tube pmeching 1t shightly
mn order to furmish resistance
Obseruer Note the action of the stemocladomastord eervienl and
thoracic extensors and upper trapezius Can 1ny other muscular action be
detected® If so explan
b Subject Run 1n place or 2round the room until short of breath Hang
from a honizontal bar
Obscruer Can you detect any action of the pectoralis major ac
companying inhalation? (By stabihzing the arms the pectoralis major 1s
made to act on the nbs )
3 Muscular action m v1gorous exhalation
Subfect Blow through a small rubber tube pmching 1t shghtly or
holding a finger loosely over the end (Or blow mnto 1 spirometer flinmeter
or toy balloon )

Observer Note the action of the abdommnal muscles and of the
sacrospmahs
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CHECK LIST FOR THE MUSCULAR ANALYSIS OF THE MOVEMENT INVOLVED
IN RESPIRATION

NORMAL VIGOROUS VIGOROUS
INHALATION { INHALATION | EXHALATION

MuscLES OF RESPIRATION

Draphragm

External intercostals

Internal intercostals anterior

Internal intercostals posterior and
lateral

Levatores costarum

Serratus posterior superior

Serratus posterzor 1nferior

Transversus thoracis

Transversalis

MuSCLES OF THE SPINE

Sternocleidomastord

Three scalen

Thoracic extensors

Rectus abdormims

External oblique abdominal

Internal oblique abdorminal

N N ———

MuyscLES OF THE SHOULDER GIRDLE
AnD Jornvt

-

Pectoralis minor

Trapezius 1

Levator scapulae

OTHERS
- ]
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Clavicle
Sternum
'

Acromion

Coreeoid —==smmmlL 3

process
{
! P—
. ! In
d
Ve - C
Humerus /
4 ) (~
Scopuls \
)

al
Lig 56 Antcnior view of shoulder jont and shoulder girdle

ST

Acromion ) Coracord
R < process
-

Long head - Gt
= enohumerol
of biceps figamenis
Glenod labrum =
Cop ule

Glenod cavity

Scapula

Fig 57 Lateral view of nght scapula showing glenoid cavity

what pear shaped glenoid fossa of the scapula (Fig 56) I

and socket jomnt The structure of the ]Ollll?t amg lhge loczsente;i‘ ’10;) :}111

capsule (permitting between 1 and 2 inches of separation betw e .
the two bones) account for the remarkable mobility of the sho lden
jomt Both the humeral head and the glenoid fossa are ¢ iy eé
with hyaline cartilage The cartilage on the head 1s thicke; mte;}el

center that which lmes the cavity 1s thicker around the orcum
ference The glenoid fossa 1s further protected by a ﬂatc:';u n(;f



Chapter 7
.

MOVEMENTS OF THE UPPER
EXTREMITY THE SHOULDER
REGION

Nownere m the body 1s anatomic cooperation more beautifully
illustrated than in the movements of the arm on the trunk The arm
travels through a wide range of movements In each of thesc the
scipula contributes to the movement by plicing the glenoid fosst
m the most favorable position for the head of the humerus For
mstance when the arm 1s elevated sideways the scapula rotates
upward making the glenoid fossa face somewhat upward When
the arm 1s raised forward, the sctpula not only rotates upward
but unless deliberately prevented from so doing 1t also revolves on
1ts vertical s 1n such a way that the glenord fossa faces somewhat
forward In certam arbrficin]l movements such as the arm flingmgs
and placings of formal gymnastics the forward movement of the
scapula 1s dehiberately mhibited In all natural movements how
ever the scapuln shares with the humerus in the movements of
the arm on the trunk

These movements of the scapula occur not m one jomt but n
two The scapula articulates with the clavicle and the clavicle 1n
turn articulates with the sternum (Fig 56) All movements of the
seapula mvolve motion 1 both of these jomts Thus just as the
scapula cooperates with the humerus the clavicle cooperates with
the scapula This 1s but one of the many illustrations of teamwork
found 1n the human mechanism

In order to understand the movements of the arm 1s a whole
each joint which participates 1n these movements should be studied
separately

THE SHOULDER JOINT (SCAPULOHUMERAL
ARTICULATION)

Structure The shoulder joint 1s formed by the articulation of

the sphencal head of the humerus with the small shallow some
112
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A

Supro
spinatus

Long head
of biceps

Triceps
{long head)

L
Supra ——

==
spinaty:

S~
=
=

Fig 59 Muscular remnforcements of shoulder joint A Anterior view B
posterior view

mion and coracoid processes 1t forms a bridge over the top of the
shoulder jont thus serving to protect this structure

Muscular Remnforcements (Figs 59A and B)

1 Supenor
Supraspimatus
Long head of biceps
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Coracoacromial
Ilgumeim

Coracohumeral
ligament

Long head
of biceps

Fig 58 Antenior view of shoulder joint showing ligaments

white fibrocartilage likewise thicker around the cireumference
This cartilage called the glenoid labrum serves both to deepen the
fossa and to cushion 1t agamst the 1mpact of the humeral head m
forceful movements (Fig 57)

The jomt 15 completely enveloped m a loose sleevelike articular
capsule which 1s attached proumally to the circumference of the
glenoid cavity and distally to the anatomic neck of the humerus
The capsule 15 remforced both by igaments and by muscle tendons
The latter are particularly important m preserving the stability of
the jomt

Lig tous  Reinfor ts CORACOHUMERAL ~ LIGAMENT
(Fig 58) This 15 a broad band connecting the Interal border of
the coracoid process with the anterior border of the greater tubercle
of the humerus It remforces the upper anterior portion of the cap
sule

CGLENOHUMERAL LIGAMENTs (Fig 57) These are three adja
cent bands of fibers which blend with and strengthen the mner
fibers of the front and lower part of the capsule They attach along
the antertor edge of the glenoid fossa from the apex to the nferior
nm From here they pass in front of and beneath the shoulder
jomt to attach to the anterior and inferior portions of the anatorme
neck of the humerus

CORACOACTOMIAL LiGaninNt (Fig 58) Structurally this hga
ment should be classed with those of the scapula since both of 1ts
attachments are on this bone Functionally however 1t belongs
with the higaments of the shoulder joint By connecting the acro
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Dettod

Teres major

Teres minor

Infraspinatus

Lotissimus dors

Fig 61 Posterior view of muscles of shoulder joint superficial layer

The synovial membrane lines the capsule folds back over the
glenoid labrum covers all but the upper portion of the anatomic
neck of the humerus, and extends through the intertubercula
groove In the form of a sheath for the tendon of the long head of
the biceps There are several bursae 1 the region of the shoulder
jomt Among the larger are the one between the deltoid and the
capsule and the one on top of the acromon process

. Movements The movements ‘of the shoulder joint are as fol
ows
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Supraspinaius
Infrespinotus
Teres
minor
Triceps
{long head)

Triceps
(laterel
heod)

Fig 60 Posterior view of museles of shoulder joint deep layer

The relation of this tendon to the joint 1s unique 1n that 1t ongt
nates from withm the jomnt capsule It anses from the upper mar
g of the glenowd fossa as 1 continuation of the glenod labrum,
penetrates the capsule and passes through the 1ntertubercular
groove which has been converted into a tunnel by the transverse
humeral hgament Its passage through the capsule over the humerl

head and between the two tubercles 1s facitated by a tubular
sheath of synovial membrane

9 Inferior
Long head of triceps
3 Postenior
Infraspinatus
Teres minor
4 Antenor
Subscapulans
Fibrous prolongations of pectoralis major and teres myjor
These blend with the trinsyerse humeral higament
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plne parallel to the plane of the serpula to o plne at nght angles
to 1t

IIa)n:onlnl Lxtension-abduction A backward movement of
the forward clevated humerus m a honzontal plwe (ie, from 1
plane 1t nght angles to the plane of the seapuln to a plane parallel
to it)

Circtmduction A combmation of flevwon, abduction, exten
sion hyperestension nd adduction  performed  scquentilly 1n
erther direction, so that the arm as 1 whole desenbes a cone, and
the fingertips 1 eircle

Muscles  The muscles of the shoulder joint may be classified
according to their posttion n rcdation to the jomt Some of them
are situated above the joint, some 1n front of 1t, and some behind 1t

Supenor
Middle deltord
Supraspinatus
Antenor
Pectoralis major
Coracobraclualis
Antenior deltoid
Subscapulans

Biceps (primanly 1 muscle of the elbow jomt)
Posterior

Posterior deltord

Latissimus dorst

Teres major

Infraspinatus

Teres minor

Long head of triceps (pnmanly 1 muscle of the elbow joint)

Deltord (Figs 61 and 62)

PROXIMAL ATTACIHMENTS
Antenor Anterior border of outer third of clavicle
Middle Acromion process and outer end of clavicle
Posterior Lower margin of spme of scapula
poDIstTAL ATTACHMENT Lateral aspect of humerus, near mid
!
NERVE SUPPLY Axillary (crreumflex)
ACTION
Anttenor Fleuion honzontal fleon adduction
ton
Middle Abduction honizontal extension abduction
Posterior Honzontal extension abduction outward rotation
extension adduction

mward rota
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[toid
Pectoralis major Deltoid
(sterna)}  (clavicutar) {ontertor}

(middle)
(posteriar)

; !
¥ ki
at \
Anterior sheath

of rectus

Fig 62 Antenor view of muscles of shoulder joint superficial layer

Flexion and Hyperflexion A forward upward movement of
the humerus 1n a plane at night angles to the plane of the scipul?
If the movement exceeds 180 degrees 1t 1s hyperflexion

Extension Return movement from flexion

Hyperextension A backward movement of the humerus 1n a
plane at right angles to the plane of the scapula

Abduction A sideward upward movement of the humerus 1n
a plane parallel with the plane of the scapula

Adduction Return movement from abduction

Qutward Rotation A rotation of the humerus around 1its me
chanical axis so that when the arm 1s 1n 1ts normal resting pos
tion, the antertor aspect turns Iaterally

Inward Rotation A rotttion of the humerus around its me
chanteal s so that when the arm 1s 1n 1ts normnl resting position
the antenor aspect turns medrally

Honzontal Ilexion adduction A forward movement of the
sideward clevated humerus - a honzontal plane (1e from 1
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plane parilel to the pline of the scapult to 1 phine at nght angles
to 1t

Ho)n:onml Lxtenston-abduction A backward movement of
the forward clevated humecrus m 2 honzontal ple (ie, from a
plane at nght angles to the plane of the seapula to 2 plne parallel
to 1t)

Circumduction A\ combmation of flevion, abduction, exten
sion hyperestension and adduction  performed sequentnally 1
ether direction, <o that the arm as a whole desertbes a cone and
the fingertips 1 circle

Muscles  The muscles of the shoulder joint m1y be chssified
according to their position n reltion to the joint Some of them
are situated bove the joint, some 1n front of 1t, nd some behind 1t

Supenor
Middle deltord
Supraspnatus
Anterior
Pectoralis major
Coracobrachialis
Antenor deltord
Subscapulans
Biceps (pnmanly a muscle of the elbow jomt)
Postenor
Postenor deltord
Latissimus dors
Teres major
Infraspinatus
Teres mmnor

Long head of tnceps (primanly 2 muscle of the elbow jomnt)

Deltord (Figs 61 and 62)
PROXIMAL ATTACHVIENTS

Q]n‘t]cnor Antenor border of outer third of clwvicle
P] dle  Acromion process nd outer end of clwvicle
. ostertor Lower margin of spine of scapula
pou’;:ML ATTACHMENT Lateral aspect of humerus near mid
NERVE SUPPLY Axil
i xllary {crrcumflex)

Anl.t‘c;mr Flevion honzontal flexion adduction mward rota
Yl\’iggifo A};;]uchon horizontal extension abduction
T Honzontal extension ab
oxtension aqeontal duction outward rotation
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Where to palpate
Anterior In front of the head of the humerus and for a space
of 2 or 3 mches below this
AMiddle Lateral surface of upper third of upper arm
Posterior  Upper and lateral portion of posterior surface of
scapula below scapular spine
CONIMENTS The deltord muscle 1s complex mn structure con
sisting of several bundles of fibers The extreme anterior 2nd pos
tertor bundles are of spindle or fusiform construction the bundles
compnsing the middle portion are multipenmform This ~rrange
ment of the middle portion makes for great strength without re
sulting 1n too much bulk The muscle 1s a powerful abductor of
the humerus In addition to rasiug the arm 1t 1s frequently called
upon to hold the arm m an elevated position for long pertods of
time making 1t possible for the hand to work at a height The
multipenniform arrangement of fibers also serves to compensate
for the middle deltoxd s poor angle of pull This poor angle of pull
on the other hand means that the muscle has a strong stibilizmg
component of force This 1s fortunate since the shoulder jomnt de
pends more on 1ts muscles than on 1ts ligaments for holdmg the
head of the humerus 1n the glenoid fossa
The anterior portion of the deltoid uds mn Il forward move
ments of the arm and 1n inward rotition of the humerus The pos
terior portion aids m backward movements of the arm and 1n out
ward rotation of the humerus The most postenior fibers bemng
situated below the axis of motion assist i depressing the arm
from an elevated posttion In this movement they serve s either
extensors or adductors of the humerus dependng upon whether
the arm 1s 1n a position of forw 1rd or of sideward elevation When
the arm 1s rused overhead the posterior deltord, 1n whole or
part may shift ats relationship to the 1us of motion 1 such a way
that 1t will contribute to the abduction This 15 an eximple of the
reversal of 1 muscles customary function (see p 28) It cannot
perform 1ts usual function of adducting or extending until the arm
has been lowered to the pomt where the fibers are ngain below the
center of motion mn the shoulder joint

Supraspinatus (Fig 60)

PROXIMAL ATTACHMLAT Medwul two thirds of supraspmitus
fossa above spme of scapula

DISTAL ATTACINENT Top of greater tuberosity of humerus

\ERVE SUPPLY Suprascapular

ACTION Abduction lifts capsule out of way
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wimt 10 1ALATL.  Above spine of seipuly, provided scapula
15 supported, €, when armpit rests over back of chnir

COMMINTS Beaides assisting the middle ddtod m abducting
the humerus and m holding the ho i of the humerus i the glenoid
fossa, this muscle 15 credited wath the tish of hfting the eapsule
out of the way when the humerus is riised Some authonties also
s1y that it rotates the humerns ontward

Pectoralis Major (I 62)

PROXINMAL ATTACHNMI NTS \Medinl two thirds of clwade ante
nor surface of sternum, cartilages of first six s ship from poncu
rosis of external oblique abdomminal muscle

DISTAL ATTACIIMLNT Lateral surface of humerus just helow
head by a flat tendon 2 to 3 inchies wade

NERVF SUPPLY Medinl and lateral antenor thoraie

ACTION

Upper or clnisculir portion Theuon  honzontal  flexton
adduction, inwrd rotation, abduction when arm 1s above the hon
zontal

Lower or sternal portion Adduction honzontal flexion
adduction mward rotation, extension

WHERE TO PALPATF

Clavicular Just below the medinl two thirds of the chwicle

Sternal  Lateral to the sternum, below clavicular portion

Both Anterior border of axilla

COMMENTS This Inrge fan shaped muscle of the chest con
verges to 1 flat tendon of insertion which twists on itself m such a
way that the fibers coming from the lower portion terminate in the
Tugher wmsertion, 1nd viee versn The muscle 1s divided 1nto three
parts, the clavicular, the sternal and the abdominal, corresponding
to 1ts prouimal attachments Since the abdommal portion 1s rela
tively small and since 1t does not scem to have any unique function
of 1ts own the common practice 1s to nclude it with the sternal
portion The clavicular portion lies close to the anterior deltoid
muscle and works with 1t i the flecion 1nward rotation and hon
zontal flevion adduction of the humerus Ordinanly the line of pull
of the clavicular portion of the pectorihs major lies below the
axs of the shoulder jomt When the arm 1s rased sideward well
above the horzontal however, this muscles line of pull shifts
tbove the shoulder jomt axis It 1s then mn a posibon to ad 1n
further abduction of the humerus This 1s another mstance of the
reversal of a muscles customary function (see p 28) The sternal
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Where to palpate
Antentor In front of the head of the humerus and for a space
of 2 or 3 inches below this
AMiddle Lateral surface of upper third of upper arm
Posterior  Upper and lateral portion of posterior surface of
scapula below scapular spine
COMMENTS The deltoid muscle 15 complex m structure, con
sisting of several bundles of fibers The extreme anterior and pos
terior bundles are of spindle or fusiform construction, the bundles
comprising the middle portion are multipenmform This arrange
ment of the middle portion makes for great strength without re
suling 1 too much bulk The muscle 1s a powerful abductor of
the humerus In addition to raising the arm 1t 1s frequently called
upen to hold the 1rm m an elevated position for long penods of
tme making 1t possible for the hand to work at a height The
multipenmform arringement of fibers also serves to compensate
for the mddle deltoid's poor angle of pull This poor angle of pull
on the other hand means that the muscle has 1 strong stabihzing
component of force This 1s fortunate since the shoulder jomnt de
pends more on 1ts muscles than on 1ts higaments for holding the
head of the humerus m the glenoid fossa
The antenior portion of the deltord aids m all forward move
ments of the arm nd 1n inward rotation of the humerus The pos
terior portion ads 1n backward movements of the arm and 1n out
ward rotation of the humerus The most posterior fibers being
situated below the axis of motion assist i depressing the arm
from an elevated postion In this movement they serve as either
extensors or adductors of the humerus depending upon whether
the arm 15 1n a posttion of forward or of sideward elevation When
the arm 1s rused overhead the posterior deltoid 1n whole or in
part may shuft its relationship to the avis of motion m such a way
that 1t will contribute to the abduction This 15 an example of the
reversal of a muscles customary function (see p 28) It cannot
perform 1ts usual function of adducting or extending until the trm
has been Jowered to the pomnt where the fibers are agun below the
center of motion 1n the shoulder jomnt

Supraspinates (Fig 60)

PROMIMAL ATTACHMENT Medial two thirds of supraspmnatus
fossa above spme of scrpula

DISTAL ATTACHMENT Top of greater tuberosity of humerus

MERVE SUPPLY Suprascapular

ACTION Abduction Dhfts cipsule out of way
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WIHERI TO PAT1ATI. Above spinc of scipul, provided seapult
15 supported, e g, when armpit rests over ek of chinir

COMMINTS Beadcs assisting the middlc deltoid in abducting
the humcrus and m holding the haad of the humerus in the glonod
foss1 thns muscle 15 eredited wath the tish of hftmg the eapsule
out of the w1y when the humcrus 15 raised Some athontics also
say that it rotates the humerus outward

Pectoralis Major (Lig 62)

PROXIMAL ATTACHMINTS AMedind two thirds of clavicle, ante
nor surface of starnum  cartilges of first six nbs, shp from aponcu
ros1s of external oblique abdominal muscle
DISTAL ATTACHMFENT Laterl surfrce of humerus just helow
head by a flat tendon 2 to 3 ches wide
NERVF SUPPLY Medinl and Iateral antenor thoracie
ACTION
Upper or davicular portion  Tlevion  hornizontal  flesion
adduction 1w rd rotation, abduction when arm 15 above the hon
zontal
Lower or sternal portion Adduction, honzontal flevion
adduction 1nward rotation extension
WHERE TO PALPATT
Clavicular Just below the medinl two thirds of the elwicle
Sternal Laternl to the sternum below clavicular portion
Both  Antenior border of aall
COMMENTS This Inrge fan shaped muscle of the chest con
verges to a flat tendon of msertion which twists on itself i such a
way that the fibers coming from the lower portion terminate i the
higher nsertion, and vice vers1 The muscle 1s dwided nto three
parts the clavicular the sternal and the abdomnal corresponding
to 1ts proumal attachments Since the abdommnnl portion 1s rela
tvely small and since 1t does not scem to have any unique function
of its own the common practice 1s to mclude 1t with the sternal
portion The claviculr portion lies close to the anterior deltoid
muscle and works with 1t m the flevion 1nward rotation and hon
zontal flexion adduction of the humerus Ordinanly the lhine of pull
of the clavicular portion of the pectoralis major Les below the
axis of the shoulder jomt When the arm 1s raised sideward well
agove the horizontal however, this muscles line of pull shifts
'fi ove the shoulder jomnt aws It 1s then mn a position te axd n
urther abduction of the humerus This 15 another mstance of the
reversal of a muscle s customary function (see p 28) The sternal
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Subscapulans

Coracobractuahs

Biceps
{long head)

Biceps

SONSAUINIWEY

Fig 63 Antenor view of muscles of shoulder jomnt deep layer

portion acts only in downward and forward movements of the arm
The pectoralis major as a whole 1s particularly important n all
pushing throwing and punching activites

Coracobrachialis (Fig 63)

PROXIMAL ATTACHMENT Coracod process of scapula

DISTAL ATTACHMENT Inner surface of humerus opposite del
toid attachment

NERVE SUPPLY Musculocutaneous

ACTION Honzontal flexion adduction stabilization of shoul
der yont ards n flevion adduction inward rotation and 1 exten
sion when the arm 1s raised

\VHERE TO PALPATE Anterior surface of upper arm medal to
short head of biceps Forearm must be supported m flexed post
tion and resistance gnen to lower end of humerus Difficult to
palpate

COMMENTS Because the hne of pull 1s so nearly parallel with
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the long s of the humcrus the chief function of this muscle
would scem to be stabilization of the shoulder joint

Subscapularis (g 63)

PROXIMAL ATTACHNMENT Intire anterior surfice of seapuly

DISTAL ATTACHNENT Lesscr tuberosity of humerus

NERVF SUPPLY Subscapular

ACTION Inward rotation  hornizontal flevion adduction lower
fibers md m adduction when the arm s above the honzontal

Cannot he palpated

COMMENTS Inward rotition as the ehief wtion of the sub
scapulans It performs this movement best when the wm s at the
side or elevated hackw ard

Biceps (sce muscles of elbow also) (Mg 63)

PROXIMAL ATTACHMFNTS Long head from upper mowrgin of
glenoid fossa short head from apex of corncord process of scapul

DISTAL ATTACHMENT Biaipital tuberosity of radis

\ERVE SUI PLY Musculocutineous

ACTION (AT SHOULDER JOINT) Long head  Stalihization of
shoulder joint m1y ud shehtly i abduction and horizontal flesion
adduction Short head TFlevion honizontal flewion adductron ad
duction

WHERE TO PALPATF Medinl antertor surface of upper arm 3
or 4 inches above elbow

CONMMENTS The biceps can contribute effectnely to move
ments of the humerus only when the clbow jomnt 15 extended

Latissimus Dorst {Fig 61)

PROXIMAL ATTACHMENTS Spinous processes of Iower six thor
acic and all lumbar vertebrae posterior surface of sacrum crest of
thum and Jower three ribs

DISTAL ATTACHMENT Anterior surface of humerus below head
by a flat tendon just anterior to and parallel with tendon of pec
toralis major

NERVE SUPPLY Thoracodorsal (middle subscapular)

ACTION Adduction extension hyperextension honizontal ex
tension abduction inward rotation

WHERE TO PALPATE Posterior border of axilla just below the
teres major

COMMENTS From 1its extensive onigin on the trunk this mus

cle converges to a narrow wsertion on the humerus Like the pec
toralis major 1ts tendon of nsertion twists on itself m such a way
that the lower fibers of the muscle have the uppermost insertion on
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the humerus The muscle has a good angle of pull for depressing
the arm, particularly when the arm 15 raised between 30 and 90
degrees

Teres Major (Figs 60 and 61)

PROXIMAL ATTACHMENT Posterior surface of imfenor angle
of scapula

DISTAL ATTACHNENT Anterior surface of humerus below head
,Just medral to tendon of latissimus dorst

NERVE SUPPLY Lower subscapular

ACTION Adduction extension hyperextension mward rota
tron honzontal extension abduction

WHERE TO PALPATE Posterior border of axilla just above Intis
simus dorsi

COVMENTS This muscle 1s the latissimus dorsi s “Iittle helper
Although 1t 15 a much smaller muscle than the latissimus 1ts action
an the humerus 1s the same Like the latissimus, it has a good angle
of pull when the arm 1s raised between 30 and 90 degrees

Infraspinatus and Teres Minor (Figs 59 60 and 61)

PROXIMAL ATTACHMENT Axillnry border and postenor surfice
of scapulh below seapular spine

DISTAL ATTACHMENT Posterior aspect of greater tuberosity of
humerus

NEBVE SUPPLY Suprascapular and axillary

ACTION Outward rotation honizontal extension abduction

WHERE TO PALPATE Posterior surface of scapuln medial and
mfenor to postenor deltoid muscle

COMMENTS From the pomt of view of the kinestologist there
1s no reason why these muscles should have separate names They
are as truly one muscle as are the two parts of the pectorahs major
or the three parts of the deltoid m fact even more so because
there 1s no difference 1 their function Besides their powerful out
ward rotatory action, these muscles aid maternally 1n holding the
head of the humerus 1n the glenoid fossa These two muscles like
all of the muscles uniting the scapula with the humerus act effec
tiely to move the humerus only when the scapula 1s stabilized

Long Head of Triceps (see muscles of elbow also) (Figs 59
and 60)

PROXIMAL ATTACHAENT Just below glenoid fossa of scapult

DISTAL ATTACIHNMENT Olecranon process of ulna

N\ERVE SUPPLY Musculospiral
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[ig 64 Anterior view of wromiochwicular articulation

ACTION (AT SHOULDIR JOINT) Assists 1 adduction cxtension
and hyperextension

WHERE TO PALPATI TPostenior surface of arm close to shoulder
jont

COMMENTS The long head of the triceps acts most effectnely
at the shoulder joint when the elbow jomnt 1s flesed

THE SHOULDER GIRDLE
(ACROMIOCLAVICULAR AND STERNOCLAVICULAR
ARTICULATIONS)

Structure of Acromioclavicular Articulation (Fig 64) The
articulation between the acromion process of the scapula and the
outer end of the clavicle belongs to the diarthrodial classification
Within this group 1t 15 further classified as an wregular (arthrodial)
jomt A small wedge shaped disk may be found between the upper
part of the jomt surfaces but this 1s frequently absent The ar
ticular capsule 1s strengthened above by the aeromioclavicular higa
ment and behind by the aponeurosis of the trapezius and deltoid
muscles The clavicle 1s further stabthzed by means of the coraco
clavicular ligament which as the name suggests, binds the clavicle
to the coracoid process

Ligaments ACROMIOCLAVICULAR This passes from the up
per part of the outer end of the clavicle to the upper surface of
the acromion process

CORACOCLAVICULAR This 1s really two lhigaments the conoid
and the trapezoid The conoid ligament passes from the base of
the coracoid process to the conoid tubercle on the under side of
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Fig 65 Antenor view of sternoclavicular articulation

the clavicle The trapezord Ligament extends from the top of the
coracoid process to the trapezoxd ridge on the under side of the
clavicle

Structure of Sternoclavicular Artrculation (Fig 63) The
sternal end of the clavicle articulates with both the sternum and
the cartilage of the first b It 1s classified as 2 double arthrodinl
joint because there are two joint cavities one on either side of the
articular dish This round flat disk of white fibrocartilage 1s at
tached above to the upper and posterior border of the articular
surface of the clnvicle and below to the cartilage of the first nb near
its Junction with the stenum The articular capsule 1s thin above
and below but 1s thickened n front and behind by bands of fibers
called the anterior and postenior sternoclwvicular ligaments

Ligaments ANTERIOR STERNOCLAYICULAR Ths 1s a band of
fibers blending with the antenor fibers of the articular capsule

POSTERIOR STERNOCLAVICULAR The fibcrs forming this hga
ment blend wath the posterior fibers of the articular capsule

INTERCLAVICULAR This ligament consists of a flat band which
passes across the upper margin of the stemum and attaches to the
sternal end of each clavicle

COSTOCLAVICULAT This 15 a short strong bind of fibers which
connects the upper border of the first costal cartilage with the
costal tuberosity on the undcr side of the clavicle



Tig 66 Movements of the shoulder girdle A Elevahon B abduction {(com
bined with lateral tilt and upward rotation) C upward rotation D upward tilt
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The sternoclavicular articulation 1s of great importance in the
movements of the shoulder girdle, in fact of the whole upper ex
tremity It 1s the only pont at which the shoulder girdle and the
upper extremuty articulate with the trunk

Movements (Fig 66) It 1s customary to define the move
ments of the shoulder girdle mn terms of the movements of the scap
ulae In domg this there 1s some danger that the reader will vis
ualize the movement as taking place solely n the jomnt between the
seapula and the clivicle It 15 well to emphasize the fact that every
movement of the scapula involves motion n both joints

The movements of the shoulder girdle, expressed in terms of the
composite movements of the scapula are as follows

Elevation (Fig 66A) An upward movement of the scapula
with the vertebral border remuning approxumately parallel to the
spinal column Elevation 1s always accompamed by shght adduc
tion 1nd occasionally by shght upward tilt

Depression The return from the position of elevation There
1s no depression below the normal resting position

Abduction (ig 66B) A Iateral movement of the scapula
awqy from the spmal column with the vertebral border remaining
approxmately parallel to it Abduction 1s usually accompamed by
a shght lateral tilt that s a turming of the scapula on 1its vertical
axis so that the vertebra]l border protrudes from the back and the
glenoid fossa faces shghtly forward This 1s necessitated by the
rounded contour of the back and by the forward movement of the
outer end of the clavicle to which the scapula 1s attached

Adduction A medinl movement of the scapula toward the
spiml column wath the vertebral border remaining approximately
parallel to 1t Adduction 15 usually accompanied by  reduction of
Iateral tilt

Upuward Tidt (Fig 66D) A turming of the scapula on 1ts
frontal honzontal <is so that the posterior surface fices upward
and the mferior angle protrudes from the back

Reduction of Upward Thlt The return from upward tlt

Upuward Rotation (Fig 66C) A rotation of the scapull m
the frontal plane so that the glenoid fossa faces somewhat up
ward

Downuard Rotation The return from the position of upward
rotation There may be shght downward rotation beyond the nor
mal resting position so that the glenoid fossa faces shghtly down
ward

Muscles The muscles of the shoulder pirdle are classified as
antenor or postenior muscles accordmg to their location on the

trunk
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Subclavius

Pectorahis
munoer

Serratus
entenor
Fig 67 Antenor muscles of shoulder girdle

Anteror Postenior
Subclavius Levator scapulac
Pectoralis munor Trapeztus
Serratus antenior Rhombods
Subclaus (Fig 67)
PROXIMAL ATTACHMENT Upper surface of first r1b at junction
with cartilage
DISTAL ATTACHMENT Under side of mddle half of clavicle
NERVE SUPPLY Branches from fifth and sixth cervical
ACTION Depression of clavicle stabilization of stemoclavic
ular joint
Cannot be palpated
COMMENTS

The fibers of the subclavius run almost parallel
with the Iong axss of the clavicle They have a shght downward
and strong medralward pull This would seem to mndicate that al
though the muscle 15 1n a position to depress the outer end of the
clavicle when necessary 1ts real funchon 1s to protect and stabilize
the sternoclavicular articulation When the clavicle 1s fixed i eleva
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tion the subclavius can aid shghtly in hfting the first rib 1n forced
mspiration

Pectoralis Minor (Fig 67)

PROXIMAL ATTACHVMENTS Antenor surface of third, fourth
and fifth nbs near cartilages

DISTAL ATTACHMENT Tip of coracord process of scapult

NERVE SUPPLY Medhal antenor thoracic

ACTION Downward rotatton, abduction and lateral tilt, up
ward tilt depression

\WVHERE TO PALPATE Cannot be palpated when pectoralis ma
jor 1s contracting May be palpated halfway between clavicle and
mpple when arm 1s clevated backward as far s possible or agunst
resistance May also be palpated 1f subject sits with forearm resting
on table at side of body and pushes both downward and laterally
at the same time

COVIMENTS Besides 1ts action on the scapula an important
function of the pectoralis mimor 1s 1ts Iifting effect on the nbs, both
m forced mspiration and 1 mantaimng good chest posture When
the scapulae are stabihzed by the adductors contraction of the
pectoralis mmor clevates the third, fourth and fifth nbs Even
without contracting 1t exerts a shght upward and outward pull on
these nbs of ats tonus 1s good Thus the pectorals mmor ean con
tnbute erther to good posture or to poor depending upon whether
its more effective pull 15 on the ribs or on the scapulr The Ley to
its function as a muscle of good posture 1s stabilization of the
scapulae by the adductors—the rhomboids and the mddle trapezius

Serratus Anterior (Fag 67)

PROXINMAL ATTACHMENTS Outer surfaces of upper nine nbs
at side of chest
DISTAL ATTACHNENT Antertor surfice of vertebral border of
scapula from spine to mfenor angle
NERVE SUPPLY Long thoracie
ACTION
Upper Abduction and Interal tilt
Lower Upward rotation
Both A combintion of the above plus 1 tendeney to pull the
vertebral border of the scapula inward towrd the nbs
\VHERE TO TALPATE Antenor 1ateral surface of upper thoray,
especmll) on a thin muscular subject
CONIMENTS The serratus antenor covers the side of the upper
two thirds of the thorax Its anterior border 1s serrated or saw
toothed The lower four bands of fibers alternate with those of the
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Rhomboid
minor

Rhomboid
mojor

Fig 68 Posterior muscles of shoulder girdle deep layer

external obhique abdominal muscle This uringement 15 sumlar
to the nterlocking of the fingers when the hands are clasped Hence
the bands of the two muscles are said to wterdigitate

The muscle 1s divided functionally into two parts, the upper
and the lower The upper part consists of the segments which
ongmate from the upper three nbs and wiich attach long the
under side of the vertebral border of the sepula It 1s responsible
for abducting the scapula The lower part consists of the lower
sresegments These converge to attach in a small area to the inferior
angle of the scapula Their function 1s to rotate the seapult upward

Levator Scapulae (see muscles of neck also) (g 68)

PROXIMAL ATTACHN\ENTS Transverse processes of first four
cervical vertebrae

DISTAL ATTACHMENT Vertebral border of scapuli between
medial angle and scapular spme

NERVE SUPPIY Dorsal scapular and branches from third and
fourth cervieal

ACTION (AT SCAPULA) Elevation downward rotation

Cannot be palpated

COMMENTS

Bowen has pomted out that although one would
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tions of joint action that makes the human structure such an aston
1shingly versahle mechanism

Rhomboid Major and Minor (Fig 68)

PROXIMAI ATTACHMENTS Spimous processes of seventh cervi
cal and first five thoracie vertebrae

DISTAL ATTACHMENT Vertebral border of scapula from spie
to nferior angle

NERVE SUPPLY Dorsal seapular

ACTION Downy ard rotation adduction, elevation

Cannot be palpated

COMMENTS The rhombords may be considered s one muscle
m spite of the fact that they re usually deseribed as two There
1s no mportnt difference 1 function between the two parts The
rhomboids cooperative iction with trapezius III which has been
discussed above 1s an important factor m the mamtenance of good
shoulder posture YWhen the tonus of these two muscles 1s deficient
the unbalanced pull of the pectoralis mmnor and the serratus an
teror results m habitually abducted and tilted scapulae This n
turn means that the pectoralis mior wnd the serratus antenor fail
to hold the chest in good posture Thus one weak Ik i the chan
of postural relationships leads to another

MOVEMENTS OF THE ARM ON THE TRUNk

1t has already been stated that the movements of the arm on the
trunlk do not take place at the shoulder jomnt alone but that they
also mvolve movement of the shoulder girdle at the acromiocla
vieulrr and sternoclavicular jomts In order to analyze correctly
the movements of the upper extremity it 1s necessary to under
stand the cooperative action of the shoulder jomnt and shoulder
@irdle The fundimental movements of the arm are given below
together with the analysis of exch in terms of shoulder joint and
shoulder girdle action

Sideward Elevation (Fig 70)

Shoulder Joint Abduction outward rotation if the palms are turned
to face each other mn the overhead posttion
Shoulder Gurdle Upward rotation particularly after arm passes

above the honzontal

Sydeward Depression
Shoulder Jont Adduetion  reduction of outward rotation
Shoulder Girdle Downward rotation

Forward Elevation (to the horizontal)
Shoulder Jont Flexion slight outward rotation abduction if scapula
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Q é Supraspinglus

(underlying}

Deitoid

Serratus
anterior
(tower)

Tropezius

- ¢
o "
Fig 70 Muscles which contract to produce sideward elevation of the arm

15 laterally tilted (n which case glenoid fossa will be facing partly for
ward}

Shoulder Girdle Shght upward rotation abduction and Jateral tilt
unless intubited

Forward upward Elevation (from the horizontal to the vertical and beyond)
Shoulder Jomnt Flewon to limit of motien shght outward rotation
Shoulder Gardle Upward rotation reduction of abduction and

lateral tilt

Forward downward Depression (from the vertical to the starting position)
Shoulder Joint Extension adduction reduction of outward rotation
Shoulder Gurdle Downward rotation passes through position of ab

duction and lateral tilt unless prevented by strong action of the scapular

adductors

Backward Elevation (Fig 71)

Shoulder Jomnt Hyperextension
Shoulder Girdle

Upward tilt elevation 1f movement 1s carned to
extreme
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Deltord
(posterior)

Teres mojor

Lahissimus
dorst

Fig 71 Muscles which contract to produce backward elevation of the arm

Outward Rotation (Fig 72}

Shoulder Joint Outward rotation
Shoulder Girdle Adduction reduction of any lateral tilt which may
have been present
Inward Rotation
Shoulder Joint Inward rotation
houlder Girdle bd and lateral tilt tendency toward eleva
tion
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Trapezius Infraspinatus

Part 3

Deltord
(posterior)

Rhombords
{underlying)

7
Tropezus \ Teres
Part 4 minor
| \
/
- \\> 174

3

ey

Fig 72  Muscles which contract to produce outward rotation of the wrm and
accompanying adduction of the scapula

Honzontal Forward Swing from Position of Srdeward Elevation
Shoulder Joint Horizontal flexion adduction shght inward rotation
Shoulder Girdle Abduction and lateral tilt unless inhibited
Honizontal Sideward backward Swing from Position of Forward Elevation

. Shoulder Jount Horizontal extension abduction shight outward rota
10n
Shoulder Girdle Adduction and reduction of lateral tilt
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MUSCULAR ANAL1SIS OF THE FUNDAMENTAL
MOVEMENTS OF THE ARM AT THE SHOULDER JOINT

Abduction (elevation of humerus 1n plane parallel with scapula)

[dedle deltord

Principal Supraspinatus

Movers Long head of biceps especally if the
moiement 1s resisted
Antenior deltoid after the arm passes
Assistant above the horizontal
Clasicular portion of pectoralis major,
after the arm passes above the hort
zontal
Aeutralizers The nfraspinatus and teres mnor neu
tralize the flexion tendencies of the
anterior deltoid and upper pectoralis
major after the arm passes above the
horizontal
Trapezius

Stabilizers Subclaviug

Note 1 Extreme abduction of the humerus 1s usually accompamed by

outward rotation, as a greater range of abduction 15 possible 1n this position

2 In a sense all of the muscles which attach the scapulac to the

trunk may be looked upon as stabihzing or supporting muscles 1n all move

ments of the upper extremity These include the subclavius pectorahs munor,
serratus levator scapulae rhombotds and trapezius

Adduction (return from abduction) (Fig 73)

Note If performed when the body 15 erect the movement could be pro
duced by gravtational force alone without muscular action If performed
more slowly than this the abductors work 1n lengthening contraction i order
to control the movement and the adductors are relaxed If performed more
quickly than by the force of gravity or 1f performed agamnst resistance the
muscular action 1s as given below

Latissimus dorst
Teres major
Pectoralis major sternal portion

Principal

Moters Posterior deltord
Coracobrachialis when the arm 11 above

the hortzontal
Subscapulans when the arm 13 above

Assistant the horizonta!
Short head of biceps when the arm 15

abave the horizontal

Long head of triceps if the elbow 1s in

flexed position
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A

Fig 73 Sideward depression of the arm agamst resistance The Iatissimus
dorsi teres major and rhomboids are 1n strong contraction

Aatrahzers The anterior and postertor muscles
neutralize onc another s flexion and
hyperextension tendencies

Stabily, ers The coracobrachialis the short head of
the biceps and the long head of the
triceps are all shoulder stabilizers as
well as movers They each have a
relatively large nonrotatory or stabn
hzing component of force pulling
lengthwise through the humerus to
ward the glenoid fossa The rhomboids
stabilize the scapula The abdominal
muscles and spinal extensors stabilize
the trunk 1f the adduction 1s forceful

Flexion (forward elevation of humerus in plane perpendicular to scapula)

(Fig 74)
Anterior deltod
Principal Pectorahs major clavicular portion
AMovers
Coracobrachralis
Assistant

Short head of biceps especially if elbow
18 1n extended position
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Fig 74 Forward elevation of the arm against resistance The anterior and mid
dle deltoid upper trapezius and serratus antenor are n strong contrachon

Neutralr ers The nfraspinatus and teres mmor neu
tralize the inward rotatory component
of the anterior deltord and pectoralis
major

Trapezius

Stablr ers Subclas s

Extension (return from flesion) (Fig 75)

Votr See note under Adducuon regarding the effect of the force of gravity

!Latissimus dorsi especually during the
[ lower 60 degrees of motion

‘Eonerpal ! Pectoralis major sternal portion dumin
! 1shing as the movement progresscs
Teres major

Morers
Posterior deltord
| Assistant Lony, head of triceps especially if elbow
18 1n flexed position
Neutrali ers The posterior deltoid neutralizes the 1n

ward rotatory tendency of the pectora
hs major and latissimus dorsi If the



Vocements of the Upper Ixtremity The Shoulder Region 111

Fig 75 Forward depression of the arm agunst ressstance The latissimus
dorst and tercs mayor are 1n strong contraction

movement 13 performed with force the
infraspinatus and teres minor also
contract to prevent inward rotation

Stabilt ers The long head of triceps and the cora
breachial bilize the shoulder joint

the rhomboids stabtlize the scapula

the abdormnal muscles and 1nternal

1ntercostals stabilize the ribs and the

sacrospinalis stabilizes the spie The

degree to whrch these muscles contract

depends upon the forcefulness of the

act
Hyperextension (backward elevation of humerus in a plane perpendrcular ta
scapula)
Posterior deltord
Moters Latissimus dors:
Teres major
Neutrale ers

The postertor deltord on the one hand
and the latissimus dors: and teres
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Fig 76 Outward rotation of the arm agamst resistance The posterior deltoid
infraspmatus nd teres minor are 1n strong {The hyp
and lateral flexion of the trunk are due to the extreme effort The latissimus 15
contracting because he 1s pushing his elbow down )

major on the other are mutual neu
tralizers with respect to outward and
inward rotation
Stabilizers The levator trapezius and rhombods
bilize the scapulae The sacrospinal
stabilizes the spine
Qutward rotation (a lateral rotation of humerus around 1ts longitudmal axis)

(Fig 76)
Principal Infraspinatus and teres mmor
Mogers
Posterior deltord when the humerus s
Assistant [ adducted and extended
Meutrahizers None in the movement of the humerus
Trapezius IV neutralizes the tendency
of the rhombouds to elevate the scapula
Stabiliers The muddle trapezius and rhomboids

stabilize the scapulae
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Taward Rotation (medial rotation of humerus around s languudinal axi)

[Suh«c:\pnhm

D,
1pal
Prnaip Leres mayor

Yorers Latisimus dom
Anterior deltord
Pectorthe mryor
Asustant Corcobrachiilis (helps to reduce out
ward rotation)
Short head of biceps (helps to reduce
outward rotation)

Neutral ers I'he antenor deltord, coricobrachialis
and clwacular portion of pectoralis
muyor neutrilize the extension funcuon
of the Iatisssmus dorst and teres major

Stabuls. ers I'he pectorlis minor and serratus ante
rior stabilize the scapulie

Horizontal Flexion adduction (a forward movement of the humerus i the
horizontal plane)
Pectoralis major
Principal Anterior deltond
Movers Coracobrachialis

Short head of biceps when forearm 1s

Assistant extended

Nevtral ers None

Supporters and Stabalt, ers The mddle deltoid and supraspinatus
support the humerus against the down
ward pull of gravity The pectoralis
major on the oppostte side stabilizes the
sternum  the first part of trapezius and
posably the subclavius stabilize the
clavicle and the serratus anterior and
second part of trapezius stabilize the
scapula

Honizontal E bd (a sud i backward of the
humerus 1n the horszontal plane)

Posterior deltord and posterior portion of
muddle deltord
Principal Infraspinatus and teres minor, espectally
Mavers if the movement 13 combined with
| outward rotation

Latssimus dorst
Assistant Teres major especially 1if the movement
18 combined with inward rotation
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Neutralr.ers The muddle deltosd and supraspinatus
neutralize the tendency of the lausst
mus dorst and teres major to adduct
the humerus The infraspinatus and
teres minor on the one hand, and the
laussimus dors: and teres major on the
other hand, are mutual neutralizers
with respect to outward and inward
rotation

Supporters and Stabilizers The middle deltod and supraspimatus
support the humerus against the down
ward pull of gravity The lower three
parts of the trapeziss and the rhom
boids stabilize the scapula, and the
abdommal muscles stabilize the trunk

MUSCULAR ANALYSIS OF THE FUNDAMENTAL
MOVEMENTS OF THE SHOULDER GIRDLE

Elevation Levator scapulae
Trapezius parts I and IT

Rhombords

Principal

Movers
Assistant f the movement 15 performed aganst

Sternocleidomastord clavicular portion,
reststance

Neutralizers The trapezius and rhomboids are mutu
ally neutralizing with respect to up\vard
and downward rotation The serratus
anterior neutralizes the adduction
function of the rhombotds and trape
zius

Stabihzers If the movement 15 performed on one side
only the lateral cervical flexors on the
oppostte side stabilize the cervical
spine

Depression (return from clevation)

Aote o muscular action 1s required 1n the erect position if the shoulders are
simply allowed to drop from the elevated position If lowered slowly, the
movement 1s controlled by means of lengthening contraction of the cleva
tors If performed against resistance or 1n & position other than the vertical
the muscular action 18 as given below

Trapezius pare IV

Movers Pectoralis menor
Subclavius
Meutralizers The lower trapezius and pectoralis minor

are mutually neutrahzing with respect
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10 adduction and abduction, 1lso with
respect o upward and downward
Totton

Stabih s ‘The sacrospinalis and abdominal mus
clesstabnlize the spine and the internal
mtercostaly and  abdominal muscles
statnhize the nbs when the movement
13 performed agnst resistance

Abduction and Lateral Tilt (protraction of scapulac)

Vomerr
Pectorthis minor

Neutraly ers The serrtus antenior and pectoralis mu
nor mutually neutralize one another s
tendency to rotate the scapula

Stabile ers The abdominal muscles and possibly the
tnternal intercostals stabilize the nbs
1f the movement s forceful The levator
scapulae helps to support the scapula

{Scrrum antenior

Adduction and Reduction of Lateral Talt {retraction of scapulac)
Rhombaids

Paneipal Aiddle trapezius, part 111
Morers
Assistant Trapezius II and IV
Aatraly ers The rhomboids and lower trap are

mutually peutralizing with respect to
clevation and depression of the scapula
also with respect to downward and
upward rotation

Stabily ers ‘The abdommnal muscles and the sacro-
spinahs stabihze the spine This 18
particularly true if the movement 1s
performed unilaterally because of the
tendency of the spine to rotate

Upward Tilt (a backward projection of the inferior angle of the scapula)

jtl;;‘l” . Pectoralts minor
ralt. ers 1t 13 doubtful 1f there 13 any neutrahizing
action 1n this movement
Possibly the internal intercostals contract
Note Thug to stabilize the nbs
with !s an uncommon movement which occurs only i conjunction
ith extreme hyperextension of the humerus

Reduction of Upward Tilt

Ne
)l;::, Ordimarily no muscular action 18 needed
xS
§ Trapezius IV and the lower serratus
anterior are 1n a position to reduce an

Stabilizers
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upward tilt of the scapula but they do

not need to contract unless the move

ment of the arm 1s resisted
Aeutrali ers and Stabthzers Impossible to tell

Upward Rotation (occurs only in conjunction with abduction and flexion of
the humerus)

Trapezius II and IV

Movers
o Serratus antersor

Neutrahzers Trapezius II and IV are mutually neu
tralizing with respect to elevation and
depression

Stabtlicers The abdominal muscles, and passibly the
nternal 1ntercostals, help to stabilize
the ribs 1f the movement 1s forceful

Downward Rotation (occurs only in 10n with add and

of the humerus)

Note No muscular action 15 necessary if the arm 1s allowed to drop to the
side If the arm 13 lowered slowly the movement 13 controlled by means
of lengthening contraction of the upward rotators When the arm move
ment 18 performed forcefully, quickly, or against gravity (1¢ when the
body 15 inverted), the muscular analysis of the shoulder girdle movement
1s as given below

Rhombords
Prncipal {Pcctorahs minor

Movers Levator scapulae (It tends to pull the

scapula upward and mward but the
Assistant weight of the arm causes the scapula
to rotate downward )

Neutralt ers The rhomboids and pectoralis minor are
mutually neutralizing with respect to
clevation and depression also with
respect to adduction and abductien
Trapezius IV helps to prevent eleva
tion of scapula when movement of arm
18 resisted

Stabile.ers The abdominal muscles and possibly the
internal intercostals help to stabilize
the ribs if the movement 13 forceful

SUPPLEMENTARY MATERIAL

Indiwrdual Vanations in Structure

Upper extrenuty sarations shich hive been observed and m some
cases measured mnclude the degree of torsion in the humerus the contour
of the vertebral border of the scipula and the length of the clavicle
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Humeral Torsion Although therc s a pathologic condition of torsion
occasionally found tn the fong bones of the body, the torsion referred to
here 1sa normal charactenistic of the humenus, and like other eharacteristics
shows considerable indinvidual vanation Trom the point of view of the
physical educatar vanations fn humeral torsion are sigmficant beeause of
therr relation to the use of the anm A rchtively smnll degree of torsion
results in hmited motion of the arm in movements such as thosc used
preparatony to throwmng a baseball or servang a tennis ball The effect 1s
similar to that of Limted outward rotation 1n the shoulder joint, with this
difference whereas joint fleulnlity ean be increased bony torsion cannot
be changed

The amount of torsion m the humcrus s been investigated by hrabl
and Evans They noted the following vantions i their study of 57 purs
of male nd 32 pairs of femnle humen

!;-; NUMBER RANCQF MFAN <D STAND FRROR OF MFAN
114 56-87
¥ o 81 } 748 =83 =06

Contour of Vertebral Border of Scapula The contour of the verte
bral border of the scapula has been studied by several investigators—
among them Grues Griv Hrdhdka and Ruhns They clssify the
scapulae according to whether the vertebral border 1s convex straight or
concave Gray reports that his examination of 1151 human scapuhe
revealed the following distnbution of types

Per Cent
Convex vertebral border 613
Straight 266
Concave 99

Graves claims that scapular types are not mfuenced by sex age body
buld or occupation huhns on the other hand 1n a ten year longitudinal
study of the scapulae of 1000 mdivduals observed that the concave
vertebral border was almost twice as common 1n the first decade of life
2s1n the second He also observed that 1 concave border was three times
as frequent 1n children of slender body type as in those of stocky build
:Eg l;l:; conc::we bc;;ders tended to b;e assocxlated with poor musculature
T posture 1S comparison of scapular types 1
early adulthood 15 s:gmﬁcantp ? ypes 1n chidhood and

%
ERTEBRAL BORDER IN GHILDHOOD VERTEBRAL BORDER IN EARLY ADULTHODD

Per Cent Pey Cent
Convex 0 Convex 10
Steaight 61 Straight 81
Concave 39 Concave 9

huhns also mvestigated the scapulae of seventy two cadavers The per
centages based on these observations come a httle closer to those of Gray
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VERTEBRAL BORDER OF SCAPULAE OF 72 CADAVERS

Per Cent
Convex 30
Straight 61
Concave 9

Hrdlicka, lihe Ruhns recognizes the wfluence of age and muscular
development on the shape of the scapula

The kmesiologist 1s interested in variations of scapular shape chiefly
because of the way m which they wfluence his nterpretation of his ob
servations If the degree of scapular abduction 15 judged by the space
between the vertebral borders of the two scapulae or between the verte
bral border of one scapula and the spinal column scapulae which have
concave borders will appear to be abducted further than those which have
convex borders

Length of Clavicle Although the author does not happen to know
of any studies made on clavicular length she has occasionally heard
orthopedists and ki logists suggest that short clavicles may be a cause
of poor shoulder posture a cause which obviously cannot be remedied by
corrective exercise A study of the relationship of clavicular length to
shoulder posture and perhaps to the range of motion m the shoulder,
would doubtless be of mterest to physical educators physical therapists
and occupational therapists There are certan hazards m such a study
however By itself the length measurement of a clavick 1s meaningless It
would be necessary to relate the clavicular measurement to some other
skeletal measurement such as chest width humeral length or trunk length
m order to correlate 1t with posture or range of motion For st 1s the relatiee
length of the clavicle which makes 1t a factor for goad or for bad m
an indmdual s build

Scapular Mo ts A Elevation of the Arm

reaying

The author investigated the movements of the scapulx accompanymg
forward and sideward elevation of the arm using a sertes of x ravs of
one subject Each x ray was traced and measurements were then made
on the tracings Abduction of the scapula was measured m terms of the
horizontal distance between the midpomt of the vertebral border of the
scapula and the near margm of the spinal column (A Iine connecting the
spinous processes would have been the logieal reference ine but 1t could
not be used sice many of the spinous processes did not show in the x rav )
Rotation was measured by means of a protractor in terms of the angle
formed between a contmuation of the vertebral border and the marg
of the spmal column (Fig 77) The results were as follows

POSITION OF ARM AMOUNT OF ABDUCTION DEGREES OF ROTATION
At rest . 55cem ~3 {downward rot )
Sideward elev about 45 46cm 0 {(parallel)
Stdeward elev about 90° 56 cm 11 (upward rot )
Ssdeward elev about 135 65 cm 36° (upward rot )

Sideward elev about 180 73cm 36 (upward rot )
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At rest 55cm —3 (downward rot)
Forward clev  about 45° 72cem 35 (upward rot)
Forward clev about 90° 101 em 8* (upward rot )
Forward elev about 135 93 em 21° (upward rot )
Forward elev about 180 82cm M5 (upward rot)

The reader should not make any generahizations from a study such as
this which employs only one subject In order to make a study from
which generalizations can safels be made 1t would be necessary to stand
ardize the methods of measurement and to use a large number of sub
jects selected at random Even then, employing this type of measure
ment techmque 1s & precanious practice because of the distortion present
n X rays

DEMONSTRATIONS AND LABORATORY EMERCISES
Jomt Structure and I'unction

1 Take a humerus and a scapula of the same side and “construct” a

fhouldcr jomt using felt for the fbrocartilage and adhesne tape for the
Be m the at t of these structures Two or three

may work together on tlns project

2 Using a form like that on page 158 record the essential nforma
tion ding the glenot 3| 1 lar and sternoclavicular
articulations Study the movements of these jomts both on the skeleton and
on the living body

3 In five different subjects measure the amount of abduction that
occurs i the shoulder girdle (1¢  the separation of the scapulae) when the
arms are rased to the forward honizontal posiion How much can this
vary 1n one idividual® In measuning the distance between the scapulae
measure the honzontal distance between the midpomt of the vertebral
border of each scapula

4 Using a Lufkn rule or a protractor gomometer measure the amount
of upward rotation of the scapula which occurs when the arm 15 rmsed side
ward upward to the overhead positon To male this measurement center
the instrument over the medial angle of the scapula adjust one of its
arms m line with the normal resting posttion of the mnferior angle and the
other 1n line with the wmfenor angle after mavimum upward rotation of
the scapula has taken place

ll\élgjcular Action (record the results on the chart found on pages 154 and

Directions ‘Work 1n groups of three one person serving as the sub
ject the second as an assistant helping to support or steady the stationary
part of the body and giving resistance to the moving part and the third
palpating the muscles and recording the results on the check list

5 Sideward elevation of the arm (shoulder jomnt abduction and
possibly outward rotation shoulder girdle upward rotation)}

SUBJECT In erect
elbow straght position raise arm sideward to shoulder level keeping
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VERTEBRAL BORDER OF SCAPULAE OF 72 CADAVERS

Per Cent
Convex 30
Straight 61
Concave 9

Hrdlicka like huhns recogmizes the mfluence of age and muscular
development on the shape of the scapula

The kinesiologist 15 mterested 1 vanations of scapular shape chiefly
because of the way m which they mfluence his interpretation of his ob
servations If the degree of scapular abduction is judged by the space
between the vertebral borders of the two scapulae or between the verte
bral border of one scapula and the spmal column scapulae which have
concave borders will appear to be abducted further than those which have
convex borders

Length of Clavicle Although the author does not happen to know
of any studies made on clavicular length she has occasionally heard
orthopedists and ki o suggest that short clavicles may be a cause
of poor shoulder posture a cause which obviously cannot be remedied by
corrective exercise A study of the relationship of clavicular length to
shoulder posture and perhaps to the range of motion 1 the shoulder
would doubtless be of interest to physical educators, physical therapists
and occupational therapists There are certain hazards m such a study
however By tself the length of a clavicle 1s less It
would be necessary to relate the clavicular measurement to some other
skeletal measurement such as chest width humeral length or trunk length
1 order to correlate 1t with posture or range of motion For 1t 1s the relative
length of the clavicle which makes 1t a factor for good or for drd m
an individual's build

Scapular M ts A p g Elevation of the Arm

The author i estigated the movements of the scapulr accompanymng
forward and sideward elevation of the arm using 2 series of x rays of
one subject Each x ray was traced and measurements wetre then made
on the tracings Abduction of the scapula was measured 1n terms of the
honizontal distance between the midpomt of the vertebral border of the
scapula and the near margin of the spinal column (A line connecting the
spinous processes would have been the logical reference line but 1t could
not be used smee many of the spinous processes did not show 1n the x ray }
Rotation was measured by means of a protractor mn terms of the angle
formed between 2 continuation of the vertebral border and the margin
of the spinal column (Fig 77) The results were as follows

POSITION OF ARS AMOUNT OF ABDUCTION DEGREES OF ROTATION
At rest $5cm —3 (downward rot)
Sideward elev about 45 46cm 0 (parallel)
Sideward elev about 90 56 cm 11 (upward rot)
Sideward elev about 135 65cm 36 (upward rot)

Sideward clev about 180 73cm 36 (upward rot)
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and postenior deltond. Do they c1ch contraet, and if so duning which part
of the movement?

7 Forward devation of the arm (shoulder jomt flesion and abdue
ton shoulder mrdle upward rotation and possibly abduction)

suRjECT In erect position ruse arm forward to shoulder level heeping
cibow strmght

AsSISTANT Rosist movement by exerting, pressure downward on the
subject s elbow Sec that subject does not elevate shoulder

onsemrn Palpate the antenor deltoid and the pectorilis myor 1o
both the sternal and clavscular portions of the Intter muscle contrct?

8 Forward depression of the arm (shoulder jomt adduction and
extension shoulder girdle  downward rotation and possibly adduction )

supjecT In erect position wath arm rused forward to shoulder Ievel
lower 1t to the side

ASSISTANT Resist mor ement 2t under side of elbow

opsrrvER Palpate the latisimus dorst and the pectoralis mmjor Do they
contract with equal force throughout the movement?

9 Backward clevation of the arm (shoulder joint hyperettension
shoulder girdle upward tlt)

supjecT Either in erect position or Iving face down ruse arm backward,
keeping elbow strmght

AssisTANT Place hand over subject s elbow 1nd resist movement

OBsERVER Palpate the posterior deltoid latissimus dorsi and teres mjor

10 Horizontal sideward backward swing of the arm from forward
honzontal position {shoulder jomnt honzontal extension 1bduction and
shight outward rotation shoulder girdle adduction and reduction of
lateral tilt)

a surlecT In erect position with arms rused forward to shoulder
level palms down swing arms sideward in horzontal phine as far as
possible

AsstsTANT Stand facing subject between his arms and resist move
ment by grasping his elbows

omservER Palpate the posterior deltord wnd Intissimus dorst What
other muscles can be palpated?

b supper Lying face down on narrow phnth or on table close to
edge with arm hanging straight down ruse arm sideward as far 1bove
the honzontal as possible

ASSISTANT Resistance may be given at elbow but it 1s not necessary
Stice gravity furmshes sufficient resistance
OBSERVER Same asn a

11 Horizontal sideward forward swing of the arm from side hornzon
tal posstion (shoulder jont horizontal flexton adduction and shght mnward
‘Ota;mrsl shou‘de; gudle abduction nd lateral tilt)

UBJECT In erect position with arm raised sidewar:
level palm down Swing arm forward 1n honzontal plane 4 to shoulder

ASSISTA]
holding e]bowNT Stand behind subjects arm and resist movement by
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Measurement of
upward rotation

’

Measurement
of abduction

Fig 77 Measurements of the scapular t: ng sid d
elevation of the arm (The sketch 1s based on an x ray )

AssisTANT Resist movement by exerting pressure downward on subject s
elbow See to 1t that subject does not elevate shoulder

opservEn  Palpate the three portions of the deltord and tell which
portions contract Palpate the four parts of the trapezius Which parts con
tract? Does the pectoralis major contract during any part of the movement?

6 Sideward depression of the arm (shoulder jomnt adduction and

possibly reduction of outward rotation shoulder girdle downward rota
tion)

supjecy In erect position with arm raised sidewnrd to shoulder level
lower arm to side

assisTANT  Place hand under subject s elbow and resist movement (If
no resistance 1s given the muscle action will be the same as in elevation
except that the contraction will be cceentric mstead of concentric )

onserven  Palpate the Intisamus dorsi teres major pectoralis major
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movement 1s somewhat silar to the one in No 10 but here the emphasss
1s on the shoulder girdle rather than on the arm )

17 Abduction of shoulder girdle (protrction)

sumrer In erect position with arms rused sidewrd elbows flexed and
fingers resting on shoulders Pull elbows forw ird  attempting to touch
them 1 front of chest
b Acisma.\"r Stnd behind subject and resist movement by pulling clbows

a
opsenvFR Palpate surmitus antensor

Action of the Muscles Other Than the Mosvers

18 Stabilization of the scapula during depression of the arm

supjecT In erect position with am riscd sideward above shoulder
lexel lower arm aganst strong resistance

AsSISTANT  Resist the arm movement by plieing hand under the wrm
Just above the subject s elbow

oBsEmvER Palpate trapezius IV Explun

19 Stabibization of scapula dunng outwrd rotation of humerus

susject Rotate the arm outward s it hangs at the side

oBsERVER Palpate the scapular adductors Explain

20 Rotation of arm 1n position of side clevation

susject With one arm raised sideward to shoulder level rotate it first
outward then inward

OBSERVER Palpate muddle deltosd Explain ats action

21 Vigorous arm flinging sideward to the honizontal

surject Fling arm vigorously to the side honzontal position

OBSERVER Palpate the adductors of the shoulder joint Do they contract
momentanly at the verv end of the movement? Explun

22 Vigorous arm flingmg downward

SUsect  From an overhead posthion fling arm vigorously forward
downward stoppimg 1t at the body

OBSERVER Palpate the flexors of the shoulder joint Do they contract
momentanly at the end of the movement? Explam

23 Repeat exercise No 9

OBSERVER Palpate pectoralis major Explam



152 Anatomic Fundamentals of Human Motion

oBservER Palpate pectoralis major and anterior deltoid
b susjEct Lie on back on table with arm extended sideward palm
up Raise arm to vertical posttion, keeping elbow straight
AssISTANT Resistance may be given at elbow but 1t 15 not neces
sary since gravity furmshes sufficzent resistance
OBSERVER Same as i g
12 Outward rotation of arm (shoulder joint outward rotation shoulder
girdle possibly adduction and reduction of lateral tilt)
suBjecT Lie face down on table with upper arm at shoulder level rest
ing on table and forearm hanging down off edge of table Raise forearm
forward upward to mit of motion without allowing upper arm to leave
table
ASSISTANT Steady upper arm and resist mos ement of forearm by hold
mg wrist
oBservER Palpate mfraspmatus and teres mmor
18 Inward rotation of arm (shoulder jomt nward rotation shoulder
girdle abduction and lateral tilt and tendencv toward elevation)
@ SUBJECT Same position as tn 12 Raise forearm backward upward
ASSISTANT Steady upper arm and resist movement of forearm by
holding wrist.
oBSERVER Palpate teres major and latissimus dorst
b susEcT Lie on back on table with upper arm at shoulder level
resting on table and forearm raised to vertical positon Lower forearm
forward-downward to the hmit of motion
assisTANT Steady upper arm and resst forearm motion by hold
ng wrst
oBsERVER Palpate antertor deltoid and clavicular portion of pec
toralis major
14 Elevanon of shoulder
supjEcT In erect posiion hft shoulder toward ear keeping wrm muscles
relaxed
AsstsTANT Resist movement by pressing down on shoulder
OBSERVER Palpate trapezius I and II
15 Depression of shoulder
a susyect In erect posiion with shoulder raised and elbow flexed
Push down with elbow lowening shoulder to normal position
AssisTANT Resist movement by holding hand under elbow
oBsERVER Palpate trapezius IV
b susrect Take cross rest position between two chairs or parallel
bars
OoBSERVER Palpate trapezius IV
16 Adduchon of shoulder girdle (retraction)
susjecT In erect positon with arms raised sideward elbows flexed
and fingers resting on shoulders Push elbows backward keeping them at
shoulder Jevel
assisTANT Stand facing subject and resist movement by pulling elbows
sard
t'm'c‘msr:m-p,n Palpate middle and lower trapezius (parts Il and IV) (This
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moyvement 1s somew hat sumilar to the one in No 10 but here the emphasis
15 on the shoulder girdle rither than on the arm )
17 Abduction of shoulder girdle (protraction)
sunjret In erect position with anms rused sidew ird elbows flexed and
fingers resting on shoulders Pull elbows forward attumpling to touch
them mn front of chest
:fm,\\'r Stand behmd subject and resist mos ement by pulling clbows
24
ossERvFR Palpate scrmitus antenor

Action of the Muscles Other Than the Movers

18 Stabilization of the seapula during depression of the arm

supjecT In erect posttion with am rused sideward 1bove shoulder
level lower arm agamst strong resistance

ASSSTANT Resist the arm movement by placing band under the arm
just above the subject s elbow

oBsEnvER Palpate trapezius IV Explain

19 Stabilzation of scapula dunng outwrd rotation of humerus

susJecT Rotate the arm outwrd as 1t hangs at the side

OBSERVER Palpate the scapular «dductors Explam

20 Rotation of arm 1n position of side elevation

supject  With one arm rused sideward to shoulder level rotate 1t first
outward then mward

OBSERVER Palpate middle deltord Explain sts action

21 Vigorous arm flinging sideward to the honizontal

suBject Fling arm vigorously to the side honzontal position

OBSERVER Palpate the adductors of the shoulder joint Do they contract
momentanly at the verv end of the movement? Explun

Vigorous arm flinging downward

d SUBJECT From an overhead posttion fling arm sigorously forward

ownward stopping 1t at the body

OBSERVER Palpate the flevors of the shoulder joint Do they contract
momentanly at the end of the movement? Explain

23 Repeat exercise No 9

OBSERVER Palpate pectoralis major Explun
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OUTLINE FOR STUDYING THE JOINTS OF THE EXTREMITIES

Name of jount
Type of jont (check appropriate 1tems)
Diarthrodial
Irregular
. Hinge
—— YT
Ovoid
Saddle
Bali and socket

Articular processes and surfaces (describe briefly) .

Synarthrodial

Cartifaginous (synchondrows)
Ligamentous (syndesmosts)
Fibrous (sutures)

Tigaments and cartilages (enumerate and state locatton)

Special characteristics 1f any (describe briefly) _

Movements (check) Comments on moyements
Flexion and Extension
Hyperextenston
Abduction and Adduction
—— _ Ioward and Outward Rotation ~__ .
——. _ Upward and Dawnward Rotation ___ —_——
—— _ Pronation and Supirauon
_ Elevation and Depression
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Chapter 8

MOVEMENTS OF THE UPPER
EXTREMITY THE ELBOW JOINT
AND RADIOULNAR ARTICULATIONS

Tue etow nd the radioulnar jounts work together to sene the
hand 1 much the same w 1y that the two jomnts of the shoulder
gudle work together to scrve the shoulder jont Mans hand owes
15 usefulness to the vanety of positions made possible by the jomnts
of the elbow, the forearm, and the shoulder If, for mstance, man
vere to lose the "bility to rotate his forearm, the use of his hand
would be so mited that he would have to change his whole mode
of lving The shape of his tools, eating ymplements, door knobs,
and similar items would huve to be changed Furthermore, his
method of handling them would seem crude and clumsy compared
with s present dextenty

STRUCTURE OF THE ELBOW JOINT

The elbow jomnt consists of the articulation of the lower end of
the humerus with the upper ends of the ulna and radius Together
they comprise a hinge joint whose only motions are flexion and ex
tension The rotatory movements of the forearm occur at the artic
ulations between the radius and the ulna, not at the elbow jomt

¢ semicircular structure at the upper end of the ulna 1s cupped
around the back and under side of the spool hike process known
as the trochlea at the lower end of the humerus (Fig 78) The
inner surface of this semicircular structure 1s known as the sem
lunar notch It termunates above and behind 1n the olecranon proc
f}sls and below and 1n front 1n the coronoid process Just Jateral to
thz :;:gﬁlesa hrin t};e ltowcir endhof the humerus 1s the capitulum

TIca.
surface of g]c mdxals ﬁ:;re that articulates with the saucer ke
e two articulations of the elbow jomt as well as the provimal
157
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Humerus

Laterol Tlrochleu
epicondy}
pieoncyle ’/‘/ Medial

> epicondyle

Olecronon

Heod

Coronord
process

v
Tuberosity —{--'%

it
A Tuberosity

Readius Ulna

/
/
%
2
‘

7. Ulnar
4 ~styloid
process

’

Radia!
styloid process
Fig 78 The bony structures of the elbow and radioulnar joints

radiouln1r articulition tre completely enveloped m an extenstve
capsule The capsule 1s strengthened on all four sides by bands of
fibers which are usually described respectuely as the anteror, pos
terior ulnar collateral and radial collateral higaments (Figs 79
and 80) Symovial membrane not only limes the capsule but it
also extends mnto the proxumal radioulnar articulation covers the
olecranon coronaid and radinl fossae and Iines the annular liga

ment
Laigaments Anterwor This 1s a broad thin layer of fibers
which blend with and thicken the anterior portion of the capsule
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Humerus
1
Annular \
hgoment \
~
Rcd&—_—}[ { i Cepsule

Rt
‘**TQ DAY
- )
e Y 22 Ulner
‘\ ~~ collatercl
Interosseous ligement
tigament Ulna

et -

Fig 79 Medial aspect of clhow jownt showing ligaments

ﬂ/ Humerus

Annutar

hgoment  [njerasseus
higoement

rd

Capsule

\
Radial collaterc! :
hgament Utne Radws

Fig 80 Lateral aspect of elbow jomnt showing higaments

Postertor This 15 a thin membranous laver of fibers which
blend wath and strengthen the postertor portion of the capsule

Ulnar collateral (Fig 79) This 15 2 strong thick tnangular
band, attached above by its apex to the medil epicondile of the
humeru's and below by its hase to the medial marguns of the coro-
u}(]nd and olecranon processes of the ulna and the ndge between
them

Radual collateral (Fig 80) Thus 15 a short fibrous band at
tached above to the lower pat of the lateral epicondnle of the

humerus and below to the lateral side of the annular lgament
which encircles the head of the radus

159
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STRUCTURE OF THE RADIOULNAR JOINTS

Proximal (Fig 78) The disk shaped head of the radius fits
agamnst the radial notch of the ulna and 15 encircled by the annular
hgament The notch and the annular ligament together form a
complete ring within which the radinl head rotates The articula
tion 15 classified as a pivot joint It has no capsule of its own but
1s enclosed withmn the capsule of the elbow jomnt

Annular ligament (Figs 79 and 80) This 15 a strong band
of fibers formmng three quarters of the ying which encircles the
radial head It holds the radial head 1n close contact with the
radial notch of the ulna It 1s ined with a synovial membrane which
1s continuous with that of the elbow jomnt

Distal (Fig 78) At the distal end of the forearm the ridws
articulates by means of 1 small notch, with the head of the ulna
A tnangular shaped fibrocartilaginous disk lLes between the head
of the ulna and the carpal bones It 1s attached by 1ts apex to the
styloid process of the ulna and by its base to the medial margmn
of the loner end of the radius It serves to remnforce the distal
radioulnar jomt and to separate this jomt from the wnst A Ioose
articular capsule surrounds the jont

Ligaments VOLAR RADIOULNAR This 1s situated on the
volar (anterior) surface of the joint and 1s attached to the edge of
the notch on the radws the articular disk and the ulnar head

DORSAL RADIOULNAR This lies behind the jomt and 1s attached
to the margm of the notch on the radus the articular disk and
the ulnar head

Mid Radwoulnar Unien The shafts of the radius and ulna
are umted by means of the obhque cord and the interosseous mem
brane (Figs 79 and 80)

Movements Elbow Joint FLEXION From the anatomtic
posttion (Fig 1B) this 1s a forward upward movement of the fore
arm 1n the sagittal plane

EXTENSION Return movement from flexion A few individuals
are able to hyperextend at the elbow joint This ability 1s probably
due to a short olecranon process rather than to loose ligaments

Radioulnar Joints PRONATION This 1s a rotation of the
forearm around 1ts longitudnal axis corresponding to inward rota
tion of the arm It usually accompanies the latter when tht elbow
15 1n extension

SUPINATION Thus 15 a rotation of the forearm around 1ts Iong1
tudinal axs, corresponding to outward rotation of the arm It usu
ally accompanies the latter when the elbow 1s 1n extension

Pronation and supination of the forearm mnvolve a rotation of the
radial head wathin the ring formed by the ulnar notch and annular
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Jigament at the proumal joint and, at the distal joint, a rotation of
the lower end of the radus around the outside of the ulnar head
Neither bone rotates about its own mechameal axis, 15 does the
humerus but each rotates about the mechanien] axs of the forearm
as a whole

Muscles The muscles of the elbow and radioulnar joints are
classified below 1 two ways, first according to thar action, and
<ccondly according to their location

MUSCLES T1STI'D ACCORDING TO ACTION

PLROW JOINT RADIOULNAR JOINTS
Flexors Pronators
Biceps Pronator teres
Brachals Pronator quadratus
Brachioradialis
Pronator teres Supinators
Extensors Supmator
Bice
Anconeus m
MUSCLES LISTED ACCORDING TO LOCATION
Antenor (elbow region) Antenor {wrist region)
Biceps Pronator quadratus
Brachualis Posterior
Brachioradialis Triceps
Pronator teres Anconeus
Supinator

Biceps (Fig 81)

PROXIMAL ATTACHMENTS

Long head Upper margin of glenoid fossa
Short head Apex of coracoid process of scapula

DISTAL ATTACHMENT Breipital tuberosity of radus
NERVE SUPPLY Musculocutaneous
ACTION

Flexion at elbow jomt supmnation of forearm (See
shoulder jomnt also )

WHERE TO PALPATE Antenior surface of lower two thirds of
upper arm

CoMMENTS  'The biceps 1s a two headed or twin spindle type

of muscle since 1t has two tendons of attachment at its proximal end
It is prmarly a muscle of the elbow jomt and of the proumal
tadioulnar articulation but 1t also acts at the shoulder jomnt par
ticularly if the elbow 1s kept extended If the elbow 1s not held in
extension the biceps pulls from both ends at once toward the mid-
dle and loses power so rapidly that 1t serves no useful purpose
The short head lies parallel to the coracobrachialis and acts with
1t 1 moving the humerus at the shoulder jomt The tendon of the
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Fig 81 Biceps muscle of the arm

long head passes through the intertubercular groove over the top
of the humeral head and through the jomnt capsule to 1ts attach
ment ont the apex of the glenoid fossa Since the two heads converge
to a common tendon of insertion they have « common action at the
elbow jomt, kewsse at the proxumal radioulnar joint Unless pre
vented from domg so (by the action of neutralizers), the biceps
smultaneously supmates the forearm and fleses 1t at the elbow

Some hineswologists have been mterested m the question as to
whether the forcefulness of elbow flevion was related to the post

tion of the forewm Neither Beevor nor Wnght could find any
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Fig 82 Flexion of the forearm A Ina position of supination B 1n a position
of pronation
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Supinater

Fig 83 Deep muscles on front of nght arm

appreciable difference Two fanly recent inveshgahons of this sub
ject one by Downer and the other by the author are reported
buefly mn the supplementary matenal at the end of this chapter
(see pp 170 to 171) These throw a little light on this matter, al
though the findings of the two studies are not m complete agree
ment

Brachualis (Fig 83)

PROXIMAL ATTACHMENT

Antenor surface of lower half of
humerus



Movements of the Upper 1 xtremty The T'lhow Jont 165

Brochiorodiahis

Pronator
teres

Fig 84 Superficial muscles on front of night forearm
DISTAL ATTACHMENT Antenor surface of coronoid process
of ulna
NERVE SUPPLY Musculocutaneous and branch from radial
AGTION

Flevon at elbow joint
WHERE TO PALPATE Just lateral to the biceps 1f the contrac

tion 15 sufficiently strong and espeaially 1if the forearm 1s flexed
the pronated posiion

COMMENTS This 15 one of the few muscles of the upper ex

tremity that has but one action Some anatonusts® 4 claim that the
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brachiilis, rather than the biceps
1s the flexor of the forexrm Be that
as 1t may, any schoo! boy knows
that hus biceps muscle will bulge 1n
a hard mass when he chins himself
or flexes hus forearm wvigorously As
Y for objective evidence regarding the

comparative strength of the two mus

cles 1 fleang the forearm Stemdler
l\ quotes Fick as stating that the biceps

"

Pronator
quadratus

perform 458 kg of work, and the
brachmlis 3 84 kg
Braclioradials (Fig 84)
PROXIMAL ATTACHMENT  Upper
two thirds of lateral supracondylir
ridge of humerus

Fig 85 Antenor view of
distal end of forearm showing
pronator quadratus

DISTAL ATTACHMENT Lnteral side of base of styloid process
of radius

NERVE SUPPLY Radial

ACTION Flexion at elbow jomnt reduction of pronation and
supmation of forearm to neutral position

WHERE TO PALPATE On anterior radial aspect of upper half
of forearm

COMMENTS The brachioradialis 15 primanly a flesor of the
forearm If the forearm 1s either pronated or supinated, however
1t will tend to de rotate” the forearm 4t the same tume that 1t
flexes 1t

Pronator Teres (Fig 84)

PROXIMAL ATTACHMENTS Medial epmcondyle of humerus and
medial side of coronoid process of ulna

DISTAL ATTACHMENT Lateral surface of radius near middle

NERVE SUPFLY Median

ACTION Pronation of forearm assists m flexing forearm

Cannot be palpated

COMMENTS Although the pronator teres 1s hsted both with the

pronators and with the flexors of the forearm 1t 1s first and fore
most a pronator It assists i forearm flexion only when the move
ment 1s meeting with resistance

Pronator Quadratus (Fig 85)

MEDIAL ATTACHMENT Antenor surface of lower fourth of
ulna
LATERAL ATTACHMENT Antertor surface of lower fourth of

radius



Mocements of the Upper Ixtremuty The Ilbow Jont 167
/—‘A

- Uy

Trceps (
{long necd N '

Tnceps
{lateral I/ \ (tong head]
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\) {laterol
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i

head)

-

(mediat
head)
Supmator S Anconeus
\H “ 5
J

Fig 88 Trieeps and supiator Fig 87 Tnceps and anconeus
NERVE suppLY Branch from median nerve
ACTION Pronation of forearm

Cannot be palpated
COMMENTS All the essential information about the Ppronator
Quadratus 1s contamed 1n 1ts name It 1s quadnlateral in shape and
1s sole funchion s to pronate the forearm
Triceps (Figs 86 and 87)
PROVIMAL ATTACHMENT
Long head Infraglenoid tuberosity
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brachialis rather than the biceps
1s the flexor of the forearm Be that
as 1t may, any school boy knows
that hus biceps muscle will bulge m
a hard mass when he chins himself
or flexes his forearm wvigorously As
for objective evidence regarding the
compartive strength of the two mus
cles 1n flexing the forevrm Stemdler
quotes Fick as stating that the biceps
perform 458 kg of work, and the
brachinhs 384 kg

Braclioradials (Fig 84)
PHROMIMAL ATTACHMENT  Upper

Pronator
quadratus

Fig 85 Antenior wiew of

g’,f,t:l,;ng‘,:g,ﬁx:arm showng two thirds of lateral supracondylir
nidge of humerus

DISTAL ATTACHMENT Laterl side of base of styloid process
of rads

NERVE SUPPLY Radial

ACTION Flexion at elbow jomt reduction of pronation and
supwmation of forearm to neutral posttion

WHERE TO PALPATE On anterior radial aspect of upper half
of forearm

COMMENTS The brachioradsahs 1s primanly a flevor of the

forearm If the forewrm 1s either pronated or supmated however
1t will tend to “de rotate the forewm at the same time that 1t
flexes 1t

Pronator Teres (F1g 84)

PROXIMAL ATTACHMENTS Medsal epicondyle of humerus and
medial side of coronaid process of ulna

DISTAL ATTACHMENT Lateral surface of radws nexr mddle

NERVE SUPPLY Median

ACTION Pronation of forearm assists m flexing forearm

Cannot be palpated

COMMENTS Although the pronator teres 15 Iisted both with the
pronators 1nd with the flexors of the forearm 1t 15 first and fore
most a pronator It 2ssists i forearm flevion only when the move
ment 1s meeting with resistance

Pronator Quadratus (Fig 85)

MEDIAL ATTACHMENT Antertor surface of lower fourth of
ulna

LATERAL ATTACHMENT Anterior surface of lower fourth of
radius
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Tticeps
{tong tead

{lateral
head)

Anconeus

167

(long head}

(fofesal

(medial
head)

/!
Fig 88 Triceps and supinator Fig 87 Trceps and anconeus

NEWE suppLy Branch from medin nerve
ACTION Pronation of forearm

Cannot be palpated

COMMENTS

All the essential information wbout the pronatar

Quadratus 15 contained m its name It 1s quadrilateral 1n shape and

1ts sole function 15 to pronate the forearm

Triceps (Figs 86 and 87)
FROXIMAL ATTACITIMENT
Long head Infraglenoid tuberasity
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brachnnlis, rather than the biceps,
15 the flexor of the forearm Be that
as 1t may, any school boy knows
that lus biceps muscle will bulge n
a hard mass when he chms himself
or flexes his forearm vigorously As
S for objective evidence regarding the
comparative strength of the two mus
cles 1n flexing the forearm Steindler
H l\ quotes Fick as stating that the biceps
n

Pronator
quodrotus

perform 458 kg of work and the
brachinhs 3 84 kg
Brachioradiahs (Fig 84)
PROXIMAL ATTACHMENT  Upper
two thirds of lateral supracondylar
nidge of humerus

]
1\

Fig 85 Antenior wiew of
distal end of forearm showing
pronator quadratus

DISTAL ATTACHMENT Lateral side of base of stylod process
of radius
NERVE SUPPLY Radhal

ACTION Flevion at elbow jomt reduction of pronation and
supmation of forearm to neutral position

WHERE TO PALPATE On antertor radial aspect of upper half
of forearm
COMMENTS The brachiorachahs 1s primanly a flexor of the

forearm If the forearm 1s esther pronated or supinated however,
it will tend to “de rotate the forearm at the sime time that 1t
flexes 1t

Pronator Teres (Fig 84)

PROXIMAL ATTACHMENTS Medial eprcondyle of humerus and
medial side of coronowd process of ulnn

DISTAL ATTACHMENT Lateral surface of radius near middle

NERVE SUPPLY Median

ACTION Pronation of forearm assists in fleang forearm

Cannot be palpated

CONMENTS Although the pronator teres 1s hsted both with the
pronators and with the flexors of the forearm 1t 1s first and fore
most a pronator It assists m forearm flexion only when the move
ment 1s meeting with resistance

Pronator Quadratus (Fig 85)

\{EDIAL ATTACHMENT Anterior surface of lower fourth of
ulna
LATERAL ATTACHMENT Antenior surface of lower fourth of

radus
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Triceps
{long neod

Tnceps
(iaterol {long head)

head}

{lateral
head)

{mediat
head)

P
g 8g Trieeps and supinator

Tig 87 Trneeps and anconeus

NERVE suppLy Branch from medin nerve
ACTION Pronation of forearm
Cannot be palpated

COMMENTS All the essential mformatio
quadratus )5 contamned i ats name It 35 qua
s sole function s to pronate the forearm

Triceps (Fogs 86 and 87)

FROUMAL ATTACHMENT

Long head Infraglenaid tuberos;ty

n about the propator
dnilatera) m shape and
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Lateral head Posterior surface of upper half of humerus
Medial head Posterior surface of Jower two thirds of humerus
DISTAL ATTACHMENT Olecranon process of ulna
NERVE SUPPLY Radial
ACTION Extension of forearm at elbow jomt
WHERE TO PALPATE Posterior surface of upper arm
COMMENTS The triceps, virtually three muscles 1n one, covers
the entire posterior surface of the upper arm Only its long mddle
hend crosses the shoulder jomnt Its fibers 1re for the most part lon
gitudinal, running parallel with the long axis of the humerus The
medial and lateral portions run parallel to the middle portion at
first then turn toward it obliquely downward to umte with its
broad flat tendon of attachment The triceps 1s a forceful extensor of
the forearm Two factors contributing to 1its effectiveness are 1its
large physiologic cross section (p 313) and 1ts good angle of pull
(p 26)

Anconeus (Fig 87)

PROXIMAL ATTACHMENT Posterior surface of Iateral epicon
dyle of humerus

DISTAL ATTACHMENT Lateral side of olecranon process and
postenor surface of upper part of ulna

NERVE SUPPLY Branch from radial nerve

ACTION Extension of forearm

WHERE TO PALPATE Lateral margin of olecranon process on
back of elbow

COMMENTS The anconeus 1s the triceps httle helper

Suptnator (Figs 83 and 86)

PROXIMAL ATTACHMENT Lateral condyle of humerus adjacent
portion of ulna radial collateral and annular ligaments

DISTAL ATTACHMENT Lateral surface of upper third of radius

NERVE SUPPLY Branch from deep radinl nerve

ACTION Supmation of forearm

Cannot be palpated

COMMENTS According to Stemndler the supinator 1s most
effective 1n supinating the forearm when 1t 1s extended
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MUSCULAR ANALASIS Ol THL T UNDAMENTAL
MOVEMENTS OF' THL Y OREARM AT THL I1BOW AND
RADIOUI NAR JOINTS

Flexion

Morers

Neutralt ers

Stabili ers

Extension

Movers

Neutratizers

Stabilizers (when forearm 18
Yed I 1

Pranaipal

Avastaint

i

Principal
Assistant

Biceps
Brachiths
Brchiorndindis

T'lexors of the hand and fingers (probably

Pronator teres
unimportant 1 forearm flexors)

‘The pronator teres and the biceps arc
mutually neutralizing with respect to
pronition and supination of the fore
arm  The pronator quadratus helps
1o the suf y fi
of the biceps when flexion 1s resisted
or when flevion 1s performed with the
forearm 1n 1 pronated position

If not prevented from so doing flexion
of the forearm will causc shight hyper
extension of the arm at the shoulder
joint espeanally 1f a weight s held sn
the hand If this 1s not desired, the
pectorahs major antenor deltord and
coracobrachialis will contract to sta
bilize the humerus In many instances
as in pulling the cooperatne action
of the forearm flexors and upper arm
extensors 13 necessary In such cases
the humerus will not nced to be
stabilized but 1t will require the
stabilization of the scapula or of the
trunk itself

Triceps
Anconcus

None

Pectoralis major sternal portion
L

Pronatipn

Movers

Y

Princtpal

Assistant

dors1
Feres major

Pronator quadratus
Pronator teres

Anconeus
Brach dials (red of sup
to neutral position)



170 Anatomic Fundamentals of Human Motion

Naturalr,ers The triceps and anconeus counteract the
flexion tendency of the pronator teres
Stabilr ers The contraction of the triceps, anconeus

and pronator teres serves to stabilize
the elbow joint

Supination (Principal Supinator
Biceps
Moters
Assistant Brachioradialis (reduction of pronation
to neutral position)

Neutralrzers If flexion 1s not desired the triceps and
anconeus counteract the flexion tend
ency of the biceps

Stabilizers The contraction of the triceps anconeus
and biceps serves to stabilize the elbow
Joint

SUPPLEMENTARY MATERIAL

Companson of Force of Elbow Flexors in the Midposition, in Supmation
and n Pronation Investigation by Wells In order to discover
whether one position seemed more favorable than another for elbow
fleaon the author conducted a small experiment on ten subjects all women
majoning 1n physical education A grip dynamometer m a regulation holder
used for testing shoulder retraction strength was fastened securely to the
wall facing a typreal classroom chair 20 inches igher than the arm rest
of the chair The subject sat wath both feet resting on the floor her nght
elbow supported on the arm rest with the forearm vertical A 2 inch web
strap was passed through the handle of the dynamometer holder and
around the subject s wnst (to ehimmate the use of the finger flexors) The
subject was mstructed to flex her forearm at the elbow jont as forcefully
as possible first with her thumb turned toward her shoulder second with
her palm facing her shoulder and third wath the back of her hand toward
her shoulder A full mmute s rest was required before each trial The mean
score for each position was as follows

Mudposition 36 4 Ibs
Supination 395 Ibs
Pronation 3161bs

Investigation by Downer In 1952 Downer investigated the same

problem 1n a study which included other aspects of elbow flexton One of
her four objectsves was  to determine the position of the forearm (supma
tion pronation or rmd 1on) i which strength 1s ot d
when the elbow 1s flexed to 90 degrees ” Thirty adult women were tested
with a Beasley myodynemeter (an electronic instrument) both 1n a break
ng pomt test and 1 an 1sometric test Downer found that the strongest
contraction of the elbow flexors was obtamned when the forearm was mn the
mdposition and the least strong when the forearm was pronated
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A companson of Downer s study wath that of the author reveals a ik
of agreement wath respeet to e reltive influence of the midposition and
the supinated position on the degree of contraction of the elbow flevors
The results of both studies agree, howeyr, with respect to the unfaw ortble
wfluence of the position of pronation In making a comptrison of the two
mestigations the dilferences i technique i instrument, and in the
number of subjects should not b overlooked The lack of agreement in
the results of these studies would scem to indicate the need for further
mestigation m whieh a stwdardized procedure is used with v large
number of subjects of both scxes

DEMONSTRATIONS AND LABORATORY EMXERCISES
Jomnt Structure and T'unction

1 Using 1 form like the one on page 156 record the cssential informa
tion regarding, the two articulitions of the clbow joint likewise the two
radioulnar articulations Study the mosements of these joints both on the
sheleton and on the hwing body

2 With a humerus radius and ulna “construct an elbow jomt, using
felt for fibrocartilage and adhesn e tape for igaments Attach these strue
tures accurately It 1s suggested that two or three students work together
on this project

3 Using a Luflun rule or o protractor measure the range of motion

m flexion pronation and supination of the forearm on five different sub
jects

Muscular Action (record the results on the chart found on page 173)
4 Flenon

Subject Sit with entire arm resting on table Flex forexrm (a) with
palm up (forearm supinated), (b) with thumb up (forearm in neutril
position) and (c) with palm down (forearm pronated)

Assistant Resist movement by holding wnst Steady upper arm if
necessary

Observer Palpate as many of the forearm flexors as possible Do you
nohice any difference 1n the muscular acion @ b and ¢?

5 Extension
a Subject Lae face down on table with arm raised to shoulder leve)
with upper arm resting on table and with forearm hanging down Extend
forearm without MOVING upper arm
Assistant Steady upper arm and resst forearm by holding wrist
Observer Palpate the triceps
b_Subject On hands and knees bend and extend at the elbows m
2 push up exercise
Observer Palpate the triceps
6 Supmation
Subject Assume han

d shaling position with assistant
outward € P tant and turn forearm

Assistant Assume same position with subject and resist hig movement
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Observer Palpate and 1dentify the muscles which contract
7 Pronation
Subject Assume hand shaking positon with assistant and turn forearm
mward
Assistant Assume same position with subject and resist movement
Observer Palpate and 1dentify the muscles which contract

Action of Muscles Other Than Movers

8 Supmation without flexion
Subject Sit with arm supported elbow 1n shghtly flexed posttion and
relaxed Supinate forearm without mncreasing or decreasing flexion at elbow
Observer Palpate the triceps Explan
9 Vigorous fleuon of forearm
Subject Flex forearm vigorously then check movement suddenly before
completing full range of motion
Observer Palpate the triceps Does 1t contract during any part of
the movement? Explain
10 Perform a movement m which the supinator acts as a neutrahzer
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CHECK LIST FOR MUSCULAR ANALYSIS O1 MOVIAMENTS O FORLATNM AND
FLBOW AND RADIDULNAN JOINTS

EXTTN | SLrINA | PRONA
rxmoN
Frrao sioN TI0% TN

Muscres or Frrow anp Torraru

Biceps

Brachialis

Brachioradialis

Pronator teres

Pronator quadratus

Supiaator

Triceps

Anconcus

Mu cres oF Wrist

Flexor carp: radsalis

Flexor carpi ulnaris

Palmaris longus

Extensor carpi radialis longus l

Extensor carps radials brevis \ \

Extensor carp: ulnaris ’ l l ‘
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Chapter 9

THE WRIST AND HAND

Pruosoprers nd scientists alike have pud tubute to mans hand
for the part it has played m human culture Even the psalmist was
mdirectly honoring mans hand when he praised God s creations as
“the work of thy fingers With such an appreciation of the sigmf
cance of the human hand as a background the student of kmest
ology will find hus study of the structure and movements of the hand
to be more meamngful No prece of modern machinery 15 more
delicately constructed nor more perfectly coordinated than the
human hand The extraordmnary versatiity of the hand 1s due
largely to the thumbs ability to separate widely from the rest of
the hand to swing around m front of the palm and to press with
equal force aganst any one of the four fingers Its action 15 hke
that of a crane which revolves on 1its base and then swings down
and up to perform 1its task

In a sense the wnst 1s stmply a mechanmism for contributing to
the usefulness of the hand for 1t adds to the vanety of positions
m which the hand may be used The same 1s true of the elbow
jomnt and the radioulnar articulations 1n fact even of the shoulder
As a matter of fact all the jomnts of the upper extremity may be
thought of as servants of the hand

The hand and wnst owe their unusual mobility to therr generous
supply of jomnts (Fig 88) The most proximal of these 1s the radio
carpal or wrist jomt Just beyond this are the two rows of carpal
bones each row consisting of four bones The carpal jomts mclude
the articulations within each of these rows as well as the articula
tions between the two rows The carpometacarpal jownts are located
at the base of the hand Closely associated with them are the nter
metacarpal joints those points of contact between the base of each
metacarpal bone—except that of the thumb—and 1ts neighbor The
fingers unite with the hand at the metacarpophalangeal jomts In
the fingers themselves are the two sets of mterphalangeal jomts the
first between the proximal and mddle rows of phalanges and the
ond between the middle and distal rows The thumb differs from

174
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the four fingers by having 2 more freely mosable metacarpal bone
and by having only two phalanges instead of three The metacarpal
bone of the thumb 15 so simular to 1 phalanx that 1t might well be
described as a cross between 4 phalanx and a metacarpal

Structure of the Wnist Jont The wrist joint 1s an ovord (con
dyloid) joint formed by the union of the shghtly concave oval
shaped surface of the radws and articular disk with the shghtly
convex oval shaped surface of the proumal row of carpal bones
(1e the navicular lunate and tniquetral bones but not the pis1
form) The distal radioulnar joint 1s 1 close proumity to the wrst
jomt and shares with it the articnlar disk which hes between the
head of the ulna and the triquetral bone of the wrist Yet it 1s not
a part of the wnst jomt for each jomt has its own articular capsule
The capsule of the wrist consists of four higaments which merge
to form a continuous cover for the jomnt

Capsular Ligaments voLarR naprocarean (Fig  89) A
strong igament attached above to the anterior margin of the radws
and articular disk and below to both rows of carpal bones and to
the volar intercarpal ligament

DORSAL, RADIOCARPAL {Fig 90) A thin membranous higament
attached above to the posterior margm of the radis and articular
disk and below to the proximal row of carpal bones
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Volar
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Fig 90 Posterior view of nght wnst joint showing higaments

ULNAR COLLATERAL LIGAMENT OF THE wrust (Figs 89 and 90)
A small fan shaped hgament, attached above by 1ts apex to the
styloid process of the ulna and to the articular dish and below
by 1ts base to the pisiform bone and the transverse carpal hgament
(Fig 101)

RADIAL COLLATERAL LIGAMENT OF THE WrisT {Figs 89 and 90)
A small band of fibers attached above to the styloid process of the
radws radiating downward to attach to the navicular, capitate and
greater multangular bones

Movements of the Wrist Jomt Flexion From the am
tomic position (Fig 1B) this 1s a forward upward movement
the sagittal plane whereby the palmar surface of the hand ap
prc'\ches the anterior surface of the forearm

Extenswon Return movement from flexion

Hyperextenston A movement m which the dorsal surfice of



The Wnist and Hand 177

the hand approaches the posterior surface of the forewrm—the cxact
opposite of flexion

Radal Tlexion (Aliduction) Trom the antomic position
this 15 1 sidew ard movcment 1 the frontal pline, whereby the hand
moves a1y from the body and the thumb side of the hand ap
proaches the radinl side of the forearm

Ulnar I'lexion (Adduction) Trom the wnatomic position this
1s a sideward movanent 1n the frontal plane whereby the hand
moves toward the body and the hittle finger side of the hand ap
proaches the ulnar side of the forearm

Circumduction A\ movement of the hand at the wnist whereby
the fingertips desenbe 2 arcle, nd the hand s 2 whole describes
a cone It consists of flecion radinl flexson, hyperextension and
ulnar flevion, taling place m sequence ather 1n the order named
or 1n the reverse order

Structure and Movements of the Midcarpal and Intercarpal
Jomts  The articulation between the four carpal bones i the
prouimal row with the four 1n the distal row 15 known as the mud
carpal articulation ° The jomts between the bones withm either
row are known s the mterewrpal joints of the proximal and distal
rows respectively © All of these jomts are dinrthrodinl in structure,
smee they all hnve jont cwities Within this clissificition they
belong to the nontual group This means that they permut only
a shght ghiding motion between the bones Although this 1s the
only type of motton that takes plice m the mdividual joints com
prsing the midearpal articulation, these movements add up to 2
m}(:dlxﬁed hinge type of movement for the mideupal jomnt as a
whole

A further charactenistic of the carpal region 15 that the bones are
shaped and arranged 1 such a way that the antenor surface of the
carpal region 15 shghtly concave from side to side This provides 2
protected passageway for the tendons nerves and blood vessels
gomg to the hand Among the mnny carpal Ligaments the radiate
15 the strongest Its fibers raciate from the capitate to the navicular,
lunate and triquetral bones on the anterior surface of the wrst

Structure of the Carpometacarpal and Intermetacarpal Jomts
(Fig 91) In many anatomy books the difference between the
carpometacarpal jomt of the thumb and that of the four fingers 15
emphasized The former 1s described as a saddle jomt the latter as
uregular (nonaxal) jomts Morns however quotes Fick as de
seribing the carpometacarpal joints of all the fingers as modified
saddle jomnts the jount of the little finger most nearly approaching

.
M umA:‘at"ﬂ“Sts differ 1n regard to these definitions See Gray Edwards and
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Fig 91 Bones of the hand showing selected joint surfaces A Carpometa
carpal joint of thumb (a saddle joint) B Metacarpal bone and phalanges of
muddle finger

a true saddle jomt A careful mspection of these jonts on the
skeleton will probably lead the reader to agree with Fich In re
gard to the carpometacarpal jont of the thumb, that 1s, the jomnt
between the first metacarpal and greater multangular bones, there
15 no disagreement It 1s clearly a saddle jomt (Fig 91) Itis en
closed m an articular capsule which 1s stronger m back than m
front The capsule 1s thick but loose and serves to restrict motion
rather than to prevent it There are no additional ligaments
The carpometacarpal joints of the four fingers are not only en

cased 1n capsules, but are also protected by the dorsal volar, and
nterosseous carpometacarpal ligaments (Figs 93 and 94) Closely
associated with these jomts are the intermetacarpal articulations
the joints between the bases of the metacarpal bones of the four
fingers These are nregular joints They share the capsules of the
carpometacarpal joints and are further remforced by the dorsal

volar, and mterosseous basal ligaments also by the transverse meta



The Wrist and Hand 179

carpal higament, a narrow fbrous hand which conncets the heads
of the four outer metacarpal bones

Movements of the Carp pal and Intermetacarpal Joints
Carpometacarpal Joint of Thumb roaon® (Nig 924) A
forward moyvcment of the thumb at nght angles to the palm

EXTENSION Return movement from flexion

nvrerextersioN (Fig 92B) A backward movement of the
thumb at nght angles to the hand

aspucrion (Tig 92C) A Iateral movement of the thumb
away from the ndex finger

aopuction (Fig 92D) Return movement from abduction

wyrErappuction (g 92L) An wmward movement of the
thumb from < position of shght flevion The thumb shdes across
mn front of the fingers and palm

CIRCUMDUCTION A movement i wiich the thumb as a whole
descnibes 2 cone and the tip of the thumb describes a circle It
consists of all of the movements described above, performed in
sequence 1 either direction

orrostrion (Fig 92I) Ths 15 not a fundamental movement
like those just listed but rather a combmation of some of these
movements supplemented by an mward movement of the greater
multangular bone This composite movement ts given a name of
its own because of 1ts importance It consists of flevion, followed
by hyperadduction with possibly a shght loss of flewion at the
end of the movement The thumb appears to rotate inward, but
actually a saddle joint 1s not capable of rotatton The apparent ro

Anatomists differ 1n regard to the defimtions of the movements of the thumb
For mstance some interchange the names of the movements herem defined as
fleion and abduction The basts for the definttions used 1n this text 1s the plane
m which the movement takes place As stated elsewhere {p 10) flevion 1s
descnibed as a movement 1n the sagttal plane about a frontal honizontal axis
and abduction as a movement 1 the frontal plane about a sagittal horizontal
axs It 1s understood that the anatomic position (amms extended dewnward with
palms facing forward) 1s the pownt of reference for defining all fundamental

The only to the defi of flevton and extension as
stated above 1s the definion of flexion and extension of the two phalanges of
the thumb Because of the oblique facing of the thumb these movements take
place 1n an oblhque plane somewhat nearer the frontal than the sagittal. In this

case the movements of flewon and extension are so defined because of their
1l to the d of the finger phal It 1s upon
this latter basis (1e sundanty to the movement of the fingers) that some anat

omsts define flexion of the thumb s metacarpal bone as a movement parallel with
the hand (frontal plane) and abduction as a movement at night angles to the
hand (sagttal plane) The arguments in favor of each of these bases for defin
ing the movements of the first metacarpal are about equally divided It would
seem to be a matter of personal preference When refernng to other texts the
reader should be sure to note the definttions used by their respective authors
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F
Opposition

Fig 92 Movements of the thumb at the carpometacarpal jomnt

tatory movement 1s explamned 1n part by the oblique axis of motion
about which fleion and extension of the thumb take place and
i part by the movement of the greater multangular bone which
accompantes adduction of the thumb The total movement of the
thumb 1 opposition might well be described as a movement of
partial crrcumduction

Carpometacarpal and Intermetacarpal Jownts of Fingers The
motion taking place i most of these jomts 1s very shght It serves
to supplement the movements of the wnst The fifth carpometa
carpal jomt 1s shightly more mobile and permits a limited motion
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g 93  Antenior view of higaments of nght hand

of the fifth metacarpal bone, resembling somewhat the motion of
the thumb

Structure of the Metacarpophalangenl Jomts (Figs 91 93, 94)
The jomt at the base of each of the four fingers umting the proa
mal phalanx with the corresponding metacarpal bone 1s an ovoid
(condyloid) jomnt The oval, convex head of the metacarpal fits
mto the shallow oval fossa at the base of the phalanx The fossa
1s deepened shghtly by the fibrocartilaginous volar accessory higa
ment The jomt 1s meased 1n a capsule and 1is protected on each
side by strong collateral ligaments

The metacarpophalangenl jomt of the thumb has flatter jomt
surfaces than do the joints of the four fingers and 1t has more of the
characteristics of a hinge jont In addition to the articular capsule
it 15 protected by a collateral higament on each side and by a dorsal
hgament

Movements of the Metacarpophalangeal Jomnts Of the Four
Fingers FLEXION The antenor surface of the finger ap
proaches the palmar surface of the hand
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Fig 94 Posterior view of ligaments of nght hand

EXTENSION Return movement from flexion Most individuals
are able to get slight hyperextension 1n these jomts
ABDUCTION For the fourth fifth and mdex fingers this 15 2

lateral movement away from the middle finger This movement 1s
very limited and cannot be performed when the fingers are fully
flexed

ADDUCTION Return movement from abduction

Note In place of abduction and adduction the lateral move
ments of the middle finger are radial and ulnar flexion These are
comparable to radial and ulnar flexion at the wnist

CIRCUMDUCTION The combmnation of flexion abduction ex
tenstion and adduction performed in sequence 1n erther direction

Of the Thumb FLEXION The volar surface of the thumb
approaches that of the thenar emmence (base of thumb)

EXTENSION Return movement from flexion Indwiduals vary
greatly mn thesr ability to hyperextend the thumb at this jomnt

The Interphalangeal Jowts (Figs 91 93 and 94) As the name
mphes these are the jomts between the adjacent phalanges of
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the fingers or thumb They are all hinge jomnts, hence their only
movements are fleaon and extension These correspond to flevion
and extension of the first phalant 1t the metacarpophilmgenl
jomts Hyperextension 1s shght, of present at all Each joint 15 en
closed withia an articulwr capsule which 1s strengthened 1 front
by an aceessory volar hgament and on each side by a very strong
collateral igament

Muscles of the Wnst, Dingers, and Thumb These muscles
are treated m the same section beeruse movement of the hand at
the wrist joint 1s brought about almost as much by the forearm
muscles of the fingers and thumb as by the wrnst muscles proper
Certunly no analysis of wrist moy ements would be complete wath
out mention of the finger and thumb muscles that assist the muscles
of the wnst

AUSCLYS OF THF WRIST

ANTERIOR POSTFRIOR
Flexor carpi radiahis Extensor carpi radials longus
Palmars longus Extentor carpi radiahs brevis
Flexor carpi ulnaris Txtensor carpr ulnan

NMUSCLES OF THE FINCERS AND THUMD

LOCATED ON THE FORFARM LOCATED IN TI{E HAND

Fingers Fingers

Flexor digitorum sublimis Lumbnicales

Flexor digitorum profundus Talmar interossex

Extensor digitorum communis PDorsal interosset

Extensor indic1s proprius Abductor digit: quinty

Extensor digitt quantt Flexor digiti quint: brevis

Opponens digit1 quinty

Thumb Thumb

Flexor pollicss longus

Extensor pollicis longus

Extensor pollics brevis

Abductor pollicis longus

Flexor Carpt Radualts (Fig 95)
PROXIMAL ATTACHMENT Medial epicondyle of humerus

DIS’liAL ATTACHMENT Anteror surface of base of second meta
carpal

NERVE SUPPLY Median
ACTION Flevion and radial flevion of wnst
‘WHERE TO PALPATE Antenior surface of wnst just lateral to
the tendon of palmans longus
Palmaris Longus (Figs 95 and 99)
PROXIMAL ATTACHMENT Medial epicondyle of humerus

m:lsnn ATTACHMFNTS Annular higament and palmar aponeu
18

Flexar pollicis brevis
Abductor pollicis brevis
Opponens pollicis
Adductor pollicis
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Palmaris
longus
Flexor Flexer
corp! carpi
radialis ulnaris

Flexor
pollicis
longus

Fig 95 Superficial muscles on front of nght forearm

NERVE SUPPLY Median
ACTION Flexion of wrst

\VHERE TO PALPATE Antenor surface of wnst m exact center
It 15 the most promment of the flexor tendons
Flexor Carpr Ulnans (Fig 95)

PROXIMAL ATTACHMENTS By two heads from medial condyle
of humerus and medil border of olecrinon process of ulna
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DISTAL ATTAGHMENTS Palmar surface of pisiform and hamate
carpil bones, nd proumal end of fifth metrcapal

NERVE SUPILY Ulnar

ACTION Flevon and ulnar flevion of wnst

WIHERE TO PALPATE.  Anterior surface of ulnar sude of forearm
Tendon m1y be felt on medial side of antenor surfice of wrist
just proumal to the prsiform bone

Lxtensor Carpi Radialis Longus (g 96A)

PROXINIAL ATTACHMI NTS Lateral epicondyle and condyloid
ndge of humerus

DISTAL ATTACHMENT Postenor surface of base of sccond meta
carpal

NERVE SUPPLY Radinl

ACTION Extension and radinl flevion of wrist assists 1n flevion

of forearm agamst resistance when forearm 1s pronated

WHERE TO PALPATE Center of dorsal surface of forearm, about
2 mches below the elbow when forearm 1s i pronated position
as when palm rests on table

Extensor Carp: Radialis Brevts (Ig 96A)

PROXIMAL ATTACHMENT Lateral epicondyle of humerus

DISTAL ATTACHMENT Posterior surface of base of third meta
carpal

NERVE SUPPLY Radinl

ACTION Extension and radinl flewion of wrist assists 1n flexion
of forearm agamst resistance when forearm 1s pronated

WHERE TO PALPATE Dorsal surfice of forearm shghtly below
and lateral to the extensor carpi radinhis longus

Extensor Carp: Ulnanis (g 96A)

PROXIMAL ATTACHMENTS By two heads from lateral epicon
dyle of humerus and middle third of postenior ndge of ulnr

DISTAL ATTACHMENT Posterior surface of base of fifth meta
carpal

NERVE SUPFLY Deep radial

ACTION

Extension and ulnar flexion of wrist assists in flexion
of forearm agamst resistance when forearm 1s pronated

WHERE TO PALPATE Ulnar margin of posterior surface of fore
arm halfway between elbow and wnst

Flexor Digitorum Sublimis (Fig 97A)
PROXIMAL ATTACHMENTS

condyle of humerus,
coronoid process

Humero ulnar head Medial ep
ulnar collateral hgament medial margin of
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\
\ carpl radighs{{~
(longus)
] 18
{brevis)

Extensor
digitorum
communis

Extensor
digih
quintt
proprius

Extensor
carpl
ulnarts

Fig 968 Muscles on back of nght forearm A Extensor carpi radiahs longus
and brevis and extensor carpt ulnans B Extensor digitorum commums and
extensor digih quinti proprius

Radial head Obhque lme on anterior surface of shaft of ra
dius

DISTAL ATTACHMENTS By four tendons to the four fingers
each tendon sphitting to attach to the sides of the base of the mid
dle phalanx

NERVE SUPPLY Median
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Flexor
digitorum
sublimis

Flexor
pollicis
fongus

Fig 97 Deep muscles on front of nght forearm A Flexor digitorum subhmis
B flexor digitorum profundus and flexor pollicss longus

ACTION Fleuon of middle phalanges of fingers assists
Hlexion of first phalanges and of wrst
WHERE TO PALPATE Palm of hand

Flexor Digitorum Profundus (Fig 97B)

PROXIMAL ATTACHMENT Upper two thirds of antenor and
medial surfaces of ulna
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DISTAL ATTACHMENTS By four tendons to the four fingers,
each tendon passing through the corresponding tendon of the flexor
digitorum sublimis and attaching to the base of the distal phalanx

NERVE SUPPLY Interosseous branch of median

ACTION Flexion of distal phalanges of fingers, assists m flexion
of proumal and middle phalanges and of wnist

Cannot be palpated

Flexor Pollicss Longus (Figs 95 and 97B)

PROXIMAL ATTACHMENT Antenor surface of muddle half of
radms

DISTAL ATTACHMENT Antertor surface of base of distal pha
lanx of thumb

NERVE SUPPLY Volar interosseous branch of median

ACTION Strong fleion of distal phalanx of thumb assists
flexion of prouimal phalanx and n flevion and radial flexion of
wrist

Cannot be palpated

Extensor Digitorum Commums (Fig 96B)

PROXIMAL ATTACHMENT Lateral epicondyle of humerus

DISTAL ATTACHMENTS By four tendons to the four fingers
Each tendon divides into three ships the mddle one attaching to
the dorsal surface of the second phalanx and the other two umting
and attaching to the dorsal surface of the base of the distal pht
lanx

NERVE SUPPLY Deep radial

ACTION Extension of proximal phalanges of fingers assists
1 extension of second and third phalanges 1nd of wnst

SVHERE TO PALPATE Dorsal surface of hand wnd arm

Extensor Indicis Proprius (Fig 98)

PROXINAL ATTACHMENT Dorsal surface of Iower half of ulna

DISTAL ATTACHMENT Unites with index finger tendon of ex
tensor digitorum communis

NERVE SUPPLY Deep radral

ACTION Extension of provimal phalanx of ndex finger assists
1n extension of wnst

Cannot be palpated

Extensor Digitt Quinty Proprius (Fig 96B)
PROXIMAL ATTACHMENT Proximal tendon of extensor digt
torum communis
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Extensor

pollicis duct

longus pollicis
longus

Extensor

indicis Extensor

proprius

Extensor digitorum
communis

Fig 98 Posterior muscles of the thumb and index finger

DISTAL ATTACHMENT Umtes with Iittle finger tendon of ex
tensor digitorum commums

NERVE SUPPLY Deep radial

ACTION Extension of proumal phalanx of fifth finger, assists
m extension of wrist

Cannot be palpated
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Lxtensor Pollicis Longus (Fig 98)

PROXIMAL ATTACHMENT Dorsal surface of mddle third of
ulna

DISTAL ATTACHMENT Dorsal surface of base of distal phalanx
of thumb

NERVE SUPPLY Deep radial

ACTION Extension of distal phalanx of thumb assists m ex

tenston of first phalanx, md n extension and radmal flevon of
wrst

WHERE TO PALPATE If the hand 1s placed palm down on 2
table and the thumb raised as high as possible the tendon may be
clearly seen and palpated on the dorsal surface of the thumb and
radial side of hand

Lxtensor Pollicis Brevis (Fig 98)

PROXIMAL ATTACHMENT Dorsal surface of radius below ab
ductor pollicss longus

DISTAL ATTACHMENT Dorsal surface of base of first phalanx

NERVE SUPPLY Deep radial

ACTION Extension of first phalant of thumb assists m ab
duction of first metacarpal and 1n radial flevion of wnst

WHERE TO PALPATE If the first phalanx 1s extended agamst
resistance the tendon stands out between the wrist and first metr
carpophalangeal joint

Abductor Pollicts Longus (Fig 98)

PROXIMAL ATTACHMENT Middle third of dorsnl surfices of
radws and ulna

DISTAL. ATTACHMENT Dorsal surface of base of first meta
carpal

NERVE SUPPLY Deep radial

ACTION Abduction of metacarpal hone of thumb assists
flexion and radial flexion of wrist

WHERE TO PALPATE Just anterior to tendon of extensor pol
hicis brewis at base of metacarpal The two tendons hie side by side

Comments on Flexion and Extension of Wrist and Fingers An
interesting characterishic of the long finger muscles 1s the fact that
they do not have sufficient length to permut the full range of mo
tion m the jomts of the fingers and wnst at the same time For
instance, 1t 15 umpossible to achieve simultaneously complete flexion
bath of the fingers and of the hand because the antagonistic muscle
the extensor communis digitorum, will not stretch sufficiently to
permut 1t Likewise 1t 15 impossible to achieve simultaneously com
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Palmans

lengus
Aponeurosis

polmaris

Palmans
brevis

Faseiculs
transvers

Fig 99 Palmar fascia and superficial muscles of nght palm

plete extension of the fingers and hyperextension 4t the wnst be
cause the two finger flexors, the digaitorum sublums and profundus
will not stretch sufficiently to permit 1t Whether complete fleion 15
desired or complete extension m erther case the antagonistic mus
cles act as a check rem Thus 1f complete flexion of the fingers 15
desired the wrst can only be flexed to nbout half of its usual range
and 1if complete flexion at the wrst 1s desired, the fingers can only
be flexed about half way

Conversely, 1t 15 mmpossible to extend the fingers completely
when the wrist 15 hyperextended to 1ts limit of motion because of
the pull on the finger flexors Ths involuntary movement due
to the tension of the opposmg muscles 1s what 1s known as the
tendon or pulley achion of multyomnt muscles (see p 34) Be
cause of this arrangement of the muscles the strongest finger fleion
can be obtaned when the wrist 1s held rigid 1n either a straight or
shghtly hyperextended positon the strongest finger extension
when the wrist 15 r1igad 1n erther a straight or shghtly flexed position
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Abductor
pollicis brevis

Flexor

pollicis brewis
—e—"

digtt

Opponens quinti

pollicis
{beneath)

Lumbricales

Flexor
digitorum
profundus

Fig 100 Muscles of nght hand anterior view

The most powerful wrist action—either flexion or hyperextension—
can take place only when the fingers are relaxed In other words
strong finger action requires a ngid wnst strong wrst action re
quures relaxed fingers The whole subject of wrist and finger action
has been discussed exceptionally well by Wright

Mauscles of the Fimgers and Thumb Located m the Hand
Abductor Digits Quants (Fig 100)

PROXIMAL ATTACHMENTS Pisiform bone and tendon of flexor
carp1 ulnans
DISTAL ATTACHMENTS Ulnar side of base of first phalanx of

httle finger and ulnar border of aponeurosis of extensor digitorum
qunt: proprius

NERVE SUPPLY Ulnar

ACTION Abduction of httle finger assists m flexion of first
phalanx and extension of second and third phalanges

WHERE TO PALPATE Ulnar border of palm of hand
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Flexor Digitt Quinti Breuis (Dig 100)

PROXINAL ATTACHNI NTS ook of hamate bone and adjacent
parts of transverse carpal hgament

DISTAL ATTACHMLNT Ulnar side of base of first phalank of
hittle finger

NERVE SUPPLY Palmar divsion of ulnar nenve

ACTION Flexion of proumal phalany of little finger

WHERE TO PALPATL On palm of hand just beside abductor

digits quints It 1s difficult to distingwish 1t from the latter muscle

Opponens Digits Quantt (Tigs 100 and 101)

TROXINAL ATTACHMINTS ook of hamate bone and adjacent
parts of transy erse earpal higament

DISTAL ATTACIIMENT Whole length of ulnar border of fifth
metacarpl bone

NERVE SUPPLY Deep palmar branch of ulnar nerve

ACTION Combmation of flevion 1nd adduction of fifth meta
carpal bone, as 1n “cupping  the palm

Cannot be palpated

COMNMENT This muscle 1s situated directly beneath the flexor
brevis and abductor muscles for the same finger

Flexor Pollicts Brevs (Fig 100)

PROTIMAL ATTACHMENTS Superficinl head  Greater multangu
lar bone and adjacent part of transverse carpal hgament Deep head
Ulnar side of first metacarpal bone

DISTAL ATTACHMENTS Superfictal head Radial side of base of
first phalanx of thumb Deep hend Ulnar side of base of first pha
lanx of thumb wath adductor pollicis

NERVE SUPPLY Median

ACTION Flexion and adduction of the first metacarpal bone
and flevion of the prowumal phalanx of the thumb

WHERE TO PALPATE The superficial head may be palpated
along the ulnar margin of the anterior surface of the thenar em
{l):nce but 1t 15 difficult to distingwish 1t from the abductor polhicis

evis

COMMENT The deep head 15 sometimes described as part of
the palmar imterosser A sesamoid bone Lies m the tendon of mser
tion of the superfictal head

Abductor Pollicis Brems (Fig 100)

. PROXIMAL ATTACHMENTS Anterior surface of transverse carpal
gament greater multangular bone and navicular bone
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Me

/
k\ Transverse
carpol

Opponens ligament
polhicis Opponens
digiti
quinh

5
SN
~
| A

=

Adductor
poliicts

T/

Fig 101 Deep muscles of thumb and fifth metacarpal

DISTAL ATTACHMENT Radil side of base of first phlany of
thumb
NERVE SUPPLY Median

ACTION A combmation of fleion mnd abduction of the thumb
at the carpometacarpal jomnt flexion of proumal phalanx In spite
of 1ts name 1t 15 doubtful 1f this muscle could effect pure abduction
unaided It contracts much more strongly when abduction 1s ac
compamed by flexion

WIHERE TO PALPATE Antenor surface of thenar emmence

COMMENTS This 15 the most superficial muscle on the radi1l
side of the thenar eminence

Opponens Pollicis (Figs 100 and 101)

PROXIMAL ATTACHMENTS Anteror surface of greater multangu
lar bone and transserse carpal hgament

DISTAL ATTACHNENT Whole radial border of anterior surface
of first metacarpal

NERVE SUPPLY Median
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acrion A movement of the flexed and hyperadducted metr
carpal bone of the thumb toward any of the fingers

WIERE TO PALPATY If the thumb 15 pressed hard agunst the
middle finger this muscle can be palpated along the lateral margin
of the thenar emunence, close to the metacarpal bone

Adductor Pollicis (g 101)

PROXINAL ATTACHMENTS Carpnl or oblique herd Deep carpal
ligaments, capitate hone and bases of second and third metacarpal
bones Metacarpal or transverse head Lower two thirds of ante
nor surface of third metacarpal bone

DISTAL ATTACHNENT Ulnar side of base of proumal phalanc
of thumb

NERVE SUPPLY Deep palmar branch of ulnar nenve

ACTION Adductien hyperadduction, and extension (from the
posiion of flevion and hyperadduction) of the first metacarpal
bone flexion of proimal phalanx of thumb

WHERE TO PALPATE.  On the mner antenor surface of the meta
carpophalangeal jomnt of the thumb It cn easily be palpited when
the thumb 15 pressed agunst one of the fingers

COMMENTS The two parts of this tnangulir shaped muscle
are sometimes descnbed as two separate muscles A sesamoid bone
15 present 1n the tendon

Lumbricales (four mn number) (Fig 100)

PROXIMAL ATTACHMENTS Tendons of the flexor digitorum pro
fundus m the middle of the palm

DISTAL ATTACH\ENTS Radial side of the tendons of the exten
sor digitoram commums
NERVE SUPPLY First and second lumbricales Median Third

and fourth lumbnicales Ulnar

ACTION Flexion of proamal phalanges of fingers and exten
sion of mddle and distal phalanges

Cannot be palpated

COMMENTS ‘The lumbrical muscles so named because of their
wormlike appearance are situated deep 1 the palm of the hand

Palmar Interosser (three in number) (Fig 102)
PROXIMAL ATTACHMENTS
First Ulnar side of second metacarpal bone
Second Radial side of fourth metacarpal bone
Third Radial side of ifth metacarpal bone
DISTAL ATTACHMENTS
First Ulnar side of base of first phalanx of mdex finger and
€xpansion of extensor digitoram commums tendon
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Palmar
nterossel

Fig 102 Palmar mterosser nght hand

Second Radial side of base of first phalanx of fourth finger and
expansion of extensor digatorum commums tendon -
Third Radial side of base of first phalanx of fifth finger and ex
pansion of extensor digitorum commums tendon
NERVE SUPPLY Ulnar
ACTION Adduction and flexion of the second, fourth, and fifth
fingers at the metacarpophalangeal jomts extension of second and
third phalinges of second fourth and fifth fingers
Cannot be palpated
COMMENTS These three small ‘between the bones muscles
are situated on the anterior surfaces of the second fourth and
fifth metacarpal bones on the side nearest the rmddle finger A sim
ilar muscle sttuated along the side of the first metacarpal bone,
1s sometmes described as one of the palmar nterosser sometimes
as the deep head of the flexor pollicts brevis (See description of
latter muscle )

Dorsal Interosser (four in number) (Fig 103)

PROXIMAL ATTACHMENTS By two heads from the adjacent
sides of the metacarpal bones 1n each interspace

DISTAL ATTACHMENTS Base of proumal phalanx and aponeu
ros1s of extensor muscles on each side of the mddle finger on the
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Dorsal
interosses

Fig 103 Dorsal interosser nght hand

thumb stde of the index finger, and on the ulnar side of the fourth
finger

NERVE SUPPLY Palmar branch of ulnar nerve

ACTION Abduction of index and fourth fingers radial and
ulnar fleion of middle finger flevion of proumal row of phalanges
of second third and fourth fingers and extension of mddle and
distal rows

Cannot be palpated

COMMENTS These are small bipenmform muscles They oc
cupy the ntervals between the metacarpal bones

MUSCULAR ANALYSIS OF THE FUNDAMENTAL
MOVEMENTS OF THE WRIST, FINGERS AND THUMB

Wrst
Flexion Flexor carp1 ulnans
Principal Flexor carp: radialis
Palmaris longus
Movers

Flexor digitorum profundus (when pre
vented from flexing fingers)
Flexor digitorum sublimis (when pre
Assistant vented from flexing fingers) P
Flexor pollicis longus
Abductor pollicis longus
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Neutralv ers

Stabilizers
Extension
Principal
Movers
Assistant
Neutrali ers
Stabilizers

Ulnar Flexion
Aovers

Neutralizers

Stabilizers

When strong wrist flexton requires the
ad of the finger flexors the finger
extensors contract to counteract the
effect of the finger flexors on the
fingers, thus permitting them to affect
only the wrist joint

Flexor carpt ulnans s mutually neu
tralizing with flexor carp: radialis and
abductor polhicis longus with respect
to ulnar and radial flexion

When strong wrist flexion 13 desired the
triceps provides a firm support for the
origins of the wrist flexors by prevent
ng flexion at the elbow

Extensor carpt radialis longus
Extensor carpi radialis brevis
Extensor carpt ulnaris

Extensor communis digttorum
Extensor pollicis longus

When strong wrist extenston requires the
aid of the finger extensors the finger
flexors contract to prevent extension
of the fingers

Extensor carpt radialts longus and brevis
and extensor carpi ulnaris are mutu
ally neutralizing with respect to radial
and ulnar flexion

When strong wrist extenston 1s destred
the triceps provides a firm support for
the origins of the wrist extensors by
preventing flexion at the elbow

( Extensor carp: ulnarns

Flexor carp: ulnarts

Extensor carpt ulnans and flexor carpt
ulnarns are mutually neutrahzing with
respect to extension and flexion

Triceps provides a firm base of support
for the ulnar flexors by preventing
flexion at the elbow

Palmar intercsser prevent abduction of
little finger by ulnar flexors
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Rad:al Flexion
Principal
Morers
Assistant
Neutrali ers
Stabily ers
Flexion
Principal
Movers
Assistant

199

Extensor carpy radiahis longus
Extensor carpt radinlis brevis
Flexor carpt radinhs

Abductor pollicis longus

Lxtensor polhiais longus

Extensor pollicis brevis

Tlexor pollicss longus

Lxtensor carpa ridialis longus and brevis
and flexor carpr radialis are mutually
neutralizing with respect to one an
other’s and flexion

Biceps steadies the elbow yoint Abductor
pollicis longus 1s prevented from ab
ducting and extending the thumb by
the stabilizing acuon of the thumb
flexors and adductors

I'ngers

Flexor digstorum sublimus (ddle pha
langes)

Flexor digitorum profundus (distal pha
langes)

Lumbricales {(proximal phalanges)

Flexor digiti quinti brevis (proximal
phalanx of fifth finger)

Palmar (p 1 phalang
of second fourth, and fifth fingers)
Dorsal (proxumal phal.

of second, third, and fourth fingers)
Opponens digiti quint: (fifth metacarpal)
Abductor digitt quinti (proumal pha
lanx of fifth finger)
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Neutralizers and stabilizers

Extension

Principal

Movers

Assistant

Neutralizers and stabilizers

(These are grouped together because the
muscles overlap 1n the functions of
neutralizing and stabihzing }

Extensor carpt radiahs longus and brevis
and extensor carpt ulnans stabthze the
wrist during flexion of the fingers thus
neutrahizing the wrist flexing tendency
of the long finger flexors

If the middle and distal phalanges of the
fingers are flexed, but not the prox:
mal phalanges the extensor digitorum
communis stabilizes the proumal pha
lanx, and the flexor carp1 ulnans and
radialis and palmars longus stabilize
the wrist agamnst the pull of the exten
sor digitorum communis

If the proximal phalanges of the fingers
are flexed but not the nuddle or distal
phalanges the extensor digitorum
commums stabilizes the latter two
phalanges, and the flexor carpt ulnans,
flexor carpi radialis and palmans
longus stabilize the wnst aganst the
pull of the extensor digttorum com
munts

Extensor digitorum commums (proximal
phalanges)

Extensor indicis proprius (proumal pha
lanx of index finger)

Extensor digit1 quinti proprius (proximal
phalanx of fifth finger)

Lumbricales (muddle and distal pha
langes)

Palmar interosser (muddle and distal
phalanges of second fourth and fifth
fingers)

Dorsal mnterosser (uddle and distal pha
langes of second, fourth, and fifth
fingers)

Abductor digits quints (muddle and dstal
phalanges of fifth finger)

Flexor carpi ulnans flexor carp: radtalis
and palmans longus stabihize the wrist
during extenston of the fingers thus

lizing the wrist ding tend
ency of the long finger extensors
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Abduction Dorsal 1nterosser (second and fourth
Principat fingers)
Abductor digits quints (fifth finger)
Morers
Assistant T umbricales (index finger)
Neutraligers and stabsli ers Various muscles of the wrist and hand

serve 1n these capaaities depending
upon the position of the hand, upon
which fingers are being abducted, and
upon the force of the movement

Adduction Palmar interosses (second, fourth, and
I 1 fifth fingers)
nneipa Opponens digis quinte {fifth metacar
Vorers pal)
Assistant Lumbricales (fourth and fifth fingers)
Neutrahzers and stabilioers Various muscles of the wrist and hand

serve 1n these capacities depending
upon the posttion of the hand upon
which fingers are being adducted, and
upon the force of the movement

Radial and Ulnar Flexion of the Middle Finger

Dorsal interosser (both radial and ulnar
flexion of middle finger)

Lumbricales (radial fleion of muddle
finger)

Morers

Neutralizers and stabilizers Various muscles of the other fingers and
of the wrist serve in these capacities
depending upon the position of the
hand and the force of the movement

Thumb

Flexor pollicis longus (distal phalanx)
Principal Flexor pollicss brevis (metacarpal and
proxmmal phalanx)

Flexion

Moyers
Abductor pollicis brevis (metacarpal and
. proximal phalanx)
¥ pollics ( pal)
Adductor pollicis (proumal phalanges)

Naturali. ers and stabihizers The extensors of the wrnst and other

muscles of the wrist and hand depend
1ng upon the position of the hand and
the force of the movement
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Extension

Principal
Mozers
Assistant

Naturaliers and stabilizers
Abduction Principal
Morers

Assistant

Neutrali ers and stabilt ers

Adduction Principal

Mozers

Assistant

Naturalr.ers and stabilvers

Extensor pollicis longus (distal and proxt
mal phalanges)

Extensor pollicis brevis (proximal pha
lanx)

Adductor polhicis (metacarpal)

The flexors of the wrist and other muscles
of the wrist and hand depending upon
the posttion of the hand and the force
of the movement

Abductor pollicis longus

Extensor pollicis brevis

Abductor pollicts brevis (abducts 1f jont
13 1n flexed position)

Extensor pollicss longus (abducts if joint
18 1 extended position)

The ulnar flexors of the wrst and other
muscles of the wrist and hand depend
g upon the posttion of the hand and
the force of the movement

[Adductor pollicis

Opponens pollicis

Flexor pollicis brevis
Flexor pollicis longus

None unless the movement 1s forceful,
m which case all of the muscles of the
wnist and fingers seem to be 1n static
contraction

Opposition Fl‘;““o“ 33: Flexor pollicis brevis
nz')Pcr ? m;C Adductor pollicts
n ol 2 |Opponens pollicis
carpal bone
Moers E"l‘::“;:: °§l Adductor polhicis
bon. a;s Opponens pollicis
ﬂcx:)n of the | Flexor polltcs Jongus
phalanges Flexor pollicis brevis

In the second part of the movement the
tendency of the flexor polhcis longus
to flex and radially flex the wirist 13
neutralized by the extensor carp:
ulnars extensor carpi radialis longus
and extensor carpi radiahs brevis The

Neutralvers
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tendency of the flexor pollicis brevis
to flex the metacarpal bone at the same
ume that 1t s fleung the st phalng
ts neutralized by the extensor pollicis
fongus and bresis

Stabili ers All of the muscles of the wnst contrict
1o stabihze 1, particularly when the
thumb s pressing foreefully agunst the
fingers

DEMONSTRATIONS AND LABORATORY EAERCISES

Joint Structure and Tunction
1 Using & form like the one on page 156, record the essentinlinforma
tion regarding the radiocarpal the cargp pal the pophal
geal and the phal | articulations Study the movements both on
the skeleton and on the Ining body Pay particular attention to the cupo
metacarpal joint of the thumb
2 With a Luflun rule or protractor gomometer measure the amount
of hyperextension possible at the wnst (a) with the fingers flexed, (b)
with the fingers extended Lakewise measure the amount of flexion possible
at the wnst, (a) with the fingers flexed (b) with the fingers extended
Explan
Muscular Action
(If possible get someone who plys the piane to serve as subject )
3 Flewon at wnst
Subject Sit with forearm resting on table with palm up Flex hand at
wrst
Assistant Resist movement by holding palm
Observer Palpate 1dentify and explan the action of as many muscles
as possible
4

and hyg at wrist
Subject Sit with forearm resting on table palm down hand hanging
aver edge of table Lxtend hand at wnst
Assistant Resist movement by pressing on back of hand
Observer Palpate identify and explan the action of as many muscles
as possible
5 Radial flevion at wnst
Subject Sit with forearm resting on table ulnar side (httle finger side
of hand) down heeping thumb agamst hand raise hand from table with
out moving forearm
Assistant May gwve sheht resitance to hand
Observer Palpate and 1dentify the muscles responsible for radial flexion
6 Ulnar flexion at wrist
Subject Lie face down or bend forward m such a way that radial side
of hand (thumb side) 1s on supporting surface with forearm supported

and wnst netther flexed nor hyperextended heepm; Lttle finge:
hand raise hand without moving forearm g Her agamst
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Exteaston Extensor pollteis Iongus (distal and prou
Prucipal mal phalanges)
P Extensor pollias brevis (prowamal pha
Morers lanx)
Asastant Adductor pollicis {metacarpal}

Aaturali ers and stabilizers

The flexors of the wrist and other muscles
of the wrist and hand depending upon
the position of the hand and the force
of the movement

Abduction Principal Abductor poliicis longus
Morers Extensor pollicis brevis
Abductor pollicis brevis (abducts if jomnt
Asststant 18 1n flexed position)

Neutralicers and stabibizers

Extensor pollicts Iongus (abducts if joint
18 1 extended position)

The ulnar flexors of the wrist and other
muscles of the wrist and hand depend
g upon the position of the hand and
the force of the movement

Adduction Prncipal ‘Adductor pollicis
Opponens pollicis
Mozers
Assistant [Flaxor pollicis brevis
Fiexor poliicis fongus

Naturalizers and stably.ers

Nore unless the movement 15 forceful,
1 which case all of the muscles of the
wrist and fingers seem to be 1n static
<ontraction

Opposition Flexion and Flevor pollicss brevis
2&6313:::: Adductor polhicis
carpal bone Opponens polhicis

Hoer Exl;:l;lg\ 021 Adductor pollicis
bone ax:g Opponens pollicis
flexion of the Flexor pollicis longus
phalanges Flexor pollicts brevis

In the second part of the movement the
tendency of the flexor pollicis longus
to flex and radally flex the wnst 13
neutralized by the extensor carpt
ulnans extensor carp: radialis longus
and extensor carp: radialis brevis The

Acutralizers
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Assistant Resst movement by holding hand over subject s fingers

Observer Palpate identify, and explain the action of as many muscles
as possible

9 Flexion of thumb in position of abduction

Subject Place the hand on a table with the palm up and the thumb
shghtly separated from the index finger Flex the thumb at the carpo
metacarpal joint by raising 1t vertically upward

Assistant Grve shight resistance to the thumb at the prouimal phalanx

Obsereer Palpate the abductor pollicis brevis in the thenar emmence

10 Adduction of thumb in position of flexion

Subject Place the hand on a table with the palm up and the thumb
shghtly raised from the table Adduct the thumb at the carpometncarpal
Jont

Assistant Gie shight resistance to the proumal phalanx of the thumb

Observer Palpate the flexor pollicss brevis in the thenar emmence

CHECK LIST FOR \MUSCULAR ANAL1SIS OF MOVEMENTS OF THE FINGERS

IntER
M R| HA 2,
{ETACARPO-PHALANGEAL PHALANGEAL

Ox Forearu

Flexor digits sublimus

Flexor digita profundus

Extensor digit communis

Ext indicss proprius

Extensor digrts quints

In Hanp

T umbncales

Palmar interosse

Dorsal mterosser

Abductor digits quintt

Flexor dig qumnt brev
_—

Opponens digats quintt L ]
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Assistant May give shght resistance to hand
Observer Palpate and identify the muscles responsible for ulnar flexion.
7 Finger fleaion
Subject 51t with forewrm resting on table with palm up Flex fingers
without flexing at wrist
Assistant Resist movement by hooking own fingers over those of subjegt
Observer Palpate identify and explamn the action of as many muscles
as possible
8 Finger extension
Subject Sit with forearm restmng on table with palm down, fingers
curled over edge of table Extend fingers

CHECK LIST FOR MUSCULAR ANALYSIS OF MOVEMENTS OF THE },IAND AT
‘THE WRIST

EXTEN ULNAR | RADIAL

FLEXION
B SIoN FLEXION | FLEXION

MuscLes oF WrisT

Flexor carp: radialis

Flexor carpt ulnaris

¥ almans longus

Extensor carpr radsalis longus

Extensor carpi radialis brevis

Extensor carpt ulnaris

Muscres oF Truss anp Fingers

Flexor digitorum sublimis

Flexor digitorum profundus

Extensor digit commums

Exten.or ndicis propriug

Extensor digitt qumti

Flexor pollicis longus

Extensor polliais longus

Extensor pollicis brevis

Abductor polheis Jongus B
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11 Abduction and extension of thumb

Subject Rest the fully extended hand on its ulnar border with the thumb
uppermost Abduct the thumb as far as possible and slowly move 1t back
and forth between a position of hyperextension and shght flexton

Observer Identify the tendons of the abductor polliers longus the
extensor pollicis longus and the extensor pollicts brevis

12 Adduction and opposition of thumb

Subject Press the thumb hard against the tip of the middle finger

Observer Palpate and 1dentify the opponens pollicis and adductor
pollicis

Action of Muscles Other Than Movers

13 Perform a movement 1n which the extensor carpr ulnans and ex
tensor carpt radialis longus and brevis act as neutralizers to prevent flevion
at the wnist

14 Perform a movement i which the extensor carpi ulnans and flexor
carpi ulnans act as mutual neutralizers

CHECK LIST FOR MUSCULAR ANALYSIS OF MOVEMENTS OF THE THUMB

MeTacarro- IntE

CarPOMETAC RPAL
¢ PHALANGEAL PHALANG AL

ADD &
T &

FLE: aso | my ExT
% [ ex we o fome | rex | esr e

ON For AR

Fipllog

E t pol long

E t pot brev

Abd pol long

IvH o

Fl pol bev

Abd plbev

Opponens pol

I A I I

‘Adductor pol |
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Chapter 10

THE LOWER EXTREMITY THE HIP
JOINT AND THE PELVIC GIRDLE

THE RELATIONSHIP between the hip joint and the pelvic girdle 15
somewhat similar to that between the shoulder jomnt and shoulder
gudle Just as the scapula tilts or rotates to put the glenoid fossa m
a favorable position for the movements of the humerus so the pel
vic girdle tilts and rotates to put the acetabulum 1w a favorable
posion for the movements of the femur There are these differ
ences, however Whereas the left and nght sides of the shoulder
girdle can move independently of each other the pelvic girdle can
move only as a umt Furthermore, whereas the moyements of the
shoulder girdle take place m 1ts own jomts (sternoclavicular and
acromuoclavicular) the pelvic gurdle 1s dependent upon the lumbo
sacral joint and the hip jomnts for its movements Hence an analysis
of the movements of the pelvic girdle must always be m terms of
spmnal and hp action

THE HIP JOINT

Structure (Figs 104 105 106 107 108) The hip jomt 15
formed by the articulation of the spherical head of the femur with
the deep cup shaped acetabulum of the pelvis (Figs 104 and 105)
It 1s a typical ball and socket joint The femoral head 15 completely
covered with hyalie cartilage except for a small pit near the cen
ter, known as the fovea capitis at which pomt the hgamentum teres
1s attached to the bone The cartilage 1s thicker above and tapers to
a thin edge at the arcumference Hyahne cartilage also Lnes the
horseshoe shaped surface of the acetabulum It 1s thucker above
than below The center of the acetabulum 1s filled m with a mass
of fatty tissue which 1s covered by synovial membrane A flat nm
of fibrocartilage, known as the glenoid labrum 1s attached by its
arcumference to the margn of the acetabulum (Fig 105) It

208
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1ofemoral ‘&\\\\\
Thofemoral //ﬁ\\

gament \\X\\&\} * pelvis

Pubocapsuler
+ hgament

Femur

Fig 108 Antenor view of nght hip jomt

ek
i{\q\// Ischiocapsulor

Pelvis ligement

Fig 107  Postenor view of nght hup jont

covers the hyaline cartilage and, since 1t 1s considerably thicker at
the arcumference than at the center 1t serves to deepen the ace
tabulum Also smce 1t 1s thicker above and behind, 1t serves to pro
tect the acetabulum agamst the impact of the femoral head m
forceful movements

The jomt 1s enveloped i a loose sleevelike capsule which 1s
attached above to the margin of the acetabulum and below to the
distal margin of the anatomic neck of the femur It 1s much thicker
above and 1n front than it 15 below and behind It consists of two
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Mt
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Fig 108 Right Inp jont from within looking toward head of femur

sets of fibers, circular and longitudinal, and 15 remforced by the ilio
femoral, pubocapsular 1nd 1schiocapsular igiments It 15 lined with
an extensive synovi1l membrane

Ligaments ILIOFEMORAL LIGAMENT (Fig 106} This hga
ment mcknamed the Y higament because of 1ts mnverted Y shape
1s an extraordinanly strong band of fibers located at the front of
the capsule and ntimately blended with it Its shape 1s actually
more that of a triwngle or n inverted V than that of 1 % It s at
tached above to the anterior mferior spine of the thum and below
by two dmsions to the upper and the lower parts of the intertro
chanteric line

PUBOCAPSULAR LIGAMENT {Fig 106) Thus 15 2 narrow band of
fibers attached above to the obturator crest and upper rimus of
the pubis Below 1t blends with the fibers of the capsule

ISCHIOCAPSULAR LIGAMENT (Fig 107) This 1s a strong tn
angular hgament on the back of the capsule It 1s attached by 1ts
base to the 1schium behind and below the margm of the acetabu
lum and by 1ts apex to the trochanteric fossa the fibers blending
with those of the capsule

TRANSVEFSE ACETABULAR LIGAMENT ( Fig 108) Thus 15 a strong
flat band of fibers continuous with the glenoid labrum It bridges
the acetabular notch thus completing the acetabular nng

LicaMENTUM TERES (Fig 108) Thus 15 a flat narrow tnangu
lar band sheathed 1n synovial membrane lymg within the hip
jomnt It 1s attached by its apex to the fovea capitis the hittle pit
near the center of the femoral head and by 1ts base to the margins
of the acetabular notch and to the transverse acetabular ligament
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Position and Shape of Femur
The movements of the femur are
similar to those of the humerus
but are not quite so free as
the latter because of the deeper
socket In studving the move
ments of the femur the student
should first be aware of the pos
tion of the femur m the fun
dwmental standing posttion  If
viewed from the front mn this
posttion 1t 1s seen that the shaft
of the femur 15 not vertical but
that it slants somewhat medal
ward This serves to place the
center of the knee jomnt more
newly under the center of mo
tion of the hip jont Hence the
mechanical axis of the femur—
line connecting the center of the
femoral head with the center of
the knee jomt—s almost vertical
(Fig 109) The degree of slant
of the femoral shaft 1s related
both to the size of the angle between the neck and shaft and to the
width of the pelvis A report on the vanations found 1n the nech
shaft angle may be found at the end of this chapter (sce p 234)

As seen from the side the shaft of the femur bows forward
These characteristics of the femur—the obtuse neck shaft angle
and the forward bowing of the shaft—are not signs of weakness
as the unmformed might suppose but as Stemndler has explamed
they are provisions for resisting the stramns and stresses sustaned
m walking runming and Jumping and for assuring the proper
transmission of weight through the femur to the knee joint

Movements of the Femur at the Hip Jomt Flexion A for
ward movement of the femur m the sagittal plane If the knee 15
straight the movement 1s restricted by the tension of the hamstring
muscles In extreme flexion the pelvis tilts to supplement the move
ment at the hip jomnt

Extension Return movement from flevion

Hyperextension A backward movement of the femur 1n the
sagittal plane [his movement 15 extremely limited Fxcept n
dancers and acrobats 1t 1s possible only when the femur 1s rotated

Mechanical
aus of
femur

Fig 109 Mechaneal axis of femur
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outward and s probably completcly absent in many individuals
The restncting f1ctor 1s the liofemornl ligament at the front of the
jomt The adyantage of this restniction of movement 1s that st pro
vides a stable jont for weight beanng without the need for strong
muscular contraction

Abduction A sideward movement of the femur in the frontal
phne so that the thigh moves aw 1y from the mdhine of the body
A greater range of movement 1s possible when the femur 1s rotated
outward

Adduction Return movement from abduction Hyperadduc
tion 1s possible only when the other Jeg 1s moved out of the way
In extreme hyperadduction the hgamentum teres becomes taut

Outward Rotation A rotation of the femur around its long:
tudinal s so that the knee 1s turned outw ard
Inward Rotation A rotation of the femur around its longs

tudinal as so that the knee 1s turned mmward
Circumduction A combmntion of fleion abduction exten
sion, and adduction performed sequentially 1n either direction
Muscles Several of the muscles which act 2t the ip jont
act with equal or greater effectiveness at the knee joint These are
known s the two joint muscles of the lower extremity Only their
action at the hip joint 15 recorded m this section

Antenor Posterior
Psoas Gluteus maximus
Ihacus Biceps femors
Sartortus Semitendinosus
Pectineus Semimembranosus
Tensor fascine latae Six deep outward rotators
Rectus femons
Lateral Medral
Gluteus medius Gracilis
Gluteus mimmus Adductor magnus
Adductor longus
Adductor brevis

Psoas (see muscles of spine and pelvis also) (Fig 110)

PROXIMAL ATTACHMENTS Sides of bodies and mtervertebral
carhilages of last thoracic and all lumbar vertebrae front and lower
borders of transverse processes of lumbar vertebrae

DISTAL ATTACHMENT Lesser trochanter of femur

NERVE SUPPLY Femoral

ACTION (AT sIP) Flexion assists mn adduction especially from
position of extreme abduction
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Hhacus

Pectineus

Fig 110  Antenor view of pelvic region showing psoas major and minor 1hacus
and pectmeus

WHERE TO PALPATE Because of the location of this muscle at
the back of the abdomen 1t can be palpated only on slender sub
jects and only when the abdommnal muscles are relaxed Two
methods of attempting palpation are suggested

1 The subject should lie on the side rolled toward the face and
flex the thigh agaimnst resistince without contracting the abdommal
muscles The muscle may be palpated n the grom

2 The subject should lie on the back with the lower back arched
as much as posstble From this position he should flex one thigh
without contracting the abdommnal muscles An assistant should
support the pelvis underneath and attempt to prevent it from mov
g, The psoas may be palpated through the vbdomen

COMMENTS The psoas and the 1hacus have a common tendon

for therr distal attichment The two muscles we usually called the
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Tensor
tascioe:

fotoe

Sartorius
Rectus
femons
Tractus
iliotibiohis

Fig 111 Muscles on front of nght thigh

thopsoas muscle The brm of the pelvic over which the psoas
Dasses serves to increase the muscles angle of pull
Thacus (Fig 110)

PROXIMAL ATTACHMENTS
sacrum

DISTAL ATTACHMENTS
lessir trochanter

Anterior surface of 1lrum and base of

Psoas tendon and shaft of femur below
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NERVE SUPPLY Femoral
ACTION Flexion
WHERE TO PALPATE See psoas

Sartortus (see muscles of the knee also) (Fig 111)

PROXIMAL ATTACHMENT Anterior supenor 1hnc spine nd up
per half of notch below 1t

DISTAL ATTACHMENT Anterior and medial surfice of tibn
just below condyle

NERVL SUPPLY Femoral

ACTION (AT IP) Flexion Whether 1t also helps to adduct
and outward rotate s some anatomusts clum 1s debitable

WHERE TO PALPATE At the anterior supenior thac spme The
entire muscle m1y be seen nd palpated on the front of the thigh
m a slender subject

COMMENTS Thus 15 - long slender ribbon like muscle, directed
obliquely downward and mnward -cross the front of the thigh It
1s the most superficial of the anterior muscles of the thugh Its name
1s derived from the fact that 1t 15 supposed to produce the move
ments of the thigh and leg which enable one to sit tailor fishion

Pectineus (Fig 110)

PROXIMAL ATTACHMENT Pectine1l Iine between thopectineal
eminence and tubercle of pubis

DISTAL ATTACHMENT Pectineal hine of femur between lesser
trochanter and linea 1spera

NERVE SUPPLY Femoral

ACTION Fleuon nssists in adduction when hip 1s 1n fleved

posttion Whether or not 1t also contributes to outward rotation 15
debatable

WHERE TO PALPATE At the front of the pubis just Interal to
the adductor longus Difficult to distinguish from the latter muscle

COMMENTS This 15 a short thich quadnlateral muscle situ
ated lateral and superior to the adductor longus and more or less
parallel to 1t It has 1 good 2ngle of pull which together with 1ts
nternal structure accounts for 1ts ability to overcome considerable
resistance

Tensor Fasciee Latar (Figs 111 and 112)

PHOXIMAL ATTACHMFNTS Anterior part of outer p of 1linc
crest and outer surfice of anterior supenor iliac spine

DISTAL ATTACHMENT Ihotilnal band of fascrr Iata on lateral
antertor aspect of thigh about one third of the w1y down

NERVE SUPPLY Supernor gluteal
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Gluteus
moximus

Tractus
liohibiahs

Fig 112 Lateral view of gluteus maumus tensor fasciae latae and thotibmal
AT

ACTION Flevion assists 1 abduction tenses the fascia lata
‘Whether or not 1t also contributes to imnward rotation 15 debatable

WHERE TO PALPATE About 2 inches anterior to the greater
trochanter

COMMENTS This 1s a small muscle located close i front of

and shightly lateral to the hip jomnt Because its pull on the fascra
lata 1s transmitted by means of the iliotibial band down to the lateral
condyle of the tibia 1t helps to extend the leg at the knee Together
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NERVE SUPPLY Femoral
ACTION Flexion
WHERE TO PALPATE See psons

Sartortus (see muscles of the knee also) (Fig 111)
PROXIMAL ATTACHMENT Antenor supenor thac spme and up
per half of notch below 1t

DISTAL ATTACHMENT Antensor and medml surface of tbn
just below condyle

NERVE SUPPLY Femorl

ACTION (AT HIP) Flexion Whether 1t also helps to adduct
and outward rotate, s some matomists clum, 1s debatable

WHERE TO FALPATE At the anterior supenor ihac spme 1he

entire muscle may be scen and palpated on the front of the thigh
mn a slender subject

COMMENTS Thus 15 1 long slender nbbon hike muscle directed
obhquely downward and anward across the front of the thigh It
1s the most superficinl of the nterior muscles of the thigh Its name
1s denved from the fact that 1t 1s supposed to produce the move
ments of the thigh and leg which enable one to sit tulor fashion

Pectineus (Fig 110)

PROXIMAL ATTACHMENT Pectineal line between 1hopectmeal
emmence and tubercle of pubis

DISTAL ATTACHMENT Pectmenl Ime of femur between lesser
trochanter and linea aspera

NERVE SUPPLY Femoral

ACTION Flexton assists m adduction when hip 1s 1n fexed

posttion Whether or not 1t also contributes to outward rotation 15
debatable

WHERE TO PAL1ATE At the front of the pubis just Iateral to
the adductor longus Difficult to distinguish from the latter muscle

COMNNENTS This 1s 1 short thick quadrnlateral muscle sitt
ated lateral and superior to the adductor longus and more or less
parallel to 1t It has a good angle of pull which together with s
nternal structure accounts for 1ts ability to overcome considerable
resistance

Tensor Fasctae Latae (Figs 111 nd 112)

PROXIMAL ATTACHMENTS Anterior part of outer hp of 1hne
crest and outer surfice of anterior superior 1hac spine

DPISTAL ATTACHMENT Thotibial bwd of fascra lata on Iateral
antenor aspect of thigh about one third of the way down

NERVE SUPPLY Supernior gluteal
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tach mdirectly, by means of the patellr hgament, to the tuberosity
of the tibin

N\ERVE SUPILY Femoral
AcTiON (AT HIP) Flevion
WHERE TO PALPATE Anterior surface of thigh

CONMENTS Ths 15 2 Jarge bipenmiform muscle, loeated super
fienally on the front of the thigh It s the only one of the four mus
cles 1n the quadniceps femons group that crosses the hip jomt It
15 therefore 1 two joint muscle Tor the pulley or tendon action of
such muscles see prge 34 It can act most effectively at the hup
jomnt when the knee jomt 15 fixed mn 1 flexed position

Gluteus Maximus (Digs 112 and 113)

PROXIMAL ATTACHMENTS Posterior gluteal hine of thum and
adjacent portion of crest, posterior surface of lower part of sicrum
and side of coceyx

DISTAL ATTACHMENTS Postenior surfice of femur on ndge
below greater trochanter 1liotihial band of fasein Iata

NERVE SUPPLY Infenor gluteal nerves

ACTION Extension outward rotation in extended position
lower fibers assist 1n adduction nd upper fibers 1n abduction

WHERE TO PALPATE Postenor surface of buttoch

COMMENTS This large superficial muscle of the buttocks 15 2
powerful lup extensor It contracts mn ll kinds of walling but 1s
particularly active n rapid and uphill walking and i stair chmb
ing It acts powerfully 1n runming jumping stoopmg bicycling
and m climbing a ladder or steep mclme

In order to understand all of the movements which the gluteus
maximus 15 capable of producing, 1t 1s helpful to study the position
of the muscle with reference to the lup joint A dragrim such as
that in Figure 114 makes clear the fact that about one third of
the muscle hies above the center of motion and two thirds of the
muscle below 1t Hence the gluteus maximus as a whole cannot be
said exther to abduct or to adduct the thigh The uppermost fibers
are m a position to abduct 1t the lower portion of the muscle to
adduct 1t Few wnters mention the adductory function of the
gluteus maximus yet anyone can determmne 1t for humself by stand
Ing with one leg raised sideward the foot resting on the seat of a
charr If adduction 15 attempted n this positon with the nner
border of the foot pressing down on the chair the gluteus maximus
can easily be palpated

When the thighs are held motionless the gluteus maxmmus pulls
on the pelvis If the trunk 1s flexed on the lower extremities the
muscle will extend 1t to the erect posihon If the trunk remamns in
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Gluteus
maximus

Tractus
hohiiohs

Fig 118 Postenior view of gluteus maxumus and ihotibial band

with the gluteus maximus which also unites with the fascia lata, it
helps to stabilize the knee jomnt n weight bearing posions When
the lower extremities are fixed both of these muscles help to steady
the pelvis and trunk on the thighs

Rectus Femoris (see muscles of the knee also) (Fig 111)

PROXIMAL ATTACHMENTS Antenior nferior ihac spme and
groove above brim or acetabulum
DISTAL ATTACHMENT Base of patella It may be said to at
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Biceps

femaris
Sem {long head)
dinosus
tendin (short heod)
Sem
membranost

Fig 115 Superficial postenior muscles of nght thigh

ACTION (AT HIP) Extension
WHERE TO PALPATE Medial aspect of postenior surface of knee

The more lateral of the two small tendons which can be felt in this
region

COMMENTS See semumembranosus

Semimembranosus (see muscles of the knee also) (Fig 116)

PROXIMAL ATTACHMENT Upper and lateral mmpression on
tuberosity of 1schum
DISTAL ATTACHMENT

Homzontal groove on posterior surface
of medzal condyle of tibra
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the erect position and the feet re
main 1 place on the ground con
traction of the gluteus maximus
produces two results interesting
from the point of view of posture
The pull on the femur produces
shight outward rotation at the hip
jomnt Since friction keeps the foot
m contact with the ground thus
preventng free outward rotation
of the femur, the result 15 a hfting
of the arch or supmation of the
foot At the same time the pull
at the muscles ongm decreases
the mclination of the pelvis This
setting or tensing of the gluteus
muscles 15 frequently advocated
as 1 posture exercise

Fig 114 Dragram showing rela
ton of gluteus maumus to hip Biceps Femons Long Head (see

jornt muscles of the knee also) (¥Fig
115)

PROXIMAL ATTACHMENT Lower and medial mmpression on
tuberosity of 1schium

DISTAL ATTACHMENTS Lateral side of head of fibula and lateral
condyle of tibia

NERVE SUPPLY Saatic

ACTION (AT HIP) Extension

WHERE TO PALPATE Lateral aspect of posterior surface of
knee

COMMENTS The biceps femorns forms the outer hamstning

muscle Only 1ts long head crosses the hip jomnt Its effectiveness as
an extensor of the Iup 15 i reverse proportion to the degree of
flexion at the knee jomt If the knee s sharply flexed the muscle
has msufficient tension to act effectively at the hip jomt The ham
strmgs 1re effective extensors of the thigh only when the knee 15
fixed m extension The tendon or pulley action of the two jomnt
muscles 1s discussed on page 34

Semutendinosus (see muscles of the knee also) (Fig 115)

PROXIMAL ATTACHMENT Lower and medial impression on tu
berosity of 1schium with biceps femons

DISTAL ATTACHMENT Upper part of medial surface of shaft of

tibia
NERVE SUPPLY Scratic
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Gluleus Gluteus
medius minimus

Fig 117  Gluteus medius and minimus

PROXIMAL ATTACHMENTS Outer 2nd mner surfices of srcrum
and of pelvis 1n region of obturator forimen

DISTAL ATTACHMENT Posterior 1spect of femur in region of
greater trochanter

NERVE SUPPLY Third fourth and fifth lumbar, and first and
second sacral

ACTION Outward rotation

Cannot be palpated

COMMENTS These muscles are situated belund the hip jomt,
the pirformis the most superior, being shghtly above 1t, and the
obturator externus the most mferior bemg shghtly below it Some
of the muscles 1n this group have « secondary function such as ab
duction or adduction but neither of these functions compares 1n
importance with that of outward rotthon

Gluteus Medws (Fig 117A)

PROXIMAL ATTACHMENT Posterior surface of 1lum, between
crest postertor gluteal line and antenor gluteal line

DISTAL ATTACHMENT Oblique ndge on lateral surface of
greater trochanter

NERVE SUPPLY Supernior gluteal

ACTION Abduction antenor fibers rotate mward

WHERE TO PALPATE About 2 or 3 mnches above the greater tro
chanter

COMMENTS The gluteus medius 15 situated at the side of the

hip between the 1hiac crest and the greater trochanter The poste
for portion lies beneath the gluteus maximus The antertor portion
1s covered only by the fasea lata The muscle 15 an important one
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Obturator
internus

Lem -~ =

‘ Obturator

// externus
Quadratus

4 temonis

i

m Biceps femoris
(short heed)

\ /

/ ) (long head)

Semt
membranosus

g 116  Deep posterior muscles of nght thigh

NERVE SUPPLY Scratic .

ACTION (AT HIP) Extension

Cannot be palpated with certamty

COMMENTS The dmosus 1nd branosus mus

cles form the mner component of the hamstring group Their re
lation to the hip jomt 1s the same as that of the long head of the
biceps femons

The Six Deep Outward Rotators (obturator externus end
ternus gemellus superior and wnfenior quadratus femons and pin

forms) (F1g 116)
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Gluteus

Gluteus
medius minimus

Fig 117 Gluteus medius and minimus

PROXINMAL ATTACHMENTS Outer and 1nner surfaces of sacrum
and of pelvis i region of obturator forimen

DISTAL ATTACHMENT Posterior aspect of femur 1n region of
greater trochanter

NERVE SUPPLY Third, fourth and fifth Jumbr, and first and
second sacral

ACTION Outward rotation

Cannot be palpated

CONMMENTS These muscles are situated behind the hup jomt,
the pinformis the most supertor bemg shghtly 1bove 1t, and the
obturator externus, the most infertor being shghtly below 1t Some
of the muscles 1n this group have 1 secondary function such as ab
duction or adduction but neither of these functions compares m
importance with that of outward rotation

Gluteus Medwus (Frg 117A)

PROXIMAL ATTACHMENT Posterior surface of i1lmm, between
crest posterior gluteal hine and anterior gluteal line

DISTAL, ATTACHMENT Oblique ndge on lateral surface of
greater trochanter

NERVE SUPPLY Supernor gluteal

ACTION Abduction anterior fibers rotate inward

WHERE TO PALPATE About £ or 3 inches above the greater tro
chanter

COMMENTS The gluteus medius 1s situated at the side of the
tup between the 1hac crest and the greater trochanter The poste
nor portion lies beneath the gluteus masimus The antenor portion
1s covered only by the fascia lata The muscle 1s an important one
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m walking and m standing i good posture When the weight 15
shifted onto one foot tension of the gluteus medius prevents the
supporting hip from sagging If the muscle 15 allowed to relax, the
pelvis tilts Jaterally and the supporting hip protrudes n an awk
ward fashon Parilysis of this muscle causes 2 typieal hmpmg gut
known s the gluteus medius gait It 1s characterized by a side

ward thrust of the lp and 1 lateral tilt of the trunk to the opposite
side

Gluteus Mimmus (Fig 117B)

PROXIMAL ATTACHMENT Posterior surface of ilium between
intertor ind nferior gluteal lines

DISTAL ATTACHMENT Antertor border of greater trochanter

NERVE SUPPLY Superior gluteal

ACTION Inwrd rotation abduction

Cannot be palpated

COMMENTS Ths 15 a smaller muscle than gluteus medus and
1s situated beneath 1t Whereas medius 15 primanly an abductor
and secondanly an mward rotator, mimumus 1s prunanly an mvard
rotator and secondanly an abductor The muscles work together
s partners each muscle acting as an nssistant 1n the others strong
est action

Gracilis (see muscles of the knee also) (Figs 118 133 and 134)

PROXIMAL ATTACHMENT Anterior aspect of lower half of sym
physis pubis and upper half of pubic arch

DISTAL ATTACHMENT Medial surface of tibia just below con
dyle

NERVE SUPPLY Obturator

ACTION (AT HIP) Adduction assists m flexion

WHERE TO PALPATE Medial aspect of posterior surfice of
knee immediately atenior to the semitendinosus tendon

COMMENTS As the name indicates this 1s a slender muscle
Bemg an adductor 1t 1s sometimes called the adductor gracihs
Like the himstrings the sartorius and the rectus femoris the
gracilis 15 a muscle of the knee as well as of the hip jomnt

Adductor Magnus (Fig 118)

PROXIMAL ATTACIMENTS Inferior ram of pubis and 1schum
and Jateral border of mferior surface of 1sehial tuberosity
DISTAL ATTACHMENTS Linen aspera medial supracondylar

Iine and adductor tubercle of femur
NERVE SUPPLY Obturator and sattic
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Adductor
minimus

Adductor
longus

Adductor
brevis Adductor
magnus
Gracilis

Fig 118 Adductor muscles of nght thigh

ACTION

ward rotation
WHERE TO PALPATE
COMMENTS

Medhal surface of middle half of thigh
As 1ts name mphes ths 1s the Inrgest of the hip

Adduction extension condyloid portion assists n 1n

adductors It 1s likewise the most powerful It fans out from its
relatively small ongin on the lower arms of the pubis and 1schium
to 1ts extensive attachment to the hnea aspera along the whole
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length of the shaft of the femur The upper portion, 1e the por
tion attached to the lower ramus of the pubis, 15 sometimes de
scribed separately as the adductor mmimus Kmesiologists are not
m complete agreement regarding 1ts functions other than that of
hip adduction Bowen and Stemdler both observed that the upper
part of the muscle acts as a flexor of the thigh and the lower por
tion as an extensor VWnght called the muscle a prime mover 1n
the act of extension 1nd claimed that 1t adducts only when the hip
15 1n a position of extension All agreed on 1ts inward rotatory tction
but Steindler and Wright considered this very shight

Adductor Longus (Fig 118)

PROXIMAL ATTACHMENT Anterior surface of pubis

DISTAL ATTACHMENT Medial lip of mddle half of linex aspera

NERVE SUPPLY Obturator

ACTION Adduction assists in flexion

WHERE TO PALPATE Just below 1ts ongn at the medial aspect
of the grom

COMMENTS Steindler pomnted out that while the adductor

longus ordmanly helps to flex the thigh after the flevion exceeds
about 70 degrees this muscle becomes an extensor This 1s due to
the shift m the relationship between the muscle’s line of pull and
the joints center of motion This 15 ancther example of reversal of
a muscle s customary function (see p 28)

Adductor Brevis (Fig 118)

PROXIMAL ATTACHMENTS Outer surface of body nd inferior
ramus of pubis

DISTAL ATTACHMEMNTS Line from lesser trochanter to linea 1s
pera and upper fourth of linea aspera

NERVE SUPPLY Obturator and accessory obturator nerves

ACTION Adduction assists 1n flexton

Cannot be palpated

COMMENTS This lies just above the adductor longus Like the

latter 1t acts as a flexor 1n the normal position but later becomes
an extensor after considerable hip flexion has been attamed
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MUSCULAR ANALYSIS OF THE FUNDAMENTAL
MOVEMENTS Or THE THIGH

Flexion

Principal

Movers

Assistant

Neutrals ers

Stabilr ers

Exteaston

Movers

Neutraly ers

Stabil zers

Abduction
Principal

Mozers

Assistant

Neutralr ers

‘Tensor fascire latae, espeanlly duning
first hlf of movement

Sartorius  continlies throughout move
ment, especiatly if knee 13 1n extended
position

Pectineus espeaially during first half of
movement

Thiopsoas, espeenally during second half
of movement

Rectus femons especially af knee 1s 10
flexed postiion

Adductor longus

Adductor brevis

Gracilis

‘The tensor fasciac latae and the pec-
tineus are mutually neutrahzing with
respect to abduction and adduction

Abdominal muscles and lumbar spine
extensors stabilize the pelvis

Gluteus maximus  especially  against
resistance and when thigh 13 flexed
beyond a 45 degree angle

Hamstrings  especially 1f knee 15 1n
extended position

Adductor magnus when thigh 1s flexed
beyond a 45 degree angle

Gluteus medius neutralizes the adductor
tendency of adductor magnus

Abdominal muscles and lumbar spine
extensors stabihize the pelvis

Gluteus medius
Gluteus mmimus  less effecuve than
medius

Tensor fasciae latae, when thigh 13
extended

Gluteus maxamus uppermost fibers only
during early part of movement

Gluteus maximus and gluteus medius
and are 1 1
1ng with respect to cutward and inward
rotation
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length of the shaft of the femur The upper portion, 1e the por
tion attached to the lower rimus of the pubrs, 1s sometimes de
seribed separately s the adductor mimimus Kinesiologists are not
m complete agreement regarding 1ts functions, other than that of
hip adduction Bowen and Steindler both cbserved that the upper
part of the muscle acts as a flexor of the thigh and the lower por
tion as n extensor Wright called the muscle 2 prime mover m
the ct of extension ind clumed that 1t adducts only when the hip
1s 1 1 posttion of extension All agreed on 1ts inward rotatory action
but Steindler and Wright considered this very shght

Adductor Longus (Fig 118)

PROXIMAL ATTACHMENT Anterior surface of pubis

DISTAL ATTACHMENT Medial lip of middle half of linea 1spera

NERVE SUPPLY Obturator

ACTION Adduction assists 1n flexton

W HERE TO PALPATE Just below 1ts ongin at the medial aspect
of the grom

COMMENTS Steindler ponted out that while the adductor

longus ordmanly helps to flex the thigh after the flevon exceeds
about 70 degrees this muscle becomes an extensor This 1s due to
the shift i the relationship between the muscles Ine of pull and
the jomts center of motion This 1s another example of reversal of
a muscle s customary function (see p 28)

Adductor Brevs (Fig 118)

PROXIMAL ATTACHMENTS Outer surface of body and nfertor
ramus of pubis

DISTAL ATTACHMENTS Line from lesser trochanter to linea 1s
pera and upper fourth of hnea aspera

NERVE SUPPLY Obturator and accessory obturator nerves

ACTION Adduction assists 1n flevion

Cannot be palpated

COMMENTS This hes just above the adductor longus Like the

Iatter 1t acts as 1 flexor 1n the normal position but later becomes
an extensor after considerable hip flesion has been attamed
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THE PELVIC GIRDLE

Structure (Fig 118) Each hip bone (os mnommatum) 1s
mide up of three bones—the thum 1schum and pubis These
bones become fused 1nto 1 single bone at 1bout the time of puberty
The two hip bones together form the pelvic girdle This bony
girdle or basin s 1t 1s sometimes cnlled 1s firmly attached to the
sacrum 4t the sacrothine articulation The articulation 1s a difficult
one to clisafy It presents some of the charactenstics of 1 diarthro
dial jomnt an articular cavity being present for part of the articuln
tion It 15 unlike other diarthrodinl joints in one important respect
however No movement can be voluntanly effected at the sacro
thac jomnt Any movement which does occur 15 nvoluntary Just
how much motion can take place at the sacroiline jomt 1s a debata
ble matter Some anatomusts say that a shght gving may occur
there as a shock absorption device others claim that no motion
occurs at the jomt normally except n women dunng pregnancy
and partuntion when the higaments relax n order to permut a
shght spreading of the bones

The sacrum 1s firmly bound to the two thac bones by means of
the anterior postertor and mterosseus sacrothac ligaments (Figs
120 and 121) It 1s further remforced by the 1holumbar sacrotuber
ous and sacrospinous ligaments and by the lower portion of the
sacrospinahis muscle Because of this firm attachment the sacrum
might well be considered a part of the pelvic girdle From the
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Stabilizers

Adduction
Principal

Movers

Assistant

Neutralt, ers

Stabels ers

Outward Rotation
Mouvers

Neutralzers

Stabihzers

Inward Rotation

Principal
Moters

Assistant
Neutralr ers
Stabilr ers

These depend upon the position of the
body and whether one or both thighs
are being abducted If one thigh s
abducted agamnst resistance the ab
dominal muscles spinal extensors and
quadratus lumborum help to stabilize
the pelvis

Adductor magnus
Adductor longus
Adductor brevis
Gracilis

Pectineus, when thigh 1s flexed

Gluteus maximus  except uppermost
fibers

Iliopsoas

The adductors magnus and longus are
mutually neutralizing with respect to
extension and flewon Ilikewise the
pectineus and gluteus maximus

The abdominal muscles spnal exten
sors, and quadratus lumborum help to
stabilize the pelvis when one thigh 1
adducted against resistance

S1x deep rotators
Gluteus maximus  when thigh 15 ex
tended

The secondary actions of the six deep
rotators neutralize one another

When the weight 1s not on the foot the
abdomunal muscles spinal extensors
and quadratus Iumborum stabilize the
pelvis

Gluteus mimmus

Gluteus medius anterior fibers

Tensor fasciae latae

Adductor magnus lower fibers when
thigh 15 extended

Adductor magnus neutralizes the ab
ductory tendency of the other movers

When the weight 1s not on the foot the
abdominal muscles spinal extensors
and quadratus lumborum stabilize the
pelvis
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THE PELVIC GIRDLE

Structure (Fig 119) Each lup bone (os mnominatum) 1s
mide up of three bones—the thum ischium and pubis These
bones become fused into stngle bone at about the time of puberty
The two hip bones together form the pelvic girdle This bony
girdle or basm s 1t 15 sometimes called 1s firmly attached to the
Sicrum at the sacrothne articulation The articulation 1s 2 difficult
one to classify It presents some of the charactenistics of 1 dirthro
dial jomnt an articular cavity being present for part of the articult
tion It 15 unlike other diarthrodial joints i one important respect
however No movement can be voluntarily effected at the sicro
izlac Jont Any movement which does occur 1s mvoluntary Just
b;x\v much motion can take place at the sacrothinc jomt 1s 2 debata

¢ matter Some anatormists say that 1 shght “giving” may occur
there as a shock absorption device others clum that no motion
occurs at the jomt normlly except i women during pregnancy
and partuntion when the higaments relax 1n order to permit a
shght spreading of the bones

th;n;e tsacmm 15 firmly bound to the two thac bones by means of
12 "dﬂlgr posterior and interosseus sacrothac Ligaments (Figs
=0 and 121) 1t 15 further remnforced by the iliolumbar sacrotuber
spinous ligaments and by the lower portion of the
. muscle Because of this firm attachment Lo sacrum
ght well be considered a part of the pelvic girdle I om the

ous and sacro:
sacrospinalis
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pomt of view of function 1t 1s more truly a part of the pelvis than
of the spine

The joints at which the movements of the pelvic girdle occur are
the two hip joints and the jomts of the lumbar spe particularly
the lumbosacral articulation

Movements The pelvic movements may be defined as fol
lows

1 Increased inchnation (forward tilt) (Fig 122C) A rotation
of the pelvs 10 the sagittal plane about a frontal honzontal axis
m such a manner that the symphysis pubis turns downward and
the posterior surface of the sacrum turns upward

2 Decreased inchnation (backward tilt) (Fig 122B) A rotation
of the pelvss n the sagittal plane about a frontal horizontal axis
1n such 4 manner that the symphysis pubts moves forward upward
and the postenor surface of the sacrum turns somewhat downward

3 Lateral tilt A rotation of the pelvis in the frontal plane about
a sagittal honzontal avis m such a manner that one 1hac crest 1s
Jowered and the other 1s raised The tilt 1s named 1 terms of the
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side which moves downward Thus m a lateral tilt of the pelvis to
the left the left ilinc crest 1s lowered and the night 1s rused

4 Rotation (lateral twist) A rotation of the pelvis m the hon
zontal plane about a vertical axis The movement 1s named m
terms of the direction toward which the front of the pelvis turns

The Relationship of the Pelvis to the Trunk and Lower Extrem
ties Architecturally the pelvis 15 strategically located Lank
g the trunk with the lower extremities 1t must cooperate with
the motion of each, yet at the sxme time contribute to the stability
of the total structure When the body 1s 1n the erect standing po
sition the pelvis recerves the weight of the head trunk and upper
extremities dwides 1t equally and transmts 1t to the two lower
extremities When for any reason the individual decides to stand
on one foot the pelvis adapts itself to this position and transmits
the entire werght of the upper part of the body to one of the lower
extremities It requires 1 fine adjustment to do this m such a way
that the balance of the total structure 15 mamtamed
e pelvis depends upon the jomts of the lower spme and the
for 1ts movements Hence 1t 15 not surprising that its motion
sometimes seems to be associated with the motion of the trunk or

hips
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Fig 122  Anteroposterior inchnations of the pelus A Mid posiion B de
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spme and sometimes with that of the thighs In such cases the
movement of the pelvis may be said to be secondary to that of the
spme or of the thighs as the case may be In fact, most of its mo
tion belongs m one or the other category Occasionally, howeser
the movement seems to be mitiated mn the pelvis itself with the
spme and thighs cooperating with 1t In such an event the move
ment of the pelvis might be considered primary and that of the
spine and hps secondary One sees this type of movement when
the individual “tucks his hips under” or makes other postural ad
Justments (see Fig 122B)

It 1s not always easy to judge the habitual tilt of the pelvis
from the contours of the body Promment buttochs heavy layers
of fat or an unusually convex sacrum (see Fig 41B) can easly
mislead the observer Figure 123 shows a sketch based on an
x ray which 1llustrates a type of buld m which the contour of the
lower back and pelvic region does not correspond to the bony
structure In this tllustration the tilt as judged by the position of
the sacrum 1s greater than 1t appears to be from the contour of
the lower back This observation 1s of importance to those who
tend to place emphasis on the position of the pelvis in giving pos
ture mstruction

The jomt analysis of the pnmary movements of the pelvis as
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performed when the person 1s m the funda —_—
mental standing position 15 given below
A movement of the pelvis which 15 sce \
ondany to the movement of the lower ex
tremity 15 scen for mstance 1 2 Tugh hack
In activities such s this the pedvis seems to
move with the lowcr estramity for the pur
pose of mcreasing the Iatters range of mo
tion Hence, when the thigh s flexed at
the hip joint the pelvic mchination 1s de
creased when the lower extremity 1s rused
backward i apparent hnperextension the
pelvic mclination 15 ncreased when one
thigh s wadels abducted the pelus tilts

laterally, and when onc leg 1s placed for {
wird and the other backward as though
tikang a long stnde the pelus rotates
the horizontal plne about 2 vertical s
Pelvic movements e secondary to
movements of the spine when the latter M

are

mohpcrf_tll_n}-:ned throlugh ﬂthe fullf r}']mgc of Fig 123 Lumbarand
on Thus complete flevton of the spme  |ymbosacral regions of the

necessitates 2 decrease 1n the pelvic 1 spme showing  discrep

chnation complete hyperextension necessi  ancy in the lower lumbar

tates an mcreased nchnation complete Curse as seenn the verte

lateral flevion necessitates 4 lateral tilt com Pl bodies and as scen

let 1 m the contour of the

plete spinal rotation necessitates honzontal  pacl (The sketch 1s

rotation of the pelvis based on an x ray )

It has alrendy been stated that the

movements of the pelvic girdle take place at the lumbar spine the
lumbosacral junction and the hip jomnts The exact combination of
movements of these joints depends upon whether the motion of the
pelvis s primary whether 1t 1s secondary to moyements of the lower
extremuty or whether 1t 1s secondary to spmnl movements

JOINT ANALYSIS OF PRIMARY MOVEMENTS OF THE PELVIS
PELVIS

SPINAL JOINTS
Increased ult

Hyperextenston
Shght flexion

HIP JOINTS
Shght flexion
Decreased tilt Complete extension
Lateral it to left Slight lateral fleion nght | R Sheht adduction
Rotation to left (without ! Sheht abduction
turming the head or mov
1ng the feet) Rotation right { R SI outward rot
L Sl inward rot
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JOINT ANALYSIS OF MOVEMENTS OF THE PELVIS WHICH ARE SECONDARY
TO THOSE OF THE SPINE

SPINE PELVIS
Flexion Decreased tilt
Hyperextension Increased ult
Lateral flexion to left Lateral nlt to left
Rotation to left Rotation to left

All of the muscles which attach to the pelvic bones or to the
sicrum serve either to imtiate or to control pelvic movements As
one would expect, these are all muscles erther of the hip joint or
of the spine

SUPPLEMENTARY MATERIAL

Individual Vanations 1n Structure Three aspects of the femur have
been investigated from the pomt of view of structural vanations These are
obliquity of the shaft the angle formed by the neck and the shaft known
as the collodiaphyseal angle and torsion of the shaft Such vanations as
these are of particulr mterest to the phystcal therapist and the teacher
of corrective physieal education because of their influence on locomotion
A knowledge of likely vanations in structure will help to provide the
teacher of body mechamics with a background for analyzing peculiar gaits
The teacher or theripist who 1s familtar with the types of vanations Iikely
to be seen will be more intelligent i prescribing corrective exercises He
will be more capable of judging the cause of a particular pecubanty of
motion whether 1t be a matter of habit of muscular function or of bony
structure

In his study of 100 pairs of femurs Ingalls included among his measure
ments the collodtaphyseal angle and the angle of obhiquity of the shaft
The former 15 the angle formed between the long axis of the shaft and the
long aws of the neck The obliquity of the shaft 15 the slant of the shaft
from the vertical when the femur s held upnght with both condyles
supported squarely on a horizontal surface It 1s measured mn terms of the
angle between the long axis of the shaft and the vertical Ingalls findings
are recorded 1n Tables 6 and 7 Figure 124 depicts two femurs represent
ing the Tower and upper hmits of obliquity of the shaft Figure 125 does
the same for the angulation between the neck and shaft

Elftman mvestigated the torsion of both the femur and the tibra in 35
male cadavers It was his opmion that extremes at exther end of the scale
mmght well account for peculianities of gait The possibihity of femoral or
tibral torsion should be taken mto consideration when judging, exaggerated
toemg in or toemg out guts The results of Elftman s findings are recorded
1n Table 8

References to other investigations of structural varations may be found
in the bibliography 4t the end of this chapter 457
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Table 6 MEASUREMENTS OF THE COLLODIAPHYSEAL ANGLE (INGALLS)
{N = 100 Paus)

‘ RANGE MEAN sp

Right 152 5 109 5 | 129 64 = 452[6 701 = 319
Left 145 0 ~106 0 | 127 10 = 495(7 346 = 350

Table 7 MEASUREMENTS OF THE OBLIQUITY OF THE FEMORAL SHAFT
{1mnGaLLS) (N = 100 Paurs)

RANGE MEAN 5D
Right 12 5 —4° 863 & 118 | 1758 + 084
Left 13 5 —4° 870°+ 130 [ 1926 £ 092

Table 8 MEASUREMLNTS OF FEMORAL AND TIBIAL TORSION
(ELFTMAN) (N = 35)

RANGE MEAN sD
Femoral torsion 0 -26 11 86° 621 £074
Tibial torsion 12 44 27 40 740 +0 SQJ

DEMONSTRATIONS AND LABORATORY EAERCISES
Jomnt Structure and Function

1 Take a pelvic bone and a femur and construct a hip jomnt usng
felt for the fibrocartilage and adhesne tape for the ligaments Be as
accurate as possible mn the attachments of these structures It 15 suggested
that two or three students work together on this project

9 Using a form like the one on page 156 record the essentinl informa
tion regardmng the hip jomnt Study the movements both on the skeleton
and on the Ining body

3 Using a Lufkm rule or a protractor type of goniometer measure
the range of motwon 1n the following jomnt movements on five different
subjects

a Hip flexion with straight knee

b Hip fleaon wath flexed knee

¢ Total abduction of both thighs
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Muscular Action

Identify as many muscles as posable in the following cxperiments
{ Ip flevon
a Subject Sit on table with legs hanging over edge Raise thigh
Assistant Resist mosement shghtly by pressing down on hnee
Obserter Palpate pectineus tensor fascie litae sartorius rectus
femons and adductor longus Docs the griclis contrct®
b Subject Lic on one side rolled toward face Tlox thigh of top leg
llowing hnee to flex passivels
Assistant Resist movement by pushung gunst knee
Obscrier Palpate ihopsons
5 Hip extension
a Subject Stind facing table with trunk bent forward until ot rests
ontable Grasp sides of table Ruse one leg heeping the knee strught
Assistant Resist mosement by pushing down on thigh close to knee
Second time g e resistance 1t heel
Obscreer Palpate gluteus maximus adductor magnus and ham
strings
b Subject Lic face down on table and raise one leg with knee strught
Assistant Resist movement by pushing down on hnee
Obserer Palpate sxme muscles as in a
6 Hip abduction
Subject 11e on one side and ruse top leg
Asustant  Resist moyement by pushing down on knee
Obserer Palpate gluteus maximus gluteus medius and tensor frscize
atae
7 Hip adduction
Subject Lie on one side with top leg rmsed then lower 1t
Assistant Resist t by pushing up on thigh from undemeath
Note Unless resistance 15 appled the action will be performed by mens
of the eccentric contraction of the abductors
Observer Palpate three adductors and name them
8 Outward rotation of thigh
Subject Stand on one foot with the other knee bent at nght angles so
that the lower leg extends honzontally backward Rotate the free thigh
outward by swinging the lower leg medially
Assistant Steady subject s knee and resist movement of leg at ankle
Observer Palpate gluteus maximus
S Inward rotation of thigh
Subject Stand on one foot with other knee bent at night angles so that
the lower leg extends honzontally backward Rotate the free thigh mward
by swingng the lower leg laterally
dAssistant Stea
Observer Pal
tor magnus
10 Decrease of pehvic mclination
Subject Lie on back with knees di awn u
pelvis in such a manner that lumbar spine

dy subject s knee and resist movement of leg at ankle
pate gluteus medius tensor fasciae latae and lower vdduc

p and feet resting on floor Thlt
becomes flatter
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CHECK LIST FOR MUSCULAR ANALYSIS OF MOVEMENTS OF THE PELVIC
GIRDLE

INCREASED | DECREASED [ o 100
INCLINA INCLINA LT ROTATION
TION TION

Rectus abdommmis

External obl abdominal

Internal obl abdominal

Sacrospimalis

Quadratus lumborum

Psoas

Gluteus maximus

Gluteus medius and mimmus

Tensor fascmae latac

Others

Note Because of the numerous two joint muscles found 1n the lower extremity
the check list for the lar analysis of ts of the hip 1s combined wath
that for the knee See page 256

Assistant Rneeling at subject s head and facing Ius feet place thumbs
on his antersor superor thac spines and fingers under his Jower back Resist
movement by pushing 1hac spmes toward subject s feet

Observer Palpate rectus abdomimis and gluteus maximus Do the ham
strings contract?

11 Increase of pelvic inclination

Subject In erect standing position stiffen knees and push buttocks as
far to the rear as possible

Observer Palpate tensor fasciae latae sartorus pectineus and ihocos
talts Does the adductor longus or gracilis contract®

12 Lateral tilt of pelwis

Subject Stand on stool on one foot with other leg hangmg free Pull
free hip up as far as posstble

Assistant Guve shght resxstzmce by holdmg ankle down

Observer Palpate obhque magnus
adductor longus and gracths on side of free leg
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Chapter 11

THE LOWER EXTREMITY
THE KNEE JOINT

THE KNEE JOINT 15 2 masterpiece of wmatomic engineenng Placed
midway i each supporting column of the body, 1t 1s subject to
severe stresses and strains m 1its combined functions of weight bear
mg and locomotion As Stemndler has pomted out, 1t meets the re
quirements made of 1t with remarkable efficiency To take care of
the weight bearing stresses 1t has massive condyles to facilitate loco
motion 1t has a wide range of motion to resist the lateral stresses
due to the tremendous lever effect of the long femur and tibia 1t 15
remforced at the sides by strong igaments to combat the down
ward pull of gravity and to meet the demands of such viclent loco
motor 1ctivities as running and Jumping 1t 1s provided with power
ful musculature It would be difficult indeed to find a mechanism
better adapted for meeting the combmed requirements of stability
and mobihty than the knee jont

In this connection however mention should be made of two
forms of malilignment at the knee jomt one of which 1s quite
common These are the condstions popularly known as %nock
knees and bowlegs” In ‘knock knees (genu valgum) the knees
are nearer the midhne of the body than 1s normal In the standing
posiion the knees will be closer together than the feet When the
feet are brought side by side the knees will exther be tightly pressed
together or one will have to be placed behind the other Mechan
seally the condition means that the weight bearing line of the lower
extremuty passes lateral to the center of the knee jont This puts
the medial ligament (tibial collateral) under increased tension and
subjects the lateral meniscus to increased pressure and friction
Such a jomt 1s an unstable one Not only 1s 1t more prone to mjury
than 1s the well aligned jomnt but n all weight beaning positions
1t means that postural struns are constantly present The condition
of Dowlegs” (genu varum) 1s just the reverse of Inock knees

240
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with the additional comphication of mvolsement of the long bones
themselves

Structure Structurally the knee 1s a hwge jomt but wath cer
tamn modifications The two rocher ke condiles of the femur rest
on the two shghtly concave areas on the top of the sbuas broad
head (Fig 126} These articular surfaces of the tibia are separated
by a roughened area called the wtercondylord emmence shich
termunates both antenorlv and postenorly m a shght hollow but
rises At the center to form two small tubercles not unlike mmortore
twan mountam petks (Fig 127) The medial articular surface s
oval m shape, the lateral 15 smaller and more newly round Each 1s
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Fig 129 Postenior view of knee jomnt showing popliteal and collateral liga
ments

overlaid by a somewhat crescent shaped fibrocartilage, known as a
1 cartilage or

The lower end of the femur termmates m the two rocker ike
condyles already mentioned The lateral condyle 1s broader and
more promment than the medill The medial condyle projects
downward further than the lateral This however 15 only evident
when a disarticulated femur 15 held vertically In its normal position
in the body the femur slants mward from above downward This
slant 15 known as the obliquity of the femoral shaft (see p 212)
Observation of the mounted skeleton will show that the downward
projection of the medial condyle compensates for the obliquity of
the femoral shaft

Another interesting feature of the condyles 1s that they are not
quite parallel While the lateral condyle lies i the sagittal plane
the medial condyle slants shghtly medially from front to back This
15 an 1mportant factor 1n the movements of the knee

Antertorly the two condyles are continuous with the smooth
shghtly concave surface of the patellar facet for the articulation of
the patella The patella or knee cap, 15 a large sesamord bone
located shightly above and 1n front of the knee joint It 1s held in
place by the quadriceps tendon above by the patellar igament be
low and by the mtervening fibers which form a pocket for the pa
tella (Fig 128)

The articular cavity 15 mclosed within 2 loose membranous cap
sule which hes under the patella and folds around each condyle
but which excludes the ntercondyloid tubercles and the crucate
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Fig 128 Antenor and lateral views of knee joint showing higaments

with the additional complication of involvement of the long bones
themselves

Structure Structurally the knee 1s a hunge jomnt but with cer
tam modifications The two rocker like condyles of the femur rest
on the two shghtly concave areas on the top of the tibiis broad
head (Fig 126) These articular surfaces of the tibin are separated
by a roughened area called the mtercondyloid eminence which
terminates both anteriorly and postentorly in a shght hollow but
nises at the center to form two small tubercles not unlike mimature
twin mountain peaks (Fig 127) The medial articular surface 15
oval in shape the lateral 1s smaller and more nearly round Each 15
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Fig 131 Postenor view of knee joint showing cruciate ligaments

eral One of the most common yunes 15 cused erther by a sudden
twist or a lateral blow when the knee 1s bearing weight n a flexed
position In exther case the bl collateral hgnment 15 wrenched
and 1mstead of pulling loose from the medsal cartilage, 1t pulls the
medial cartilage loose from the head of the ibia Once the cartilage
15 loose 1t tends to shp around and get jammed 1n the jomt making
1t impossible to extend the leg completely at the knee The usual
remedy for this type of injury 1s removal of the memiscus Sur
pnsingly enough the jomt loses little of its usefulness when this 1s
done

Ligaments Patellar Ligament (Fig 1284 and B) Ths s
a strong flat ligament connecting the lower margin of the patelln
with the tuberosity of the ttbia The superficial fibers passing over
the front of the patella are contmuations of the central fibers of
the quadnceps femons tendon

Tibal Collateral Ligament (Figs 128A 129 131) This 15 2
broad flat membranous band on the medial side of the joint It 1s
attached above to the medial epicondyle of the femur below the
adductor tubercle and below to the medial condyle of the tibia
It 15 firmly attached to the medial memscus This fact should be
noted because of 1ts significance in knee mjuries It serves to check
extension and to prevent moton laterally

Fibular Collateral Ligament (Figs 1284 and B, 129 131) This
1s a strong rounded cord attached above to the back of the lateral
epicondyle of the femur and below, to the lateral surface of the

head of the fibula It serves to check extension and to prevent mo
tion medrally
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Fig 130 The memser (semilunar cartilages) of the knee jomt

ligaments It 1s supplemented by expansions from the fasait Iata,
ihotibial band and vanous tendons The obhque popliteal ligament
covers the posterior surface of the jont completely, shielding the
cruciate igaments 1nd other structures not inclosed within the cap
sule (Fig 129)

The synovial membrane of the knee jomt 1s the most extensive of
any m the body It folds m and around the joint 1n a manner far to0
complicated to attempt to describe here There are numerous bur
sae 1n the vicmity of the knee jomnt, among the Jargest and most 1
portant being the prepatellar mfrapatellar, and suprapatellar bur
sae

The Semlunar Cartilages (Fig 130) These cartilages or
memisa1 as they are called are somewhat circular nms of fibro
cartilage situated on the articular surfaces of the head of the tbn
They are relatively thick at their penpheral borders tapering
toward their mner circumferences to a thin edge Thus they deepen
the articular facets of the tibia and, at the same time serve mn 2
shock absorption capacity The mner edges are free but the periph
eral borders are attiched loosely to the head of the tibia

The lateral semilunar cartilage forms an incomplete circle, con
formmng closely to the nearly round arbcular facet Its antertor and
postersor horns which almost meet at the center of the jomt, re
attached to the mntercondylord emmence

The medml cartilage 1s shaped like a large letter C broader
toward the rear than in front Its anternior horn tapers off to a thin
strand which 1s ittached to the antenor mtercondylod fossa It 15
not so freely movable as the lateral cartilage one reason for this
bemg 1ts secure anchorage to the tibral collateral ligament at the
medial side of the knee Largely because of this point of attach
ment, the medial cartilage 1s more frequently mnjured than the It
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femur, or the femur on the tibin For demonstration purposes, the
Intter 15 1 hittle enster to sce

Two other factors adding to the complexity of the flexion exten
sion movements of the knee jomt are the facts that the rocker lihe
condyles of the femur are unequal in size and that they e not quite
pirllel to each other Bectuse of the dissimilanty of the two con
dyles the medinl condyle rolls forward dunng flevion more than
does the lateral This unloching of the knee at the beginming of
flexion 15 accompaned by a slight mward rotation of the tibia on
the femur nd conversely loching the knee” at the completion of
extension 1s 1ccompamied by 1 shght outward rotation of the tibin
Ths rotatory movement takes plice about @ vertical wxs which 1s
located nearer the medhal condyle than the lnteral Hence the Jateral
condyle moves through 2 larger arc than does the medial To facth
tate 1ts motion the lateral memscus shifts slightly backward at the
beginning of fleion and forward at the end of extension adapting
itself to the ghding and turning motion of the condyle The rota
tion 1s an nherent part of fleston and extension and 1s not to be
confused with the voluntary rotation that can be performed when
the knee 15 1n a fleved position It 1s so shght that at 15 doubtful
if the observer can detect 1t

Inward and Outward Rotation 1n the Flexed Position When
the leg has been flexed at the knee to a night angle and beyond
1t 1s possible to rotate the leg on the thigh through a total range of
about 50 degrees This can occur however only when the leg 1s
not bearing the body weight It would be mmpossible for mstance
to rotate the leg (or the thigh erther for that matter) when n a
stooping position A good way to demonstrate rotation of the tibia
15 to sit on 2 chair with the heel resting hghtly on the floor In this
posttion with the knee and thigh held motionless the foot should
be turned first 1n and then out The action will be that of mward
and outward rotation of the tibia The movement taking place
within the foot itself should be discounted

Muscles The muscles acting on the knee jomt are listed be
low according to whether their tendons of msertion lie anterior or
posterior to the transverse axis of the jomt

Antenor

Postertor
Rectus femors Biceps femors
Vastus intermedius Sermmembranosus
Vastus lateralis Semitendmasus
Vastus mediahs Sartorius
Gracths
Popliteus

Gastrocnemius
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Oblique Popliteal Lig ¢t (Figs 128B and 129) Thisisa
broad flat igament covering the back of the knee jomnt It 1s at
tached abose to the upper margin of the intercondyloid fossa and
posterior surfice of the femur, and below, to the postertor margin
of the head of the tibia Medially, 1t blends with the tendon of the
semumembranosus muscle, wnd laterally with the latera] head of
the gastrocnemius

The Cruciate Ligaments {Fig 131} These are two strong
cordlike hgaments situated within the knee joint, although not
closed within the jont capsule They are called cruciate from the
fact that they cross each other, and are further designated ante
nior and posterior, according to their attachments to the tibia They
serve to check certamn movements at the knee joint They lumt ex
tension and prevent rotation m the extended posiion They also
check the forward and backward shiding of the femur on the tibiz
thus safeguarding the anteroposterior stability of the knee

Anterior Cruciate Ligament (Fig 131) This passes upward
and backward from the anterior mtercondyloid fossa of the tbia to
}he back part of the medial surface of the lateral condyle of the

emur

Posterior Cruciate Ligament (Fig 131) This 15 a shorter and
stronger ligament than the anterior It passes upward and forward
from the posterior intercondyloid foss1 of the tibia to the lateral
and front part of the medial condyle of the femur

Coronary Ligaments These are fibers from the inner surface
of the capsule, connecting the outer circumference of each mems
cus to the corresponding margin of the tibial head

Transverse Ligament (Fig 130) Ths 15 @ short slender cord
Iike ligament connecting the anterior convex margmn of the lateral
memiscus to the anterior end of the medial meniscus

Movements The movements which occur at the knee jomt
are primarily flexion and extension A slhight amount of rotation can
take place when the knee 15 1n the fleted position

Flexion and Ex The T of fleaon and ex
tension at the knee 1s not so sumple as one mght think This can
be readily seen if one takes a femur and a tibia and holds them to
gether n a normal extended position If the femur 1s then simply
flexed on the tibr1 without any adjustment bemng made the con
dyles will roll back off the top of the ibia The only way that the
temoral condyles can be kept mn contact with the articulating sur
face of the tibia 1s by shiding them forward at the same time that
they are bemng rolled backward Ths 1s just what happens 1 hfe
The rocker action of the femoral condyles 15 accompamed by a ghd
g motion The situation 15 the same whether the tibia flexes on the
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Fig 133  Front of thigh showing the three vasti muscles and the gracilis

WHERE TO PALPATE Anterior surface of thigh

The Three Vasti (Vastus Lateralis Vastus Intermedius Vastus
Mediahs) (Fig 133)

PROXIMAL ATTACHMENTS
Vastus Lateralis Upper part of ntertrochanterrc line ante
rior and lower borders of greater trochanter lateral Lp of gluteal
tuberosity and upper half of lmex aspera
Vastus Intermedius Anterior and lateral surfaces of upper two
thirds of shaft of femur
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Rectus
femons

Fig 132  Front of thigh showing rectus femons and sartorius muscles

Rectus Femons (see muscles of the hip also) (Fig 132)

PROXIMAL ATTACHMENTS Antertor nferior ihac spme and
groove above brim of acetabulum
DISTAL ATTACHMENT Base of patella as part of the quadriceps

femons tendon It may be said to attach indirectly to the tuberosity
of the tibia by means of the patellar higament

NERVE SUPPLY Femoral

ACTION (AT KNEE) Extension
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Iig 133 Front of thigh showing the three vast muscles and the gracihs

WHERE TO PALPATE Antenor surface of thigh

The 1hree Vastv (Vastus Laterals, Vastus Intermedius, Vastus
Medwuahs) (Fig 133)

PROXIMAL ATTACHMENTS
Vastus Lateralis Upper part of intertrochanteric line ante
nor and lower borders of greater trochanter Interal Lip of gluteal
tuberosity and upper half of linea aspera
Vastus Intermedius Antenor and lateral surfaces of u;
er
thuds of shaft of femur pper two
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Vastus Medialis Lower half of intertrochanteric hne medial

Iip of linea aspera, and upper part of medial supracondylar Ime

DISTAL ATTACHMENT The tendons of the three vast mus
cles umte with that of rectus femors to form the quadnceps
femons tendon This attaches to the base of the patella and
indrrectly, by means of the patellar higament, to the tuberosity of
the tibia

NERVE SUPPLY Femoral

ACTION Extension

WHERE TO PALPATL Vastus Iateralis may be palpated on the
anterolateral aspect of the thigh, Iateral to the rectus femons and
vastus medialis on the anteromedial aspect of the lower thurd of the
thigh, medial to the rectus femons Vastus ntermedius cannot be
palpated

Comments on the Quadriceps Femoris The rectus femors
situated on the front of the thigh, 1s the most superficial of the
quadnceps group and 1s the only one of the four which also acts
at the hup jomt Like all two jont muscles, 1t 15 most effectrve when
acting on only one joint at a time (see p 34) If 1t acts at both jomnts
simultaneously 1t loses its tension so rapidly that 1its force 1s soon
gone Hence the rectus femons acts most effectively as a knee jomt
extensor when the hip jomt 1s maintamed 1n an extended posthon
According to Wright the rectus femonis also serves as an anteror
ligament of the np

The vastus laterahs and vastus medialis are superfcially located
except for the anterior portions which are covered by the rectus
femoris The vastus mtermedmus lies beneath the rectus and 1
completely covered by it The three vasti muscles wath therr fibers
converging toward the patella serve to steady the knee jomnt m
all weight bearng positions and to mamntain a balanced tension
on the patella Bemng one joint muscles the vast: are powerful knee
extensors regardless of the position of the hip joint

Static contraction of the quadriceps femoris muscles when the
knee 1s fully extended serves to pull up or set the patella

Biceps Femons (see muscles of the hip also) (Fig 134)

PROXIMAL ATTACHMENTS Long head Lower and medial 1m
pression on tuberosity of 1schim
Short head Lateral hp of linea aspera

DISTAL ATTACHMENTS Lateral side of head of fibula and lateral
condyle of tibia

NERVE SUPPLY Sciatic

ACTION (AT RNEE) Flevion of leg at knee outw ard rotation of

abia when knee 15 1n flexed position
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wiEng o paeaTE  Lateral aspect of postenor surface of knee
COMMENTS This 1s the outer hamstring muscle

S branosus (see les at the hip also) (Fig 134)

proaMal Artaanext  Upper and Iateral impression on
tuberosity of 1schium

DISTAL ATTACHMENT Honizontal groove on posterior surface of
medial condyle of tibia

NERVE SUPPLY Seintic

ACTION (AT KNEE) Tlevion of leg at knee, mward rotaton of
tibi1 when knee 15 1n fleved position

wHERe TO PALPATE  The tendon hes beneath the tendons of
gracihs and semitendmosus at the knee, and 15 difficult to 1dently

COMMENTS This 15 one of the two inner hamstring muscles

N d {see les of the hip also) (Fig 131)

PROXINAL ATTACHMENT Lower and medial 1mpression on
tuberasity of 1schium, together with biceps femons
DISTAL ATTACHMENT Upper part of medsal surface of shaft of
tibra

NERVE SUPPLY Seintic

ACTION (AT KNEE) Flevion of leg 2t knee, mward rotation of
tibia when knee 15 1 flexed posiion

WHERE TO PALPATE Medial aspect of postenor surface of
knee It 15 the most posterior of the two small tendons which cn be
felt 1n this regron

COMMENTS This 1s one of the two inner hamstring muscles

Comments on the Hamstrings The hamstnngs, so named
from therr large, cordlike tendons belund the hnee joint, consist
of the biceps femons anosus and linosus mus
des Although the biceps femons constitutes the Interal hamstring
1t 15 not situated so far to the side as one might expect Its long
head hes approximately along the midhne of the posterior aspect
of the thigh as far down as the popliteal space At about this level
the two heads unite to form their common tendon of attachment The
long head 1s fussform wn construction the short head, penmform

The semumembranosus and sermtendosus constitute the medial
hamstrings The former les deeper than the latter and attaches
higher on the tibia The semitendimosus 15 attached to the medial
surface of the tibia below the head just below the attachment of
the gracihs and behind that of the strtorius Few wyters mention

any difference 10 the actions of these two muscles but Bowen stated
that the semmembranosus has more
than does the semitendnosus

powerful achion at the hip
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Semi
tendinosus
Biceps femons
{short head)
Semi (long head)
membranosus|

Fig 134  Postenor muscles of thigh and knee

All three hamstring museles are more effective as knee flexors 1f
their tension 15 mamtamed by fixation of the hip m a position of
fleion Wright called attention to the usefulness of the hamstrings
mn preventing hyperextension at the knee and m unlockmg the
knee (1e reducing hyperextension) when one 1s returning from 1
position 1n which the hine of grawity falls in front of the knee jomts
(eg, mchnmg the trunk forward without bending the knees)
Nearly everyone 1s familiar with the Iimting effect of the ham
strings The difficulty expenienced by most people 1n touching the
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toes with the fingers without bending the hnees, and 1 sitting
erect on the floor with the legs extended straight forward, is due
to the fact that the hamstrings 1re frequently not long enough to per
mit such extreme stretching at the lups and hnees simultancously

Sartortus (see muscles of the hip also) (g 132)

PROXIMAL ATTACHMENT  Anterior superior iliac spme and up
per half of notch below 1t

DISTAL ATTACHMENT Antenor 'nd medial surface of tibia just
below condyle

NERVE SUPFLY Femoral

ACTION (AT RNEE) Flevion of leg at knee assists in mward
rotation of tibia when knee 1s flexed

WHERE TO PALPATE At the antenior superior 1hac spine The
entire muscle may be seen and palpated on the front of the thigh
m a slender subject

COMMENTS Thus 15 a long slender nbbon like muscle, directed
obliquely down and medialward across the front of the thigh Being
a two joint muscle 1ts achon at the knee jomnt 1s more effective
when the hup jomnt 1s kept extended

Gracilis (see muscles of the hip also) (Figs 133 and 134)

PROXIMAL ATTACHMENT Anterior aspect of lower half of sym
physis pubss and upper half of pubic arch

4 DISTAL ATTACHMENT Medial surface of tibia just below con
yle

NERVE SUPPLY Obturator

ACTION (AT KNEE) Flexion of leg at knee assists m mward
rotation of tibia when knee 1s m flexed position

WHERE TO PALPATE Medial aspect of posterior surface of

knee antenor to the semitendinosus tendon but close to 1t
COMMENTS This 15 a long slender muscle situated op the
medial side of the thigh Bewng an adductor of the thgh, 1its action

at the knee 15 most effective when the thigh 1s fied 1n an abducted
position

Popliteus (Fig 134)

PROXIMAL ATTACHMENT Lateral surface of lateral condyle of
femur
) DISTAL ATTACHMENT  Postenor surface of tibia, above popliteal
ine

NERVE sUPPLY  Tibnal

ACTION

Tnward rotation of tibia assists m flexion of leg at
154
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Cannot be palpated

COMMENTS This muscle 1s the pronator teres of the leg It
1s similar to the latter muscle m structure 1 1ts relation to the jomt
and 1n function

Gastrocnemus (see muscles of the ankle also) (Fig 145)

PROXIMAL ATTACHMENTS Postertor surface of each femoral
condyle and adjacent parts by two separate heads

DISTAL ATTACHMENT Posteror surface of calcaneus by means
of caleanenl tendon (tendon of Achilles)

NERVE SUPPLY Tibal

ACTION (AT KNEE) Assists m flexion of leg at knee

WHERE TO PALPATE Calf of leg and back of nkle

CONMMENTS Although this 1s pnimanly a muscle of the ankle
jount 1t 1s mentioned here because of its relation to the knee jomnt
As Wright pomted out more important than its ability to help flex
the leg at the knee joint 15 1ts function as a posterior higament to
protect the jomt 1n movements of violent extension such as run
ning and jumping

MUSCULAR ANALYSIS OF THE FUNDAMENTAL
MOVEMENTS OF THE LEG AT THE KNEE

Flexion (Hamstrings (brceps femoris sermitendt
nosus sermmembranosus)

Sartorius

Gracilis

fPrmclpal

Movers

Popliteus

Assistant
a Gastrocnemeus

Neutrali ers The biceps femors on the one hand
and the semimembranosus semi
tendinosus  and popliteus on  the
other neutralize one anothers rota
tory tendencies

Stabili.ers The hip flexors help to stabilize the
thigh against the pull of the ham
strings

Extension
Vovers Quadriceps femors
Neutralt ers and Stabilers The vastus laterahis and vastus mediabs

neutralize one another s lateral and
medial components of force thus
steadying the knee The hip ex
tensors help to stabilize the thigh
aganst the pull of the rectus femors
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The Lower Extremity The knee Jomnt
Outward Rotation of Flexed Leg at Rnee

Movers Biceps femoris

Aeutralizers The quadriceps femoris checks further
flexion if it1s not desired

Stabily ers Hip adductors

Inward Rotation of Flexed Leg at hnee
Semitendinosus
Semimembranosus
Poplitcus

Principal

Morers

A Graailis

ssistant Sartonus

Neuiralizers The quadniceps femoris chechs further
flexion 1f 1t 13 not desired

Stabilizers Hip abductors

DEMONSTRATIONS AND LABORATORY E\ERCISES

Jomt Structure and Tunction

1 Take a femur and a tibia and “construct a knee jomnt using felt for
the fibrocartilage and adheswve tape for the hgaments Be accurate
attaching these structures It 1s suggested that two or three students work
together on this project

2 Using a form hike that on page 156 record the essential mformation
regarding the knee jont Study the movements both on the skeleton and
on the living body
Muscular Action

3 Flewon at knee

Subject Lie face down and flex leg at knee by rusing foot

Assistant Steady subject s thigh and resist movement by pushing down
on ankle

Observer Palpate biceps femons sermtendinosus grecils sartonus and
gastrocnemius

4 Extension at knee

a Subject Rise from a squat position

Observer Palpate quadnceps femoris
b Subject Sit on table with legs hanging over edge

4 Assistant Steady subject s thigh and resist movement by holding ankle
own

Observer Palpate quadriceps femons
5 Outward rotation of leg with knee 1n flexed position

Subject Sit on edge of table with legs hanging over Turn foot Iaterally
as far as possible without moving thigh

fn:tmstant Steady subject s thigh and give shght resistance by holdmg

Observer Palpate biceps femorns
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CHECK LIST FOR MUSCULAR ANALYSIS OF MOVEMENTS OF THE THIGH

AND LEG
e KNEE
PLEX ouT [INwD ouT {INwD
ExT |ABD [ADD [ oo |FLEX|EXT |0 o ror
1liopsoas
Sartorius
Pectineus

Tensor fasciac Jatac

Gluteus maximus

Gluteus medius

Gluteus mummus

Six deep rotators

Adductor magnus

Adductor longus

Adductor brevis

Gracilis

Biceps femorts

Sermtendmosus

Semmembranosus

Rectus femoris

% astus intermedius

Vastus lateralis

Vastus medialis

Popliteus

\

Gastrocnemtus
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6 Inmward rotation of leg with knce in flexed position

Subject Sit on edge of table with legs hangmg over Turn foot medinlly
as far as possible without moving thigh

Asmistant  Steady subjeet s thugh and give shight resistanee by holding
foot

Obscrver Palpate semitendinosus gracibis and sartorius
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Chapter 12

THE LOWER EXTREMITY
THE ANKLE AND FOOT

THE FoOT HAS two functions of tremendous mmportance—support
and propulsion In studying the structure of the foot these functions
should be kept constantly mn mind, for only by seemg the foot 1n
terms of the combmed static and dynamic demands made upon 1t,
can one fully appreciate 1ts intricate mechamsm

The foot 15 umted with the leg at the ankle jomt Wrthm the
foot 1tself are the seven tarsal bones Two of the jomnts 1n this region
are of sufficient importance to the kinesiologist to ment specal de
scniption These are the subtalar and the midtars?! joints the latter
mcluding the talonavicular and calcaneocuboid articulations The
movements within the foot occur mamly at these two jomnts

The structure of the ankle the tarsal jomnts and the toes will be
described separately but the muscles of these three regions will be
discussed together since many of them act on more than one jomnt

Structure of the Ankle (Figs 135 136 137) The ankle 15 1
hinge jomt It 15 formed by the articulition of the talus (astragalus)
with the malleoh of the tibia and the fibulx The latter bones
bound together by the transverse tibiofibular hgament, the ante
rior and posterior hgaments of the lateral malleolus and the m
terosse1 constitute 2 mortise into which the upper rounded por
tion of the talus fits The jomnt 1s surrounded by a thin membranous
capsule which 15 thicker on the medial side of the jomnt In the back
1t 1s a thin mesh of membranous tissue It 1s not contmuous like
most capsules It 1s remforced by several strong higaments

Ligaments MEDIAL  pELTom (Fig 136) This 15 a tn1
angular hgament w hich 15 attached by 1ts 1pex to the medial malle
olus and which radwutes downward to a broad attachment It
consists of four bands The posterior band or posterior talotibial hg
ament slants backward to its attachment on the talus The postertor
mddle band or calcaneotibial higament passes downward to the

258
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Deltoid ligament
a Colcaneohibial
b Anferior talohbiol—— —
¢ Tibwonovicular— .-

d Pposterior
“‘alotibial

celeoneonav Ll

Fig 186 Medial higaments of ankle joint

sustentaculum tali the httle shelflike projection on the medial side
of the calcaneus The antenior muddle band or tibionavicular hga
ment passes downward and shghtly forward to the navicular bone
and the calcaneonavicular ligament The short anterior band or
anterzor talotibial higament comes from the anterior margin of the
malleolus and 1s attached below to the front of the talus close to
the jomnt The deltoid ligament 15 a strong mass of fibers for pro
tecting the medial side of the ankle jomnt

LaTeRAL (Fig 137) There are three higaments on the lateral
side of the jomt the caleaneofibular and the anterior and posterior
talofibular All are attached above to the lateral malleolus The ante
rior talofibular higament 15 a short flat band which crosses 1n front
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Anterior lateral
malleolar
.

!
Posterior
loterat ~ )} b b Antenior tolofibular
melleolar ¢ } Dorsel tarsometatarsal
Postenor.
talofibuter

!
v Dorsal
Cal fibular tarsometatarsal

Fig 137 Lateral higaments of ankle jomnt

of the talofibular articulation to attach to the front of the talus The
calcaneofibular 1s a strong cordlike ligament, coming from the tip
of the lateral malleclus and passing downward and shghtly back
ward to 1ts attachment on the lateral surface of the calcaneus The
posterior talofibular Ligament 1s a strong thich band which runs
almost horizontally from the posterior margn of the lateral malleolus
to a tubercle on the back of the talus

Moy ements The movements of the ankle jomt occur about an
avs which 1s usually designated as bemng frontal horizontal but
which 1s actually shghtly obhque as 1s evidenced by the fact that
the lateral malleolus 1s shightly posterior to the medial This 15 of
mmor significance but 1t explams the tendency of the foot to turn
out when 1t 15 fully elevated, ind to turn in when fully depressed

Dorsal Flevion (Flexion) A forward upward movement of
the foot 1 the sagittal plane so that the dorsal surface of the foot
approaches the antenor surface of the leg

Plantar Flexion { Extension) A forward downward movement
of the foot m the sagittal plane so that the dorsal surface of the
foot moves away from the anterior surface of the leg

Structure of the Foot (Figs 138 and 139) The foot 1s made
up of seven tarsal bones five metatarsals and fourteen phalanges
The most postertor of the tarsals 1s the calcaneus or heel bone The
knobby urregular shaped talus sits above and partly medial to 1t
It 15 supported medially by the shelflike projection of the calcaneus
called the sustentaculum tali The nawvicular (scaphoid) 1s ante
rior to the talus, and the cuboid projects further forward than does
the navicular On the medial side of its antenior portion and mn
front of the navicular, the three cuneiform bones lte side by side
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Plantar Dorsal

Fig 138 Bones of the foot A Plantar view B dorsal view

The first metatarsal articulates with the first cuneiform the second
metatarsal with the second cuneiform the third metatarsal with
the third cunerform and the fourth and fifth metatarsals with the
cuboid The phalanges are somewhat sumilar to those of the thumb
and fingers there being two 1 the great toe and three m each of
the four lesser toes

The foot as a whole 1s usually described as an elastic arched
structure the keystone of the arch being the talus bone This bone
has several marks of distinction Aside from bemg the connecting
Ik between the foot and the leg 1t 15 dishnguished by having no
muscles attached to 1t and by receving and transmitting the weight
of the entire body (with the exception of the foot aself) a function
which requires great strength and firm support

The foot has two arches a longitudinal and A transverse The
longitudinal arch passes from the heel to the heads of the five meta
tarsals It 1s sometimes described as bemng made up of an mner and
an outer component The outer component ncludes the calcaneus
cuboid and fourth and fifth metatarsals (Fig 139A) ‘The mner
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Talus

Culcc\meus N Navicular

‘ Cuneiform

121{

Metotarsals

Phalanges

Cuboid

Lateral

Talus
B

Navicular Celcaneus
Cuneiform

Metatorsals
\

-
Sesamoid tah
Medtal

Fig 139 Bones of the foot A Lateral view B medial view

component consists of the calcaneus talus navicular, three cune
iforms and the three medial metatarsals (Fig 139B) The outer
component has a nearly flat contour and lacks mobility, hence 1s
better adapted to the function of support whereas the mner com
ponent with 1ts greater flexibility and 1ts curving arch 1s adapted
to the function of shock absorption so important m all forms of
locomotion Contrary to popular opmion the height of the longt
tudinal arch s not indicative of the strength of the arch Thus a Iow
arch 1s not necessanly a weak one prowvided 1t 15 not assocrated
with a pronated (1e abducted and everted) foot

The transverse arch 1s the side to side concavity on the under
side of the foot formed by the anterior tarsal bones and the meta
tarsals The anterior boundary of this arch under the metatarsal
heads, 1s known as the metatarsal arch There 15 considerable con
troversy as to whether or not this should be called an arch since



The Lower Ixtrenity The Ankle and oot 2063

under the pressurc of the body wught m standing and m w alking
it flattens completely The metatarsal arch exvists, therefore, only
m non waight hearing positions .
The toes, especially the hrge and powcrful “Ing toc ™ constitute
the mechanism for the function of propulsion They provide the
“push off” at the cnd of the step Their use m locomotion 15 direetly
proportionl to the vigor and speed of the walk or run
The strength and clistiaty of the foot are due 1n lnrge measure
to the higaments which bind the bones together and to the muscles
which work to preserse the balance of the foot Thus the igaments
and the muscles share the responsibility for mauntuning the integ
nty of the arches
The two tarsal jonts to be considered here are the subtalr and
the midtarsal
Subtalar Jomt  The subtalar joint consists of the articulation
between the inferior surfice of the talus bone with the superior
and anterior surfices of the calcancus and the supenior surface of
the caleanconavicular lignment Ordinanily the point of contact be
tieen a bone and 1 higament 1s not considered as part of the ar
ticulabion but 1n this case 1t 15 because of the presence of 2 car
tilaginous articulwr ficet which 1s hned with synovial membrane
The articulations are remforced by the anterior postenior lateral
and medial talocalcaneal hignments and the talocaleneal inter
osseus igament (Fig 140) They permt shght forward backward
and lateral ghding also very slight inversion and eversion
PLANTAR CALCANEONAVICULAR LIGAMENT (THT' SPRING LIGAMENT)
(Fig 140) This higament forms an inherent part of the subtalar
jomt By connecting the sustenticulum tah of the calcaneus with
the under side of the nwicular, 1t forms a shng to give support to
the talus For the latter purpose 1t 1s covered with 1 fibrocartilags
nous articular facet which has a smooth surface and 15 hned with
synovial membrane It 1s called the spring lignment because 1t con
tains yellow elastic fibers and possesses considerable elasticity The
importance of this can be readily seen when one remembers that
the talus recewves the werght of the entire body and that the talus
i 1 turn supported largely by the spring hgament The shock
absorption function of this arrangement 1s obvious It 15 also fanly
obvious that excessive prolonged pressure on this hgament (through
improper use of the feet) will cause 1t to stretch permanently and
wall result 1n a lowered arch

Midtarsal Jont (T se Tarsal Choparts)
of two articulations the lateral one bemng the calcaneocuboid joint
and the medial one the talonavicular Looking down at these
jomts from above the lateral one 15 seen to be convex to the rear

This consists
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Lateral

Lateral talocalcaneal

¢

Dorsal talonaviculor
!

Colconeocubord
N Calcaneonaviculor
‘h?;r\'} R ongopaneel
Bifurcate
higament

~ Dorsol
Calcaneacuboid

Interosseous
Anterior tolocalcaneal
talocalcaneal
B Medual

Dorsal (4 1y \\k
tolonavicular i

Posterior
talocaolcaneal

Plantar

colcaneonavicular .
Mediol tolocalcaneal

Fig 140 Ligaments of tarsal jonts A Lateral B medial

and the medial convex to the fore The combined hne of junction
forms a honizontal letter $ {Fig 142) The talonavicular joint may
be described as a shallow ball and socket jomnt since it permits
movements about three axes The calcaneocuboid joint 1s nonaxial
permitting only shght ghding motions These would seem to be
supplementary or secondary to the freer motions of the talonavic
ular jomnt The movements of the midtarsal articulation, particularly
of the talonavicular joint are as follows

Very shght dorsal and plantar fletion These movements supplement
dorsal and plantar flexion at the ankle jomnt

Slight abduction and adduction of the front part of the foot on the rear
part



The Lower Fxtrenuty The Ankle and Toot

S
. | [}
‘a\
Collateral
( )
Tronsverse \ d .. Plontar

metatarsal metalarso
" \ phatangeal
1
Accessory W | 3\]3
plantar ; 7 Plantar
~ tarsametarsal
Plontar
tnter T
metalarsel
Long plontar

Fig 141 Plantar ligaments of-foot
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Fig 142 Oblique sertion of tarsal bones showing mdtarsal joint
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Very shght iversion ind eversion of the front part of the foot on the
rear

LIGAMENTS OF THE MIDTARSAL JOINT (Figs 140 and 141) The
midtarsal Jomnt 1s remforced above by three dorsal hgaments—the
dorsal talonavicular, the calcineocuboidal part of the bifurcate
higament and the dorsal caleaneocuboid—and below by the long
and short plantar hgaments The short plantar igament, also called
the plantar calcaneocuboid, 1s a short, wide, thick hgament of
great strength It extends from the tubercle at the anterior end of
the plntar surface of the calcaneus to the pltar surface of the
cuboid behind the oblique nidge The long plantar hgament 15 a
longer, more superficial but equally strong and dense band 1t ex
tends from the plantar surface of the calcaneus 1 front of the tuber
osity to the oblique nidge on the plantar surface of the cuboid, with
prolongations to the bases of the second third fourth and medl
half of the fifth metatarsal bones

The Tarsomctatarsal Jomts (Figs 140 and 141) These are
all nonaxial jomnts wath the possible exception of the first wiich
presents a shghtly saddle shaped appearance They are remnforced
by the dorsal and plantar tarsometatarsal and the interosseous liga
ments The movements are of a ghding nature resembling a re
stricted form of flexion extension abduction and adduction

The Intermetatarsal Articulations (Figs 137 and 141) These
melude two sets of side by side articulations those between the
bases and those between the heads of the metatarsal bones They
are all nonaxal jomts, permitting only shight glhding movements
The bases of the metatarsals are united by the dorsal and plintar
mtermetatarsal and the mterosseous hgaments The heads of the
metatarsals are connected by the transverse metatarsal ligament
The articulations between the heads of the metatarsal bones are
an important part of the metatarsal arch The total result of the
movements occurring there 1s a spreading or flattenng of the arch
when the weight 15 on 1t and a return to its plantar concavity when
the werght 1s taken off it

The Metatarsophalangeal Jonts (Fig 141) These may best
be described as a modified form of ovoid jomts They are remforced
by the dorsal and plantar metatarsophalangeal, and the collateral
hgaments The movements are flexion edension and verv TIinmted
abduction and adduction The jomnt of the great toe differs some
what from those of the four lesser toes It 1s considerably larger
than the others and 1t has two sesamoid bones under 1t in place
of the plantar hgament

The Interphalangeal Jomts These are all hinge jomnts per
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mitting only flevion and extension The hgaments reinforeng then
are the dorsal and plantar interphalingeal and the collaternl

SUMMARY OI' MOVEMENTS OF THE root
Ankle Joint

Doarsal and plantar flevion (dorsal surface of foot moves toward and
away from antenor surface of leg)

Tarsal Jomts (especinlly subtaltr and mudtarsal)

Dorsal and plantar flevion (correspond to ankle joint movements)

Inversion and eserston {medial, lateral border of foot 1s rassed)

Abduction and adduction (front pat of foot bends lterally and
medially)

Note The terms pronation and supmation of the feet represent com
posite movements pronation bemng the combmation of abduction and
eversion and supination the combinntion of adduction and nversion
Because of the structure of the jomnts these movements always occur
together 1n this manner

Toes
Flexion and extension (toes curl under toes strughten out)

Muscles The muscles of the ankle and foot classified accord
Ing to their Jocation, are as follows

Muscles on anterior aspect of leg
Tibiabs antenor
Extensor digitorum longus
Extensor hallueis longus

Intrinsic muscles of the foot
Extensor digitorum brevis
Flexor digitorum brevis

Quadratus plantae
Peroneus tertws Lumbneales
Muscles on posterior aspect of leg Abductor halluas
Gastrocnemius Flexor hallucis brevis
Soleus Adductor hallueis
Tibiahs posterior

Abductor digiti quinty

Flevor digitorum longus

Flexor hallucss longus
Muscles on lateral aspect of leg

Peroneus longus

Peroneus brevis

Tibalis Anterior (Fig 1434)

PROXIMAL ATTACHMENT

of lateral surface of tibia
DISTAL ATTACHMENTS

tarsal and medial surface of

Flexor digitt quinti brevis
Opponens digit1 quinty
Dorsal mterosser

Plantar interosser

Lateral condyle and upper two thirds

Plantar surface of base of first meta
first cuneiform



268 Anatomic T'undamentals of Human Moton

NERVE SUPPLY Deep peroneal
ACTION
Ankle Dorsal flexion
Foot Dorsal flexion supmation (adduction and nversion)
WHERE TO PALPATE  Antentor surface of leg just lateral to tibn
COMMENTS About two thirds of the way down the leg the
tibialis anterior becomes tendmous The tendon crosses over to the
medial side of the leg and passes mn front of the malleolus on its
way to the first cuneiform

Extensor Digitorum Longus (Fig 143B)

PROXIMAL ATTACHMENTS Lateral condyle of tibr1 and upper
three fourths of antenor surface of fibula
DISTAL ATTACHMENTS Dorsal surface of second and third
phalanges of four lesser toes
NERVE SUPPLY  Deep peroneal
ACTION
Ankle Dorsal fleion
Foot Dorsal flexion assists m eversion and abduction
Toes Extension of four lesser toes
WHERE TO PALPATE Anterior surface of ankle and dorsal sur
face of foot lateral to tendon of extensor hallucis longus
CONMMNENTS Thus 15 a penmform muscle and 1s situated Tateral
to the tibialis antertor m the upper part of the leg and lateral to
the extensor hallucs longus m the lower part Just mn front of the
ankle jomnt the tendon divides mto four tendons one for each of
the four lesser toes

Extensor Hallucis Longus (Fig 1434)

PROXIMAL ATTACHMENT Middle half of anteror surface of
fibula
DISTAL ATTACHMENT Dorsal surface of base of distal phalmt

of hallux (great toe)
NERVE SUPPLY Deep peroneal
ACTION
Ankle Helps in dorsal fleion
Foot Dorsal flexion
Toes Extension and hyperextension of great toe
W HERE TO PALPATE Dorsal surface of foot and great toe  *
COMMENTS Like the preceding muscle this 1s penmiform mn
structure Its upper portion hes beneath the tibitlis antenor and
extensor digitorum Iongus but about half way down the leg the
tendon emerges between these two muscles thus becoming super
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Tibralis
antenor

Extensor
dgitorum
longus

Peroneus
brevis

Extensor
hallucis
longus
brevis

Extensor
digitorum
brevis

Dorsal
nterosse

Fig 143  Antenor muscles of the leg
ficial After 1t reaches the ankle the tendon slants medially across

the dorsal surface of the foot to the top of the great toe
Peroneus Tertius (Fig 144)

PROXIMAL ATTACHMENT Antenior surface of lower third of
fibula
DISTAL ATTACH\ENT Dorsal surface of base of fifth mettarsal

NERVE SUPPLY Deep peroneal
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ACTION
Anklle Dorsal flevion
Foot Dorsal flexion, pronation (eversion and abduction)

WHERE TO PALPATE Dorsal surface of foot close to base of
fifth metatarsal
COMMENTS This ittle muscle Lies lateral to the extensor digL

torum longus and 1s sometimes described ns the fifth tendon of
the latter muscle

Peroneus Longus (Fig 144)

PROXIMAL ATTACHMENTS Lateral condyle of tibia head and
upper two thirds of Iatera] surfrce of fibula
DISTAL ATTACHMENTS Lateral margun of plantar surface of first
cuneiform and base of first metatarsal
NERVE SUPFLY Superficial peroneal
ACTION
Anlle Plantar flexion
Foot Plantar flexion pronation (eversion and abduction)
WHERE TO PALPATE
Muscle belly Lateral surface of upper half of leg
Tendon Lateral surface of lower half of leg and just above and
behind lateral malleolus
COMMENTS This 15 a bipenmform muscle situated superf
crally on the lateral aspect of the leg Its distal tendon passes be
hind the lateral malleolus and proceeds forward and downward
to the margmn of the foot where 1t passes behmd the tuberosity of
the fifth metatarsal At this pont 1t turns under the foot, passes
through the peroneal groove of the cubord and slants forward across
the plantar surface of the foot to 1ts attachment at the base of the
first metatarsal and first cunerform not far from the attachment of
the tibialis anterior

Pcroneus Brewvis (Figs 143A and 144)

PROXIMAL ATTACHMENT Lower two thirds of lateral surface
of fibula

DISTAL ATTACHMENT Tuberosity on lateral side of base of fifth
metatarsal

NERVE SUPPLY Superficial peroneal

ACTION

Ankle Assists in plantar flexion
¥oot Plantar flexion pronation (eversion and abduction)
WHERE TO PALPATE Lateral margin of foot just posterior to
base of fifth metatarsal
COMMENTS This 15 a penmform muscle lymng beneath the
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Extensor
digitorum longus

,‘A‘ ey Peroneus
[ipie longus

Peroneus

//}ﬁl«\/ [~ brewis

Peraneus
tertius

Fig 144 Lateral muscles of the leg (P B = Peroneus brevis P L. = peroneus
longus )

peronens longus on the lower half of the lateral aspect of the leg
Its tendon passes behind the lateral malleolus immediately ante
nor to the tendon of longus and continues forward just above the
longus tendon to 1ts attachment on the tuberosity of the fifth meta
tarsal below the attachment of peroneus tertius

Gastrocnemus (see muscles of the knee also) (Fig 145)

PROXIMAL ATTACHMENTS Posterior surface of each femoral
condyle and adjacent parts by two separate heads
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Plantaris

Gostroc
nemis

Fig 145 Gastrocnemuus

DISTAL ATTACHN\ENT Postenor surface of ealcaneus by means
of calcantal tendon (tendon of Achilles)

NERVE SUPPLY Tibial

ACTION Plantar flexion of foot at ankle m weight beanng and
agawst resistance

\WHERE TO PALPATE Calf of leg and back of ankle

CONAENTS The gastrocnemus 15 the large superficiil muscle
on the back of the leg and can be seen as two bulges n the upper
part of the calf when 1t 15 well developed Its two heads, together
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with the solcus, constitute the triceps surie The Interal and medinl
portions of the muscle reman distinet from each other as far down
as the middle of the back of the leg Then they fuse to form the
broad tendon of Achilles

This musele 15 1 powerful plntywr flevor of the nkle jomt, but
it will not 1t unless the movement 1s resisted Smce it crosses the
Lnee jomt as well as the ankle, 1t 1s most effective 15 2 plantar flevor
when the knce jomt 1s fived 1 extension Its most fumliar function
1s to enable one to nisc on the toes It has a large angle of pull,
approvimately 90 degrees when the foot 1s 1n 1ts fundamental pos:
tion Its internl structure and ats leverage combine to make 1t
n exceedingly powcrful muscle

Soleus (Tig 146)

PROXIMAL ATTACHAMINTS Posterior surface of hewd of fibuly
and upper two thirds of shaft pophtcal Iine ind medinl border of
middle third of tibin

DISTAL ATTACHMENT Posterior surface of caleancus by means
of calcanen! tendon (tendon of Aclulles)

NERVE SUPPLY Tibial

ACTION Plantar flevion of foot at ankle

WHERE TO PALPATE Shghtly lateral to and below the lateral
bulge of the gastrocnemius

CONMENTS The soleus hes beneath the gastrocnemius ex
cept along the lateral aspect of the lower half of the calf where 2
portion of 1t hes lateral to the upper part of the calcaneal tendon
Its fibers are inserted mnto the calewneil tendon 1 a bipen
mform manner Since the soleus does not cross the knee jomt

1t acts to plantar flex the foot at the ankle whether or not there 1s
resistance

Tibwahs Posterior (Fig 147)

PROXIMAL ATTACHMENTS Postenor surface of upper two thirds
of tibi1 beginning at pophteal lme medial surface of upper two
thirds of fibula

DISTAL ATTACHMENTS Tuberosity of navicular bone with
branches to sustentaculum tal: of calcaneus to the three cuneiforms
to cuboid and to the bases of the three middle metatarsal bones

NERVE SUPPLY Tibial

ACTION

AnMe Assists 1n plantar flevion

Foot Supmation (mnversion and adduction) plant
a
Cannot be palpated v T flevon
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Plgntori>

Fig 146 Postenior muscles of the leg middle layer

COMMENTS This 15 the deepest of the muscles on the back of
the leg The man part of the muscle covers the mtermuscular
septum between the tibia and fibula In the lower fourth of the
leg 1ts tendon slants across to the medial side of the ankle passes
belund the mediil malleolus and above the sustentaculum talh
then turns under the foot around the medial margin of the nvicu
lar bone to msert into its under side The muscle 15 penmiform
structure Because of 1ts direction of pull and its numerous attach
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Tibialis
pastenor

Eha—
s,

.

\‘\QQ\\Q\\\\\\\

Fig 147 Tibials posterior (P L = Peroneus longus T P = tibiahs postersor )

ments on the plantar surface of the tarsal bones an important func
tion of this muscle 1s mantenance of the longitudmal arch

Flexor Digitorum Longus (Fig 148)

PROYIMAL ATTACHMENT Posterior surface of muddle three
fifths of tibsa
DISTAL ATTACHMENTS Plantar surface of base of distal phalanx

of each of the four lesser toes
NERVE SUPPLY Tibial
ACTION
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Flexor digitorum
longus

Flexor
hollucis
longus

Fig 148 Flesor digitorum longus and flexor halluess longus (F H L = Flex
hal long FDL =flex dig long PL = per long)

Ankle Assists 1n plantar flexion
Foot Plantar flexton assists i supmation (1nversion and ad
duction)
Toes Flexion of four lesser toes
Cannot be palpated
COMMENTS This muscle 15 situated on the medial side of the
back of the leg behind the tila It 1s penmiform m structure Its
distal tendon passes behind the medial malleolus between the ten
dons of tibialis posterior and flexor hallnas Jongus Beneath the
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Foscicuh
transvers

Plantar
aponeurosis

Fig 149 Plantar fascia of the foot

tarsal bones 1t divides mto four tendons which go to the distal
phalanx of each of the four lesser toes
Flevor Hallucis Longus (Fig 148)
PROXIMAL ATTACHMENT Postertor surface of lower two thirds
of fibula
DISTAL ATTACHMENT
of hallux (great toe)
NERVE SUPPLY Tibal
ACTION
AnMle Assists in plantar flexion

Foot Plantar fleion assists 1n supmation (mnversion and ad
duction)

Toes Flevion of great toe

WHERE TO PALPATE Medial border of calcaneal tendon close to
calcaneus

COMMENTS

Plantar surface of base of distal phalanx

The flexor hallucis longus 1s situated on the lateral
side of the back of the leg behuind the fbula and the lateral por
tion of the tibla The fibers umte with the distal tendon m a
penniform manner The tendon crosses behind the ankle to the



Tendon
flexor
haflucts
longus

Flexor
digitorum
brevis

Abductor

digit
hallucis

Fig 150 Plantar muscles of the foot superficial layer

Opponens
digttt &

Flexor

agn I Flexor

digiforum
tongus

Quadrotus
plantae

Fig 151 Plantar muscles of the foot mddle layer
o788
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hallucis

Interosse:

Flexor
plontares

hallucts
brevis

Ligomentum
plontarum
fongum

Fig 152  Plantar muscles of the foot deep layer

medial side, passes around the medial malleolus and runs forward
under the medial margin of the foot to the distal phalanx of the
great toe Even more important than flewon of the great toe 1s
this muscles task of gwing the “push off m wallung runming and
jumping

Plantar Fascur (Fig 149) On the plantar surface of the foot
the muscles are covered by fascia This 1s divided into medial cen-
tral and lateral portions The central portion, known as the plantar
aponeutesis 15 particularly strong and Bbrous It extends under the
whole length of the foot connecting the tuberosity of the calcaneus
with the bases of the proximl phalanges of the five toes This 1s
an exceedmgly strong band which serves as an effective binding
rod for the longitudinal arch

Intrinsic Muscles of the Foot (Fags 150, 151 152) These
muscles will be treated as a group instead of individually All of
their attachments are within the foot itself They are innervated by
the deep peroneal medial plantar and lateral plantar nerves The
muscles of the sole of the foot help mn all weight bearing activities
and contnbute to the mantenance of the arches As 1s to be ex
pected these muscles are much more highly developed m primitive
people than they are 1 people who wear shoes habstually



286 Anatomic Fundamentals of Human Motion

MUSCULAR ANAL1SIS OF THE FUNDAMENTAL
MOVEMENTS OF THE ANKLE, FOOT AND TOES

Ankle

Dorsal Flexton

Principal
Aogers

Assistant
Neutralrers
Stabilt ers

Plantar Flexion

Principal
Moyers

Assistant

Neutraliers

Stabilicers

Dorsal Flexion

Tibialts anterior
Peroneus tertius
Extensor digttorum longus

Extensor hallucts longus

Tibalis anterior and peroneus tertius
mutually nentralize one anothers
tendency to invert and evert the foot

None

Gastrocnemuus (only against resistance
more forceful when hnee 15 kept m
extension)

Soleus
Peroneus longus

Tibralis posterior

Peroneus brevis

Flexor digitorum longus

Flexor hallucis longus

Peroncus longus and brevis on the one
hand and ubials posterior on the
other mutually neutralize one an
others tendency to evert and mvert
the foot

None

Foot

The muscular action 1s the same as for dorsal flexion at the ankle

Plantar Flexion

With the exception of the gastrocnemuus and soleus which do not
cross the tarsal joints the muscular action 19 the same as for
plantar flexion at the ankle

Supination (uverston and adduction) (Fig 153B8)

Principal

Movers

Assistant

T'ibialis anterior
Tibialis posterior

Tlexor hallucis longus (against strong
resistance}

Flexor digitorum longus (against strong
resistance)
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Fig 153 The feet and legs 1n wesght beanng posiion 4 In eversion B 1n
mversion

Note The axis of the ankle yoint 13 such that the foot appears to be shghtly
mverted when 1t 13 plantar fleced For this reason the gastrocnermus and
soleus are sometimes mcluded as nverters of the foot When one considers
the attach of the tend: however, 1t 1s obvious that these
muscles can have no direct action on the tarsal jomts

Meutralizers Tibialis anterior and posterior mutually

neutralize one another’s tendency to
dorsiflex and plantar flex the foot and
ankle

Stabth. ers None

P, (eversion and abd ) (Fig 1534)
Peroneus longus
Peroneus brevis

Principal [
Mozers

Peroneus tertius
Assistant [ e

Extensor digitorum longus

The two principal muscles are mutually
neutralizing with the two assistant
muscles with respect to plantar and
dorsal flexion

None

Neutralizers

Stabilr, ers
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Toes
Aote Only the movers are listed
Flexion

Flexor digatorum longus
Flexor hallucis longus
Short flexors located on the foot

Extension

Extensor digitorum longus
Extensor hallucs Jongus
Short extensors located on the foot

Abduction

Short muscles located on the foot
Adduction

Short muscles located on the foot

DEMONSTRATIONS AND LABORATORY EXERCISES
Jont Structure and Function

1 Using forms like the one on page 156 record the essential informa
tion regarding the ankle jomnt the subtalar jomt and the midtarsal joints
Study the movements of these jomts both on the skeleton and on the Inng
body

2 Using a Lufksn rule or a protractor goniometer measure the range
of motion at the ankle jomnt wath the knee straight and wath the knee flexed
Measure ten subjects

Muscular Action

3 Plantar flewon

Subject (a) Stand and nise on the toes (b) Hold one foot off the floor
and extend 1t vigorously

Observer Compare the muscular action of the leg in (@} and (b)

4 Dorsifleion

Subject Sit on a table with the legs straight and with the feet over the
edge Dorsiflex one foot as far as possible

Assistant Restst the movement by holding the foot down

Observer Identify the tibiahs antertor peroneus tertius extensor digt
torum and extensor halluais longus

5 Pronation (eversion and abduction)

Subject In same posttion as m 4 turn one foot laterally without ex
tending 1t

Assistant Steady the leg at the ankle and resist the movement by hold

e foot

mgoti]szrmr Identify the muscles that contract

6 Supmmation (inversion and adduction)
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CHECK LIST FOR MUSCULAR ANALYSIS OF MOVEMENTS OF ANKLE, FOOT
AND TOES

ANker Foor Tors

DORst |PLANT [DORSt |PLANT | INV & {FVFRS| o o0 | gy
FLFX | FLPX | FLEX | FLFX |ADDUC| & ABD

Tibialis antenor

Ext hallue long

Ext digit longus

Peroneus tertius

Peroneus Jongus ‘

Peroneus brevis \

Tibials postenor l

Gastrocnemius

Soleus

Flexor hal long

Flex digat long

Subject In same position as 1 4 and 5 turn one foot medally as far
as possible

Assistant Steady the leg at the ankle and resist the movement by hold
mg the foot

Observer Identify the muscles that contract
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- Chapter 13

THE MACHINERY OF THE
MUSCULOSKELETAL SYSTEM

THE WORD MACHINE brings to mind a man made device for trans
mitting or modifying force and motion 1n such 1 way as to accom
plish certain desired work But not all machines are man made
Nature has provided the musculoskeletal system with at least three
of the six basic machines namely the lever, the wheel and avle,
and the pulley These serve n essentially the same way s man
made machines 1 utilizing force to produce effective motion m 2
complex segmented structure Let us take a look at these three
simple machmes and their counterparts 1n the musculoskeletal sys
tem

The Lever ~ We use levers every day of our hives In the latchen,
the old fashioned can opener, the nut pick the beer can opener,
the knife used to pry up a Iid are all examples of simple levers In
the workshop, or about the house and grounds, the tack hfter the
crowbar and the wheelbarrow are Iikewise levers What do these
have mn common? They are ngid bars even though their shapes
vary When a force 1s applied to them they turn about a given fixed
pomt or fulerum, and overcome a resstance or weight All of the
levers mentioned are for the purpose of usmng a relatively small
force to overcome a relatively large resistance In levers such as
these the range of movement of the object which 1s bemng acted
upon by the lever 1s relatively shght The tack hfter for instance,
Iifts the tack only a fraction of an inch In other words, the powner
to overcome a considerable resistance 15 gamed at the expense of
range of motion

In the sports field particularly we see levers that do the op
posite of this The golf club for mstance 1s a lever used for gamn
g range of motion at the expense of force The length of the
shaft enables the club head to travel through a large arc of motion
but 1t 15 used to overcome the relatively shght resistance first of the
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weight of the club itself, and Inter of the golf ball Tenms and
squash rickets, basebail bats hockey sticks, 1nd fencing foils are
other examples of levers used for the purpose of guning distance
at the evpense of force These levers do not swve the strength of
the user, s do the houschold lescrs mentioned, but they ncrense
Ius ringe and speed of movement By striking  ball waith a racket
for mstance, he can impart more speed to 1t and send 1t 1 greater
distance than he could by strihing 1t wath lus hand Tlus 1s beeause
the head of the racket travels 2 greater distance than the hand alone
15 able to do
Stll 1 different Jand of lever 15 seen m the scesaw on the phy-
ground the scalcs 1n the laboratory, and the pole used by the
Chinese coolie for carrymg balanced loads across hus shoulder
These levers gun nether force nor distanee, but provide for =
balancing of weights If the loads are equal they will balinee each
other when plced the same distance on oppostte sides of the ful
crum If they are unequal they will balance only if the heavier lond
15 placed closer to the fulerum There 15 an exact relationship be-
tween the magnitude of the weights 1nd their respective distances
from the fulcrum
This kand of lever may also be used to balwnce a force and a
load The vagabond carrying a stick on his shoulder, with lus bun
dle tied on one end and his hand holding the other end 1s using
this kand of lever Fhs use of the stick 1 simlar to that of the coolie,
except that the vagibond has substituted his hand for one of the
loads The amount of force exerted by his hand depends upon what
part of the stick 15 1n contact with his shoulder If it s the midpont
then the force exerted by his hand must exctly equal the weight
of the bundle The closer the pomt of contact to the bundle the
less force his hand will need to exert
The Body Segments as Levers ‘Where 1n the human body do
we have anythng even famtly resembling 1 beer can opener, 1
hockey stick, or a seesaw? The resemblance may not be apparént
at first, but when we recogmze each of these levers as 2 ngd bar
which turns about a fulerum when force 15 apphed to 1, 1t 15 then
apparent that nearly every bone 1n the skeleton can be looked upon
as a lever The bone 1tself serves as the lever or ngid bar, the jomt
as the fulerum and the contracting muscle as the force A ll'u- o
segment of the body like the trunk, the upper extremuty, or tﬁ
lower extremity can hkewise act as 2 simgle lever if 1t 15 u;ed as .
ngid umt When the am 15 raised sideward for mstanee, 1t .
achng as a lever The fulcrum 1s the shoulder jomt or more’ T >
erly spealang the center of motion at the shoulder jomt The rlz (;p
put of the force 15 supplied by the deltmd muscle he“gce 1{}?;
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pont on the lever 1t which the force 1s applied 15 the pont at which
the deltoid attaches to the humerus The resistance 1s the werght of
the arm 1tself, and the resistance pomt 1s the pomnt where this
werght 15 concentrated If a heavy weight 1s held i the hand this
would represent the resistance and the pomt of its appheation to
the lever would be considered the midpomnt of 1ts contact with the
hand The weight of the arm would be negligible, compared with
the weight held m the hand

It should be pointed out that the anatomuc levers do not always
look like bars The skull the shoulder blade and the vertebrae are
notable exceptions to the definition The resistance pomnt also, may
be difficult to identify especrally in the seesaw type of lever It s
not always easy to tell whether the resistance 15 the weight of the
lever atself or 1s the resistance afforded by antagomstic muscles
and fasciae which are put on a steadily mereasmg stretch as the
movement progresses For instance, when the head 1s turned easily
to the left the resistance pomt may be considered as the center of
gravity of the head We cn only guess at the approumate location
of this If the turnmg of the head 1s resisted by the pressure of
someone s hand agamst the left side of the chin the resistance pomnt
15 the midpomt of the contact area If the head 15 turned wathout ex
ternal resistance but 15 forced to the limit of motion resistance to
the movement 1s afforded by the antagomistic rotators and possibly
by the higaments and fasciae The resistance pont 1n such a case
1s the midpoint of the area over which these resisting forces act
on the head As i the first example the location of this pomt can
only be estimated

Defimtion and Classification of Levers It should be clear by
now that 1 lever 1s any ngid bar which turns about 1 fulerum when
force 15 applied to 1t In the process of turming it overcomes re
sistance This resistince may be nothing more than the weight of
the lever itself or 1t may be an external load or a counterforce In
the body nternal resistance 15 an additional factor This may be
caused by friction i the joint by the tonus of antagomstic muscles
or by the tautness of igaments or fasciae Whatever the nature of
the resistance 1ts application to the lever can be represented by
a sigle pont that 1s the midpont of the arer over which the re
sistance 15 applied to the lever

Thus we see that the lever has three important pomnts the pomt
about which 1t turns the pomt at which force 1s appled to 1t and
the pomnt at which the resistince to its movement 1s applied or
concentrated Since there re three pomts there are three possible
arrangements of these pomts Any one of the three may be situated
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R
2 A F
A
. |
S & F R
A
F Force

A Aws or fulcrum
R Resstonce or weight

Fig 151 Levers 1 A lever of the first class 2 a lever of the second class
3 alever of the third class

between the other two The arrangement of these three ponts pro
vides the basis for the classificition of levers

1 In a first cluss lever the fulerum lies between the force and
resistance ponts {(Fig 154 1)

2 In a second class lever the resistaince pomt hes between the
fulerum and the force pomnt (Fig 154 2)

3 Ina third clss lever the force pamt lies between the fulerum
and the resistance pont (Fig 154, 3)

Lever Arms The portion of the lever between the fulerum
and the force point 1s known s the force arm of the lever Stmilarly
the portion of the lever between the fulcrum and the resistance
pomt 15 known as the resistance arm In the second cliss lever the
force arm comerdes with the total lever hence the force arm 15
always longer than the resistaince wm In the third class lever the
resistance qrm comncides with the total lever, hence the resistance
arm 15 ahways longer than the force arm In the first class lever,
however the arms may be of equal length, or either the force arm
ar the resistance arm may be the longer depending upon the rela
tive position of the fulernm

A lever whose force arm s the longer of the two whether 1t be
first or a second class lever 1s sud to favor force Less effort 1s
required to overcome 1 resistance with this hind of lever than at
would take to overcome the same resistance without the aid of the
lever It gams this advantage at the expense of speed and range of
movement Conversely a lever whose resistance arm 1s the longer,
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pomt on the lever at which the force 1s applied 15 the pomnt at which
the deltord attaches to the humerus The resistance 15 the weight of
the arm 1tself, and the resistance pomnt 1s the pomt where th
weight 1s concentrated If a heavy weight 1s held in the hand, this
would represent the resistance and the pomt of its apphication to
the lever would be considered the midpomt of its contact with the
hand The weight of the arm would be neghgible, compared with
the weight held in the hand

It should be pomted out that the anatomic levers do not always
look Itke bars The skull the shoulder blade, and the vertebrae are
notable exceptions to the definition The resistance pot, also may
be difficult to 1dentify especially in the seesw type of lever It
not always easy to tell whether the resistance 15 the weight of the
lever itself or 1s the resistance afforded by antagomstic muscles
and fascize which are put on a steadily mcreasing stretch as the
movement progresses For mstance when the head 1s turned easily
to the left the resistance pomnt may be considered as the center of
gravity of the head We can only guess at the approvimate location
of this If the turmng of the head 1s resisted by the pressure of
someone s hand agamst the left side of the chin the resistance pomt
1s the midpoint of the contact area If the head 1s turned without ex
ternal resistance but 1s forced to the limit of motion resistance to
the movement 1s afforded by the antagomstic rotators and possibly
by the ligaments and fascize The resistance pomnt 1n such a cise
1s the midpomt of the area over which these resisting forces act
on the head As n the first example the location of this pomnt can
only be estimated

Defimtion and Classification of Levers It should be clear by
now that a lever 1s any ngid bar which turns about 2 fulerum when
force 1s apphed to 1t In the process of turning 1t overcomes re
sistance This resistance may be nothing more than the weight of
the lever 1tself or 1t may be an external load or 2 counterforce In
the body internal resistance 15 an additional factor This may be
caused by friction 1 the jomt by the tonus of antagomstic muscles
or by the tautness of higaments or fasciae Whatever the nature of
the resistance 1ts apphcation to the lever cin be rcpresented by
a single pont that 15 the midpont of the rea over which the re
sistance 15 applied to the lever

Thus we see that the lever has three important pomnts the pomt
about which 1t turns the pomnt at which force 1s apphed to 1t and
the pomt at which the resistance to 1ts movement 1s apphed or
concentrated Since there are three pomts_there are three possible
arringements of these points Any one of the threc may be situated
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F

Fig 155 The head acting as a first class lever Like the seesaw A = The ap
proxumate position of the axis or fulerum F = the point where the force 1s apphied
R = the approumate point where the resistance 1s concentrated

tered 1n the front half of the head for extension and 1n the rear half
for flewion rather than where it 1s shown 1 the 1llustration (Fig
155

A)nother first class lever 1s seen mn the foot when 1t 15 not bemng
used for weight beaning as when the knees are crossed n the sit
ting position As the soleus pulls upward on the hLeel the foot
plantar flexes at the ankle jomnt where the fulcrum 1s situated The
resistance seems to be provided by the tonus of the dorsiflexor mus

cles The weight of the foot apparently 1s not a factor here since
the foot has already relaxed 1nto a position of partial plantar flex-

1on The picture would be changed however 1f the person were
lymg face down with the leg bent at the knee and the lower leg
extended vertically upward

1f the foot were then plantar flexed
the weight of the foot would be a factor m the resistance

The forearm 15 another example of a first class lever when 1t 1s
bemng extended by the triceps muscle (Fig 156) The fulcrum 1s
sttuated at the elbow jount the force 15 appled at the olecranon
process and the resistance pont 1s erther at the center of gravity
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whether 1t be a first or 4 third class lever, 1s sud to favor speed
and distance It lacks force, however More force 1s required to
move 1t than would be the case if the relative lengths of the force
and resistance arms were reversed Furthermore, an object of neg
hgible weight can be moved a greater distance and more rapidly
by this kind of lever than 1t could be without the aid of the lever
Regardless of the position of its fulcrum, or of the relative lengths
of 1its two arms a first class lever 15 always an arrngement for bal
ance Examples of these vanous levers are listed below

1 Furst class Jever with equal force and resistance arms seesaw,
balance scles

2 Furst class lever with relatively long force arm pump handle
crowbar when one end 1s placed under a rock 1 log 1s plced
gnder the crowbar and the opposite end of the crowbar 1s pushed

own

3 Fust class lever with relatively long resistance arm old
fashroned well sweep kitchen tongs

4 Second class lever wheelbarrow crowbar when one end 15
placed under rock and other end 1s hited

5 Third class lever screen door with spning supplymng the force,
fire tongs (hinged at end)

The Principle of Levers A lever of any cliss will balance
when the product of the force and the force arm equals the product
of the resistance and the resistance arm Ths 1s known 1s the prin
ciple of levers It enables us to calculate the amount of force needed
to balance a known resistince by means of 2 known lever or to
calculate the pomnt at which to place the fulcrum in order to balance
a known resistance with a grven force In fact, if any three of the
four values are known the remamng one can be calculited by
using the following equation
F %X FA = R X RA (force tunes force arm equals resistance times

resistance arm)

Examples of Anatomic Levers The head, tipping forward and
backward 15 a good example of a first class lever 1n the body (F1g
155) To be sure, 1t 15 a sphere rather than a bar and the s of
motion would seem to be an imagiary one located 1 the frontal
plane approumately between the ears The force 1s supplied by
the extensors of the head, notably the splemus and upper portions
of the semispinalis and 15 apphed to the head at the base of the
skull The resistance to the movement 1s furmished by the wesght of
the head 1tself, together with the tension of the antagonistic mus
cles and fasciae, as the it of motion 15 approached The center
of concentration of the resistance 15 difficult to determme If the
head 15 acting like a seesaw the resistance would seem to be cen



Fig 157 The forearm acting as a third class lever with a relatively short force
arm like a boat bemng pulled alongside a dock

the forearm the Iatter serves s both a second cliss and 4 third
class Jever at the same time

The forearm 15 2 good example of 2 third class lever when 1t 15
bemng flexed by the biceps and the brachahs (Fig 157) Another
third class lever 15 seen n the example cited earlier, namely the
arm as it 1s raised sideward upward by the deltoid muscle (Fig "158)

Relation of Speed to Range in Movements of Levers The
observant reader will have noticed that in the above discussion of
levers the terms speed and range were usually Iinked together
There 1s a reason for this In angular movements speed and range
are interdependent For mstance 1f two third class levers of differ-
ent lengths each move through 4 40 degree angle at the same angular
veloctty the tip of the longer lever will be traveling a greater
distance or range than the tip of the shorter lever Since 1t covers
this distance 1 the same time that 1t takes the tip of the shorter
lever to travel the shorter distance the former must be moving
faster than the latter This 1s easily seen 1f the shorter lever 15 super
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Fig 156 The forearm acting as a first class lever with a short force arm and
long resistance arm bke a pair of paper shears

of the forearm or at the hand if the latter 1s pushmg agamnst an
external resistance Internal resistance does not appear to be a fac
tor 1 this movement This 15 a good example of a first class lever
1 which the force arm 1s extremely short relative to the resistance
arm It 1s therefore simlar to a third class lever m that 1t favors
speed and range of movement at the expense of force

Whether or not there are any second class levers mn the body seems
to be a controversial matter among anatomusts and hmesiologists
Some clarm that when the foot 1s bemng plantar flexed m a weight
bearing position as when nising on the toes 1t 1s a second class
lever The fulcrum 1s said to be at the pomt of contact with the
ground the force pomt at the heel where the tendon of Achilles
attaches and the resistance at the anhle jomnt where the weight of
the body 1s transferred to the foot Another second class lever
might be the forearm if 1t were beng flexed by the brachioradialis
alone Since ordmarnly all of the flexors contract together to flex
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Fig 157 The forearm acting as a third chiss lever with a relatnely short force
arm like 1 boat being pulled alongside a dock

the forearm the latter serves ns both a second cliss and 1 third
class lever at the same time

The forearm 15 a good example of 1 third clss lever when 1t 1s
bemng fleved by the biceps and the brachialis (Fig 157) Another
third class lever 15 seen in the example cited earlier, nimely the
arm as 1t 15 raised sideward upward by the deltord muscle (Fig 158)

Relation of Speed to Range n Movements of Levers The
observant reader will have noticed that in the nbove discusston of
levers the terms speed and range were usuilly linked together
There 1s a reason for this In angular movements speed and range
are mterdependent For wnstance 1f two thied class levers of differ
ent lengths each move through 1 40 degree ngle at the same angular
velocity the tip of the longer lever will be traveling a greater
distance or range than the tip of the shorter Jever Since it covers
this distance 1n the same time that 1t takes the tip of the shorter
lever to travel the shorter distance the former must be moving
faster than the latter This 1s easily seen if the shorter lever 15 super
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Fig 158 The humerus acting as a third class lever with a moderately long
force arm like a screen door

[

A

Fig 159 Companson of a long and a short lever turming the same number of
degrees It takes B the same amount of thme to reach B that 1t takes C to
reach C

mposed on the longer as in Figure 159 Here the shorter lever AB
has been supertmposed on the longer lever AC The levers are
moving from the honzontal position to the diagonal one Smnce the
pomnt C travels to 1ts new posiion C’ m the same time that 1t takes
B to travel to B’ pomt C must obviously be moving faster than
pomnt B

Charactenstics of Anatomuic Levers In the levers of the body
the force arm with few exceptions 1s shorter than the resistance
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arm Thus anatomie levers tend to favor speed and range of move
ment at the expense of force Lxamples of this arc scen in the
throwing of a baseball or the kicking of 1 soccer ball The hand
1n the ane case, nd the foot m the other, travel through a relatively
long distance at considerable speed Both of these movements re
quire strong muscular action m spite af the fact that the balls are
relatnely hight m wesght This type of leverage 15 the reverse of
the hind usually seen 1n mech-nie 1l implements such s the crowbar
and the automobule Jack, both of which arc used to move hewvy
weghts a reltnely short distance

Sport Implements as Levers Sport implements m1y serve
erther as levers i themselves or as artifieil extensions of the hu
man arm Frequently the sport simplement, the arm, and « Jarge part
of the rest of the body act together as n system of levers In batting,
a baseball, for mstance, the trunk forms one lever, the upper arms
another, the forearms another, and the hands and bat still another
This use of multiple leverage 1s for the purpose of bulding up
speed at the tip of the bat, for the greater this speed, the greater
the force that can be mmparted to the ball

Identsfication and Analysis of Levers Figures 155 to 158
depict certam anatomc levers and therr mechamenl counterparts
These should enable the student to understind the principle of
leverage as 1t applies 1n the human body 1nd to see how the ana
tomic levers compare with the levers of everyday hife T'or each of
these levers and for every lever that the student observes he should
answer these questions (1) Where are the fulerum the force
pomnt and the resistance pomt? (2) What class of lever 1s thisP
{3) What are the relative lengths of the force and resistance arms?
(4) What lund of movement does this lever favor? After he has
studied about the components of force he should add the questions
(5) At what angle 1s the force applied to the lever? (6) At what
angle 1s the resistance apphed to the lever? (7) What 1s the true
force arm of the lever? and (8) What 1s the true resistance arm of
the lever?

The Wheel and Axle The wheel ind axle devic
a wheel attached to a central ade about which 1t :’ev(:ﬂsz:ml?tgrgi
may be applied to the wheel either at the nm as in the case of the
steering wheel of the automobile or to the axle as in the case of
the automobiles rear wheels The steering wheel 1s an exam le of
a wheel and axle which magmfies force at the expense of s ee]t(]le od
distance The larger the diameter of the wheel, the rgat akx}ll
magmfication of force Quantitatively, the tum;ng eﬁgect e; me
wheel 15 the product of the force and the radius The radlut; thui
corresponds to the force arm of a lever The doorknob, the water
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Fig 158 The humerus acting as a third class Iever with a moderately long
force arm like a screen door

G

A

Fig 159 Companson of a long and a short lever turmng the same number of

degrees It takes B the same amount of tune to reach B that 1t takes C to
reach C

1mposed on the longer as in Figure 159 Here the shorter lever, AB
has been superimposed on the longer lever AC The levers are
mowing from the honzontal position to the diagonal one Since the
pomt C travels to its new posttion C’ m the same time that 1t takes
B to travel to B’ pomnt C must obviously be moving faster than

omt B
Charactenstics of Anatomic Levers In the levers of the body
the force arm with few exceptions 1s shorter than the resistance



The Machmery of the Musculoskeletal System 297

Rotatores

Tig 160 A cross section of the trunk representing @ wheel and mlc" inwlach

the force of the rotatores muscles is applied to the “axle

Externcl
oblique

Internal

oblique %

Fig 161 A cross section of the trunk representing a wheel and axle 1 wlich
the force of the obhique abdommnal muscles 15 apphed to the wheel

A cross section of the arm or the thigh likewse presents the char
actenstics of a wheel and axle Here the shaft of the long bone
serves as the axle and the penpheral tissues s the wheel Ro
taton of the hmb about its mechamcal long tus constitutes
the movement of the wheel and axle with the force bemng fur
mshed by the muscles producing the rotation and the resistance
by the antagomstic muscles or by an external resmistance as the
case may be Unlike the usual mechanical wheel and axle the re
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wheel 1nd the helm of the ship are common examples of this kind
of wheel ind axle In the helm of the ship the nim of the wheel s
absent but the spokes constitute a wheel nevertheless In many re
spects the wheel and axle device 15 similar to the lever particularly
when the whecl consists of 2 single spoke, as m the case of the
meat grnder the pencil sharpener and the hand operated clothes
wrmnger These correspond to 1 second cliss lever n which the ful
crum (actually the center of the axle) 1s 2t one end, the force 1s
applied to the other end, and the resistance 1s appled close to the
fulcrum

The type of wheel and asle wlhich 15 used to gun speed and dis
tance at the expense of force 1s seen less commonly perhaps yet
1t 1s present m many of our nstruments of transportation In the
automobile the rear wheels are turned by means of force applled to
their axles The same 1s true of the bicycle, the velocipede and the
old fashioned bicycle 1n which the pedals are attached durectly to
the atde The Ferris wheel and the merry go round are further ex
amples of this kind of wheel and axle In each of these the force 1
applied to the ade and the resistance 1s applied to the outer ar
cumference of the wheel More careful suspection of these examples
revenls the fact that they are actually combmations of both kinds
of wheels and axles In the velocipede for mstance the pedal rep
resents the first type of wheel and axle The force 1s applied to the
outer end of the pedal This serves to revolve the common e of
the pedal and the front wheel of the velocipede The front wheel
represents the second type of wheel and axle Force 1s apphed to
1t at the axle (as the result of the action of the pedal) and resistance
1s apphed at the rim t its pomt of contact with the ground

Further consideration of wheels and axles, as seen 1 common
household and industrial devices shows that they frequently are
combmed m such a way that a wheel and axle of the first type con
nects with one of the second type There may be several such com
bmations within one relatively simple mechamism The common
rotary egg beater for mstance 1s found to combine four wheel ind
axle devices, the two types alternatimg with each other

Most of the examples of the wheel and a<le 1n the body like
anatomic levers are vrranged for gaiming distance and speed 1t the
expense of force Both hinds are represented however A cross sec
tion of the upper trunk 15 2 wheel and ~<de which represents both
types (Fig 160) Some of the force for rotating 1s appled directly
to the axle” 1e the spinal column This 1s the force provided by
the deep posterior spinal muscles and the semispmahs Some 1s
applied to the wheel 1e to the nbs This force 1s provided by
the obhique abdomnal muscles and the sacrospmnalis (Fig 161)
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1A
RA
1t 15 scen that the mechanieal advantage ean be expressed in terms

the balanced lever cquation (p 290) can also be cxpruml!ls =

of the ratio of the force arm to the resistwnce anm Henee if
MA =% it 1lso holds that MA = .I‘-\ix\(

The mechameal ady mtage of 1 wheel md mle s measured in 1
somewhat simtlar manner, numely, m terms of the rtio of the rdius

of the wheel (R) to the radsus of the axle (), or MA =%

Since the fixed single pulley 1s 2 device for changing the direction
of a force, not for affecting 1ts magnitude, and since this 1s the only
Yind of pulley represented i the body, we need not concem our
selves with the mechanical adyvantage of pulleys

It 15 hoped that this clementary presentation of three of the nsic
machmes and thewr counterparts in the musculosheletal system of
the human body will faciitate an understanding of the discussion
of mechanieal principles which follows

DEMONSTRATIONS, LABORATORY EAERCISES AND
PROBLEMS

1 Place a window pole across the back of a chaw, hang 1 pul or
basket contaiming a 5 pound weight on the hook and hold the other end
of the pole Now adyust the pole so that it becomes increasingly diffeult
for you to balance the weight of the pail with one hand Stop at the point
where you are just barely able to hit the pail by pushing down on the
opposite end of the pole Have an assistant measure the force arm and the
weight arm of the lever Without shifting the position of your hand draw
the pole toward you untl you can easily hft the pal by pushing down on
the opposite end of the pole with one finger Agamn, have an assistant
measure the force and weight arms of the lever What do you conclude
concerning the relative length of the two arms? In which case does the
pail move through the greater distance? What do you conclude concerming
the relationship between the force required to move an object by leverage
and the distance that the object 1s moved? This expeniment as you did 1t
mvohed a first class lever Could you perform a similar experment using
a third class lever?

2 Balance a pole across the back of a chur hanging 2 5 pound weight
ateach end Let one of these represent the force and the other the w eight
or resistance The force arm and the weight arm should be exactly equal
if the pole 15 symmetnical Now add 5 more pounds to the weight end and
adjust the pole untl 1t balances Measure the force and weight arms
What do you conclude concerning,

@ The relatignship between the weight and the weight
the force and the force arm? eight amm beteen
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sistance 1n an anatomic wheel and axle 1s frequently applied at the
same cistance from the center of motion as the force This 1s the
case when antagonistic muscles provide the only resistance to the
movement

The Pulley A pulley 15 usually a form of a wheel with a rope
runmng over 1t Whereas we do not have wheels and ropes n the
body we do have pulleys In the field of mechanics there are suple
pulleys and there are comphcated arringements of block and
tackle Only the fixed single pulley 1s represented m the musculo
sheletal system It serves the same purpose as the mechanical fired
single pulley namely that of changing the direction of a force This
may take the form of giving a muscle 1 greater angle of pull than
1t would otherwise have or of enabling 1t to produce a totally dif
ferent movement than 1t could otherwise produce For instince
the angle of pull of the gracilis muscle 15 ncreased by means of
the bulgmg medial condyles of the knee over which the tendon
passes just before 1t attaches to the tibia (Fig 170) A pulley
changing the nature of a movement 1s 1llustrated by the peroneus
longus muscle which by passing behind the lateral malleolus be
fore 1t turns under the foot to attach to the Brst cunesform and
base of the first metatarsal bone plantar flexes the foot at the ankle
If 1t passed 1 fropt of the malleolus 1ts pull would be shifted m
front of the ankle jomt and hence 1t would dorsiflex the foot In
the first example the medal condyles of the femur and tibia are
the fixed single pulley and in the second example the lateral
malleolus serves m this capacity

The function of these machines m the musculoskeletal system
and therr significance n the tot1] movements of the body, will be
discussed at greater length 1 the chapters that follow

The Efficiency of Machmes Machmes are judged good if
they are effictent poor if they are meffictent How 15 the efficiency
of a machine measured® Smce the machmnes used m industry and
m the workshop are usually for the purpose of magmfyng force
1t has become customary to measure their efficiency m terms of
therr mechamcal advantage 1 other words their ability to mag
mfy force Another way of expressmg this abilty 1s to state the
output of the machine relative to its “mput In the case of 1
lever this 1s the ratio between the force apphed to the lever and
the resistance overcome by the lever It can be expressed n terms
of the equation Mechanical Advantage = the ratio of the re

sistance overcome to the force apphed or simply MA = % Since
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R_.TA,
the balanced lever equation (p 200) can also be upn.ssul.l_ = Té(

1t 15 seen that the mechamel adsantage ean be cxpressed in terms

of the rtio of the foree arm to the resistanee arm  Hence 1f
MA = % it also holds that MA = %

The mechamenl adsantage of 2 wheel nd axle 15 measured
somewhat simular manner, namely, n terms of the ratio of the rdis

of the wheel (R) to the radus of the axe (r), or MA :%

Since the fixed single pulley 15 1 desice for changing the direction
of a force, not for affecting its magmtude, and since thus 1s the only
kand of pulley represented in the body, we need not concem our
selves with the mechanical advantage of pulleys

It 1s hoped that tlus elementary presentation of three of the basie
machines and their counterparts i the musculosheletal system of
the human body will facihitate an understinding of the discussion
of mechamcal prineiples which follows

DEMONSTRATIONS, LABORATORY EXLRCISES AND
PROBLEMS

1 Place a window pole across the back of a charr hang a pul or
basket contaiung a 5 pound weight on the hook and hold the other end
of the pole Now adjust the pole so that 1t becomes increasingly difficult
for you to balance the weight of the pail wath one hand Stop at the pont
where you are just barely able to hift the pail by pushing down on the
opposite end of the pole Have an assistant measure the force arm and the
weight arm of the Jever Without shifting the position of your hand draw
the pole toward you until you can easily Lt the pail by pushing down on
the opposite end of the pole with one finger Again” have an assistant
measure the force and weight arms of the lever \What do you conclude
concerning the relative length of the two arms? In which case does the
pail move through the greater distance? What do you conclude concerming
the relationstup between the force required Yo move an object by leverage
and the distance that the object 15 moved? This expertment as vou did 1t
wnvolved a first class lever Could you perform 2 similar expeniment using
a th;d cllass lever?

Balance a pole across the back of a charr hanging a 5 pound we
ateachend Let one of these represent the force 'mg t}%e othx:er the wexggtt
or resistance. The force arm and the weight arm should be exactly equal
if the pole 15 symmetncal Now add 8 more pounds to the weight end and
adust the pole until 1t balances Mensure the force and weight arms
What do you conclude concermng

a The relationship

between the w
the force and the force arm? e weight and the weight arm. between
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b The relationship between the weight and the weight arm gnena
changing weight and a constant force?
Explain the following equation F X FA =W x WA

I' = force
W = weight
FA = force arm
WA = werght arm

8 Compute the amount of force necessary to lift a weight or resistance
of 20 pounds with a 6 faot first class lever whose fulerum 15 located 2 feet
from the pomt at which the weight 1s attrched, and 4 feet from the pomt
at which the force 15 applied Assume that both the force 4nd the resistance
are applied at nght angles to the Jever

4 Where would the fulerum have to be located 1n the above 6 foot
first class lever of there were only 5 pounds of force available to balance the
20 pound weight? Detcrmine thig by experiment Check your answer by
the algebraic method

5 For each of the anatomic levers isted below 1dentify the class of
lever represented 1dentify the fulerum the force pomt and the resistance
pomt and name the kind of movement favored by this type of lever

a Leg beng flexed at knee by hamstrings

b Leg bewng extended at knee by quadriceps femors

¢ Pelvis bemg tilted to nght by left quadratus lumborum

d Clavicle being elevated by tripezius I

¢ Lower extremity bemg abducted by gluteus medius

f From supme lymng position lower extrenmties being raised by p
flexors

g From supine lying position trunk being raised by hip flevors

6 For each of the following levers m your own body find the force arm
and the resistance arm by actual measurement, and calculite the force
needed to balance the lever Work with Ppartner to get the measurements
of lever length distances of force and resistance pomts from fulerum and
approumate angles of application Then draw a diagram to scale and
find the true force arm of the lever It 15 not necessary to do ths for the
resistance arm Why?

a With the anm extended honzontally sideward hold a 10 pound
weight on the hand Consider the middle deltosd as the, only source of
force

b _With the upper 1rm extended horizontally sideward suspend a 10
pound weight from the croteh of the elbow Consider the middle deltord
ns the only source of force

7 Have a subject raise the 1rm sideward to the honzontal and from
this posiion move 1t honzontally forward taking two seconds to perform
the horizontal movement The arm has now moyed throngh 90 degrees
Approamately how many mches did the subject s elbow move? Approxt
mately bow many inches did his hand move? Which was moy mg faster
tus elbow or his hand?

8 Identfy the wheel the axle and the place where the force 1s
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apphied m the examply of outwand rotvtion of the hunerus by the infra
spmatus and teres minor muscles

9 Using 1 strng to represent the peroncus longus muscle fasten one
end to the proper spot on the leg of 4 skelcton for its provimal attachment.
\aking the stnng pass bchimd the external malleolus and under the foot
fasten the distal end to the proper point of attachment Now take another
strng and fasten 1t 2t the same pomnts but have st pass in front of the
malleolus Be sure both strings are tut Studs the relationship botween
each stning and the center of motion 1t the ankle joint With 1 protracter
measure the angle between the two strngs at therr distal attachment
Repeat this experiment with the foot in 2 position of complete dorsillexion
What effect does the peroneus longus have 2t the ankle jomnt that it would
not have 1f 1t passed i front of the malleolus® What 1s the mechanienl
functson of the malleolus® (If no skeleton 1s avnlable 1t i1y be possible
to fasten the strings on the skin of a subject s Jeg )

10 Find an example of 1 pulley 1n the uppcr extrenuty

11 Find the mechanical advantage of the levers in question 6 a and b

RECONMMENDED READINGS
(For those who have had no nstruction In physies}
L Lubr Overton Physics Tells Why Lancaster Pa Jaques Cattell Press 1943
P 4216
2 Parker Bertha Moms Machin

es {The Basic Science Eductio
Evanston Il Row Peterson and Co 1918 ton Senes )
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b The relationship between the weight and the weight arm givena
changing weight and a constant force?
Explain the followmg equation I' X TA =W X WA

I' = force
W = weight
FA = force arm
WA = weight arm

3 Compute the amount of force necessary to hit a weight or reststance
of 20 pounds with a 6 foot first clnss lever whose fulerum 1s located 2 feet
from the pomnt at which the weight 1s attached, and 4 feet from the pomt
at which the force 15 applied Assume that both the force 1nd the resistance
are apphed at night angles to the lever

4 Where would the fulerum have to be located 1n the above 6 foot
first class lever if there were only 5 pounds of force available to balance the
20 pound weight? Determme this by expenment Check your answer by
the algebraic method

5 For each of the anatomic levers listed below 1dentify the class of
lever represented 1dentify the fulcrum the force pomt and the resistance
pomnt and name the kind of movement favored by thes type of lever
Leg being flexed at knee by hamstrings
Leg bemng extended at knee by quadriceps femoris
Pelwis bemng tilted to nght by left quadratus Jumborum
Clavicle being elevated by trapezius 1
Lower extremity bemng abducted by gluteus medius
From supme lying position lower extremities being raised by hip

QA6 n

fexors

g From supme lying position trunk bemg raised by hip flexors

6 For each of the following levers m your own body find the force arm
and the resistance arm by actual measurement and calculate the force
needed to balance the lever Work with a partner to get the measurements
of lever length distances of force and resistance pomts from fulerum and
appr angles of application Then driw a diagram to scale and
find the true force anm of the lever It 15 not necessary to do ths for the
resistance arm Why?

a With the arm extended horizontally sidesard hold a 10 pound
weight on the hand Constder the mddle deltoid as the only source of
force

b With the upper arm extended hortzontally sideward suspend a 10
pound weight from the crotch of the elbow Consider the middle deltord
s the only source of force

7 Have a subject raise the arm sideward to the honizontal and from
tlus posiion move 1t honizontally forward taking two seconds to perform
the horizontal movement The arm has now moved through 90 degrees
Approumately how many inches did the subjects elbow move? Approt
mately how many mnches did his hand move® Which was moving faster
Ius elbow or his hand?

8 Identify the wheel the axle and the place where the force 1s
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Yig 182 An cxunple of angular motion

motionless® The student should try o answer thuse guushions fof
himself before he seads further

As we note the dufferent wars m which objects move we we
wnpressed with the aimost hrtless vanety 18 the putms of mote
ment Objects move in strught paths and 1 curved paths the
roll shde and f2ll they bounce they swing back and forth ke a
pendulum they sotate about a center, uther partinlly or completely
and they frequently rotate 2t the syme time that they move 1s 2
whole from one pliwce to another Although the sanety of ways
which objects mose appers to be lmost hsmtless, carcful con
sideration of these ways revenls the f1ct that there nre, 1 actuahty
only two major clusmfications of movement patterns Lather an
object turns about a center of motion or it moves i afs entirely
from one place to another Sometimes it does bath simultneously
The former Jand of movement 15 termed rotatory or angular Thus »
the kund which 13 typienl of levers and of wheels and axles A
phonegraph record 1s undergomg votrtery motion when st is betng
played The partinl turmng of 2 stcklike obyect, or leser, 15 also
undergomg rotatory motion Angulir motion is perhaps = more
desenptne term to use m the hiter case Rotatory or angelar
motion 3s characterszed by movement about n 1xs wth all parts of
the object moving m an e, hie the movement of o spohe of a
wheel or of 2 puper tnmmer (Fig 162) It may be 2 smal} arc of
motion or it my be 1 complete aircle

The second und of moton 15 termed translatory because the ob
jeet 15 translated as a whole from one Yocition to another Transla
tory movement myy be further cssified wmto rectilinear and
curvilinear motwon Rectilinear motion commonly eslled sunply
lnear motion 1 defined as the hnear progression of an objeet 15 a
whele with Al of sts parts moving the same distance m the same
direction and 2t a umform rate of speed {Tig 163)

Curviliner motion refers to motion 1 a curved path This curved
path may or may not be a arcle or an are Thus curvilinear wotion



Chapter 14

FUNDAMENTAL PRINCIPLES
OF MOTION

IF WE ARE TO UNDEBSTAND the movements of the human musculo
sheletal system we need first to turn our thoughts to the concept of
motion 1tself What causes motion® What kinds of motion are
there? What determnes the kind of motion that wall result when
an object—or a part of the human body—1s made to move® Under
what laws does motion operate and what are the principles that
govemn 1ts behavior® And finally, how do these generalities about
motion apply to the movements of the musculoskeletal system?

Cause of Motion One cannot easily think of motion without
visuahizing a speaific object m the act of moving If we did not ac
tually see how 1t changed from a stationary object to a moving ob
ject we mught wonder what caused 1t to be set 1 _motion Did
someone pull on 1t, or push agamst it, or perhaps blow on it of
even attract it with a magnet? What are these assumed causes of
motion® Without exception, they e a form of force Force, then
15 the mnstigator of movement If we see an object m motion we
know that 1t 1s moving because a force has acted upon 1t We know,
too that the force must have been sufficiently great to overcome
the objects mertta for unless a force 1s greater than the resistance
offered by the object 1t cannot produce motion We can push
agamst a stone wall all day without moving 1t so much as 1 millt
meter but a bulldozer can knock the wall down at the first impact
The magnitude of the force relatie to the magmtude of the re
sistance 15 the all important factor 1n causing motion

Kunds of Motion ‘What makes the object move n the way that
1t moves? Why does the puck sometimes shde across the ice without
turning_and why does 1t sometimes revolve as 1t shdes® Why do
arrows balls and bullets move through the air mn 2 pathway known
as a parabola® Why does the hand move i an are when the fore
arm turns at the elbow joint am(i) the neighboring jomts are held
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Fig 162  An example of angulas motion

motionless® The student should try to answcr these questions for
imself before he reads further

As we note the different ways in wiich objects move we e
impressed with the almost limitless vanety n the patterns of move
ment Objects move 1n strmght paths and m curved paths they
roll shde and fall they bounce, they swing back and forth hike a
pendulum  they rotate about a center, erther partially or completely
and they frequently rotate nt the sime tune that they move as a
whole from one plice to another Although the variety of ways
which objects move appewrs to be almost hmitless, careful con
sideration of these ways reveals the fact that there are i tctuality
only two major classifications of movement patterns Either an
object turns about =1 center of motion, or it moves n its entiredy
from one place to another Sometimes 1t does both simultaneously
The former Jund of movement 1s termed rotatory or angular This 1
the kind which 1s typical of levers and of wheels and axles A
phonograph record 1s undergomg rottory motion when 1t 1s being
played The partial turmng of 1 stickhihe object, or lever 1s also
undergoing rotatory motion Angulir motion 1s perhaps 1 more
descriptive term to use in the latter case Rotatory or angular
motion 1s charactenized by movement about an axis wath all parts of
the object moving m an we hke the movement of ~ spoke of a
wheel or of a paper tnmmer (Fig 162) It may be a small arc of
motion or 1t may be a complete ccle

The second kind of motion 15 termed translatory because the ob
ject 15 translated as a whole from one location to another Transla
tory movement may be further classified mto rectihnear and
cwrohnear motion Rectlmear motion commonly called sumply
hinear motion 1s defined as the linear progression of an object as a
whole with all of 1ts parts moving the same distance 1n the same
direction and at 2 umform rate of speed (Fig 163)

Curvilinear motion refers to motion 1 a curved path This curved
path may or may not be a cirele or an are Thus curvilmear motion



Chapter 14

FUNDAMENTAL PRINCIPLES
OF MOTION

Ir WE ARE TO UNDERSTAND the movements of the human musculo
sheletal system we need first to turn our thoughts to the concept of
motion itself What causes motion® What kinds of motion are
there? What determmes the kind of motion that will result when
an object—or a part of the human body—1s made to move? Under
what laws does moton operate and what are the princrples that
govern 1ts behavior? And finally, how do these generalities about
motion apply to the movements of the musculosheletal system?

Cause of Motion One cannot easily think of motion without
visuahizing a specific object m the act of moving If we did not ac
tually see how 1t changed from a stationary object to a moving ob
ject we might wonder what caused 1t to be set m motion Did
someone pull on 1t or push aganst it or perhaps blow on 1t or
even attract 1t with a2 magnet® What are these assumed causes of
motion® Without exception they are a form of force Force, then,
1s the nstigator of movement If we see an object 1n motion we
know that 1t 1s moving because a force has acted upon 1t We know
too that the force must have been sufficiently great to overcome
the object s mertia for unless a force 1s greater than the resistance
offered by the object it cannot produce motion We can push
agamst a stone wall all day without moving 1t so much as 1 millt
meter but a bulldozer can knock the wall down at the first impact
The magnitude of the force relative to the magnitude of the re
sistance 15 the all important factor in causing motion

Kinds of Motion What males the object move in the way that
1t moves? Why does the puck sometimes shde across the 1ce without
turmng and why does 1t sometimes revolve as 1t shdes? Why do
arrows, balls and bullets move through the air 1n a pathway known
as a parabola® Why does the hand move i an arc when the fore
arm turns at the elbow jomt and the neighbormg jonts are held
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fig 362 An cxample of angular 1y 21

‘
mationtess® The student should oy to et thme quete 3 4
huself beface he reads furthies

As we note the dflceat wis fn which objrcts mme we

T
ympressed wath the almost lymtless vanety in the pattes of e

mest Objects move n stenght puths nd in aned ‘u““!‘?m
roll shde and fall, they bounce, thy swing back and Jorth blr 2
pendilum they ratate about a eeater, cthice partially or co npleted R
and they frequently totate at the sy b that they mose as
whote f5om one place to ancther Although the variety af wavs
which objects move appears to be atmmst hontless cvrelul oy
suderatian of these ways reveals the fct that these are, fn actislih
only two major classifications of movemunt pattoms 3 sther a0
ohyect turns 1bout a ceater of motion o it moves In its entirets
from one place to anothes Sometimes st does both ssmulianeoushy
The former knd of moiement 15 tenwed rofatory or enguler This 3
the kind which 15 typical of fevess and of whoels and wles A
phonograph record 15 undergomng rotitory motson whea it i bedng
played The partial turming of 1 sticklihe object, or lever, is alaw
undergoing rotatory motion  Angular motion 15 perhaps © morce
deseriptive term to use in the latter case Rotatory or angulw
motion 1 charaetenzed by movement about an s with all parts of
the obiect moving w an are hike the morement of o spoke of o
wheel o5 of 2 paper tnmmer {Dig 362) It miy be a smll are of
mohon or it may be a complete cucle

The second kind of monon 15 trmed translatory beeuse the ob
teet 15 transtated as A whole from once Yoehion to another Transtt
tory movement may be further clissified wto rectihacar and
custihnear smotion Bectihnew motion  commonly called simply
tmear motion 1s defined as the hnear progressian of an object as
whale \ath all of uts parts moving the same distance, 1n the syme

direction and at a umform rate of specd (Fig 163y
Curvilinear moton tefer

s to motion n a cunved path Thus cunved
vath mav or may not be a cxrcle ar an are Thus curvilinear matioy



Chapter 14

FUNDAMENTAL PRINCIPLES
OF MOTION

IF WE ARE TO UNDERSTAND the motements of the human musculo
skeletal system we need first to turn our thoughts to the concept of
motion 1tself What causes motion? What kinds of motion are
there? What determines the kind of motion that will result when
an object—or a part of the human body~1s made to move? Under
what laws does motion operate and what are the prnciples that
govern 1ts behavior? And finally how do these generalities about
motion apply to the movements of the musculoskeletal system?

Cause of Motion One cannot easily think of motion without
visuahzing a specific object m the act of movmng If we did not ac
tually see how 1t changed from a stationary object to a moving ob
ject we might wonder what caused 1t to be set 1n motion Did
someone pull on 1t or push agamst it or perhaps blow on 1t, or
even attract it with a magnet? What are these assumed causes of
motion? Without exception they are a form of force Force, then
1s the mshgator of movement If we see an object 1n motion we
know that 1t 15 moving because a force has acted upon 1t We know
too that the force must have been sufficiently great to overcome
the objects mertia for unless a force 1s greater than the resistance
offered by the object 1t cannot produce motion We can push
agamst a stone wall all day without moy g 1t so much s 1 mll
meter, but a bulldozer can knock the wall down at the first impact
The magmtude of the force relatiwe to the magnitude of the re
sistance 15 the all important factor m causing motion

Kmds of Mottont What makes the object move n the way that
1t moves® Why does the puck sometimes slide across the 1ce without
turmng and why does 1t sometimes revolve as it shdes? Why do
arrows balls and bullets move through the air n 2 pathway known
as a parabola? Why does the hand move in an arc when the fore
arm tums at the elbow jomnt and the neighboring jomts are held
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Fig 163  An example of rectiinear motion

r
Fig 164 An example of linear motion of the body as a whole resulting from
the angular motion of some of 1ts parts

may be erther arcular or nonaircular depending upon the nature
of 1ts pathway of motion Although there 1s a simlanty between
crrcular motion and rotatory motion they are not identical nd
should not be confused with each other For mstance a person
nding on a merry go round 1s undergomg arcular motion The
spokes of a revolving wheel however are undergomng rotatory
motion In order to 1dentify the type of motion occurrmg one must
note whether the object 1s moving m 1ts entirety from one place to
another or whether 1t 1s turning about an axis with which 1t 1s 1
001]1\;2:—‘ tmfrequentl) an object displays a combination of rotatory and
translatory movement the latter often bemg caused by the former
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to the question What determines the
ind of motion that will result when an
object 15 made to move? The best way
for the student to discover the nnswer
15 to produce each kind of motion and
then to amalyze what he did to obtun
the hind of motion he w nted

In order to make an object move line
arly, we discover that erther we must 1p
ply force umformly gunst one entire
side of the object or we must apply 1t
directly 1 line with the objects center
of grwity The object will move m 1
straight line provided 1t does not meet
an obstacle or resistance of some sort
If 1ts edge huts agunst another object,
or 1f 1t encounters 2 rough spot on one
side of 1ts pathway 1t will immediately
turn about 1its pont of contact with the — ~—~—~—~—mrr -
mterfering factor If we attempt to push —
a tall cabmnet across 2 supporting sur o oo e the bod
face which provides excessive frichon caused by the force of grm)
like a cement floor for instance, the ity
cabmet will ip even though we plice
our hands exactly in line with the cabinets center of grivity and
push m a honizontal direction In order to move 1t hnearly 1t will
be necessary to pply the push lower than the cabmets center of
gravity to compensate for the friction

If rotatory motion of a freely movable object 1s deswred 1t 1s
necessary to apply force toat off center or to provide an off center
resistance which will interfere with the motion of part of the object
A lever undergoes rotatory motion because by defimtion one por
tion of st remaims n place If 1t 15 desired to move an object i the
manner of a lever 1t 1s only necessary to provide a fulerum and to
apply force to 1t at some pomnt other than its pomnt of contact with
the fulcrum

To make an object move m 2 crcular path 1t 1s necessary to apply
a secondary force or to provide a hmted pathway such as a ar
cular track When  key 15 tied to « string and whirled 1 a crdle
the pull of the string 1s the secondary force Ths 1s true of anything
which serves to hold the object a umiform distance from the center
of motion An mtentional combination of forces such as consistently

longer stndes with one leg or longer strokes with one oar will
alsa result n cireular motion

R

=

Fig 188 An example of
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¢ =
[B6  An example of the movement of the body caused by the bodys own
muscular action

ﬁ
=== R

i

167  An example of the movement of the body caused by an external force

gmences all of these kinds of motion It has already been shown
4 most of the joints re 1xal and that the body segments there
¢ experience angular motion A slight amount of translatory
gzon 1s seen m the ghding movements of the plane or uregular
ts These movements are neghgible n themselves They occur
fly 1n the carpal and tarsal joints and m the jomnts of the verte
y arches m conjunction w 1th angular movements 1n neighboring
ol jomnts The body as a whole expenences rectilinear translatory
wement when 1t 1s acted upon by the force of gravity as m
sting (Fig 163) and m the latter part of diving (Fig 1868)
gwise when 1t 1s acted upon by an external force as i sk joring
w¢ 167) It expenences rotatory motion i forward and back
ad rolls on the ground m somersaults 1n the arr and mn tearling
g1c€e skates It expeniences curvilinear translatory motion m div
o broad jumping high jumping and hurdling and 1t expenences
\aprocating motion specifically oseillation when swinging back
forth on the nngs trapeze or honizontal bar
Factors Which Determune the Kind of Motion Thus far we
considered the cause of motion and the vanous kinds of

e
’ based on movement patterns or paths Now we must turn

gtion
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to the question \What determimes the

Lind of motion that will result when an

object 15 made to move? The best way

for the student to discover the answer

15 to produce exch Jand of motion and

then to analyze what he did to obtun

the kind of motion he wanted

In order to make an object move line ~—

arly, we discover that either we must ap (
ply force umformly agunst onc entire

side of the object or we must 1pply 1t

directly 1n hine with the objects center

of gravity The object will move mn 1 /
straight line provided 1t does not meet s
an obstacle or resistance of some sort

————— s -

If ats edge hits agamst another object
or 1if 1t encounters 1 rough spot on one
side of 1its pathway, 1t will immediately
turn about 1ts point of contact with the
mterfermg factor If we attempt to push
a tll cabinet ncross a supporting sur g e Lo 8 e body
face which provides excessive friction  cyused by the force of gra
hke a cement floor for mstance the ity
cabmet will ip even though we place
our hands exactly in line with the cabmets center of gravity and
push 1 a horizontal direction In order to move 1t hinearly 1t will
be necessary to apply the push lower than the cibinets center of
gravity to compensate for the friction

If rotatory motion of a freely movable object 15 desired, 1t 1s
necessary to apply force toat off center or to provide an off center
resistance which will interfere with the motion of part of the object
A lever undergoes rotatory motion because by definition one por
tion of 1t remains 1n place If 1t 15 desired to move an object 1 the
manner of a lever 1t 1s only necessary to provide a fulcrum and to
apply force to 1t at some pomt other than its pomt of contact with
the fulcrum

To male an object move m 2 circular path 1t 1s necessarv to apply
a secondary force or to provide a limited pathway, such as 1 cir
culir track When a key 15 tied to a strng and whirled 1 a arcle
the pull of the string 1s the secondary force Ths 1s true of anything
which serves to hold the object a umiform distance from the center
of motion An ntentional combmation of forces such as consistently

longer stnides with one leg or longer strokes with one oar will
also result m arcular motion

Fig 168 An example of
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Reaprociting motion 15 caused by a uniform repetition of force
applications and the osaillition of 4 pendulum 1s produced by re
peated applications of grasitational force to 1 suspended object
which 15 free to move back 1nd forth and which 15 m any position
other than its resting position

In summary 1t may be sud that the hind of motion that will be
displyed by 2 moving object depends fisst of all upon the kand of
motion permutted that particular kind of object If 1t 15 a luver, stis
permutted only wngulxr motion, if 1t 15 a pendulum, osaillatory mo
tion, and so on If it 1s 1 freely mos 1ble object 1t 1s permitted exther
translatory or rotatory motion dependmg upon the circumstances
These crcumstinces include the pomt at which force 1s apphed
with reference to the objects center of grivaty the environmental
pathways of movement avaulable to the object, and the presence
or absence of addiona] external factors which modify the motion

Factors Modifymg Motion Motion 15 usually modified by 2
number of cvternal factors such ns friction ur resistance water 1e
sistance ete Whether these factors nre helpful or whether they are a
hindrnce depends upon the arcamstinces ind the nature of the
motion The sme frctor myy frcihtate one form of motion yet
hunder mother For mstwmee friction 15 4 great help to the runner
because 1t enables him to exert maiumum effort without danger of
shppimg yeton the other hnd frction hinders the rolling of 1 ball
s 1n hochey golf and croguet Agun wind or ur resistance 1s 1
dispensable to the sul boats mohion but unless st 1s a “tul wind 1t
ynpedes the runner Likewrse water resistance 1s essentsil for pro
pulstont of the body by means of swimming strokes and of boits
through the use of owrs and paddles yet 1t the sime time 1t lunders
the progress of bath the swimmer wnd the bott especially 1if these

resent a broad surface to the water 1t s for this reason that swim
mers keep the body level and that honts we streamhined One of the
myor problems m sports 1s to learn how to take advantage of these
factors when they contribute to the movement i question 1nd on
the other hand how to mimmaze them when they we detnimental to
the mosement

There ave also nitomue fictors which modify the motion of the
segments of the bady These mclude friction in the jomts (held
to 1 munmum by the synoviit luid) tension of antagomstic mus
Jes tension of ligaments and f1sciae anomahes of bone and jomnt
structure wtmosphenc pressure withi the jomt cipsule and the

resence of terfering soft tissues Except for the himitations duc
to fleshiness these modifying factors come under the heading, of

wnternal resistance
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Laws of Motion Arc there any general truths about motion
thit we can count on under all circumstances? Sir Isaae Newton
found that there were such truths As the result of Ins obseryations
he defined three basic Iwws of motion When the effect of modify
g factors 1s discounted 1t 1s seen that these Jaws hold true for
the motion of all objects The heginner will understand them more
easily 1f he 1s able to imagmne 1 situntion i which extrancous fac
tors such as friction «ur resistance and water resistance are ehm
nated

Law of Inertwt An object which 15 at rest will remun so un
less ncted upon by an external foree An object wlich 1s moving
will move m 2 strught line 1t 2 umform speed and will continue
to do so unless acted upon by an cxternal force (It 1s assumed that
the external force 15 not counterncted by some other external force
acting simultaneously ) Thus 1 ball which s rolling along the
ground would continue to roll forever were 1t not for friction and
4 ball suling honzontally through the wur would contmue to sail
forever, were 1t not for air resistance nd the downward pull of
grvity

Law of Acceleration As was stated m the Jaw of mertin the
veloaity of a moving object (1€ the distance traversed per umt of
time) will remamn constant unless a force acts on the moving ob
ject When such a force does operate the resulting change 1n veloc
ity {either merease or decrense) will be directly proportional to
the amount of force causing the change and mverselv propor
tional to the mass of the object For instance the vmount of force
which a horse must use to merease 1ts speed m a rice 15 m direct
proportion to its veloaity mcrease Similarly 1t takes more ‘braking
force to slow 1 tram from 60 to 30 miles per hour than 1t does to
slow the same trun from 60 to 50 miles per hour In both cases
the amount of force 1s directly proportional to the amount of change
n veloaty

As an llustration of the effect of vartions i mass the reader
might 1magme that two balls of equal size are rollmg 1 parallel
pathways toward hum an iron ball on the nght and 2 wooden ball
on the left Just as they pass on erther side of lum he swings both
hands giving each ball 4 push to help speed 1t on 1its way The speed
of the wooden ball will be mcreased more than that of the won ball
demonstrating the fact that the change veloaity 1s imversely pro
portional to the mass of the object

Law of Reaction To every action there 1s an equal and op
posite reaction Another way of stating this law 1s to sny that when
a body moves thatis when 1t develops momentum the supporting
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surface or other object agamst which 1t apphes sts foree develops
an equal wnd opposite momentum To understand this it 1 neces
sary to hnow that momentum 1s the product of mass times sveloaity
When one steps out of 1 canoe onto the dack the renction of the
canoe 1s apprent This 15 because the mass of the canoe 15 50 small
that the canoes veloaity 15 great by comparison When one steps
off an ocen hiner, on the other hand the reaction of the boat 1s m
perceptible because its mass 1s 50 great that its velocity 1s nfintest
mal by companson Nevertheless m both mstinces the mass of
the person times his velocity 15 equl to the mass of the boat { canoe
or ocean hner) times its velocity

When the humnan body 15 unsupported 1n the aur, 15 when diving
it cannot voluntanly alter the pathway of its tota]l movement In
other words, st cannot displace its center of gravity Hence there
1s no question of action and reaction of the body as « whole If one
part moves however such as an arm or  leg, the equrl and opposite
reaction of the rest of the body 1s clearly seen This princple under
hes much of the movement 1 fancy diving

Circulyr Motion  Centripetal and Centrifugal Force An ob
ject undergomng aireulwr motion 15 subject to the same laws as an
object whuch 1s moving 1n a straight path That this 1s not obvious
15 due to the fact that the object 15 bemng restramed 1 its move
ment by the centripetal force whch 1s pulling it toward the center
of motion The fact that 1t 1s shll subject to the Law of Inerttn 15
demonstrated by 1ts tendency to fly off n a straight hine or tangent
to the arc of motion the mstant the centripetal force 15 removed

The expennment of twirhng a strmg with a Ley tied to the outer
end demonstrates this meely It 1s mportant for the evperimenter
to understand that the only forces acting on the key are (1) the
force cusing it to move provided by the cireling finger and (2) the
snward pull of the string on the key crusing ts motion to be circular
imstead of hmear Centnifugal force does not operate on the ey
According to Newtons thied Law of Motion every force has
equal and opposite force Centrifugal force 1s the equal and op
posste reaction to centripetal force and s such s acting on the
fnger holding the string not on the key When the string 1s re
Jeased there 1s no longer any centripetal force acting on the key
and therefore no centnfugal counterpull on the fnger The hey ss
now free to travel forward through space mn a strught path which
1t proceeds to do Smince 1t 1s charactenstic of centripetal force to
1t at night angles to an objects normal direction of motion once
s force ceases the key moves at nght angles to the radms of
the curcle m which 1t had previously heen moving

Whether an object 15 moving 1 a complete circle as the key on
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the end of the strng or 15 moving i 1 small are, these same eharac
tenstics hold true Lven m the fleung of the forewrm centripetal
force 15 present, pullmg snward from the fingertips to the clbow jomt,
and centnfugnl force pulling outward from the elbow joint When 1
ball 15 grasped by the fingers the centripetal foree makes it move
i the same are s the hand When the fingers relense 1t, the ball
leaves the hand and starts moving through the wr in 4 strught line
at nght angles to the forenrm

DEMONSTRATIONS AND LABORATORY E\ERCISES

1 Take a ruler or 1 book 1nd make 1t move m exch of the ways hsted
below Analyze the cause of erch hind of motion produced

a Rectiinear motion

b Curvilimear motion

¢ Angular motion

d Osallation

2 Tor each of the followmg actiities identify the upper evtremity
jomnts at which angular motion occurs thus making it possible for the
hand to move hnearly

a Drawing a 2 foot straight hine on the blachboard at shoulder level

b Putting the shot or throwing a dart

¢ Drawing the stnng of an archery bow

d Lunge n fencing

3 Draw a diagram to represent the path taken by the hand 1n the sagit
tal plane m each of the following movements

a Underwater portion of crawl stroke

b Underhand softball pitch (not mcluding the wind up)

¢ Overhand baseball pitch (not mncluding the wind up)

d Bowling

4 Place 2 book on a table and stand a small bottle on top of 1t Pull
the book toward you with a quick jerk Which way does the bottle fall?
Stand the bottle on the book again and pull the book across the table
with a steady pull Pull it agamnst an obstacle such as your other hand
so that the movement 1s stopped abruptly Which way does the bottle fall
now? Explam Which of the three laws of motion does this experiment
tlustrate?

5 For this expenment 1t 15 necessary to have a smooth surface and 2
rough surface side by side A rug partially covering a smooth foor will
do micely Take two tenms balls and place one on the rug and the other
1 hne with the first one on the floor Take a yardstick stand behmd the
balls and tap them simultaneously with the sick What causes the dif
ference in the distance traveled by the two balls? Was there any difference
i the force applied to them or in the resistince offered by them?

6 Rolla ball on a table Without stoppmg 1t make 1t turn to the nght
How did you change 1ts direction? Is there another way m which you
could change the direction of the rollng ball?

7 Attempt to hit 2 10 inch target with a tenms ball from a distance of
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10 feet 10 ech of the two ways desenbed below Compare the pathvay
of the hind s movement 1 the two methods Which way 15 more difficult?
Why?

a Face the tuget squarely Keep the upper arm rused to a side
horizontal positron and keep the forearm 1t nght ngles to st Throw the
bl by movng the forewm mn a forward downward are Use as much
woist snap 18 desired

b Throw the ball 1n the manner that you would normally use if you
were phymg catch withafnend or were throwing from one base to another

n baseball
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Chapter 15

FUNDAMENTAL PRINCIPLES OF
FORCE AND WORK

FORCE

WE saw 1n THE preceding chapter that an object 1s put m motion
when force 15 applied to 1t 2 force great enough to overcome the
objects resistance The force exerted by muscles on bones obeys
the same principles and possesses the same charactenstics as does
any force the only limitation beng that muscles always pull they
cannot push

What 1s meant by force? It can be felt and 1ts effect ean be both
seen and measured but force itself like the wind 1s mvisible It
can nevertheless be descrtbed Force 1s 1 push or a pull exerted
against something If we know the strength of the force the direc
tion m which 1t 1s acting and the exact portion of the object on
which 1t 1s exerting its pull or its push we have the essential
formation ~bout the force Hence force can be described n terms
of 1ts magmitude 1ts direction and the pownt of 1its appheation Since
we are primarily interested in muscular force these three aspects
of force will be discussed only as they relate to the muscles

Magmtude The magnitude of muscular force 1s 1n direct
proportion to the number and size of the fibers 1n the muscle which
15 contracting In the hiving human body it is smpossible to gauge
the magmtude of a single muscles force because of the fact that
muscles contract i groups not mdrvidually Hence the strength
of muscle groups 15 tested by means of mstruments Iike dynamom
eters mstruments which measure force 1n terms of the number of
pounds or alograms of pull or push exerted The force of a single
muscle can be estimated only by first dissecting the muscle then
measuring its physiologic cross sechion and multiplymg this figure
by the number of pounds (or kilograms) the average muscle has
been found by experiment to exert per square inch (or centimeter)
By physiologac cross sechion 15 meant the perpendicular section

313
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A

Fig 169 Method of metsuring the physiologic cross section of three types of
muscles A A fusiform or spindle muscle B a penniform muscle G a triangular
or fan shaped muscle

of all of the muscles fibers It should be noted that the fibers are
not arranged m the same manner 1 all muscles In some muscles
they are arranged Iongitudinmally 1n some 1n spindle hke fashion
mn some finlike and mn some feather ike (see p 23) Obwvoush
a simple cross section of 2 penmform or 1 bipenniform muscle will
muss 1 large number of the fibers hence 2 true cross section of the
muscles fibers 1s one which cuts 1cross every fiber i the muscle
Figure 169 1llustrates the method of measurng the physiologi
cross section of several types of muscles The cross section does not
tell us the actual number of fibers to be sure but 1t corresponds
closely enough for us to use this measurement n estimating the
muscles total potential force

In order to determine the 1mount of force a particular muscle
can exert 1t 1s first necessary to know the amount of force which
can be exerted by the nerage human muscle per umt of ts cross
section For this nformation the student must depend upon the
results of expenimentation done 1 the physiology laboratory Fick
one of the ewly miestigators found that human muscles exerted
a force of 6 to 10 kg per squre centimeter of their cross section
This 15 approamately 85 to 141 pounds per square mch Reckling
hausen accordmng to Stemndler concluded from his experimentation
that human mauscles exerted only 36 kg per square centimeter (ap
mately 51 pounds per square inch) of cross section It 1s as
d that these two nveshgators used male subjects A more
recent imveshigator  Morns found that the muscles of male sub
Jects exerted 92 hg persq cm (130 Ibs persq m ) and of female
subjects 71 kg persq cm (101 lbs per sqg m ) Because of the

proxt
sume
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Fig 150 The medial condsles at the knee joint serving as a pulley to mcrease
the angle of pull of the graailis tendon

wide range of figures presented to date further mvestigation of
this matter would seem desirable A studs of the effect of truning
on muscular force per unit of cross section would also be of interest

Direction The direchion of muscular force 1s deterrmned by
the relation of the tendon to the mechamcal axis of the segment
which 1t 1s moving The us of the segment does not necessanls
pass through the center of the bonv lever in fact if the bone
curies considerably the greater part of the auis mnv le outside
the shaft. The mechamcal axis of a bone 1s a straight line connect-
ing the mdpownt of the jowt at one end of the bone with the mid
pomt of the joint at the other end The angle between the muscles
line of pull and the mechamical axis of the bone 1s known as the
angle of pull It 15 frequently referred to as the angle of msertion
but this 15 not stncthy correct smce the latter term refers to the
angle between the tendon and the surface of the bone rather than
to the bones mechamical axis In the femur there 1s a noticeable
difference between the two

The angle of pull 15 not a fived angle for every muscle It changes
its size with every degree of motion Due to the anatomic arrange-
ment of muscles 1t 1s bkely to be small The usefulness of the ana
tomie pullevs (p 293) 15 seen here Were 1t not for these project
ing knobs of bone some muscles would have very small angles of
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Fig 169 Method of measuring the physiologic cross section of three types of
muscles A A fusiform or spndle muscle B 2 penmiform muscle C a trangular
or fan shaped muscle

of all of the muscles fibers It should be noted that the fibers are
not arranged 1 the syme manner 1 A1l muscles In some muscles
they we arranged longitudinally m some 1n spindle hke fashion
1n some fanbke and m some feather Ike (see p 23) Obwiously
2 simple cross section of 1 pennsform or 1 bipenmform muscle will
mss @ large number of the fbers hence 1 true cross section of the
muscles fibers 15 one which cuts across every fiber m the muscle
Figure 169 flustrates the method of mersurng the physiologi
cross sectson of several types of muscles The crass section does not
1ol us the actual pumber of fibers to be sure but it corresponds
closely enough for us to use this mensurement 1n estmating the
muscles total potential force

in order to determne the amount of force « particular muscle
can exert 118 first pecessary to know the amount of force whch
can be exerted by the average human muscle per unit of 1ts cross
section For this \nformation the student must depend upon the
results of expenmmentition dome m the physwlogy laboratory Fick
one of the enely mvestigators found that human muscles everted
» force of 8 0 10 kg per squire centimeter of thewr cross section
This 18 1ppr0‘<lm1tel) 85 to 141 pounds per square nch Reckling
hausen according to Steindler concluded from Ins experimentation
that human muscles exerted onlv 36 kg per square centimeter {ap
Pm\nmalely 51 pounds per squre inch) of cross section It is as
sumed tht these two investigators used male subjects A more
recent imvestigator  Morms found that the muscles of male sub
ots everted 92 kg persq cm (130 1bs persq m ) and of femalc
Mbjects 71 kg persa (101 1bs per sq n ) Because of the
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by 172 The b ps mwncle puthing at a S0 degree wgke to the mechanical avis
of the ratines

bewides making a dircet contnbution to the motion of the arm or
shoulder quedle® The upper extrenuty 18 frequently aalled upon to
perform violent pow erful mov ements and to support the body weight
wosuspension The jowts which ber the brunt of this viokenee and
stratu are the shoulder and stermoclvicule jomts The viokont move-
wents of the arm might sty cwse disloeation at these two pomts
were 1t nat for the coracobraciiatin and the subclavins which pul
the bones lenuthw ine tow ard ther provimil jomts and thus sene to
stabilize them Hence muscles are seen to hve two functions move
ment and stabili.ation ln this wav they supplement the ligaments
It is a remarkable (xumple of efficiency as they contriet ta per
form this stalilizing tunction only duning the perod when the part
s moving hence when the mtegnty of the jomts s threatened
This brnes us to the realizatien that except when a muscle is
prllngg at evactly right angles to a bone musculw force has two
components These are the working, or rotatory component (the
one that canses the lever to tur)  and the nonw orlang or nonrota
tory component Since the latter 18 usnally m the direction of the
proximal jomt it 1s frequently called the stabthamg component
The fact must not be overlooked however that oceasionally the
position of a body scgment 1 such that a muscle s ancle of pull 1s
gre ter than o right angle In such instances the nonrotatory com
ponent is pulling away from the proumal joint ad 1s therefore a
dislacatime, component This happens with fow museles howeser



316 The Mechanics of Human Motion

Peroneus longus
muscle

External
malleolus

Fig 171 The external malleolus serving as a pulley for the peroneus longus
tendon

pull mdeed (Fig 170) It would be extremely difficult for them
to move the bony levers In fact if there were ever 1 situation 10
which 1 muscles pull was parallel with the bones mechanict
avis no motion would result Hence 1n order to produce motion
a force must not only be of sufficient magnitude to overcome the
parts mertia but 1n the case of levers and hence of body segments,
1t must be applied at an angle

Pomnt of Appheation Although the muscles attachment 1s
commonly given s the pont at which the force 1s appled to the
segment 1t 15 more accurate to give 1s this point the mtersection of
the muscles line of pull with the mechwmeal 1as of the segment
The relation of this pomt to the fulcrum of the lever that 1 the
center of motion mn the jont and the pomt at which the resistance
15 apphed determines the class of the lever Iigure 172 shows both
the pomt of apphieation and the angle of pull of 2 muscle (the
biceps) as 1t acts on a third class lever (the radius)

Components of Muscular Force As was pomted out above
1n the discusston of direction unless 1 muscle pulls 1t 1n angle to
the bones mechanical aus no motion will result To the best of the
authots knowledge such 1 situation does not ewist an the body
There are muscles however which pull at such 2 small angle that
their importance contributing to motion would seem to be neg
higible The coracobrachialis 1s such 2 musele The subclavius s
+ Has nature then been grossly mefficient in designing these

anothe
uld 1t be that these muscles have nother function

muscles? Or co
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Iig 171 A strught hae sepresenting 1 30 pound force which is apphed to
pont A

This 1s an example of 2 force which consists of only one component
On the other hand 1f one pushes 2 Jow piece of furmture by stand
g close to 1t with the arms held at 1 forward downward shnt,
there will be two components 1 forward one nd 2 downward one
Only the forw ard component 1n this ease 1s effectn ¢ for producing
the desired motion The downward component merely mcrenses
friction

If a child s cart 15 drwn by too short 1 rope there will be 4 reln
tively large hfting component and 1 smnll forward pulling com
ponent Since the purpose 1s to pull the eart honzontally 1t 1s more
efficient to use 1 long rope because this gives 1 relatively greater
honzontal or pulling component

In the case of any object projected through the -ur there 1re
always two forces operating on 1t the propulsne force and the
downward force of gravity The propulsive foree frequently consists
of two components 2 forward and an upward component If 1 ball
1s thrown at an angle of 45 degrees from the horizontal the upward
md forward components of propulsion are equal The force of
gravity which becomes operative as soon as the ball 1s released
may not show 1ts effect immedintely The distince traveled by the
ball before the effect of the gravitational force becomes apparent
depends largely upon the magmtude of the propulsive force

Graphic Representation of Force It 1s sometimes desirable to
use diagrams to represent muscular force For this the same method
1s used as 15 used 1n physics A force may be represented graphically
byanarrow A short inear umt such as % inch s selected to repre
sent a umt of weight such as 1 pound A line 1s then drawn to scale
n the direction that the force 1s apphed and the head of the arrow
1s placed at the appropriate end of the line to mndicate whether the
force 1s a push or 1 pull In the case of muscular force 1t 1s always
2 pull The arrowhead 1s therefore at the opposite end from the
Bant at which the force 1s apphed The dingram i Figure 174 rep
resents a pulling force of 10 pounds pphed to pomt A 1n a hon
zontal direction from left to right It 15 customary to indicate the
direction of a muscular force i terms of the angle formed between
the Iine of force and the mechameal vus of the bone Figure 172
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Fig 173 The biceps muscle pulling at an angle greater than a nght angle
The nonrotatory component 15 pulling away from the jomt

and only when the muscle has contracted to its shortest position
which means that 1t has hittle force left (Fig 173) Hence the pull
1s too weak to produce 2 dislocation Furthermore, other muscles
assisting 1n the movement have adequate stabilizing components

Since a muscle has a completely rotatory effect 1t the moment
1t 15 pulling t night angles to the bone the rotatory component of
force 15 by defimtion perpendiculrr to the lever On the other
hand a muscle pulling lengthwise through the bone (af there were
such 1 case) would be exerting its force parallel with the lever
Hence by defimtion the rotatory and nonrotatery components of
force are perpendiculir to each other When the angle of pull 1s
90 degrees the force 1s completely rotatory there being no com
ponents When the angle of pull 1s 45 degrees the rotatory and
nonrotatory components are equal Since more often than not the
majonty of muscles pull at an angle less than 2 right angle a stab
lhizing component 1s usually present

Components of External Force External force like musculir
force may consist of more than one component If « horzontal

sh 1s appled to 1 piece of furniture and the push 1s applied m
pu th the objects center of gravity the object will move straight
hme “xd 1n a honzontal direction provided there 15 no additional
i%::ifétmg force or resistance to interfere with the objects motion
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fulerum The true resistance arm of 4 lever 1s determined n ¢
stmlar manner

The reason for the additional questions about levers, whieh werc
suggested on page 295 should now be pparent

The Composite Effcct of Two or More Forces Trequently
two or more nonparallel forces are apphed to the same object For
mstance 1 enoe may be acted upon by both the wind and the
paddler anc foree tending to send the cnoe north and the other
est In the bods 1t 1s rarely 1f ever the case that an mndiadual
muscle acts by atsclf to move 1 scgment Tor example, there are
at least four muscles that fles the forearm and more than five that
contribute to flenton of the leg at the knee joint It might seem that
if we knew the magmitude of each force which contributed to the
movement i question we could assume that the total effect of
their combined force would be the sum of therr respective forces
This 15 not the case howcver unless the several forces are apphed to
the same pomt and arc acting m dentical directions Possibly there
are two such examples in the body the gastrocnermus and the
soleus acting at the nkle joint and the psots and the ihacus acting
at the lup joint In each of these examples 1t will be noted that
the two muscles have 1 common tendon for their distal attach
ments In these cases 1t scems fur to assume that the total force
acting upon the part 1s the sum of the forces exerted by the two
muscles

This 15 not true however when the forces are apphed at dif
ferent angles that 15 in different directions In order to determine
the composite effect of the forces in such cases it 1s necessary to
use the method of finding the resultant of forces hknown 1 physics
as the composition of forces It must be pomnted out that the method
described here 15 for determining the resultant of two forces acting
at an angle to each other and that 1t 1s therefore assumed that they
have a common point of applicition Thus 15 not true of the majonty
of muscles which act on the s<ame bone Nevertheless the principle
of finding the composite effect of two or more forces both as to
magmitude and direction 15 s true for forces acting on body seg
ments 1s for forces actmg on external objects For purposes of
dlustration therefore let us nssume that there are two muscles

aving a commen pomnt of attachment hut different angles of pull
Both the magmiude and the direction of the resultant force can
be determned by the construction of 2 parallelogram of forces
(sec p 326)

The essentinl facts for the student of mnesiology to learn from
this discussion are summarized s follows
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Fig 175  The perpendiculir distince AF  represents the true force am of
the lever

shows a muscular force pulling on the radus at an angle of 30 de
grees to the bones mechameal axis

True Force and Resistance Arms of Lever, Perpendicular Dis
tance In the discussion of levers m Chapter 13 1t ws assumed
that both the force and the resistance were applied t nght angles
to the lever Actunlly such 1s seldom the case We have seen how
the direction or angle of application 1ffects the function of the
force How does 1t nffect the leverage?

In the earlicr examples of leverage in which the force was ap
plied at night angles to the lever the force arm was defined as the
portion of the lever between the fulerum and the pomt at which the
force was applied It might equally well have been defined as the
perpendicular distance from the line of force to the fulcrum Lake
wise, the resistance rm could have been defined as the perpendicu
lar distance from the lme or direction of the resistance to the
fulerum These defimtrons hold true for all Jevers regardless of
the angle of application of force or the angle of application of
the resistince Whenever thesc angles are other than night angles
however the perpendicular distance must be deterrmned by mens
urement or by calculation for 1t 15 no longer 4 portion of the lever
1tself

The diagram mn Figure 175 represents 1 muscle which 1s pulling
at an acute angle to the mechanieal s of the bone The fulcrum
or avis of motion 15 marked A and the point where the force 15 ap
phed 15 marked F The portion of the lever AF 1s not the true
force arm however because the muscles lme of pull 15 not per
pendicular to the mechimical s of the lever A hine drawn from
the fulcrum to the muscle s Ime of pull at nght angles to the latter
1s known s the perpendicular distance or true force arm of the
lever Thus mn the majority of natomic levers the true force arm
1s considerably shorter thain one might suppose Two factors de
termme this perpendiculr distwce namely (1) the angle of pull

and (2) the distance to the pont of application of force from the
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Fig 176 A nght tnangle in which \ = the nght angle Y and 7 = the
two acute angles respeetnely, I = the hypotenuse A = the side ad)rcent (to
1} and O = the side oppostte (to 1)

This will give work in terms of inch pounds Since 1t 15 customary to
measure work 1 terms of foot pounds the number of inch pounds
should be divided by 12

SUPPLEMENTARY MATERIAL

\Methods of Determuung the Components of Iorce It 1s 2 simple
matter to find the components of @ muscular force when the muscles
total force and angle of pull are known It can be found either by the use
of tngonometry or by constructing a nght tnangle to scale

Trigonometnic Method Although this method requires the use of
trigonometry 1t 1s not necessary for the student to have any previous knowl
edge of this subject A table of sines and costnes and a few facts con
cerning the fixed relationships which exist between the sides and the angles
of a nght trnangle provide 1l the necessary mformation These facts are
as follows

DEFINTTIONS (see Tig 176)

The side opposite 15 the side which faces the known acute angle i 1
nght tnangle

The hypotenuse 1s the side which faces the nght angle 1 a nght tnangle

The side adjacent 15 the remuning side It hes between the Lnown
acute angle and the nght angle n a nght tnangle

RELATIONSHIPS IN A RIGHT TRIANGLE

The square of the hypotenuse equnls the sum of the squares of the other
two sides

The sime of an angle 1s the ratio of the side opposite to the hypotenuse
. The cosme of an angle 1s the ritio of the «ide adjicent to the hypote
use

Hence m Figure 176

The se of angle Y = O/H
The cosine of angle Y = A/H

APPLICATIONS TO MUSCULAR FORCE

Problem The muscle m the diagram (Fig 177) has a force of 150
pounds acting at the distal attachment of the muscle and pulling at an
angle of 80 degrees Find the two components of force

Method Construct a nght tnangle one angle of which 1s 30 degrees
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1 The resultant magnitude of two forces 1s not their anthmetical
sum unless the two forces are acting m exactly the same direction

2 The resultant direction of two forces 1s not halfway between
them unless the two forces are of equal magnitude

3 The resultant of two forees depends not only upon the magm
tude of each force, but also upon the angle of application, 1e the
direction of each force

4 The same principles apply to muscular forces acting on body
segments as apply to musculir and mechamcal forces actmg on
external objects

5 The multiple muscular acton charictenstic of movements of
the body segments 1s an example of cooperation not duphcation
When several muscles act together to produce 1 single mosement
they act at different pomts and at different angles In this way they
help to stendy and guide the segment throughout 1ts movement

WORK

Mechameally speaking work 1s the product of the amount of
force expended and the distce over which the force 15 apphed
Thus W =F X D, or more simply W = FD This equation apphes
not only to the work of machmes but also to muscular work when
the Iatter 1s considered from the mechanical rather than the physt
ologic point of view

If the force of the muscle 1s not known 1t 1s computed from the
muscles physiclogic cross section (see p 313) The distance over
which the force 15 apphed 1s represented by the distance that the
muscle fibers shorten This has been found to be approvimately
one half of their resting length The student 15 crutioned that nexther
the cross section nor the fiber length cin be judged from the ex
tersor of the muscle In penniform and bipenmform muscles the
phyvsiologie cross section 1s consideribly greater than the anatomic
cross section, and the muscle fibers are consideribly shorter than
1s the muscle as a whole The internal structure of the muscle must
be taken mto considerttion when one estimates the work that the
muscle 1s capable of performmg

1€ the force of the muscle has not already been determmned 2
single formull m1y be used for computing the rmount of work of
which the muscle 15 capable Assummg that 9 human muscle can
exert 75 pounds of force to the square inch and that muscle fibers
contract approumately one half of their resting length the equa
tion 15 1s follows

1 =75 x the physiologic cross section of muscle 1n
square inches X 1 the Iength of the fibers yn inches
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Fig 179 Drgram ustrating the graphic method of determining the com
ponents of muscular force

5= 0/150 and O must equal 75 Since O represents the rotaton com
ponents the latter must be 75 pounds
If the cosme of angle ¥ = A/If then 866 = A/150 and A must equal
1299 or approumateh 130 Hence the nonrotitory component equals
approumately 130 pounds
Warming The ngle under conwidertion s the wgle formed by the
attachment of the muscle (that 1s the muscle s line of pull) to the long
axis of the moving hone P1y no attention to the ngle of the joint between
the two bones or to the ingle between the muscle s hine of puil and the
stationary bone Drawing 1 separate dingeim s 1n Figure 1788 will help
the student to avord this putfall
Graphic Method Select 1 incnr umt of mesurement to represent
a unit of force such 1y s mch to represent 10 pounds of force Draw a
diagonal line to seale the umts of length representing the pounds of total
force exerted by the muscle At one end of this dingonil construct an
angle equal to the angle of pull Contimue the side of this angle until at
1s nearly as long s the ongintl ine From the other end of the dingonal
drop a line which will be perpendicubir to the second line Mensure the
length of ench of the two lines drwwn from the ends of the diagonal The
line adjacent to the angle of pull represents the nonrot itory component of
force and the line oppostte the angle of pull represents the rotatory com
ponent of force This mcthod s stmple but 1t requires accurte us&of the
culer and protractor
EXAMPLE (see Fig 179)
The force of the muscle = 150 pounds
The angle of pull = 30 degrees
Let %% nch = 10 pounds

Construct a dingram according to the directions Measure the Tower
line Xt 1s found to equal 13 umts that 1s 13 X % mch Now measure the
up and down Iine It 1s found to equal 71 umts or 7% x 1% mech By com
putation we find that 13 X 10 = 130 pounds of nonrotatory or stabilizing
force and that 7 x 10 = 73 pounds of rotatory force

B
It may surpnise the student to discover that the sum of the companents 1s
treater than the total force He should remember the facts concerntng a nght

mangle however The s 3 ypoten €
quare of the h; use equals the sum of
¢ th . ) e sum of the squares



324 The Mechanics of Human Motion

Fig 177 A muscle pulling at an angle of 30 degrees

A

90° 3

90° 30°

Method of constructing a nght triangle for the purpose of de
he of lar force by the tngonometnc method Note
that the hypotenuse comcides with a portion of the muscle s Iine of pull and
the side adjacent with the mechanical axs of the bone mto which the muscle 15
wserted

Fig 178
t!

This tnangle m1y be superimposed on the ongmal diagram To do this
a perpendicular should be erected from ny pomnt along, the long axis of
the bone between the joint and the pomt of att\chment This perpendrcular
represents the rotatory component of force The distance along the axis
of the bone between the perpendicular and the point of attachment repre
sents the v ponent The hy of the trangle or the
portion of the muscle s line of pull between the point of attachment and the
perpendicular represents the total force of the muscle (see Fig 1784) If
desired 1nstead of superimposing the right triangle on the original dingram
a separate nght triangle may be driwn (Fig 178B) The size of the trangle
1s immatenal provided the proportions are correct

Referrng to 1 table of sines and cosines we find that the sine of a 30
degree angle 1s 5 and the cosine 866 If the sinc of angle Y = O/H then
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kg 181 Whit 15 the approvimate force that this musdde c1n exert? (Seale
Ivindh = Linch)

g 182 The humerus

Fig 183 The femur

DEMONSTRATIONS, LABORATORY EXERCISES AND
PROBLEMS

Note Assume that the muscles cn exert a force of 100 lbs per square
nch of eross section
1 How much force can e1ch of the following muscles exert?
Muscle A having a cross section of 2 square inches
Muscle B having 1 cross section of 4 square mches
Muscle C having ~ cross section of 13 squre inches
2 Find the approumate force of which the muscle shown m Figure
181 15 capable Assume that the digram 1s drawn to scale 4 inch bemng
the equivalent of 1 mch The muscle 15 1 inch thick
8 Estimate the circumference of your own biceps muscle Approxi
mately how much force should 1t be ble to exert?
Approamately how much force should your triceps be able to exert?
5 Measure the width of your gastrocnemius Assume that 1t 1s 1 mnch
thick Look at a picture of the muscle to see the slant of the fibers Estimate
the physiologie cross section of your muscle and calculate the amount
of force 1t should be able to exert
6 On each of the diagrams 1n Figures 182 ind 183 draw a hne repre
senting the mechanical axis of the bone
7 Refernng to Figure 118 make - tracing of the femur and the
adductor longus muscle By using a2 ruler and 1 small protractor find
the angle of pull of the adductor longus m 1ts resting posithon
Suggestion Draw a line representing the muscle s line of pull also one
representing the mechanical as of the femur Which 1s larger the rotatory

or the nonrotatory component? Is the latter a stabthzing or a dislocating
coemponent?
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P =Point of application of two forces

Fig 180 A parllelogram of forces used for determmng the composite effect
of two forces

“Method of Constructing a Parallelogram of Forces for Determining the
Composite Effect of Two Forces The composite effect of two forces
1s determimed by the construction of a parallelogram the sides of which
are Linear representations of the two forces The first step 1s to mark 1
pomt on a piece of paper This represents the point at which the two forces
are apphed From this point two lines are drawn to scale wath the correct
angle between them thatis the syme angle which actually eusts betwcen
the two forces Using these two lines as two sides of a parillelogram the
other two sides are constructed by 1 simple geornetric method (Fig 180)
The diagonal 1s ther drawn from the pomt of application to the opposite
corner This diagonal represents both 1n magmtude and 1n directron the
composite effect of the two separate forces It 1s known as the resultant
of forces

Note The student should note that the angle between two musculit
forces 15 the difference between therr respective angles of pull

Measurement of Muscle Strength Relative to Cross Section In
1948 Morris conducted 1 study for the purpose of measuring the strength
of muscles per square centimeter of cross section Using twehe college
men and twelve college women as her subjects she computed the areas
of the flexor and extensor muscles of the forearm and lower leg by means
of a formula based on width depth and circumference measurements o
the upper arm and thigh These measurements were corrected for fat
To determme the approximate area of each muscle to be tested she ob
tamned the average proportion of each muscle from two sets of cross
section drawings By means of measurements made on x rays she deter
mined the leverage m which eich muscle was involved The mechameal

efficiency of each muscle was computed by the use of the ratio % She

then tested the forearm flexors forearm extensors leg flexors and leg
extensors of each subject by means of the Martin breaking pomt test
From the data so obtned she computed the strength of each muscle per
square centimeter of cross section According to her findings the un
weighted averige of muscle strength was shightly above 9 2 K/em 2 for men
and 71 K/em _for women She concluded that 1n general her findings
upheld those of Fick but not those of Recklinghausen
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n posiions A B ind € Consider that the scale for these dingrams is 9
mches to the mch

13 Assume that 4 muscle having 2 foree of 300 pounds 1s pulling at
an angle of 75 degrees Tind the components of force (a) by the tngono
metnie method  (b) by the griplie method

14 Assuming that the waght used mn question 1215 8 1bs  determine
the rotatory and nonrotatory components of the waight (a) by the trigono
metne method (B} by the graphic method

15 Determume the wnount of work (in foot pounds) performed by each
of the following hy pothetical muscles

Musde A capalle of 1 total force of 240 pounds and hwing fibers
with an average length of 6 inches

Muscle B capable of 1 total force of 150 pounds and haing fibers
with 1 nerge length of 21 inches

Muscle C having a cross section of § square mches and fibers with an
average length of 12 inches

18 In Ficure 185 muscle A has a foree of 200 pounds and 1s pulhing on
the bone \'} at wn angle of 10 degrees Muscle B has a force of 175
pounds and 15 pulling 1t an angle of 40 degrees T'inel the composite effect
of these two muscles m terms of (a) the wmount of foree and (b) the
direction 1 the angle of pull (Hint Read the note on page 326 )

Fig 185
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Fig 184 The forearm as a lever with the biceps providing the force

8 In the diagram of the biceps muscle in Figure 184 find the size
of the angle of pull
9 Using the data from question 5 draw an arrow (to  scale of your
own choosing) which represents the magmtude and direction of the force
exerted by your gastrocnemus muscie on the cnlcaneus bone Assume
that you are standing erect
10 Usmg the scale % 1inch = 1 inch determme the true force wm of
the forearm lever in Figure 184
11 For each of the following 1ntomic levers estimate the approumate
length of the true force arm 1e the perpendicular distance Refer to
anatorme 1llustrations or to a muscle mamkin to help you estimate the
angle of pull of the muscles Unless otherwise stated assume that the
segments are 1n their normal resting posttion (Hint Use the mechamel
as of the segment for the lever )
a The forearm lever with the biceps providing the force
b The upper arm lever with the middle deltoid providing the force
¢ The thigh lever with the adductor longus providing the force
d The upper 1m lever in the side horizontal position with the entire
pectoralis major providing the force (Hint Which view would show
you the angle of pull for this movement freing the subject or looking
down from above?)
¢ Same lever as mn d with the anterior deltoid providing the force
12 Refernng to the diagrams in Figure 6 assume that a weight 15 sus
pended from the wnst Find the true resistance arm of the forearm lever
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Folen

Fig 186  An example of skillful performance (Coutrtesy of Springfield College )

hasten the onsct of frtigue and merease ats intensity  As Stemndler
his sud * shillful or perfect motion 1lways involves the least
expenditure of cffort for the work accomplished 13 In rapid
movements efficiency 1s charctenzed by 2 ballistic type of motion
{see p 47)

Another charictenistic of shillful performance is accuracy One
m1y shoot 1t 1 basket with 2 beautifully coordinated 1nd efficient
movement but unless the ball goes mnto the basket the player 1s
not considered shillful Accuriey 1s based on 1 combination of fac
tors nimely good judgment of direction distance and force proper
timmg, wd good musculir control It 15 needed m simple acts hke
Ifting = forkful of food to the mouth as well s 1n more compheated
acts lihe pole vaulting nd pitching A baseball

Closely related to the charactenistics already mentioned are
those of adequate strength spced and power Power mmples the
speed With which force 15 exerted It 1s an mmportant characteristic



Chapter 16

BASES FOR THE DEVELOPMENT
OF MOTOR SKILLS

OnE oF THE FrrsT requisites for the development of motor shalls 1s
the ability to recogmze the elements of shillful performance
Teachers of physical education and therapists 1n the field of phys
1cal medicine are concerned not merely with performance m van
ous activities but with shillful performance Hence m a study of
kinesiology one nghtly expects to learn how to recognize the
quahties that distmguish between awkward and shillful move
ment and to consider the basic principles which underlie motor
skills

There are a few general charactenistics of skillful performance
which are easily recogmzed Effizent motion 1s one of the most
important of these ** Efficiency refers to the relationship between
the amount of work accomplished and the force or energy ex
pended In mechanics we have seen that efficiency 1s expressed as
the ratio of output to mnput In human motion 1t 1s the ratio of the
external work accomplished to the muscular energy expended
Whereas the greatest lindrance to mechanical efficiency 1s doubt
less friction 1n human motion 1t 1s unproductive muscular effort
The poorly coordinated person and the novice tend to make super
fluous movements or to have unnecessary tensions The charac
tenstic of efficient bodily motion 1s the 2bsence of w1ste moyements
the use of the correct muscles with no more than the needed amount
of force and the relaxation of all muscles which do not contnbute
exther directly or indirectly to the task It results in smoothness
and grace 1n what 1s commonly called well coordinated movement
In relaxation termmology the same quality 1s known as “differen
tial relaxation ™ This means simply the abihty to rela« the unneeded
muscles while performing a motor skill It 15 an important charac
tenistic of skillful performance since waste movements and un
necessary tensions not only make for awhward performance but
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the factors of special aptatudes winch make onc person a petential
sprinter, and another 4 potential high jumper These are rclated
to bwld to constitution and to temperament It 1s 1 matter of
comman observation that greater shillfulucss 1s achieved by ndt
viduals who happen to be endow ed wath greater aptitudes or mnate
eapaaities for certun kinds of accomphishments Great mdividual
differences are seen with respect to the varous factors of motor
ability such s hand ey coordnttion agihty, rerction time and
finger dextenty To be sure all of these can be developed by
practice but not ¢veryone cm develop them to the same degree
for there 15 2 wide rnge 1 native capraty

The truly shillful performer 1s one who habatunlly obeys the
principles of both the anatomic and the mechameal aspects of
human motion  His newromuscular coordinntion 1s vt penh per
formance his muscular function 1s lughly efficient lus hinesthetic
sense 1s well developed Iis flexor and extensor reflexes re de
pendable the movements of lus jonts are commensurate with s
individunl structure and his techmques of motion are m accord
with the lnws of lus physieal environment In short, he has learned
how and has made 1t lus practice to observe the principles of skill
ful motion

It 15 hoped that thus kinesiologic approach to the consideration
of fundimental motor shills will help to give the physical education
teacher the athletic conch the physical therapist and the occupa
tional therapist the proper bachground for applymg the methods
and techmiques of his profession Through 1 thorough understinding
of the apatorme and the mechimeal prnciples underlying the
shills of the demands made upon the body by the actiaties and
of the ways 1n which application of the principles may lead to more
skillful performance the kmesiologist becomes a true educator m
the field of motor activiies Although 1t 1s possible to teach basket
ball or to give a massage without ever having studied kmesiology
Just as 1t 1s possible to build a house without havng studred archt
tecture 1t seems obvious that the average person will do 4 better
1ob be less likely to make costly mistakes and be better prepared
to solve unexpected problems if he 1s thoroughly grounded n the
fundamental prineiples which apply to s particular field of n
terest In physical education the well prepared teacher 15 able to
develop more skillful performance among his students among the
dubs as well as the stars He 1s also more aware of the physical
needs and hmitations of each student and sees to 1t that all ind:
viduals are m better condition at the close of therr season of m
struction than they were 1t the beginning The well prepared
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Fig 187 Anexample of skillful motion { Anne Ross Semor Nattontl A A U
Champion 1941-1944 Sentor National A A U Highboard Champion 1942~
1944 Member of All Amerier Swimming Team 1941-1944 )

of shillful performance in such activities as high jumping broad
jumping throwing striking and hicking and 1n speed events such
s sprinting and swimming

Judgment has alrendy been mentioned as a factor in accuracy
It 1s more than that however In dunl and team games and m box
mg and wresthng good judgment 1s one of the most important
characteristics of shillful performance It mnphes a stzing up of
the situation and choosing wisely between several possible re
sponses It marks the difference between using ones head ind
acting blindly between Ihgent and unintelligent participation

The general charactenistics of shillful performance may there
fore be summed up 1s efficiency accuracy good judgment nd ade
quate speed, strength and power for the task There are of course
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theripist Thewise, 1s heenly aware of what he s domg when he
attempts to merc we the rnge of motion 1 1 posttriumatic jont
or to restore tonus to n atroplicd musele

ANATOMIC PRINCIPLLS OF SKILLTUI MOTION

smee the prmerples deamved from watomy wnd physiology apply
to human motion m gencral, the most noteworthy of these re stated
m this mtroductory chapter, rither than in the chapters on speafic
types of motor shlls They arc histed bricfly m the form of gmdmg
principles The list 15 by no mews cxhaustne Tor further priner
ples one should turn to the fidd of physiology of exeraise
Principles Relating to the Structure and Function of Jomts
1 Since the range of motion my be himited by tight muscles,
faseine or lignments, 1t may be mcreased by the stretclung of these
tissues
2 The stretching of tight muscles fascine or higiments should be
done gradually and should be preceded by warm up activities The
danger of ruptuning soft tissucs 15 mummzed when they hwe been
adequately “warmed up ”
3 Increwse guned 1n the range of motion will be lost unless 1t
1s dehiberately retuned by means of continued cxercise
4 Fleabnlity of weight bearmg jomts should not evceed the
abihity of the muscles to mantun the body segments 1n good ahgn
ment
Principles Relating to the Muscular System and to Neuromus
cular Function
1 All strenuous nctivity should be preceded by warm up pro
cedures as these reduce the viscosity of the muscles Reduction of
viscosity not only helps to safeguard aganst tearmng injunes but
it improves the efficiency of muscular function by reducing mternal
:emtstance Muscles contract more rapidly following warm up ac
wities
2 Muscles contract more forcefully if they are first put on a
stretch provided they are not overstretched This prmeiple and
the preceding one suggest the funchon of the wind up 1n pitch
g and of the preliminary movements 1n other sport skills
3 Increase m muscular strength 15 brought 1bout by mcresing
the demands made on muscles This 1s known as the overload
prineiple It means that a muscle must be loaded beyond 1ts cus
tomary load if strength 1s to be mcreased This prmeiple forms the
basis for conditioning exercises and 1s the prmeiple on which the
System of progressive resistance exerase 1s based 8 Strength will

not be progresswely developed by the mere repetition of evercises
of the same ntensity
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Fig 188 An example of skillful performance (Courtesy of Springfield College )
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Fig 190 An example of skillful perf (Courtesy of S; field College )

4 Unnecessary movements and tensions i the performance of
a motor skill mean both awkwardness and unnecessary fahgue,
hence they should be ehminated This 1s achieved by first develop
mg kimesthetic awareness of muscular tension and then learning
how to relax unneeded muscles

5 Skillful efficient performance 1n a particular technique can
be developed only by practice of that techmque Only m this way
can the necessary adjustments 1 the neuromuscular mechamsm be
made to assure a well coordinated movement

6 Fatigue from overpracthice dimmshes skillful performance It
can be avoided by mtroducing properly spaced rest periods mn the
practice period

7 The most efficient type of movement i throwing and stnking
skalls 1s ballistic movement Skills which are pnimanly ballstic m
nature should be practiced ballistically even m the earliest learning
stages This means that from the beginmng the emphasis should be
placed on form rather than on accuracy Accuracy will develop
with practice If the emphasis 1s placed on accuracy m the learning
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¢ternnl object and hence are based on the syme underlying prin
aples Tamultmty with one shill m 2 group should facilitate the
lennng of any other shill m that geoup if the basic prmeciples are
recogmzed and apphied A clasmifiction of motor shills wall often
reveal such relationslups which mmight not otherwise be apparent

There 2re mmy possible clssifications of actaty shills The
student should select whichever one scems best smted to ns pur
poses, or he may wish to devsse his own In suggesting the fol
Jowing clssification the author 1chnowledges her debt to Glssow,
Scott and Powell ench of whom has suggested an exeellent clsst
fication

CLASSITICATION OF MOTOR SKILLS

1 Shils of mamtaming and reg uning equilibnum
I Sklls of moving one s own body
A On land or other sohd surlace

1 Arm leg and trunk movements

2 Locomotion

3 Rotatory movements of the body s 1 whole
B Inwiter

1 Swimming

2 Aquatic stunts

3 Boating
C Inthe arr

1 Dnung

2 Trampohne and tumblhing nctivities
D In suspension

1 Swmgmg ictinvities on trapeze flying rings ete

2 Hand traveling on traveling nings honzontal Indder ete
Skalls of recerving 1mpetus
A Of own body

1 Landmng from yjumps 1nd falls
B Of external objects

1 Citchung and trppmg

2 Recewnving with an implement

3 TRecenmg and spotung m stunts and apparatus events
IV Shulls of giving 1mpetus ta external objects

A Pushing pulhng thrusting Lifting
B Throwing with hand ar unplement
< Strung hitting acking ete
The selection and classification of shalls related to prevenbion of mjury
The mamtenance of equilibrium and prey ention of + fall

The range of moton
The mtensity and duration of muscular exercse

The transmission of weight through the bodil
ot bmn oF g gh the boduy segments and the

The reception of one s own w eight

1T

=
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stages, the begmner tends to perform the shill as a moving fiva
tion or slow, tense movement Once this pattern of movement 15
established 1t 15 extremely difficult to change 1t Iater to 1 ballistic
movement

8 An important factor in the learning and perfecting of a motor
skill 1s kanesthetic perception A positive relationship between
kinesthesis and certain motor shills has been demonstrated® ® 1
There 1s no evidence of 2 general kinesthetic sense, howeier®
Kinesthetic perception appears to be spectfic for the shill in question

9 Reflex responses of the neuromuscular system should be rec
ognized and should be utihzed when such utihzation s clearly md
cated This statement 1s itentionally general beciuse much more
needs to be lewrned about some of the physiologic reflexes before
specific pnnciples can be dernved from them and suggestions for
therr appheation recommended While 1t scems approprate to
recommend the applicition of the well known extensor refley to
postural adjustments as Dr Royal § Haynes has done and to
utilize the principle of reciprocal mnervation i terchmg balliste
motion one needs to exercise extreme caution m applymg less
readily understood refleves such as the tome neck and labyrnthine
reflexes to the treatment of patients suffermg from disorders of the
central nervous system Brunnstrom who has bstracted two articles
by German nvestigators warned the reader that apphcations of
prmerples discovered m ammal experimentation cannot be made
to human bemngs without modification That these and similar €\
periments huve mmphications for treatment 1s doubtless true but
the findimgs of the laboratory need to undergo amalysis and modt
fication by experts before they can be adapted to the needs of the
treatment room

10 When there 15 a choice of anatomuc leverage, the lever 1p
propriate for the task should be used, 1 ¢, a lever with a long force
arm for movements requinng strength and a lever with a long
resistance arm for movements requinng range or speed For ex
ample kicking 15 m effective way of mparting force to 2 footbll
because the leg provides a lever with 2 long resistance arm but
for the same reason 1t 1s a poor w1y of moving 4 heavy swtcise
along the floor

As an ad to studying the speaific principles which pertun to the
varous types of 1ctivities 1 classification of these actitres 15
found helpful It nat only provides 1 mens of systemizing such
study but 1t cnables one more readily to recogmze the common
elements m the different activittes For mstance chopping 2 tree
batting 1 baseball and putting the shot may seem hke totally dif
ferent kinds of skills yet they are all forms of gning impetus to 1n
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On land or other solid surfice
Inwater
In the aur without support
Suspended
Recening mmpetus
Of own body
Of external object
Gving mmpetus to external object
Anatomic analysis
Jomt and muscle anlysis of essentinl prts of mosement
Anatomic principles
Mechanical analy sis
Mechamcal problems and prinaiples of essentiil parts of movement
Common faults and their correction
Precautions for avoiding strun and mjury
Eraluation
How well does the movement accomplish its purpose®
Is the described form the best for fulfilhng the objectives of efficiency
accuracy and adequate strength speed 1nd power?

DEMONSTRATIONS AND LABORATORY EMERCISES

Obsenve or practice the activaties listed Then using as 4 guide the out
Line presented above analyze them from the point of view of shill clssifi
cation mechanical aspects and joint mmd muscle function

Throwing a baseball

Bowhng

Usmg a pgsaw

Weaving on a large loom

Rising from a chair

‘Walking on crutches with one good leg
Pushing a lawnmower or a hand snowplow
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F The Iifting and carrymng of heavy objects
G The impact of external forces

Many activities mvolve several of these skills For mstance, a
running high jump mcludes shills of locomotion, jumping balance
and safety Likewise the activities mvolved 1n carpentry may m
clude shills of locomotion balance, and the giving and the receiving
of impetus The kiesiology student should be able to take any
actiuty which e be elissed as 1 motor skill, whether from the
field of sport, of industry of gardening or of homemaking—learn to
break 1t down mto 1ts bastc skills, analyze these both anatomcally
and mechameally, and finally 1dentify the factors which contribute
to, or which detract from, shillful performance 1n this activity As
an aid to analysis 1t 1s suggested that the student use an outhne
such as that given below This 15 not mtended as a ngid form but
merely as a guide to help the student m his analytical thinking
The form of the analysis used by the physieal education student
or by the student therapist should be adapted to hns particular
needs The form used for the analysis of a therapeutic type of ac
ity might well be different from that used for sports or for the
dance The outhne presented here 1s a general one for the student
of hnestology The 1tems included 1n 1t are discussed in the remain
mg chapters of Part III

OUTLINE FOR THE RINESIOLOGIC ANALYSIS OF A
MOVEMENT

Description of the movement
Purpose of the movement
Type of movement
Translatory
Rectilinear
Curvilinear
Rotatory (angular)

Arc
Complete circle
Slow movement ( moving fixation )
Ballistic movement
How terminated?
By the contraction of antagomistic muscles
By the passiie resistance of higaments muscles or fasciae at the hmit
of motion
By the mterference of an obstacle
Skill classification
Maintainmg or reganng equilibrium
Postural
Moving ones own body
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On land or other solid surfice
Inwater
In the ur without support
Suspended
Recenving impetus
Of own body
Of external object
Giving 1mpetus to external object
Anatomic analy sis
Jomnt and muscle analysis of essentill parts of movement
Anatomic pnnaples
Mechanieal analysis
Mechanical problems and poneiples of ¢ssenti parts of movement
Common faults wnd thewr correction
Precautions for avording stramn and njury
Evaluttion
How well does the, movement accomplish its purpase?
Ts the desenbed farm the best for fulfilkng the objectives of efficiency
accuracy and adequte strength speed nd power?

DEMONSTRATIONS AND LABORATORY ENERCISES

Observe or practice the actiaties histed Then using as 1 gwide the out
line presented above annlyse them from the pomnt of view of shall classifi
cation mechanicnl aspects and joint and muscle function
Throwing a baseball
Bowhng
Using a pgsaw
Weaving on a large loom
Rising from a chair
Walking on crutches with one good leg
Pushing a lawnmower or 1 hand snowplow
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Chapter 17

PRINCIPLES OF STABILITY

Because man ordmanly holds himself 1 an upnight position, and
because the law of gravity 1s always m operation, the problem of
stability 15 ever present Probably the only time that the human
body 15 not adjusting itself an response to gravitational force 1s when
1t 15 10 2 position of repose either lying down or rechnmng with all
of 1ts parts completely supported Either consciously or uncon
sciously man spends most of his waking hours adjusting his position
m order to resist the pull of gravity upon his body

The ability to mamntain ones balance under unf1vorable circum
stances 1s recogmzed s one of the basic motor skills It1s an indica
tion of skill for imnstance to keep ones balance while walking a
rail landing from 4 jump throwing and catching swift balls and
makling quick changes of direction 1n 1 game situation Hence 1t 15
seen that stability 1s not limited to stationary positions of the body
It 1s an essential factor m many movements In the giving and re
cewng of impetus the players accuracy 1s largely dependent upon
s stabihity preceding durmg and following the act In the giving
of impetus for nstance the magmtude and direction of force and
the accuracy of applying it to the external object are mfluenced by
the general control and stability of the body as 1 whole The 1m
portance of the stance i this connection should be recogmzed The
stance represents the base of support and this 15 one of the major
factors m stability The optimal stance for each sport 1s the one
best adapted to the skill 1 question It combines the requirements
for stability with those for gving and recewving impetus or with
those for quich movements 1n a particular direchon Hence the
stance 1s an mmportant factor in pitching bitting 2 tenmis serve
forehand and backhand drives 1n tenms and all strokes m golf It
1s equally important i mdustries which mvolve mampulative ac
tivities 1n the standing position One of the chief vocational prob
lems of the amputee and the victhm of paralysis 15 maintaining an
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adequate stance for the job mn spite of the smpaurment of stabibty

Famihanty with the following factors of stability wall enable the
student to analyze his balaince problems and may suggest to the
teacher the means of helping his less shillful students It should
also enable the therapist to help the amputee and the victim of
paralysis to regun their lost sense of equulibrium

The Height of the Center of Gravity Ordmanly the center of
gravity 15 Jocated approximately at the level of the upper third of
the sacrum Experiments have shown that 1 man the height of the
center of gravity 1s about 56 per cent of his height,® and 1n woman
about 55 per cent of her height ¢ These figures hold true only for
the normal standing position If the arms are rused or if a weight s
carried above waist height, the center of gravity shifts to a gher
position and equilibnium becomes more difficult to mamntan Ac
tivities and stunts, such as walking on stilts, canoeing, and balancing
2 werght on the head, are difficult or dangerous because of the
relatively high center of gravity Lowering the center of grwity
will increase the stability of the body If, for any reason the equi
Lbrium 1s too precarious i the standing posttion assuming 2
crouching kneehing or sittng position will lower the center of
gravity and increase stability

The Size of the Base of Support It 15 self evident that a wide
base of support adds to the stability of an object Most of the
difficulty experienced in walking on' a balnce beam a railroad
track, or a tightrope, mn 1ce skating and i toe dancing is due to
the small base of support The problem 1s to keep the center of
gravity over the base of support a requisite for maintaming equt
Iibrium The wider the base the easier 1t 15 to heep the center of
gravity directly bave 1t

In 1 man whose weight 1s resting completely on hus feet, the base
of support ncludes not only his two feet, but also the mtervenng
area If the feet are separated the base 1s widened and the equlib
rium mmproved An individual on crutches will be more stable if he
places the crutches forward making a tningular base nstead of 1
Iinear one There 1s another factor however that must not be
overlooked If one takes a stance that 1s wider than the breadth of
the pelvis the legs will assume a slanting position This 1ntroduces 2
lateral component of force If this 1s accompanied by msuffictent
friction between the feet and the supporting surface as when stand
sng on 1ce obviously a wideming of the base of support does not
make for greater stabihty In fict the wider the stance, the Jess
one can control the shdmng ot the feet From this we see that we
cmust observe all of the prineiples which apply to a situation Ob
servance of only one may not bring the results expected
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Fig 191 Postion of the
body 1n which the hne of grav
ity falls approumately through
the center of the base of sup
port This 1s a stable position
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Fig 192 Positon of the
body in which the kne of grav
ity falls near the antenor mar
gin of the base of support This
position 1s less stable than the

one shown n Figure 191

The Relation of the Line of Gravity to the Base of Support
This factor 15 closely related to the preceding one Since an object
retams 1ts equhbrium only so long as its Iine of gravity falls withm
1ts base of support 1t follows that the nearer the hine of gravity to the
center of the base of support the greater the stabihty (Fig 191),
and conversely, the nearer the line of gravity to the margin of the
base of support the more precarious the equilibnum (Fig 192)
Once 1t passes beyond the margin stability 1s Jost and a new base
must be established It 15 this factor which constitutes the major
problem 1 some modern dance techmques in balance stunts, i
walking a tightrope and m bwlding pyramids There 1s nothing that
takes the place of repeated practice for developing the neuromus
cular control necessary for acquinng such shills as these There are
however a few devices that help one to keep the center of gravity
centered over the base of support One of these we do almost un
consciously If we carry a heavy weight at one side of the body

eg a suitcase or a pail of cement) this constitutes a unilateral
load which if uncompensated would shift the center of gravity
to that side bringing 1t dangerously close to the margin of the base
of support By rusing the opposite arm sideways or by leaning to
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Fig 193 Compensating for Fig 194 Compensation for
a unilateral load by leaning to a umilateral load by means of a
opposite side shght shift of the upper trunk

to the opposite side

the opposite side we counterbalance the external load and keep
the Tine of gravity close to the center of the base of support (F1gs
193 and 194) Another application of the principle of heepmg the
line of gravity over the center of the base of support 1s seen m the
tightrope walker who carries a bilancing pole or to a lesser degree
m the gymnast walking on 1 balance beam with his arms extended
sideward The pole or the arm acts as a lever and the reactton of
a lever 15 1 proportion to its Iength Even a shght movement at the
end of a long lever has a considerable reaction at the other end
Hence 1if the tightrope walker starts to lean too far to the left an
almost impercephble downward movement of the nght end of the
pole will be sufficient to help him regain his balance

The Mass of the Body The mass or weight of an object 15 1
factor 1n equlibrium only when motion or an external force 15 1
volved It 1s a matter of common observation that an empty card
board carton 15 more likely to blow down the street than one filled
with canned goods Likewise a 250 pound fullback 15 less Tikely to
be brushed aside than 15 2 130 pound one In all sports mvolving
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Fig 195 Leamng mto the wind to balance the force exerted by the wind

physical contact, the heavy solid individual stands a better chance
of keeping Ins footing than does the hghtweight mndwvidual

Momentum and the Impact of an External Force Whereas
no mdvidual can suddenly incrense his weight n order to resist
another indnidual charging 1nto him at top speed there are never
theless two principles the observance of which makes 1t possible
to wathstand this factor of external force These are (1) inclining the
body and (2) widemng the base of support 1 the direction of the
oncoming force Leanng snto the wind 1illustrates the first of these
(Fig 195) placing the feet m a forward backward stance when
catching a swift ball 1s an example of the second When we stand 1n
1 bus or a subway tramn we resist the tendency to be thrown back
ward when the vehcle starts up exther by standing sideways with
the feet n a moderately wide stance, or by facing forward and Iean
mg fornard We never fice the back of the vehicle from chowce
but if we must we place one foot forward rather than inchne the
body backward which would be the other altenative These auto
matic reactions to external forces are all for one purpose namely
to enable us to keep our center of gravity over our base of support
mn spite of the complicating factor of bemng acted upon by an ex
ternal force

Another form of the effect of external force 1s seen 1n the sudden
cessation of motion For mstance 1f a man 1s so foolish as to jump
off a moving bus he runs the nisk of falling flat on his face This 15
because the forward moving bus has imparted kinetic energy to his
body or 4s we commonly say he has recerved momentum from the
moving bus When he suddenly leaves the bus and 1gnores the factor
of momentum 1t means that he 1s losing the kinetic energy suddenly
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very suddenly indeed when he finds himself thrown to the ground
by an mvisible force He could have avorded this 1gnommous reac
tion 1f upon jumping from the bus he had faced forward, leaned
backward and taken a few running steps 1n the same direction as the
bus thus assuring a gradual loss of kinetic energy, nstead of an m
stantaneous one Stll better, he could have waited for the bus to
stop

Friction Triction as « factor 1 stabihty has already been sug
gested m relation to the size of the base of support It has even
greater ifluence when the body 15 m motion or when 3t 15 sub
jected to an external force Lack of sufficient friction 15 what makes
1t difficult to keep one s equlibrium when walking on an 1cy pave
ment, particularly 1f ~ frisky dog tugs unexpectedly on 1ts leash
When the supporting surface presents msufficient friction the foot
gear ¢ make up for 1t The person who must walk on 1cy pave
ments cin wear creepers on his shoes the golfer and the field
hockey player can wear cleats and the gymnast and basketball
player can wear rubber soled shoes

Segmentation If nstead of being 1n one solid pece, an object
consists of a series of segments placed one on top of the other, 1ts
problem of retaining its equilibrium 15 a multiple one Maximum
stabality of a segmented body 1s assured when the centers of gravity
of all the weight bearing segments Lie 1 a vertical line which 1s
centered over the base of support In a column of blocks this means
that each block must be centered over the block beneath In 2
jomted column like the human body one segment cannot shde off
another but 1t 15 quite possible for the segments to be umted n ¢
zigzag line Such 15 all too often the case n man's posture In fact
the alignment of the body segments 15 a widely used criterion for
judging standing posture When the segments are aligned 1n a smgle
vertical line the posture 15 not only more pleasing 1n appearance t0
most of us but there 1s less hkelthood of stram to the jomts and
muscles When one segment gets out of line there 1s usually a com
pensatory disalignment of another segment 1n order to mamtam a
balanced position of the body s 1 whole (In other words for every
zig there 1s a zag 1) At every pomt of angulation between seg
ments there 1s uneven tension thrown on the igaments and uneven
tonus 1n opposing muscle groups This causes fatigue if not actual
stramn

Visual and Psychologic Factors Factors which belong m this
category re less easily explained than the others but are farmliar
to everyone The giddiness that many expenence when walking
close to an unprotected edge high above the ground or when cross
mg a swirling niver on a foot bridge 1s a real detnment to ones
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equilibnium Even 1f the supporting surface 15
entirly adequate the sense of balmee may be
disturbed A common means of preserving the
balance both m thus type of situation nd when
walling on 1 narrow rul 1s to fis the eyes on 2
stationry spot above or beyond the  danger
aren” This seems to facilitate neuromuscular con
trol by reducing the disturbing stimult
Physiologic Iactors Besides the visual and
psychologic factors there are also phyvsiologic
factors related to the physical mechamsm for
equlibrium, namely, the semicireular canals In
addition to actual lesions of this mechanism, any
disturbance of the general physical condition 1s
likely to ffect the sense of balance Feclings of
dizziness 1ccompanying nauser or ay form of
debility reduce ones ability to resist other fac
tors which threaten the equilibrium These physt
ologie factors re largely beyond our control
One principle which can be denived from them Fig 196 Com
however, 1s that 1t 1s better to avoid situations pensatory adjust
which are likely to threaten the equilibrum if €™ of the body

there 15 a physiologic disturbance fNO(:;n ?}::f r:;xelol:‘ge

of gravity falls close
SUMMARY OF PRINCIPLES to the center of the
base of support

The principles of stability are stated here as simply
and conaisely as possible and brief applications are suggested n each case
1 Other things being equal (1) the lower the center of grvity (2)
the larger the base of support nd (3) the more nearlv centered the line

of gravity with reference to the base of support the greater will be the
body s stability

Apphcations

a The easiest and safest pyramuds for beginners are those m which
;h;sosaemmpz:ms afre on therr ?ands and knees This position provides for
T center of gravity a larger base of support and greater
centering the line of gravity th"mg do the Lneeln?gp or s{andmgg posxh(e:\sse "
b In canceing the kneeling position represents a compromise posttion
which combines the advantages of stability and ease of using the arms for
paddlfmg kneeling 15 preferable to sitting on the seat because the lower
:Itl;gs ti:e th«z %elnler of gravity makes the position a more stable one While
ooy ;sl sf:r :ﬂgx[ﬁxl\ns;mng on the floor of the eanoe 1t 15 a more convement
¢ An external load which
directly above the body s cent
line of

18 cfamed anywhere except on the head
er of gravity will affect the relation of the
gravity to the base of support adversely unless the body readjusts
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its abgnment 1o order to compensate for the load When carrymg 2
heavy tray, suitcase or bag of cement for nstance, some portion of the
body must be shifted 1n the opposite direction if the center of gravity 1s to
be mamntamned above the center of the supporting base If this 1s not done
the stability of the body will suffer and the muscles on the opposite side
of the trunk will become tense 1n order to brace the body against the pull
of the unbalanced load A umil I load may be counterbalunced by
raising the opposite arm sideways by leaning to the opposite side or by
shifting the upper trunk to the opposite side while at the same time keep
ing the head erect (Figs 193 and 194)

d A person who has had both legs amputated above the knee 1s fitted
to artificial legs which are somewhat shorter than his ongimnal imbs Since
this lowers Iis center of gravity it helps to reduce the balance problem

2 Other things being equal the greater the mass of a body the greater
will be ats stability

Application In sports m which resistance to impact 1s a factor heavy
solid individuals are more likely to maintain thewr equihbrium than hghter
ones This provides one basis for selecting fullbacks 1n football

8 In gning and 1n receiving an mmpetus with a strong horizontal com
ponent greater stabihity 15 obtuned 1if the base of support 1s widened m
the direction of the lne of force

Applications

b In throwing and m catching a swaft ball in batting and m other
activities mvolving the recerving or the gning of impetus to external ob
jects one can control his balance more readily if he widens lus stance 11
the direction of the force

b Keepmg ones balance when standing on a bus or tram which 15
accelerating or decelerating 15 facilitated by widenng the stance 1 the
direction that the vehicle 1s moving that 1s m 2 forward backward direc
tion relative to the vehicle

4 Other things bemng equal the greater the friction between the sup
porting surface and the parts of the body m contact with 1t the greater
the body s stability will be

Application The weanng of cleats and rubber soled shoes for sport
activittes not only aids m locomotion but 1t also serves to increase one s
stability 1 posttions held momentanly between quick or forceful move
ments asm bashetball feneing football field hockey lacrosse ete

5 Other things being equal the most stable postion of a sertical
segmented body (like a column of blocks or like the erect human body) 15
one m which the center of gravity of each weight bearing segment hes in
a vertical Line which 1s centered over the base of support or m which
deviations 1 one direction are exactly balanced by deviations mn the
opposite direction

Applications

a This applies to postural ad for ach g a pl well
balanced abg t of the body both wath and without external
loads

b In pyramid building and other balance stunts in which one person
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(or group of persons) supports the weight of another person or persons
the chief problem 1s onie of cither ahgning or balweing the several centers
of grnaty over the center of the base of support

6 Other things being equal a person has better balance locomotion
under difficult crrcumstances when he reduces disturbing visual stimult
to 1 mmmum and uses the vision as 20 ud

Apphication Beginners learning to walk on 1 balance beam or perform
balance stunts and others who for amv re1son have difficulty in keeping
their balnce can mimmze disturbing viswal stmul by ficing thewr eyes
on a stationary spot in front of them cither at eye level or somewhat above
eye level

7 There 18 1 positive relationshup between one s physical and emotionl
state and his ability to muntam his balnee under difficult crrcumstances

Apphcation Persons should not be permtted to ttempt dangerous
balance stunts or activities requining expert balnce ability when therr
physical or emationl hendth 1s 1mparred

8 The pnnaiples of mamtuning equhbnum apply to the facihity of
regaming 1t following a temporary loss

Applications

a After an unexpected loss of balance as when starting to fall or after
recerving mnpetus when off balwnce equilibrium may be more quickly
reganed 1f a wide base of support 15 estiblished and the center of gravity
15 lowered

b Upon landing from a downward jump stability may be more readily
regamed 1f the weight 15 kept evenly distributed over both feet or over
the hands and feet and if a sufficiently wide base of support 1s pravided

¢ Upon landing from a forward jump the balance may be more readily
regained 1f one lands with the weight forward using the hands 1if necessary
m order to provide support 1n the direction of motion (See 3}

d Tightrope walkers use a balancmg pole to help them regam their
balance when they start to lose it The pole serves s a long first class lever
Since the reaction of a lever 15 in proportion to 1ts length even a shght
movement of the end of the lever has a considerable rexction at the fulcrum
Hence 1f the tightrope walker starts to lean too far to the left an almost
mperceptible downward movement of the nght end of the pole will be
sufficient to help i regain his balwce The gymmnast wallung on -
balance beam uses his arms as 4 balanaing pole by extendmg them side
ward and dipping one or the other 1n order to counteract a loss of balance

SUPPLEMENTARY MATERIAL

Method of Locating the Line of Gravity It 1s 2 farrly simple matter
to determine the relation of an indvidual s line of gravity to his base of
support under expermmental conditions The student will find that 1t will
repay him to do this because 1t will comvince hin better than words can
do of the way the body automatically compensates for external loads and
for segmental disalignment It1s res evhing to see how the body compensates
for the sideward rassing of an arm for the forward bendmg of the trunk
for a briefcase carried 1n one hand or a load of books clasped agamst the
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its alignment m order to compensate for the load When carryng 2
heavy tray suitcase or bag of cement for mnstance, some portion of the
body must he shifted in the opposite duection if the center of gravity 1sto
be mamtained above the center of the supporting base If thus 1s not done
the stability of the body wall suffer and the muscles on the opposite side
of the trunk will become tense m order to brace the body agamst the pull
of the unbalanced load A umlateral load may be counterbalinced by
rasing the opposite arm sideways by leaning to the opposite side or by
shifting the upper trunk to the opposite side while at the same time keep
g the head erect (Figs 193 and 194)

d A person who has had both legs amputated above the hnee 1s fitted
to artificral legs which are somewhat shorter than his ongmal limbs Since
this lowers his center of gravity 1t helps to reduce the balance problem

2 Other things bemng equal the greater the mss of a body the greater
will be 1ts stability

Application In sports 1n which resistance to 1mpact 3s a factor heavy
solid mndividuals are more hikely to mamtain therr equilbrium than Tighter
ones This provides one basis for selecting fullbacks mn football

3 In giving and 1n recerving an 1mpetus with a strong horizontal com
ponent greater stabihity 15 obt-ined 1f the base of support 1s widened
the direction of the line of force

Applications

b In throwing and m catching a swaft ball n battng and m other
activities mvolving the receving or the gving of impetus to external ob
Jects one can control his balance more readily if he widens Tus stance 1n
the direction of the force

b Keeping ones balance when standing on a bus or tram which 15
accelerating or decelerating 1s facilitated by widemng the stance n the
direction that the vehicle 1s moving that 1s n a forward backward direc
tion relative to the vehicle

4 Other things being equal the greater the fiction between the sup
porting surface and the parts of the body m contact with 1t the greater
the body s stability will be

Application The wearing of cleats and rubber soled shoes for sport
activities not only uds 1n locomotion but 1t also serves to ncrease 00€S
stability 1 positions held momentanly between quick or forceful move
ments asin basketball fencing football field hockey lacrosse etc

5 Other thmgs beng equal the most stable posttion of a vertical
segmented body (hke a column of blocks or like the erect human body) 1
one 1n which the center of gravity of each weight beanng segment lies 1n
a vertical lime which 15 centered over the base of support or whie

deviations 1n one direction are exactly balinced by deviations the
opposite direction

Applications

¢ This applies to postural adjustments for achieving a pleasing well
b 'a d al of the body both with and without extern®
loads

b In pyrimid building and other balance stunts 1n which one person
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{or group of persons) supports the weight of another person or persons
the chief problem 15 onc of ather 2higming or balineing the several centers
of grnaty over the center of the basc of support

6 Other things bemg equal 1 person has better balance in locomotion
under difficult arr when he red disturbing visual stimuh
to 2 mmmum and uses the vision as wn ad

Application Beginners learming to walk on 1 balance beam or perform
balance stunts and others who for any reason have difficulty n keeping
therr balance can mmimize cisturbing visual shmuli by fiung their eyes
on 7 stationary spot m front of them esther at ¢ye level or somewhnt above
eyelevel

7 There1s a positn ¢ relationship betwcen one s physical and emotional
state and his abihty to muntain hus balance under difficult eircumstances

Appheation Persons should not be permitted to attempt dangerous
balance stunts or actnities requining expert balance abihity when ther
physical or emotional health 1s impaured

8 The pnnciples of mamtammg, equilibnum pply to the faality of
regammng 1t following 1 temporary loss

Apphcations

a After an unexpected loss of balmee s when starting to fall or after
recewving impetus when off balinee  equilibnum may be more quickly
regained 1f a wide base of support 15 established and the center of gravity
15 lowered

b Upon landing from 2 downward jump stability mny be more readilv
regamed 1f the weight 1s hept evenly distnbuted over both feet or over
the hands and feet and if 4 suffimently wide base of support 1s provided

¢ Upon landing from a forward jump the balance may be more readily
regained if one lands with the weight forward using the hands 1f necessary
m order to provide support in the direction of motion (See 8 )
bain'cf;g‘:l}:rop:ehw-dkers use a balwnaing pole to help them regun their
Sienee re: ! ey slfart ;o lose 1t The pole serves as a long first class lever
moverent :f ;:hwn 2] :; }(]ew]:r 15 1 proportion to its length even a shght
Honoo 1f the he}?? of tl e‘f» er has a considerable reaction at the fulerum
imporeoptible dgm m}‘Je :lva er starts to lean too far to the left an almost
mper wnward movement of the night end of the pole will be
o entblo help him regain his balnce The gymnast walking on 1
“a:;:;d 35:: :lses his arms as a balancing pole by extending them side

ping one or the other 1 order to counteract 1 loss of balwnce

SUPPLEMENTARY MATERIAL
Method of Locating the Line of Gravity

to determune the relation of an mdividual s Lin
ilelpsor}t] under expenmental condiions The s
dopr} . }::1 to d(})1 this because 1t will convince him better than words can
for e x‘\‘t :{ dt e body automatically compensates for external loads and
o et \sa\xgnment Trisrevealing to see how the body compensates
o the e ward raising of an arm for the forward bending, of the trunk
nefcase carned 1n one hand or a load of books clasped agamst the

Tt 1s 2 fairly simple matter
e of gravity to his base of
tudent will find that st wall
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f <= , — = : <=
Fig 197 Apparatus used for determinng the position of the line of gravity

chest (Fig 196) No matter what the posiion the relation of the lme of
gravity to the base of support 1s a remarkably stable one Its relation to the
body segments however shifts with every change in position The segments

1cally adjust th Ives to maintain a balanced posttion—n posttion
1n which the center of gravity remains approxmmately over the center of
the base of support

Drrections for Determining the Posttion of the Line of Gravity

arparaTus (Fig 197)

1 Scales preferably esther the Toledo or the spring balance type

2 A stool or block the same height as the platform of the scales

3 A board about 40 em wide and a Ittle over 100 or 200 em long—
the latter 1f 1t 15 to be used for honzontal work A kmfe edge should be
attached to the under side of each end 1 such a way that when the
board 1s placed m a horizontal position 1t wall rest on the kmfe edges For
simplifying the calculations the distance from knmife edge to kmfe edge
should measure exactly 100 or 200 cm The front edge of the board should
be marked 1n centimeters The board should be tested for accuracy To
do this the expenimenter should see if 1t wrll balance exactly at the center

DIRECTIONS

1 Find the subject s total weight

2 Put the board 1n place with one kmfe edge on the scales platform
and the other on the stool or block Note the readmg on the scales This
1s the partial weght of the board (B)

3 Have the subject stand approumately m the center of the board
facing the scales and with the heels even Note the reading on the scales
Thus 15 the partial weight of the subject and board together (S & B)

4 Use the following formula to solve for d this bemng the distance
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from the rear kmife edze to t~ fr- ol pline 12 whech the subjects center
of grmaty 1s situated

(Partinl wt of S& B) ~ (Partalwt of B) N\ Lendthof b (fnm Raufe
d= T T Tomiwe sRrofS edac tokmfe edec)

5 Measure the dsuance "4~ from the rear knofe edue toward the end
of the board resting ca the seales A perpendicular erected at this pomt
represents the anteropos*enior positien of the subject s e of vty 1F
desired a2 mard. mas be made on the subject s foot to indicate the location
of the line of gravity wath reference to the anteroposte nor aspect of the base
of support {N\ote Thisisnota fixed pont It moves forwird and backward
as the subject sway s forward and backward )

6 The frontal or lateral pos tion of the Lne of gravity mw b found
m the same manner by having the subject stind wath Tus side tow wed the
scales In this case “d” represents the distancy from the rear hfe edur to
the sagttal plane 1n which the subject s center of grivaty 1s located

7 If it 15 desired to find the single pomt representing the spot where
the line of gravity mtersects the base of support 1 preec of paper should
be placed under the subjects feet for the side view mewurement The
outline of the feet should be traced on the paper When the first “d 1
found the distance should be measured and marked on both the lft and
nght sides of the paper The paper should then be removed and the two
powts connected by a straight ine When the subject faces forw wd for
the second measurement the paper should be pliced on the board so that
the subject s feet will it in the foot prints \When the sccond I 1s found
the distance should be measured and marked on both edges of the paper
and the two ponts connected by a straght line The pamt at wlhich the
o lines mntersect represents the approamate position of the pomt where
the Ime of gravity strikes the base of support This 1s a crude method of
locating this pamt and 15 not strictly nccurate smce the subjct may not
be standing mn exactly the sume posture for both measurcments Further
more the element of swying always mtroduces a source of exrror A more
accurate method for determiming the position of the Line of gravity las
been desenibed by Hellebrandt

Directions for Determinng the Height of the Center of Cravity The
same equipment 1s used as for detcrmining the postion of the line of
ravity except that tho longer howd must be used for this Alin there
should be a perpendicular foot rist at cach end of the hoard directh
over each kmfe edge These must nat destroy the balwee of the hpard Lhe
subject hies on the back with the head taward the scales and the fect 2+
night angles agamst the foot rist at the other end The foot yoot she3
be hugh enough to support the feet in the proper position The povitum

which the subject assumes should be as much hhe the standiz= 7 wrtrm
as possible The measurements and erleulthions aro mule os }yfzn; In
this ease & represents the distance from the foot rest to e hoesmenl
plane m which the subjects center of gravity 15 situated., Thic 1« 1
parable ta the distance from the o e WY
enter of grivity to the rron id, whn the

A
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used an mproved scesaw method m their own wxpenment Using fifty
men and fifty women as thur subjects they found the center of gravity in
men to be 56 18 per cant of their hught, and i women 55 14 per cent
They also found that the haght of the center of griaty was considerably
more varable 1 women than m men They found no correlation between
the hesght of the center of gravity and body waght or hught

A few i estigators havc been mterested m the possibility of a relation
ship between the line of gravity and standing posture In their hustoncal
sunvey of this subject Cureton and Wickens notcd that no quantitative
studies have been found wluch related the center of gravity to the are of
the base as a diagnostc test for posture Using the Reynolds and Lovett
techmque for determmnng the posiion of the line of gravity and their
own method of analyzing witeropostenor posture thev made 1 number
of correlation studies They concluded that there was a definite reltion
ship between the position of the hne of gravty and posture streagth
physical fitness and athletic abibty The coeflicient of correlation between
their measure of kyphosis and the hine of grivity measurement was 256
The relationshup betw een body lean and the line of gravity w s mndicated
by a coefficient of 864 This denotes a fugh degree of positive relationship
but on the other hand body lean 15 the position of the body which s assoc1
ated with the anteropostenor shifting of the line of gravity They are one
and the same thing In fact one wonders why the relationship was only
864 instead of 1 0 In correlating body lean with hyphosis Cureton and
Wickens obtamed a coefficient of 363 They mterpreted this as an mdica
tion of a trend for men who habitually stood with therr weight more for
ward to have straighter upper backs The authors apparently did not
nvestigate the relationship between the anteroposterior position of the
lime of gravity and the abgnment of body segments

Crowley and Johnston i two separate studies could find no relationship

tween the anteroposterior position of the hne of gravity and total an
terop 101 posture s d by the MacEwan Howe objective
method 7

Likewsse Hellebrandt and her coworlers using this method on a
larger number of subjects could find no relationship between the objectine
posture score and the anteroposterior shifting of the line of gravity They
suggested that this surpnsing falure to find a relationship between the
two might indicate that the posture criterion 1n common use 15 based on
an esthetic concept of posture rather than on a phy siologic one

DEMONSTRATIONS AND LABORATORY E\ERCISES

1 Try to carry a load first without compensating for 1t and then
compensating as completely as possible Chech the degree of compensation
each time by locating the position of the e of gravity with reference
to the center of the base of suppoit Describe the kinesthetic sensation m

e trunk muscles 1 each case Do
you nohtice greater tension n
Position than in the other? ¢ -

2 Walk on a balance beam
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used an mmprosed scestw method m their own cxpenment Using ity
men and fifty women 1s their subjects they found the center of gravity in
men to be 56 16 per cent of therr height and 1 women 55 44 per cent
They also found that the haght of the center of gravity was considerably
more vanable 1 women than m men They found no correlation between
the height of the center of gravity and body weight or height

A few i estigators hve been mtercsted m the possibility of a relation
ship between the line of gravity and stainding posture In their lustoncal
sunvey of this subject Cureton and Wickens noted that no quantitatne
studies have been found which relted the center of gravity to the e of
the base as a diagnostic test for posture Using the Reynalds wnd Lovett
technique for determiming the position of the line of gravity and their
own method of nnalyzing nteroposterior posture they made a number
of correlation studies They concluded that there was 1 defimite reltion
ship betwcen the position of the lime of gravity and posture strength
physical fitness and athletic ability The coclficient of correltion between
their measure of hyphosis and the line of grivity measurement was 256
The relationstup between body lean and the ine of gravity was indicated
by a coefficient of §64 This denotes 2 ligh degree of positive relationship
but on the other hand body lean 1s the position of the body which 1s assoct
ated with the anteropostenor shifting of the line of gravity They are one
and the same thing In fact one wonders why the relationship was only
864 instead of 1 0 In correlating body lean with kyphosis Cureton and
Wickens obtamed 1 coefficient of 863 They interpreted this as an mdica
tion of a trend for men who habitually stood wath thewr weight more for
ward to have straighter upper backs The authors apparently did not
mvestigate the relationship between the anteroposterior position of the
Ine of gravity and the 1lignment of body segments

Crowley and Johnston m two separate studtes counld find no relatonship
between the anteroposterior position of the line of gravity and total 1n
teroposterior posture 1s measured by the MacEwan Howe objectne
method 7 11

Likewise Hellebrandt and her coworkers usmg this method on A
larger number of subjects could find no relationship between the objectine
posture score and the anteroposterior shifting of the line of gravity They
suggested that this surpnving fatlure to find o relationshup between the
two might indicate that the posture cntenon 1n common use 1s based on
an esthetic concept of posture rather than on a phy siologic one

DEMONSTRATIONS AND LABORATORY E\ERCISES

1 Try to carry a'loa‘d first without compensating for 1t and then

P ting s s possible Check the degree of compensation

cach time by locating the position of the hne of gravity with reference

:;)1 ﬂl;:eixter of Ithe base n}f support Descnbe the kinesthetic sensation mn
e ns muscles 1 each case Do you notice great

position than in the other? freater fension m one

2 Walk on a balance beam
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used an mmproved seesaw method w ther own cxpunment Using Bifty
men and £fty women as therr subjcts they found the center of gravity i
men to be 56 18 per cent of their hesght and m women 55 44 per cent
They also found that the heipht of the center of gravity was considerably
more vanable m women than m men They found no correlation between
the hesght of the center of gravity and body waght or height

A few mvestigators have been mtcrested in the possibility of a relation
ship between the line of gravaty and standing posture In their histoncal
sunvey of this subject Cureton and Wickens noted that no quantitatine
studies have been found which related the center of gravity to the area of
the base as a diagnostic test for posture  Using the Reynolds and Lovett
techmque for determiming the position of the line of gravity and thewr
own method of analyzing anteroposterior posture thev made a number
of correlation studies They concluded that there was a defimite relation
ship between the position of the lne of gravity and posture strength
physical tness and athletic ability The coefficient of correlation between
their measure of kyphosis and the line of gravity measurement wis 256
The relationship between body lean and the hine of gravity was indicated
by a coeficient of 864 This denotes 2 hugh degree of positive relationship
but on the other hand body lean 1s the position of the body which 1s assoc1
ated wath the anteropostenor shifting of the line of gravity They are one
and the same thing In fact one wonders why the relationship was only
864 mstead of 10 In correlating body lean with kyphosis Cureton and
Wichens obtamed a coefficient of 363 They mnterpreted this as an mndica
tion of a trend for men who habitually stood wath their weight more for
ward to have strughter upper backs The authors apparently did not
mvestigate the relationship between the anteropostenor posiion of the
Line of gravity and the alignment of body segments

Crowlev and Johnston in two separate studies could find no relationship
between the anteropostenor position of the e of gravity and total an
teropostenior posture as measured by the ‘MacEwan Howe objectne
method 7 11

Likewise Hellebrandt and her coworhers using this method on a
larger number of subjects could find no relationship between the objectine
posture score and the anteropostentor shufting of the line of gravity They
suggested that this surpnsing failure to find a relationship between the
two mught mdicate that the posture ¢ntenon i common use 1s based on
an esthetic concept of posture rather than on a physiologic one

DEMONSTRATIONS AND LABORATORY E\ERCISES

1 Try to carry a load first without compensating for 1t, and then
compensating as completely as possible Chech the degree of compensation
each time by locating the position of the Lne of gravity with reference
:ﬁ the center of the base of support Descnibe the lmesthetic sensation

e trunk muscles m each case Do
you notice greater tension m
position than in the other® & one

2 Wall on a balance beam
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subject 1s 1 the standing posihon The center of gravity itself 1s located
at the point where the line of gravity intersects this honzontal planc
Photographic Method This method of determmng the position of
the Line of gravity may easily be adapted to use with photographs This has
several advantages Photographs of the subject 1n several positions can be
taken in on and the P 10ns and ts be made later
Several prnts of the same photograph can be made and used for the
entire class The subject can assume positions which 1t would be difficult
to hold long enough for the computations and measurements to be made
directly In adapting this method to photographs the length measurements
(1€ total length of board and distance d ) are made on the photograph
mstead of on the board itself This means that the photographed length
of the board must be substituted for the actual length n the formult
Computations w1ll be made easier if the distance of the camera from the
board 1s adjusted so that the photographed length of the board will be a
round number such as 5 or 10 em It 1s possible to do this by taking the
back off the camera and locking through a piece of ground glass held
behind the camera The dimensions of the image on the glass will be the
same as those on the
Center of Gravity Expenimentation A number of expenments re
lating to the center of gravity were made by Hellebrandt at the University
of Wisconsin She found the height of the center of gravity m women to
be 55 per cent of their standing height She studied the way 1 which the
body sways when a person attempts to stand still and observed that
although the center of gravity of the body as a whole shifts mcessantly
dunng relaxed and effortless standing the patterns formed by a trajectory
of the shifting center of weight and the mean position of the vertical
projection of this theoretical pomt (1e, the lme of gravity) are relatvely
constant She found that the average area of maximal sway for a group
of men and women was only 4 09 sq cm and that the differences between
the men and the women were not statistically sigmficant It was noted
that although the line of gravity was close to the center of the base of
support 1 the majonty of subjects 1t was shghtly to the left and belind
the exact center In a study on the mfluence of shoes on the position of the
center of gravity Hellebrandt found that shoes of low and of moderate
heels had a neghgible effect upon postural stability and the position of the
Line of gravity but that lugh heeled shoes tended to cause a forward shifting
of the line of gravity and to increase the amount of swayng apparently
indicating a decrease n stability
In a senes of studies on the relation of age to the height of the center
of gravity Palmer found that the latter mamntamed a fairly constant ratio
to the height of the individual at all ages ranging from 55 to 59 per cent
From the age of 6 fetal months to 70 years the center of gravity was found
to descend gradually from the level of the seventh thoracie vertcbra to the
level of the first sacral segment
In 1922 Croshey Dawson Luessen Marohn and Wnght reviewed
methods of determining the position of the center of gravity and then
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used an unproved seesiw method m thar own uxpenment Using fifty
men and fifty women 15 thar subjeets they found the center of gravity in
men to be 56 18 pur ccnt of ther haght and mx women 55 14 per eunt
They also found that the hught of the center of grivty was considerably
more varable in women than m men They found no corrclation butween
the height of the center of gruaty and body waght or haght

A few mvesigators have been nterested m the possibihity of a relation
shup between the kne of gravity and standing posture In their Iustoncal
suney of this subject Curcton and Wichens noted that no qumttatine
studies have been found which related the center of grivity to the area of
the base as a diagnostic test for posture Using the Reynolds and Lovett
techmque for determnng the posiion of the line of gravity and therr
own method of analyzing mteropostenor posture they made 1 number
of correlation studics They concluded that there was 1 defimte rchition
ship between the position of the line of grivty and posture strength
physical fitness and athletic ability The cocflicient of corrclation between
their measure of hyphosis and the hine of gravity measurement was 256
The relationstup between bedy Iean and the hine of gravity was mdicated
by a coefficient of 864 Tlus denotes a high degree of positive relabionship
but on the other hand, body lean 15 the position of the body which 1s assoer
ated with the anteroposterior shufting of the line of gravity They are one
and the same thing In fact one wonders why the relationship was only
864 nstead of 1 0 In correlating body lean with kyphosis Cureton nd
Wickens obtamed a coefficient of 363 They mterpreted this as an indica
tion of a trend for men who habitually stood with their weight more for
ward to have straighter upper backs The authors apparently did not
mvestigate the relationship between the anteroposterior posiion of the
line of gravity and the alignment of body scgments

Crowley and Johnstan 1 two separate studies could find no relationship
betueen the nteropostenor position of the lme of gravity and total 1n
teropostenor posture as measured by the MacEwan Howe objective
method 7 11

Likewise Hellebrandt and her coworkers usmng this method on 1
larger number of subjects could find no relationship between the objectine
posture score and the anteroposterior shifting of the line of gravity They
suggested that this surpnsing farlure to find a relationship between the
two might ndicate that the posture criternion m common use 15 based on
an esthetic concept of posture rather than on a physiologic one

DEMONSTRATIONS AND LABORATORY E\ERCISES

1 Try to carry a load first without compensating for 1t and then
compensating as completely as possible Check the degree of compensation
l:ﬂc‘}]: time by locating the position of the Line of gravity with reference
tg e center of the base of support Describe the hinesthetic sensation

e trunk muscles m each cas
¢ Do you notice greater tens:
Posiion than 1 the other? ¥ on wm one

2 Walk on a balance beam
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a Looking ahead at the wall
b Looking at a person who 1s 1 fiont of the balance beam domg a
vigorous exercise the the jumping jack
¢ With the eyes closed What 1s your reaction in each case? Explan
3 Walk along with a partner bestde you Without warnng the
partner 1s to give vou a sudden but not overforceful, sideward push How
do you react? If you did not d m catching your bal can you
explamn the rcason for your failure?
4 Describe or find references for five pyramuds and list them 1 thewr
order of difficulty Explam the reasons for the order you have chosen
5 Do the same for five dual balance stunts
6 Buld two columns of blochs one with the blocks carefully centered
one over the other the second column with the blocks staggered but
balanced Grasping the lowest bloch of each column, shde the columns
back and forth, changing the speed frequently and suddenly untl the
blocks tumble Which column 1s the first to topple? Why?
7 Determne the anteroposterior position of the lme of gravity for
three different subjects standmng m their natural posture
8 Determine the posttion of the hne of gravity for a subject 1 each
of the following standing positions
a Facing the scales and Jeanmng as far forward as possible with the
body 1n a straight line from the top of the head fo the ankles
b Facing the scales and leanmg as far backward as possible with
the body m a strarght hne
¢ Facmg the scales and leaning as far to the side as possible wath
the body 1 a straight hne
9 Determme the lateral aspect (front or back view) of the hne of
gravity 1n a subject who 1s standing on one foot
10 Determine the height of the center of gravity m 1 subject {a) with
the arms at the sides and (D) waith the arms raised overhead
11 Do several onginal center of gravity expeniments
Note You may identfv some pnnciples which are not described in
ths chapter If so discuss them with vour classmates and formulate a state
ment that expresses them clearly
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Chapter 18

POSTURAL PRINCIPLES

In Tmis sectioN on Underlymg Principles of Basic Motor Skills 1t
has been the purpose of the author to bring together and to state
conaisely the various principles, discovered either by scientific ex
periment or by eaperience which would serve to guide both the
teacher and the student in developing desirable motor skills In
the field of posture this has been particularly difficult to do The
reasons for this will be discussed later Although posture 1s thought
by many to be a factor 1n all motor skills, rather than a motor skill
m itself so much attention 1s focused on 1t by the three professions
—physical education physical therapy and occupational therapy—
that 1t would seem appropniate to devote 1 chapter to the principles
which apply to 1t

There are mmnumerable concepts of human posture and mnumer
able terpretations of its sigmficance Posture may well claim to be
all things to 1ll men To the physical anthropologist posture may
be a racial charactenstic or it may be an indication of phylogenetic
development to the orthopedic surgeon it may be an idication of
the soundness of the sheletal framework and muscular system to
an artist 1t may be an expression of the personahty and the emo
tions, to the actor 1t serves 1s a tool for expressing mood or char
acter to the physican the biologist the fashion model the
employer the sculptor the dancer the psychologist—to each of
these, posture has a different significance Each sees posture within
the framework of lis own profession and interest This 1s no less
true of the kmesiologist To hum posture 15 a gauge of mechameal
efficiency of Linesthetic sense of muscle balance and of neuro
muscular coordination

Part of the difficulty m dentfymng postural prmaples lies m
the fact that no mdvidual s posture can be adequately descnbed
Posture means posiion and a multisegmented organism hke the
human body cannot be said to have a single posture It assumes
postures and rarely holds any of them for an appreciablc
To be sure certan charactenstic patterns become apparent

360
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time
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as we have the opportumty to obscrve an mdividunl over 1 ex
tended pertod, but it 1s difficult, of not wdll mgh impossible to meas
ure, or even record, chrictenstic postural patterns

Aunother difficulty n idcntifying posturil principles s due to the
many vanctics of humn physique In reeent years these have been
brought to our attcntion by Shcldon The mmportnce of consider-
g these mdividual differences of buld when evaluating posture
has been emphasized by Trost

Thus we sce the dual fillicy upon wlich posture normms are
based Posture nonns ire appropnate only for the mythical wvernge
figure and they apply only to the static standing position which
does not necessanly represent habitual postural patterns Neser-
theless an attempt 1s made here to present speafie postural prinet
ples whenever there 1s objective justification for so domg When
speaific principles cannot be stited tentative oncs are suggested
if the chnical evidence or common c\perience seems to warrant
their inclusion In some stances 1deas which are commonly ac
cepted as principles are mentioned for the sole purpose of pomting
out the fact that there 1s no evidence to support them This does
not preclude the possibility of such evidence bemng presented some
tme 1n the future however

In view of the fact that activity postures 1re of greater concern
to the teacher and the therapist than static postures 1t may be well
to say 2 word 1n defense of examining nd photographing the pos
ture of subjects mn the erect standing position It 15 admitted that
the posture 1n such a posttion 15 of httle importance 1 atself It be
comes sigmficant, however, when 1t 1s taken as the pomnt of depar-
ture for the many postural patterns assumed by the mdividual both
at rest and 1n motion (Fig 198) Since there 1s an almost endless
varety of activity postures and since these are extremely difficult
to judge it 15 a convement custom to accept the standmg posture
as the mdividual s basic posture from which all hus other postures
stem Hence as a reflection of the mdividuals charactenshe pos
tural patterns the stinding posture takes on an mmportance 1t
would not otherwise possess Its importance however s in direct
Proportion to the extent that it represents the mdiwndual's habitual
Carrmgc

Principles Related to the Mect for Ma g and Adjust
ing Erect Posture Posture 15 regulated m part by reflex action
and m part by volihonal effort Since these have both been dis

ﬁl;ssed elsewhere (pp 43 and 44) they are but briefly mentioned
Te

. 1 Stunub ansing from the vision from the semcircular canals
t}rlom the stretching of antigravity muscles and from pressure on
e soles of the feet eliait an merease 1n the tonus of the antigravity
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Fig 198 The erect standing posture 1s the pomnt of reference for other
postural patterms A Erect standing posture B adaptation of posture to a sport
actvity C adaptation of posture to camrying a large object D adaptation of
postuse to pickng up a small object from the floor (Photos by MacLaurn )
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muscles and thus prowide the bady with 1 means of remaining up-
right without the necessity for consaous control
2. Temporary postural rdjustments can be made volitinally by
means of the same mechinism by which all volitional movements
are made (p #3) These adjustments are necessanly within the
structural imutations of the individual
3 The gradual changing of habitual postural patterns can be
brought about by the same means by which any neuromuscular
habits are changed This 1s a slow process of recanditioning the
neuromuscular pathways The speafic method for accomphshing
this forms the basis for the different schools of thought that eust
i the field of posture education and corrective exercise Some be
lieve that st can be accomphshed by the frequent repctition of care
fully selected exercises performed with control and with constant
attention to correct form 1 33 1+ <7 3 38 Others believe that the
rebuillding of the necessary neuromuscular pathways can be ac-
complished only by the indirect method, that 15 by mfluencing the
individual s neuromuscular response by means of his thought proc-
esses Mental concepts are utilized for this purpose 3 3 Sull others
seck to establish new postural habits by practicing movements which
are believed to develop the natural postural reflexes 1 % All groups
recognize the fact that the establishing of new postural patterns
can take place only within the limits of the mdividuals structural
entage
4 The kinesthetic sense would seem to be a wital factor m the
mechamsm for estabhishing and adjusting postural patterns but
this has not yet been demonstrated It 1s believed that if valid tests
could be found for habitual carnage and for kinesthetic awareness
of head and trunk positions a relationship between posture and
lanesthesis could be established
Principles Related to Stability
1 Hellebrandt has demonstrated that even the erect standing
posture 15 not literally static “Standing” she concluded *i3, m
reality ¢ upon a stat y base ™ In her expenments 1t
was revealed that the center of gravity did not remamn motionless
above the base of support no matter how still the subject attempted
to stand, but 1t moved forward backward and sideward This mo-
tion indicated that the subjects were constantly swaying When
the swa;
ying was prevented by artificial means there was a strong
tendency to faint. Hence the mvoluntary SWayIng was seen to serve
the purpose of a pump aiding the venous return and assuring the
bram of adequate crrculation for retamning consciousness
2 In the same expenments Hellebrandt found that the oscilla-
tions of each individual were bhalanced so exactly that the average
position of the line of gravity relative to the base of support, was
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Fig 198 The erect standing posture 15 the pomt of reference for other
postural patterns A Erect standing posture B adaptation of posture to a sport
achwity C adaptation of posture to carrymng a large object D adaptation of
posture to picking up a small object from the floor (Photos by MacLaunn )
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muscles and thus provide the body with 4 mcans of remmng up
nght without the necessity for conscious control

2 Temporary posturil wdjustments can be made volionlly by
means of the stme mechumsm by which all volitional movements
are made (p 13) These djustments are necessanly within the
structural himitations of the individual

3 The gradual changing of halitual postural patterns can be
brought about by the sune mcins by which -1y ncuromuscular
habits re changed This 1s 1 slow process of rcconditioning the
neuromuscular pathways The specific methed for accomphshing
this forms the basis for the diffcrent schools of thought that cxist
1n the field of posture cducation and corrective exercise Some be
lieve that 1t can be accomplished by the frequent repetition of care
fully selected exeraises performed with control and with constant
attention to correct form 10 13 1 37 3¢ 38 Others believe that the
rebullding of the nceessary neuromuscular pathways can be ac
complished only by the mdirect method that s, by influencing the
ndividual s neuromuscular response by means of us thought proc
esses Mental concepts are utilized for this purpose 3 3% Still others
seck to establish new postural habuts by practicing movements which
are believed to develop the natural postural reflexes 1* 28 All groups
recogmize the fact that the establishing of new postural patterns
can take place only within the imits of the mndividuals structural
hentage

4 The lunesthetic sense would scem to be a wvital factor n the

h for estabhishing and adjusting postural patterns but

this has not yet been demonstrated It 1s behieved that 1f valid tests
could be found for habitual carriage and for kinesthetic awareness
of head and trunk posihons, a relitonship between posture and
kmesthesis could be established

Principles Related to Stabihity

1 Hellebrandt has demonstrated that even the erect standing
posture 1s not lterally stahc Standing she concluded “is 1n
reahty, t upon a st y base !7 In her expeniments 1t
was revealed that the center of gravity did not remain motonless
above the base of support no matter how stll the subject attempted
to stand but it moved forward backward and sideward This mo
tion mdicated that the subjects were constantly swaymg When
the swaying was prevented by artificial means there was a strong
tendency to famt Hence the wvoluntary swaymg was seen to serve
the purpose of a pump aiding the venous return and assuring the
bram of adequate arculation for retamming consciousness

2 In the same expenments Hellebrandt found that the osalla
tions of each individual were balanced so exactly that the average
position of the lme of gravity relatwe to the base of support, was




364 Underlymng Principles of Basic Motor Skills

remarhably constant From ths it would seem that we can assume
the presence of a controlling factor i our tendency to sway Ap
parently the stretch reflex, the hinesthetic sense and the vision all
operate here to confine the oscillations to a hmited arer an area
well within the boundaries of the base of support

3 Some of the experimenters have investigated the possibility of
a relationship between the position of the ine of gravity, relatne
to the base of support, and the quility of posture The findings of
the different investigators do not agree however Hence there
would seem to be msufficient evidence to support a claim for such
a relationship (See the summary of mvestigations by Cureton, and
Wickens, Crowley, and Johnston mn the Supplementary Materal
for Chapter 17 )

4 In mformal class experiments the author found that the rela
tion of the line of gravity to the base of support was not affected
sigmficantly or consistently when the subject assumed different
positions of the upper extremities or held external objects such as
books, a suitcase or a tray This would seem to provide evidence
of the bodys tendency to compensate for deviations of some of 1ts
parts from the fundamental standing position The principle would
appear to be established that under ordinary circumstances, the
disalignment of one segment of the body whether anteroposteriorly
or laterally, 1s accompamed by a compensitory disalignment of
another segment or segments If the disalignment 1s not euactly
balanced excessive tension in certan muscle groups results This
1s particularly apparent when external Ioads are not adequately
compensated To the best of the authors knowledge there has been
no large scale mvestigation of this matter of compensatory align
ment Objective evidence 1s suggested but 1s as yet meonclusive

Principles Related to the Al t of Body S

1 In much of the literature on posture statements are made that
m the 1del standing posture the hine of gravity bears 1 definite 1e
lationship to certamn anatomc landmarks such as the mastoid proc
ess the acromuon process the junctions of the anteropostenor
curves of the spme the hup jont (greater trochanter of the femur)
the hnee jont and the lateral malleolus In 1 class study made on
only sin subjects 2t Wellesley College the relation of the hne of
gravity to some of these landmarks was nvestigated The vanation
among these six subjects 15 shown by the following measurements

DISTANCE FROM LINE OF GRAVITY TO TOTAL RANGE
Ankle joint 380 ¢cm 1n front to 6 65 cm 1n front 285cm
hnec jont 046 cm betund 10285 cm anfront 331 cm
Hip jont 665 ¢cm behind to 095 cm 1n front 760 cm

Shoulder jont 180 cm behind t0 665 cm m front 845 em
Nfastod process 095 cm behind t0 523 cm i front 618 com
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In e luatimg ths study the rader should not
fal to tihe mto account the miluence of body
sway nd the difficulty of lociting the matome
Jandmarks on the iccur ey of the mesurements
The students who conducted the study found it
particululy difficult to locate the surfice pomt
which corresponded to the mndpomt of the lup
jomt It mught be of mterest to repuat amanvesh
gation of thus n iture, usimg 1] rge number of sub
jects represcating both seaes and 1 vanicty of
physique types In detormumng the locition of
the hine of gravity 1t would b wll to tike the
mean of scveral mesurements 1w order to num
mize the mflucnce of sway The results of such 1
study might idicate what could be weepted s
1 “normal zonc” of the hinc of grity m the crect
standing position It might help also m wnlyzmg
the alignment of the hody scgments nd thus
lend atself to dignostic purposcs

2 It has frequently been stated that 1 stind
g posturc m which cich waght banng scg
ment was balwnecd vertienlly upon the scgment
beneath 1t made less demand on the muscles
than a posture 1n which the scgments formed
a zigzag ahgnment® 1° 3 Good posture they
say tihes less muscular effort to muntaun than
poor They offer the evplination that when 2
segment 1s not m vertical alignment the forec
of gravity 1s not parallel with its long axis
and hence exerts a rotatory component of
force This reasonmg scems entirely logical but
1t overlooks the fact that even in the most 1deal
Dosture rotatory components of force are present
due to the facts that (1) the supporting column
of the trunk (1e the spme) 15 not centrally lo

0355 o

D

7

S

Fig 199 Ver
tical abgnment of
the body

§ated anteroposteriorly (2) the supportmg base (the feet) projects
orward from the lower extremities mnstend of bemg centered be
neath them (3) the spmnal column 1s curved 1nteroposteriorly and
(4) the chest forms an antenor load upon which gravity 1s con
stantly exerting a rotatory force The weight of the breasts in women
constitutes an additional anterior weight causing an even greater

rotatory component of gravitational force

The question of the ener;
gy cost of standing posture has been
veshgated by both Hellebrandt and McCormich Both concludl:d
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Fig 200 When the bedy 1s mn Fig 201 When the body 15 n 1
good standing posture the rotatory poor standing posture the force of
effect of the force of gravity 15 min gravity has an exaggerated rotatory
mized effect on the weight beanng seg

ments

that the mncrease of metabolic rate i standing over the basal rate
was so small compared with the metabolic cost of moving and ex
ercising, that it could be considered neghgible McCormick m
cluded both anteroposterior and lateral measurements of body
ahgnment From these she concluded that the type of posture
which mvolved a mmmum of metabolic mcrease appeared to be
one m which the knees are hyperestended as completely as the
jounts permut the hips are pushed forward to the it of extension,
the thoracic curve 1s mcreased to the maumum the head 1s pro
jected forward, and the upper trunk 1s mclined shghtly backward
i a postenor hist (see Fig 202B) As onc mught expect, this 1s a
typical picture of fatigue posture A common vanation of it 1s a
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A B
Fig 202 The relation of posture to metabolc economy A An overtense
posture 15 more costly B An laxed posture 1s 1 but 1t subjects

the hgaments to stramn

An easily erect posture as shown n Fig 1984 which mvolves no unneces
sary tension 35 best from all pomnts of view (Photo by MacLaurm )

shuft of the weight to one foot with accompanyng asymmetric ad
Justments 1n the spine and lower extremities

From these two studies 1t would seem that mimumum energy ex
penditure cannot be accepted as a eniterion of posture Metabohe
economy 1s deswrable up to a pomnt, since 1t mndicates absence 6f
hypertomeity but good ahgnment should not be sacrificed for it
An mvestigation which might prove of mterest would be a com



370 Underlying Principles of Basic Motor Shills

She found that dysmenorrhea occurred with greater severity among
the sway back group than among the control group Unlike Hoff
man however she did not find 1 sigmificaint relationship between
pelvic tilt and dysmenorrhea

Principles Related to Strength and Fleubihty That strength
and flexibility are factors n posture would seem to be a umversally
accepted thesis judging by the preponderance of strength and
flembibity exercises mncluded in the majonty of corrective programs
also by the strength and fleubility measurements included m pos
ture tests Interest has been shown particularly m the strength of
the abdommals, scapular adductors and spme eatensors and m the
fleibility of the pectorals and the hamstrings There seems to have
been very httle scientific nvestigntion of the relitionship of these
strengths and flexibilities to posture It would seem that the um
versal acceptance of such 1 reltionship may hive been responsible
for the attitude that there was no need for such mvestigation Yet
nowhere 1 the hterature can the author find 1 clear statement as to
what constitutes optimal strength or optimal fleubility for the
maintenance of good posture Possibly it 1s a matter of balance be
tween opposing muscle groups, rather than of strength or fleubility
per se or 1t mav be 1 matter of relihve muscle length These as
pects would seem to bear mvestigation

In companng the abdomunal strength of 2 control group with that
of two faulty posture groups—one charictenized by sway back and
the other by faulty pelvic tilt—Fox did not find that abdomnal
strength was a differentiating factor She recommended that further
study be made of this problem especially 1in view of the fact that
her sway back group was so much smaller than the others

Principles Related to Psychologic Aspects of Posture A km
esiology text scarcely seems lthe n approprate place for discus
sion of psychology Neverthiless there are certan psychologic
aspects of posture which it 15 well for the person mvolved with
posture mstruction not to overlook The observance of anatomic
physiologic and mechtnical principles will be to no avul of the
implications of psychologic factors arc ignored

In the first place 2 persons posture 1s not merely 1 matter of
hus neuromuscular and musculosheletnl systems It 1s frequently
mdicative of his personality nd his cmotions ¢ Head and
shoulder exercises will do hittle for a shy girl whose posture gives

~ the umpression that she 1s trymg to withdraw mto herself .nd make

herself 1s mconspicuous as possiblc Nor will abdominal exeraises
correct the lordosis of the small man whose posturc so obviously in
dicates overcompensation for the mfcrionty feelings engendered
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by lus small stature My posture problams e essentilly problems
for the psychitnst or the gudee oxpart ruther thn for the
physical cducitor or physical thermst The 1deal solution to these
double barrdded problems might wdll be provided by the coopert
tive cfforts of these speenilists

In the second plice 1 conspieuously bnormal posture may be
the cwusc of cnotional disturbnce m 1 person who already tends
to be over scf conscious Like ny other physical handieap it may
mterfere with the mdniduals personal and socinl devilopment
unless he s to sec it m ats ryght poespeetine

An inport mt role of psychology m posture cducation 1s that of
motnation No mitter how well the teacher or the theripist has
selected the cverases wd no matter how conscicntiously the stu
dent or the patint prictices tham  they will hase httle cffect i
mproving the mdniduals habaitual postural patterns unless he s
motivated to rwant to improve tham

And finally psychology 1s used 1s 2 techmgue of treatment by
those who employ the mcthod of mentnl concepts to change neuro
muscular pathwavs {sec p 363) For success i this method they
depend completcly upon the cooperation of the mdividual 1n
mental participation for 1t 1s by this means that the changes i the
neuromuscular pathways are effceted

SUMMARY

A summary of this chapter serves to emphasize the dearth of
actual objective support for specific principles relating to posture
The followimng areas appear to be the only ones for which there 1s
such support

1 Postural reflev action

2 Stabibty of the erect standing position as evidenced by the
relationship of the line of gravity to the base of support

3 The wfluence of heredity tnd environment on posture

4 The relationshup between certan postural faults and two man
Afestations of faulty orgamic function namely orthostatic albumin
una and dysmenorrhea

In view of the fact that so much emphasis 1s placed on posture 1t
1s mndeed unfortunate that there 1s so little objective evidence that
our efforts are bemg made i the right direction The author 1s
nchned to be sympathetic toward Millers conclusions

aithough orthopedists and physical educators have
been worlang actively for the past fifty vears with the
problems mvolved m posture there 1s still a seemingly
unwarranted lack of agreement among pracutioners
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of both ficlds Three basic differences of opinion are
mmphcated wn this bewildering lack of unamumty (1)
whether any particular posture 1s more advantageous
physiologreally than any other posture (2) whether
prescribed physical activity can actually modify pos
ture and (3) whether 1t 15 possible to agree upon a
definition of good posture and upon a method of ac
curately measunng such a concept Emment authon
1es 1n both physteal education and medical arcles cin
be found to support erther side of any of these ques
tions °

In view of this Inck of cvidence nd these differences of opinion
what stand shall the kinesiologist take 1n regard to posture? Shall
he agnore 1t or shall he formulate tentative prineiples to guide him
m posture education and correction and shall he adhere to these
until they are defimtely disproved and mdications for other prmn
caiples have become apparent? The author believes that, exther con
sciously or unconsciously the physical educator the physical thera
pist and the occupational therapist are bound to be gwded by
some pnnciples of posture whether these are founded on fact or
conjecture Since 1t appears that the difficulty of devising an ac
curate measure of habitual posture wall always be a problem mn
posture rescarch the formulation of some gmding principles based
on the best knowledge that we have available incomplete though
1t be seems to the author to be justfiable It seems not only just
fiable but mmperative 1if we are to continue to teach body me
chames 1n our schools and chinics In full recogmtion of thewr mta
tions and hnowing that they may be superseded as new evidence
15 revealed by further research the following postural principles
are suggested

1 The weight bearing segments of the body are so aligned n
good standing posture that the hne of gravity passes through these
scgments within certan “normal limuts yet to be defined Such a
defimtion should erther be applicable to all physiques or it should
ndicate to what types of physique 1t 1s or 1s not applicable

2 Since Hellebrandt found that in every mdividual she had
observed the average location of the center of gravity was close
to the geometne center of the supporting base 1t would seem that
the relahon of the line of gravity to the base of support 1s not
necessanly mdicative of good posture

3 Qood standing posture 1s a position of extension of the weight
bearing jomts This should be an easy extension and should not be
accompanted by stramn or tension
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4 From the pomt of vicw of cnergy expenditure, good posture
would scum to b 1 position whieh requires 1 mimmum axpenditure
of energy for the mamtenance of good alignment Excess energy
evpenditure mdicates hypertonieity or poor nouromuscul i coord
nation, or both A posture requinmg n ibsolute munmum encrgy
expenditure docs not fulfill the requirements of good posture he
cause 3t 15 chircterized by “hanging on the higunents,  that 1
a dependence upon the hgunents of the waght banng joints,
rather than upon muscle tonus for resisting the downw ard pull of
grvaty

5 Good posture, m reposc 2nd m 1ctvity, pomits mechamealhy
efficient function of the jomts In other words friction 1 the jomts
15 mummized  tensions of opposmg hgunents e balweed and
pressures with the jomts ar¢ equihzed Hence the shedetal strue
ture 15 arclutccturally aind meehmically sound nd there 1s 1 mint
mum of wear and tear on the jomts

6 Good posture both static ind dynume requires normal mus
ce tonus Tlus mmplies 2dequate development of the antigravaty
muscles to resist the pull of gravity successfully and to mantamn
good alignment without excesstve cfort or tension It also implies
a balance between antaigomstic muscle groups There 1s no mdict
tion however that the stronger the muscles the better the pos
ture”

7 Good posture both stiic ind dynumic requires sufficient
fleability 1 the structures of the weight bearing jomnts to permut
good ahgnment without interference or strun Poor flexibility may
be caused by tight ligaments or fasciac by short muscles or by
hypertrophied muscles The fleability should not be so great how
ever that eacessive muscular effort 1s needed to keep the weight
bearmg jomnts m alignment

8 Good posture requires good coordmation Tis unplies good
neuromuscular control and well developed postural reflexes

9 Adjustments in posture can be made more readily by ndi
viduals who have a good hinesthetic awareness of the postures they
assume and of the degree of tension in their muscles

10 Good posture both static and dynimic 1s not detnimental to
any orgamic function

11 A relationship eists between habitual posture nd person
ality, also between habitual posture and emotional states

12 In view of the great vanety of human physiques aind md1
vidual differences n structure due either to heredity or to early

environmental mfluence there can be no smgle detailed deserip
tion of good posture



374 Underlying Principles of Basic Motor Shills

13 In the last analysis both the static and the dynamic posture
of any mdiidual should be judged on the basis of how well 1t
meets the demands made upon 1t

DEMONSTRATIONS AND LABORATORY E\ERCISES

1 To demonstrite the alignment of the body segments take from five
to seven lwge wooden blocks etch hiving 1 vertical hine painted 1 the
center of one side A layer of thick fclt should be glued to the top and
bottom of each block and 1 smnll hook serewed 1nto each of two opposite
sides

a Arrange the blocks m a straight column with the punted lines i
front Conncct the hooks on the mdes with elwstic bands The elashe

ligaments will be under equal tension and the felt cutilages under
equal pressure when the column 15 10 perfect "hgnment

b Now mnsert wedges between the blocks in such a way that every
other block tips to the left nd the alternate blochs tip to the night The
elastic ligaments will now be under unequal tension and the felt carti
lages under unequal pressure The zigzag alignment of the pamnted hnes
illustrates graphically the poor abgnment of the segments

2 To demonstrate good and poor "ignment of 1 single weight bearng
jomt such as the knee two blocks arranged like those descnbed above may
be used 1n a similar mapner

3 Demonstration and prictice of the postural rcflexes described by
Haynes

a Lymg face down contract the gluteal muscles by pinching the but
tocks together Note the mnvoluntary eatension of the spine knees and
ankles the supmation of the feet and the mcreised tension mn the ab
dominal muscles

b Lying face down raise one leg shghtly and extend 1t completely
Notice the ncreased tension in the muscles on the back of the other leg

4 Using the method described 1n the preceding chapter take antero
postertor Line of gravity pl phs of several sul representing
vanous postures After drawing the hine of gravity on cach photograph
observe them carefully and note the relition of the hne to the head
shoulders upper trunk lowcr trunk pelvis knecs 1nd ankles

5 Take ten anteropostertor line of gravity photographs of one subject
within a period of one weekh Compare these

6 Take anteropostcrior hine of gravity photographs of several subjccts
representing different physique types C vou mike ny generalizations
regarding the relation of phyvsiquc to posture?

7 Do an ongml posture studs wsth a small number of subjects
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Chapter 19

PRINCIPLES OF MOVING ONE’S
BODY

e waLs pown the street we run to catch a bus, we swim dance
jump and do gymnastic excrases These e but a few of the many
ways m which we move our own bodies Perhaps we nod to an
acquaintance wave to a friend rub our hand over our head shake
a foot that has gone to sleep—these are common examples of mov
ing parts of our bodies There 1s no movement we perform no
matter how small or inconsequentral that 1s not governed by spe
afic principles The basic mechanical principles are derned on
the whole from Newtons three lwws of motion md from the
ponaples of leverage These laws apply to all motion but the
specific behavior of the body n 1its obedience to these principles
may vary according to the environment m which 1t 1s moving and
to the nature of 1ts support Before considenng these laws how-

ever it may be well to review briefly the basic prinaples which
apply m all arrcumstances

GENERAL PRINCIPLES OF MOVING ONES OWN BODY

1 According to the Law of Inertia a body will not move until a
force 15 apphed to 1t There must be 1 constant or regularly re
peated application of such force when opposing forces are acting
on the body The force of gravity friction arr resistance and water
resistance are common opposing forces Whenever possible mo
mentum should be used 1n movements that involve continuous mo

fon i order to avaid the necessity of repeatedly overcoming
Inertia

Examples

@ In walking the nertia of the body has to be overcome at each
step because of the opposing forces of gravity arr resistance and
the restraining push of the forward foot as 1t makes contact with
the ground

3717
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expended, the feot succced in exerting only shght bichw ard force
aganst the loose nd shifting substince under tham, nd m return
there 1s 2 proportionicly shght reiction to send the body forw wd

d \thx{ the body 1s not supported by 1 sohd surfice, the “cqual
and opposite reiction to the tction of its parts occurs wathin the
body itsclf For mstmee 1 person who s jumped off the ugh
board, or who 1s loatng mn the water wall find that when he swings
both legs forward from the hips, the trunk will move forward to
meet them Or when he swings one wm it shoulder fovdd from
sideward to t forw rd position the whole body will tum on 1ts
longitudm il 2as tow ird the mosing arm

5 When the body 1s 1 whole 1s set m motion ather at will
undergo trinsltory movement 1s 1 locomotion or it will rotate
If 3t 15 i contact with the ground it will esther rotate tbout its own
vertical aws, or 1t will rotate hout successinve pomts of contict with
the ground In the latter mstance this will result mn translatory
movement of the body 15 1 wholc

Examples

a Walking and runnmg represent trnshitory movament of the
body as 2 whole brought about by angular movements of the lower
extremities In the supporting phsc of w kg the lowcer extremity
partially rotates tbout its pomt of contict with the supporting
surface that 15 the pomt where the foot 1s m contict with the
ground In « series of cartwhedls 1t rotates nbout each hand and
foot m succession In 1 forward roll st rotates about the hands
shoulders bach buttocks and feet (Fig 203)

In fapcy dives such as the one wnd 1 half half or full ganor

ete the body rotates about 1ts center of gravity at the same time
that 1t 15 moving 1 a parabolie pathway

b There appear to be four basic environments m wlich the hummn
ody moves These are s follows

1 The body 1s supported by the ground or other surface which
simulates the ground

2 The body 15 supported by water

3 The body 1s unsupported 1e 1t 1s projected or 1s fallng
through space

4 The body 15 suspended
There m1y of course be vanous combinations of 1 2 and 4
PRINCIPLES OF MOVING ONES OWN BODY ¥
WHEN IT IS
SUPPORTED BY THE GROUND OR SIMILAR SURFACE

\ }ll\Ilovements of the Body as a Whole When the body as a
Whole 15 set 1n motion 1t 15 parhcipating either 1 locomotion by
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b In swimmmg nd boating the chief opposing force 15 that of
wAter resistance  Strokes must be repeated regularly 1f movement 1s
to continue Of the three the human body the rowboat 1nd the
canoe the cnoe meets the least resistance from the water beciuse
1t displaces the least water and 1s the most streamlined m shape
Hence 1t will ghde the farthest before 1ts motion 1s stopped

¢ When coasting on a sled once the level ground 1s reached,
the sled soon comes to 1 standstill because of the opposing force
of friction

d In activities that requre 4 pull up followed by a push up asm
the pole vault and the breast up on a horizontal bar there should
be no pause between the pull and the push m order to avoid the
necessity of overconung the bodys mertin a second tune

2 Accordmng to the Law of Inertin foice 15 needed to change the
direction of 1 moving body

Lxample In walling and runuing exaggerated up and down
movements mean that additional force 15 bemg used unnecessanly
The same 1s true of exaggerated up and down movements pre
paratory to throwmg for distance putting the shot ete It 15 more
efficient to use ones energy for productive movement

3 According to the Law of Incrtta 1 body in motion will con
tinue to move until it 1s 1cted upon by an external force

Example When running although opposing forces are constantly
acting upon the body an additional force must be introduced
order to mrke the body lose 1ts momentum 1n 2 relatively short
space This 1s done by inclining the body backward and extending
the leg forwnrd at the end of the swinging phase 1n order to m
crease the restraining force of the forward leg when the foot strikes
the ground

4 According to the Law of Action and Reaction every action 1s
accompmed by an equal and opposite rcaction

Lxamples

a In walking runnmg jumpmg ete the foot 15 pushed agunst
the ground The ground pushes back with equal and opposite
force crusing the body to move forward or upwird s the case my
be For mstance mn walking runming and broad jumpmng the foot
pushes pnmanly backward and because of the counterforce of
the ground the body moves forward In vertical jumpmg the fect
push directly downward and the body moves upward

b In attempting to walk on smooth 1ce the foot tries to push
bachward but 1s unable to do so beeause of the absence of friction

Consequently the body docs not move formud When the feet
ful to give support gravity takes over

¢ In walking on sand or deep snow although much cnergy 1s
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Iig 203 The body rotatng, around its pomts of contact with the supporting
suface {Copied from Lalortc and Runmer The Tumbles s Manual by courtesy
of Prentice-1all Inc)

a A negitne hiteral distince between the fuet such 1s oceurs
when onc foot 15 plwed direetly m frout of the other nereases
the difficulty of muntunmg bilnce simee it decreses the width of
the basc of support

b A wide lateral distinee between the fect mercases stibility
but tends to cwuse 1 weavmg gut ind to make the body sway from
side to side

¢ The optimum position of the feet 1pperrs to be one i which
the mner borders fall approumately along 1 single strught line
'll;h:]s gives adequate stability and minimizes Jiteral motions of the

ody

Rotatory Movements of the Body as a Whole When the body
1s supported by 2 solid surface 1t can rotate either nbout its own
vertical anss, as when prrouetting on the toes or on shates or 1bout
1ts successive pomts of contact with the supporting surfice such
as the hands and feet i 1 cutwheel the hands shoulders back
buttocks and fect 1 a forward roll ete (Fig 203) Two prmciples
which apply specifically to rotatory movements of the body are as
fallows

1 Rotatory motion may be accelerated by shortenng the radis
and decelerated by lengthening the ridis For mstance pulling
the arms n close to the body while prouetting on 1ce shates will
mncrease the speed and extending the arms honzontally wall de
crease 1t

2 A long lever has greater veloaity at the end than does 1 short
lever moving at the same angular veloaity For mstance the hands
and feet have greater veloaity m 4 cutwheel than they do n a
forward roll

Movements of Segments of the Body The following princ
ples apply to movements of bodily segments movements m which
the body as a whole remams n approximately the same location

L Since a long lever has greater velouty nt the end than a short
fr‘x’sl‘ ;novmg at the same angular velocity m movements of the

the hand has greater velocity when the elbow 15 hept straight
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self propulsion or in rotation Locomotion 1s a form of translatorv
motion produced by angular motion of the extremities In order for
the body to propel itself 1t must be able to push agamst a resistant
surface In accord with the Law of Action and Reaction, its action
1s dependent upon the reaction of the supporting surfice The
prinaples bisted below apply speaificilly to walking  Apphications
to other forms of locomotion should be made by the student

1 Since propulsion of the body 1s effected by the diagonal

pressure of the foot agamst the supporting surface the efficiency
of locomotion depends upon counterpressure and friction

2 A body at rest will rem-un At rest unless ncted upon by a force

Since walking 1s produced by 1 pendulum Iike motion of the himbs,
the mertia of the body must be overcome at every step

3 A body in motion will continue m motion unless acted upon by
4 force Smce motion 15 imparted to the trunk by the backward
thrust of the leg the trunk has a tendency to contmue moving for
ward even beyond the base of support A brief restramning action of
the forward hmb acts as a check on the momentum of the trunk

4 Force appled diagonally consists of two components hon
zontal and vertical The vertical component in walking serves
to counteract the downward pull of grivity The honizontal com
ponent serves (1) m the restruning phase to chech forward mo
tion and (3) i the propulsive phase to produce forward motion
The honizontal component of force mn the propulsne phase must
exceed that m the restraining phase if the end result 1s to be
progressive forward motion

5 The speed of the gait 15 directly related to the magmtude of
the pushing force and to the direction of its application Thus force
1s provided by the extensor muscles of the hip knee and nkle
jomnts and the direction of apphcation 1s determmned by the slt
of the lower extremty when the force 1s being appled

6 The economy of the gait 1s related to 1ts ttming wath refercnce
to the length and weight of the imbs The most economical gut
1s one which 1s s0 timed 15 to permut 2 pendulum hike motion of
the lower extremities

7 Translatory movement of a lever 1s achieved by the repeated
alternation of two rotatory movements the lever turning first about
one end then about the other -

§ Walking has been deseribed as an alternating loss and recosvery
of balnce-> This bung so « new basc of support must be ¢s
tablished at every step

9 Stability of the body 1s dircetly related to the sic of the basc
of support In walking the Iateral distance between the feet 15 1

factor 1 balance
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and ur resistmee In aquatic locomotion the water 15 both the
supporting mccum nd the source of resistinee In swamming,
the hands nd fect depend upon the counter pressure of the water
m order that the forec my he trsmitted to the body Yt at the
sune time the body must overcome the resistinee fforded by the
water
Thus 1t 1 scen that the myor problums m the mechimes of
swimming e the nunumzmg of resistinee nd the wdy intageons
apphicition of forcc The swimmer reduees the resistance by stream
g Ius body position by rching m the recovery phise of the
strohe nd by dimimting uscless motions wmd tensions There e
my diffcrent strohes i swimming but they all involve either 1
pulling or 2 pushing motion of the wms nd ather 2 pincer or 1
thrusting action of the legs In order to gt maumum honzontl
propulsion from the arm wnd log movements 1t 18 necessary to
cdimmate upward downward md sidew wd components of foree
2s much 1s possible Swimming with ¢isc power nd efficency
requires 1 precise coordmtion of arm and leg motions of breath
g and of use of the trunk muscles 1 muntunng  optimum
position
The major prmeiples wluch apply to swimmng arc s follows
Principles Relating to the Application of Force
1 The body will move 1n the opposite direction from that n
which the force 1s pplied For mstance 1 backward thrust will
send the body forward downward pressure will hft it pressure to
the nght will send 1t to the left etc Hence in the crawl stroke too
much force at the beginning of the are will hve too grent @ down
ward component thereby tunding to hift the body This increases re
sistance and 1s a needless expenditure of energy In the breast
strohe the two arms balwnce each other hence too great an out
ward force at the begning of the stroke or mward force at the
end of the stroke does not produce Iateral motion but results 1n
a waste of energy
0 many aquatic stunts and life stving techmques the swimmer
deliberately pushes himself up or down by pushing lis hands and
feet aganst the water m the direction opposite to that in which he
wishes to move No matter how compheated the movement in a
i}):nchromzed swmmming technique 1t 15 brought 2bout by observing
e principle that a body moves m the opposite direction from that
m which the force 1s apphed
2 Maximum force 1s attained by presenting as broad 1 surface as
20£s1ble m the propulsive movements of the imbs and by exertng
\1d§(clkt\}:ard pressure through as great 4 distance as possible pro
1t undesirable forces are not madvertently mtroduced This
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and m movements of the leg the foot has greater veloaity when the
knee 15 kept strught

2 Centrifugal force 1s developed 1n circular movements of bodily
segments s m strenuous arm arcling This should be recogmzed
as 1 potential source of mwjury to the shoulder jont, since the cen
trifugal force creates a dislocating tendency

3 The momentum of ny part of 2 supported body can be trans
ferred to the rest of the body For mstance, if one stands with one
arm extended forward and then vigorously flings 1t horizontally
sideward backward the whole body will tend to follow the arm
This transfer of momentum could not take plice were 1t not for the
reaction of the supporting surface

PRINCIPLES OF MOVING ONES OWN BODY WHEN IT
1S SUPPORTED BY WATER

The problem of moving the body through the water 1s funda
mentally not so diffcrent from that of moving 1t on land As mn
walking, 1t 1s necessary to push against something in order to move
the body from one place to another The chief differences between
locomotion 1n the water and locomotion on land are that (1) m
the water the body 15 concerned with buoyancy rather than with
the force of gravity (2) the substance agamnst which 1t pushes
affords less resistance to the push (3) the medum through which
1t moves affords more resistance to the body and (4) as a means
of getting the greatest benefit from the buoyancy and of reducing
the resistance afforded by the water it 1s customary to mamtamn 2
horizontal rather than a vertical, position

Buoyaney duffrs with mdividuals and on the whole, 1t 1s greater
1n women than in men The averige purson has sufficient buoyancy
to float close to the surfice of the water The buoyancy of 1 body
1s mdicated by the amount of water 1t displaces Corresponding to
the center of gravity on land immersed bodies have a center of
buoyancy This 1s a center of balwmce m the water A human body
so laching mn buoyancy that it sinks to the bottom 1s 1 ranty The
practical problem 1 swimmmg 1s not to heep from smking as be
@nners are mehned to think but to get the mouth out of the water
at rhythmic intervals i order to permut regulir brewthing This 1s
2 matter of coordmation not buov incy

In swimmng s m Al motion the mtial mechameal problem
1s to overcome the mertin of the body Once the body 1s 1 motion
the problem 1s to overcome the forees which tend to hunder 1t In
terrestrial locomotion the body excrts its force ngamst the support
ing surface that 1s the ground m order to overcome mertia The
forces resisting the progress of the body are the force of gravity
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has too great a downw wd component nd hience too great 2 hiting
cffect Comverscly, too much force 1t the end of the strohe has too
great an upward component md henee 1 depressing cffict on the
canoc In order to mihe the cnoe mose smoothly m a honzontal
direction without unnccessary bobbing up nd down, 1t 15 essen
tial to reduce these two components to 1 mmmum and to put the
emplinss on the bichward movement of the blade

The techmaques of steenng the canoe e based on this syme pnin
aple Assummng that thae 1s only one paddler and that he 1s
paddhng from the center of the canoe if he wished to mowve the
canoe broadside to lus paddhng side he would put hus paddle m
the water blade paralle] to the kel directly opposite the center
of the canoe s far out 15 he could convemently nd safely reach
and then draw the blade squirely toward lum at night angles to
the heel of the canoe If he wished to move broidside 1way from
Ins paddling side, he would shice the blade into the water oppostte
the center of the cnoce and close to 1t with the blade parallel to the
Aeel and then push it directly away from him 1t nght angles to
the keel In order to turn the canoe he would have to reach erther
forward or backward nd press the blade toward or away from the
canoe at a pomnt s far from the canoes center of buoyancy «s he
could conveniently reach A drawing stroke nearer the bow would
make the canoe turn toward the paddling side a drawmng stroke
nearer the stern would mike the eanoe tumn away from the pad
dling side (The direction tiken by the cnoe as 1 whole 1s stated
m terms of the bow As the stern of the cance moves toward the
paddling side the bow moves away from 1t ) Steenng 2 canoe 1s
logical and simple when one remembers the prinaiple that move
ment occurs 1n the direction opposite to thit i wlich the force 18
applied, and at the same time remembers that 1 cinoe tends to
rotate about 1ts center of buoyancy when force 1s applied 1t any
pomt other than in line with this center

PRINCIPLES OF MOVINC ONES OWN BODY WHEN IT
IS IN THE AIR FREE OF SUPPORT

The unsupported body 1s eventually drawn to the earth by the
force of gravity Its mmtinl movement through space however may
be one of projection the direction usually bemg honzontally for
ward sertically upward or somewhere between the twe In diving
and 1 high jumping the projection 1s essentially m an upward di
Tection 1 broad jumping and m dismounting from a moving ve
Hicle 1t 1s more nearly horizontal There are two essential principles
which apply to moving the body when 1t 15 unsupported

When the body 15 unsupported momentum of the body s a
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mmplies that the full suiface of the hand should be used 2nd that the
hand should not enter the water so soon that 1t shortens the stroke
unduly In the crawl stroke care must be taken not to reach too far
however, as this mvolves Iifting the shoulder 1nd 1s hikely to mtro
duce a lateral force acting on the trunk

Prmnciples Relatng to the Reduction of Resistance

1 A rapudly moving body 1n the water leaves a low pressure et
immediately behind 1t This creates a suction effect and tends to
pull the body back Although this backward pull cannot be entirely
elminated 1t can be reduced 1 the crawl stroke by keepmg the
feet close together

2 The sudden or quick movement of a swimmer s body, or one of
its parts t the surface of the water tends to cause whurls and eddies
These create low pressure areas which have a retarding effect on the
swimmer They can be reduced by sheng the hand mto the water
and by ehmmating moyvements which do not contribute to forward
progression In the flutter kick movement of the feet mn the ur
does not contnbute to the propulsion of the body, hence the feet
and legs should be kept just below the surface of the water

3 The more streamhned the body the less the resistance to prog
ress through the water The streamlinng of the body m the crawl
stroke 15 accomplished by

a Carrying the head so that the water level 1s somewhere be
tween the hairlme and just below the eyes dependmng upon the
buoyancy and speed of the swimmer

b Caryng the body parallel with the surface of the water

¢ Carrying the buttocks just below the surface of the water

d kecping the legs ankles and feet close together

Application to Boating and Canceing ® On the whole the
prinaiples which apply to swimmmng apply also to boating nd
canoemng This 15 particularly obvious m canoemg for the paddie
1s used n much the same way as are the arms mn swimming The
use of the oars m rowing 1s more Iimited since they must be kept
1 the oarlocks at all times In paddling as in the arm movement
of the crawl strohe too much force at the beginning of the strohe

% Some readirs may object to the inclusion of boating and canoemng in a
chapter devoted to pnnciples of moving one's own body They argue that these
activities ase examples of giving tmpetus to m external object To the author
the argument thit tics are forus of locomiotion by self propulsion is just as
+alid as the other In hes opion the primary purpose of boating, and canoeing
1s Jocomotion of the sclf on the water and the locomotion of the eraft 15 of
secondary 1mportanct An ddional argument m fuvor of including the dis
cussion of rowing and paddhin. in this chipter is that the prncples of locomotion
1n the water arc the same regardless of whethers the locomotion 1s caused by
movement of the hands and fect or of oars and paddles
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has been projected 1t ¢ smmnlw angle by 1 corresponding force
Nothing the dier can do will alter the pathuay of lus center of
gravty once he has left the diving hoard

2 The only total movement which can be imtisted m the unsup
ported body 15 rotvhon wound ats center of gravaty 1t can be made
to rotate around 1 vertica] frontal honzontil or sagittal honizontal
aus, or any mtermedite tas Whereas either translatory motion or
rotatory motion cn be mtited i both the earth supported and
the water supported body, i the unsupported body there can be
no transhtory movement other than that ciwsed by gravity and
by the il projection The unplication of tius prinaiple 15 that
the diver must he lus couter of grasity ahcad of the board at

the moment of tahe off 1f he 15 to clear the bowrd when he comes
down

PRINCIPLLS OF MOVING ONES OWN BODY \WHEN IT
IS SUSPENDED

Chmbmng hangmg swinging wd other suspension activities were
more commonly engaged 1n by our ¢arly ancestors than by more
recent generations In the days of prmtive man and us forcbears
they were a common form of locomotion The modemn verston of
these brachial actnvities 1s seen 1 the trapeze achivities of the
aenal artist at the circus and 1n eaercises and stunts on the flying
nngs traveling rings, honzontal bar gh boom, stall bars, ropes
and vanous forms of hanging ladders m the gymnasium and on
the playground Ladder chmbing and brachial Jocomotion witheut
swiging are modifications of locomotion on the ground All
swinging movements of 1 suspended body are governed by the
prnciples of the pendulum nd of eircular motion

Principles Relating to the Mo ts of a Pendul

1 The movement of a pendulum s produced by the force of
gravity This presupposes a starting position m which potential
energy 1s present In other words the pendulum must be moved
from 1ts resting position before the force of gravity can mahe it
swing downward

2 The upward movement of a pendulum 1s effccted by the
momentum wiuch s developed n the downward movement

3 ‘The amphtude of 1 pendulum 1 the ringe of its swing, de
Pends upon the height from which its movement 1s mihated The
amphtude may be mereased by the application of extemal force to
the pendulum but at the moment of such application the pendulum
ts temporanly not bemng allowed to act as a pendulum

4 The time taken by the pendulum to make a single round trip
excursion {known as its period) 1s related to the length of the
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Fig 204 The body rotating around its own center of gravity (Copied from
LaPorte and Renner The Tumbler s Manual by courtesy of Prentice Hall Inc )

X

Fig 205 Front somersault dive in layout positon An example of rotatory
movement of the body as a whole when 1t 1s unsupported (Courtesy of H L

Edgerton }

whole cannot be developed This means that its center of gravty
cannot be displiced from s path of motion this pithway having
been determined by the force of gravity and the force of its pro
on into space Once the body 1s 1 the ur ats center of gravity

ech
: follow the sume pathway 1s that of any manim ite object which

will



Principles of Moumg Onces Body 359

off the wpparatus If the body docs braak loose, at will fly off at 2
tangent to the we of 1ts swing wd there 1 d mger of mjury

Additional Apphcitions of the Prmesples Which Pertam to the
Movements of 1 Pendulum

1 The il problan of the child on the swing nd of the
gymnast on the flying rngs 15 that of bung given potential cnergy
Ruling out the hedp of wwecomplice he must find 1 way of putting
tumself mto 1 posttion w which he will have potentid energy He
does this usunlly i one of three wiys He may move the appratus
to some position other than ats normal position of rest before he
suspends lumscJf from it (1e he pulls the nngs or swing as far
back 1s he e reach bofore getting on) s feet nay be able to
raach the supporting surfice when be 1s on the 2ppiratus,
which case hu e push Ius feet ygunst the floor or take little run
ning steps or he m1y use 1 pumpimg 1ction to get started For the
man swinging on the nngs this mvolves bending the legs up n
front of the body and then ctending them as high as possible This
puts them 1 a posiion 1 which grivity will act on them and the
downward movement of the legs cuscs momentum to be developed
which i tum 15 trmsferred to the rest of the body The range of
the arc of motion may be incrcased by the repetition of this pro
cedure on the forward upwrd phase of the swing The child m
the swing accomphshes the same result by mchmng the trunk
backward and rusing the feet forward e can start the swing even
more effectively 1f he can pull the ropes toward his body and at
the same time press forward aganst the seat

2 Imtiating a pendulum swing on the traveling rings 1s achieved
by flexing each arm alternately Because of the wide distance be
tween the traveling rngs tlus procedure moves the body a con
sderable distance from 1ts resting position, and thus puts it in
favorable position for the force of gravity to act on 1t

3 "ng\'essmn on the triveling mings 1s aclueved by releasing
the “rear hand at the rear end of the arc finging the extended
arm sideward downward shghtly 1n front of the body and ther
forcefully upward 1n a continuous arc of motion The momentum
developed by the arm turns the body toward the other arm and, as
the hand reaches for 1ts new pomnt of suspension the body has
made a half tum and 15 frang w the opposite direction This
brocess 1s repeated first with one arm and then with the other, and
with the body turmng first one way and then the other but always
as it 18 moving m the direction of the ultimate goal Unless suffi
cient momentum 1s developed the performer will have difficulty i
reaching the new pomt of suspension with his free hand

This activity depends for 1ts success upon the development of
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pendulum The longer the pendulum, the more slowly 1t swings
Speaifically the period of the pendulum 1s proportional to the
square root of its length
5 The penod of the pendulum 1s not mfluenced by 1ts weight
A heavy body will swmg no faster than a1 lighter one or vice
versa This 15 consistent with the behavior of freely falling bodies
6 As the pendulum swings downward, 1its speed increases as
it swings upwud ts speed dimmishes until the zero pomt ©
reached Hence, the pendulums spced 1s greatest at the bottom of
the arc and least {zero) at each end of the arc
7 The swinging body moves through an arc first m one direc
tion then m the reverse direchon Thus 1t undergoes partal rota
tion about a center of motion Smce this rotation t1hes place in a
vertieal plane the influence of gravitational pull must be taken nto
considerition  Whereas the force of gravity produces the down
wird swing, 1t opposes the upward swing Nevertheless it 15 1
directly responsible for the latter since the upward swing 1s caused
by the momentum which was built up i the preceding downward
swing Rotation of a body in the vertical plane can be accelerated
by shortening the radius (1e distance between the body s center of
gravity and the center of rotation) on the up swing and lengthen
g 1t on the down swing Since m the movement of 4 pendulum,
speed 1s greatest at the bottom of the arc shortening the rads at
thns pomt accelerates its speed (1e 1ts angular velocity ) more than
m any other position
Obsenvation of this principle provides the means for attuning
greater height m swinging on the flymg rings or trapeze As the
body passes under the pomt of support (1e the center of rott
tion) on 1its forward swing the knees should be brought up
front of the body Toward the end of the up swing the legs should
be extended as hagh as possible On the entire back swing and on
the forwnrd down swing the body should be relaxed i the ex
tended position
8 When a pendulum reaches the end of its arc just before 1t
reverses 1its direction 1t rcaches 1 zero pomt 1n vclomty At this
precise moment the force of gravity 1s momentinly neutrahzed by
the upward momentum Also centrifugal and centnipetal force neu
tralize each ather at this moment The performcr can tihe advantige
of this situntion by using this moment to perform trick move
ments ke reversing the grisp ind faang i the opposite direction
performing cut offs on the truneling rings ete
9 Since the movement of 1 pendulum s areular the chare
tenstics of circular motion apply The grasp of the hands must con
stantly combat the tendeney of centnifugnl force to pull the body
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weight equally for + moment then the sceond hand s released and
Drought tow wd the first hand, while at the same time the first hand
1s pulling 1aterally on the ppiratus This proedss s repeated

DEMONSTRATIONS AND LABORATORY LALRCISES

1 Perform, or obscnve somuone clse purform cich of the following
and i each case iduntify the force that stops the motion of the body

a Shde on the 1ce or shppery floor

b Jump vertically upward

¢ Plunge for distance an the pool

2 Obsenve somcone performmmg 1 vertical jump (@) with and (b)
without the help of lus arms Compare the height of the two jumps by
noting the level of the top of lus huad A chart consisting of numbered
honzontal hines should be suspended behnd the subject and the obsunver
should stand on a bench squarddy facing the subject and chart This
experiment should be repeated several times and with several subjects 1
order to minumze chance vartions in the power of the leg action

8 a Twil on the toes (preferably on ice shates) with the arms held
close to the body then extend the arms sideward before the angular
momentum 15 spent

b Repeat tlus expeniment  starting with the arms extended sideward
at shoulder level then pull them i close to the body before the angular
momentum 1s spent

What 1s the effect of extending the arms i @ and of pulling them close
to the body 1n b? What prinaiple 1s illustrated?

4 If you are a reasonably shillful performer do a backward roll (a)
starting from a squat position and (b) from a standing position What 1s
the advantage of the latter method and what are the cluef problems® What
principles are illustrated?

Do the arm movement of the crawl stroke and deliberately press
hard with the hand as soon as 1t enters the water and at the end of the
stroke nstead of tahing the hand out of the water at the proper time
continue the movement of the arm until the hand has pressed upward
against the water What 1s the effect on the body of these two errors in
the crawl strolep

6 Observe or perform the following swimmung stunts and analyze
them i terms of the direction 1 which the body 1s moved and the direc
tion of the appheation of force

a Dolphin

b Sue sculling

¢ Foot foremost surface dive

d Little man 1n a tub
lhe7 kObserve or perform a somersault dive in (a) the tuck position (b)
o t}f: Sl; tiodm‘:\fo; t;\trlx:)i (C)dl?}? full ]iyoutfposxtmn What 15 the difference

n an um]
Wh?; %nnmple 15 llustrated? e ex of turns possible 1n a given space?
tudy d or pho phs of several duff
and note the position of the pelvis at the mstant of take-off 1n eag}iveosf
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adequate potential energy, or energy of position, to assure sufficient
kinetic energy to enable the body to mse to the sume height at
which 1t started When the body 1s suspended by one hand the
only force producing the swing 1s the force of gravity Attempts to
use muscular force to increase the height of the swing result m
jerky, unproductive movements which mterfere with the smooth
pendulum hike motion of the body For effective hand traveling
the prnciple of the pendulum needs to be kept m mind namely
that the motion of a pendulum depends upon the force of gravity

4 The timing of such activities as the cut off on the travelng
nngs upnses on the horizontal bar, changing hands and turning
the body around on the flymg rings or trapeze 1s governed by the
fact that the force of grawvity and the upward momentum of the
body momentanly neutralize each other at the moment that the
pendulum reaches the end of 1ts arc just before 1t reverses 1its &
rection

5 Ifatis deswrable to control the speed of swinging for any reason
the supporting ropes should be lengthened for a slower swing and
shortened for a faster swing

6 Centrifugal force increases the difficulty of mamtaming ones
grasp on the rings or trapeze If the performer loses his grasp his
body obeys Newtons first law of motion and flies off at a tangent
to 1its previous arc of motion For this reason great care must be
taken with begmners and cluldren The instructor should watch
thewr hands for mdications of shpping and should teach them to
dismount on the forward swing preferably just before the base of
the arc 1s reached The experienced performer however will find
1t more desirable to dismount toward the end of the forward swing
once he has learned how to receive the mmpact of his own body by
losing s hnetic energy gradually (see p 394)

Prmciples Other Than Those Relating to the Movements of 2
Pendulum In hand traveling without swinging the body 1s not
moving hike a pendulum Locomotion by this means 1s stmilar to
locomotion on the ground or in the water 1n that 1t depends upon
the principle of action and revction As 1 walking force applied
agamnst a supportig surface m one direction will cause the body
to move in the opposite direction The movement 1s similar to side
stepping 1n that the body moves sideways The lateral appheation
of force may seem to be imperceptible yet without 1t the body
would not progress laterally Hand traveling without swinging on
a boom or horizontal ladder 1s achieved by alternately moving
first one hand away from the other hand and then moving the
second hand toward the first As the first hand moves the second
hand pushes Iaterally agaimnst the apparatus Both hands share the



Chapter 20

PRINCIPLES OF RECEIVING
IMPETUS

Inperus i the words of Websters Dictionary, 15 “the property
possessed by a moving body m virtuc of its mass and 1ts motion,
apphied commonly to bodics moving suddenly or violently  Thus
both the human body stsclf and the objects that it handles may
possess impctus If two men of uncquil waght e runming at equl
speed, the heavier man possesses greater ampetus than the highter
Conversely, 1f two men of the same wught are runming at dfferent
speeds the faster runner possesses the greater impetus These are
examples of snpetus associated with horizontal motion, particularly
that of sclf propulsion  Horizontal motion 15 cxpenenced also by 1
man who 1s nding on a horsc trun or other vehicle, even though
he appcars to be motionless The motion of the vehiele 1s imparted
to lum as 1s seen if he falls off the horse or jumps from the moving
tramn Added to the impetus of the honizontally moving vehicle 1s
the 1mpetus of the downward motion rcsulting from the fall or
Jump No wonder then that broken bones are so likely to result
from falls off horses and jumps from moving truns

Impetus from vertsical motion 1s expenenced by anyone who falls
through space Such motion which occurs subsequent to 1 down
ward jump a dive, or an 1cerdental fall, has a rapidly increasing
veloaity due to the effect of gravitational force Falling bodies are
known to mcrease therr veloaty at the rate of 32 feet per second,
each sccond When the body lands on a supporting surface 1ts
impctus 15 smd to have been recerved Likewise the impetus of 1
honzontally moving body 15 recaved when 1ts motion 15 stopped
as the result of contact wath 1 resisting surface such as a wall or
other obstaclc

Examples of rcceving the unpetus of external objeets are com
monly secn i sports Baseballs are caught or ficlded with the hands
hockey balls and pucks are rccerved with a stick, soccer balls are

393
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these This provides the basis for a rough estimate of the position of the
center of gravity What do you estunate to be the position of the center
of gravity relative to the end of the board?

9 In the same illustrations note the direction of the application of
force Just prior to the take off Is it vertically downward® If not how does
1t deviate from the vertically downward direction?

10 Lie on the side n the water and swing both legs forward vagorously
heeping both knees straght Does the trunk move? If so how? What
principle 1s illustrated?

11 Obsene an experienced diver make the following jumps and note
any movement of the tru

a Jump feet first from 1 hugh board and on the way down turn both
feet to the left

b Jump feet first from a lagh board with both arms extended sidewrd
at shoulder level and on the way down swing the nght arm honzontally
forward

12 Hang from a parr of flymg nings which are high enough to enable
you to clear the floor with your feet Hang motionless for a moment and
then start swinging without help from anyone else How did you imtiate
the swinging movement?

13 Swmng on the flymg nngs At the end of the forward swing at the

when the um of the swing and the force of gravity neu
tralize each other reverse the grasp of one hand The ability to do this
easily 1s an idication that you have timed the movement correctly

14 Swing on the flymg nngs or trapeze without attempting to get
much height Practice dismounting from various positions and notice the
effect on the body As a safety precaution be sure that there are no pieces
of furniture or apparatus n your way and have plenty of mats on the floor
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prevention of myury 1 cadental falls 15 this hind of nstruction,
followcd by the prictice of 1 vty of falls until the tcchmques
have been mastered This hedps more thwn unthmg cse to s
tablish the nght pattems, pattans which will be followad auto
matically when eadental fills occur

The problums mvohed m recaving the mpetus of externil ob
Jects apperr to he threcfold pamcdv wouling mjury  muntumng
equibbrium, wnd recanving the object wath weuricy nd control
As 1 the c1se of recaning the mpetus of ones own body, avoud
ance of mjury m catdung or recaving exterml forees 15 aclievcd
by mercasing the distance over wlich the objects hanctic energy
15 Jost When caitching 1 swaft baseball the expenenced pliyer will
not held his hands ngidly m front of jum, but will “give wath the
ball By moving Ins hinds toward Ins body through 2 distance of
10 to 20 mnches 1s he rcceives the ball he 1s making it possible for
the balls kinctic cnergy to be lost gridually Tlus same principle
1s Iikewise truc for the pliyer who 1s reiching for a ugh ball with
one hand The citended rm acts as 2 lever the foree bemg ap
pled by the impact of the ball on the palm The “moment of
force 15 therefore the product of the force of impct and the length
of the arm In the case of 1 fast ball tlus cn put a tremendous
stramn on the shoulder jont as well «s endanger the bones of the
hands To avoid njury the player should gne by reaching some
what forward for the ball and drawing lus arm back at the moment
of mmpact also by rotating lus body nd by stepping back if the
force 15 sufficiently great If he lets the elbow flex shghtly, he wall
shorten the lever of his arm and thus reduce the moment of force

Another factor n avoiding mjury when catching swift balls 1s
the position of the hands Begmners often rench with outstretched
arms and point their fingers townrd the approaching ball This
leads to mny a “bseball finger The fingers should be pomted
either down or up 1ccording to whether the ball 1s below or above
waist level

The mamtenance of equilibnum 1s an important problem m re
cewing the impetus of esternal forces A swift ball or a sudden
blow can easily catch us off balance and cause us to lose our
equlibrium There 1s httle advantage to catchung a swift ball with
accuracy and safety 1f i the process of catching 1t we fall over
backward The stance 15 of great importance here Widenmng the
stance 1e  the base of support mn a direction at night angles to the
fhight of the approaching ball does httle to mcrease the catchers
stability The base needs to be widened m the direction of the

balls fiight and thus make 1t possible for the catcher to shift hus
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trapped with the feet, and blows from an opponents fists are re
cewved by vanous parts of the body Examples of recewng the
mnpetus of external objects are also seen mn industry and m daily
Life Cartons and tools are tossed from one man to another red
hot rivets are tossed and caught with tongs victims from a fire are
caught 1 nets

Problems and Prmeciples What are the particular problems
mvolved 1 these diverse forms of receiving impetus and what are
the prinaples which enable us to solve these problems satisfactonly?
Considering first the reception of the body's own mmpetus, the chief
problems would seem to be those of avoiding njury and of re
gaming equhbrium promptly It 1s the abrupt loss of motion re
sulting from colhsion with an unyielding surface that 1s ikely to
cause 2n mjury To use more technical terms, and hence more
exact ones all moving bodies possess what 15 known 25 Lmetic
energy—the energy of motion Like impetus and like momentum
linetic cnergy 1s related both to the mass of the body and to its
veloaty (Momentum = mv lmetic energy = % mv? ) In order
to avoid mjury from too abrupt a loss of hinetic energy 1t 15 neces
sary to find some means of losing it more gradually This 15
achieved only by mcreasing the distance over which the ket
energy 1s lost The vanous devices we use for absorbing the shock
of impnct serve this purpose

Another factor m mnjury which should not be overlooked 1s the
relation of the force of 1mpact to the size of the area which bears
the brunt of the impact A force of 100 pounds concentrated on 1
square mch of body surfice for mstance 1s hlkely to cause more
sertous mjury than 1s the same amount of force spread over n aret
of 36 squire mches The problem here 15 clearly to increase the
size of the 1ren which receives the force of impact Tlus 1s especiilly
important when there 1s limited opportunity for mcreasing the dis
twnce over which the hinetic energy 1s lost

The problem of reguning equilibrium 1s largely a problem m
controlling the plicement of the limbs n preparation for landing
for equlibrium 15 reguned when an adequate base of support 1s
established Tlis imphes sufficient control to plice the feet, or
perhaps both the hands and the feet n a position which will pro
vide 1 favorable base The problem of regunmg equilibrium s
closely rdated to that of “oiding mjury since the establishing of
an adequate bisc 1s dependent upon the mtegrity of the bones and
yomts wluch recave the force of impact

Various methods of falling are taught in classcs of tumbling and
modern dance Pcrhaps onc of the most effective mesures for the
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Fig 206 Effecting a gradual loss of kinctic encrgy by bending the knces
upon landing from a jump (Copied from Wegener Track and Ficld Athletics
by courtesy of A § Barnes and Company )

@

[

5]

N

feet and immediately lct the ankles hnces and hips flex con
trolling the action by means of eccentric contraction of the ex
tensor muscles of these jomnts (sce Fig 206)

When honzontal motion 1s terminated by a fall or jump, as in
the case of falling off a horse tnpping and falling when running
jumping off 2 moving vehicle cte attempt to dimimish the hon
zontal motion gradually by rolling ling taking a few
running steps or doing a sencs of “frog jumps”

When landing from a jump if the suggestions n 3 are not ade
quate attempt to transfer the downward mohon of the body to
honzontal motion by rolling or somersaulting

When landing from a fall following horizontal motion if the sug
gestions in o are not feasible attempt to take some of the weight
on the hands letting the arms “gve  at the wrists elbows and
shoulders When falling forward in an extended position attempt
to arch the back as the hands take the weight turn the face to
the side and rock down on the front of the body This method
15 especially applicable to tripping and falling when runnmg

Apphications to recewving the impetus of external objects
1

Wear a thickly padded glove when catching fast balls This
reduces the shock of impact by effecting a shightly more gradual
reduction of the ball s veloaity The greater the mass of the ball
the thicker the padding needed

When catching a ball with both hands  give with the arms by
pulling them m toward the body at the moment of impact and 1f
necessary shift the weight backward and take a backward step
or two

When catching a high ball with one hand allow the arm to mave
honzontally backward and rotate the body m the same direction

By bending at the elbow the hikehhood of straming the shoulder
will be reduced By placing oneself i a favorable position m the
first place the need for overreaching will be prevented

The method of reducing hinetic energy gradually when catching
a ball may be adapted i such a way that 1t will serve as the



396 Underlymg Principles of Basic Motor Shills

weight from the forward to the rear foot at the moment of impact.
Ths not only increases his chances of maintaming his equilibrium,
but also contributes to the gradual reduction of the balls motion

Shilifulness n recerving a swiftly moving object 1s charactenzed
by accuracy and control These qualities are achieved 1n part by a
gradual loss of kinetic energy the same factor that 1s responsible
for avoiding mnjury This contubutes to accuracy and control by
serving as a safeguard agamnst rebound Additional factors m ac
curacy mclude viston judgment, and adjustment of the position of
the body as a whole as well as of the part directly concerned with
recewving the object “Keeping the eye on the ball” 1s essential to
judgmng 1ts speed and direction, and hence to adjusting the pos:
tion of the body Thus accurate judgment depends upon accurate
wvision and accurate adjustment of the body depends upon both
of these as well as upon agility and smoothness of neuromuscular
response Together these factors make up what 15 known as “hand
eye and foot eye coordmation To a certan extent this 1s mnate,
but 1t 15 also developed and improved by practice

In receiving both the impetus of ones own body and that of ex
ternal objects an mmportant factor to be considered 1s the subse
quent movement one expects to make It may be the determining
factor m deciding on the stance to assume For mstance if a run
1s anticipated a forward backward stance will be more favorable
than a lateral one Furthermore 1t will be desirable to have the
weight over the forward foot If a catch 1s to be followed wm
mediately by a throw the movements used for “giving” may be
blended mnto the preparatory movements of the throw These are
fine pomnts which have much to do with the degree of ones skill
m an activity

In summary the prmaples to observe mn receiving impetus  both
that of ones own body and that of external objects are stated be
low together with some representative apphcations of these prin
aples

SUMMARY OF PRINCIPLES OF RECEIVING IMPETUS
Principles Related to Avording Injury

[ The more gradually the hinetic energy of a moving body 1s lost the
Tess hikely 1s the loss to cause njury
A Apphications to receing the impetus of one s own body
1 For landing from jumps wear rubber soled shoes and use land
g pit or gymnasium mat
2 When landing from a fall attempt to land on the more heawily
padded parts of the body
3 When landing from a jump attempt to land on the balls of the
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Fig 208 Effecting a gradual loss of kinctic enurgy by bending the knees
upon landing from a jump {Copied from Wegener Trach and Ficld Athlctics
by courtesy of A S Barncs and Company )
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feet and immediately let the ankles, hnces and hips flex con
trolling the achon by means of eccentne contraction of the ex
tensor muscles of these joints (sce Frg 206)

When henizontal motion 1s terrminated by a fall or jump as m
the case of falling off a horse tnpping and falling when running
jumping off a moving velucle cte attempt to dimmish the hon
zontal motion gradually by roling somersaulng taking a few
running steps or doing a senes of “frog jumps ”

When landing from a jump 1f the suggestions in 3 are not ade
quate, attempt to transfer the downward motion of the body to
honzontal motion by rolling or somersaulting

When landing from a fall following honzental motion 1if the sug
gestions in 4 are not feasible attempt to take some of the weight
on the hands letting the arms give” at the wnsts elbows and
shoulders When falling forward 1n an extended position attempt
to arch the back as the hands take the weight turn the face to
the side and rock down on the front of the body This method
1s especially appheable to tnpping and falling when runming

?ppllcahons to recewving the 1mpetus of external objects

Wear a thichly padded glose when catching fast balls This
reduces the shock of impact by effecting a shightly more gradual
reduction of the balls velocity The greater the mass of the ball
the thicker the padding needed

When catching a ball with both hands “give wath the arms by
pulling them 1n toward the body at the moment of smpact and 1f
nectessary shift the weight backward and take a bachward step
or two

When catching a hugh ball with one hand allow the arm to move
honizontally backward and rotate the body 1n the same direction
By bending at the elbow the Likelthood of straining the shoulder
will be reduced By placing oneself m a fayorable position m the
Hrst place the need for overreaching will be prevented

The method of reducing kinetic energy gradually when catching
a ball may be adapted m such a way that 1t will serve as the
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preparatory movement for throwing In catching a bashetball
for instance swinging the arms down to one side and rotating
the body not only assure a gradual loss of the ball s velocity, but
also serve to put the hands and ball in a favorable posiion for
throwing The transttion from catching to throwing 1s thus made
with one continuous motion
5 The prncaiple of givng when catching balls apphes also to
spotting and to receiving m apparatus work 1n the gymnasium
In recen ing the weight of another person the giving 1s effected
by a lowenng and bending of the arms and bending of the knees
or by taling several steps according to whether the motion 15
chiefly vertical or honzontal
1L The larger the area of the body which receives the force of impact the
less will be the force per umt of surface area The pplications of this
principle are hmited to the act of landing from a fall
When faling forward rocking onto the front of the body serves to
increase the area which recenves the force of impact as well as to
effect a gradual loss of kinetic energy
When one seems to be in danger of falling on the elbow a shght
twist may make 1t possible to roll onto the upper arm and shoulder
and thus mcrease the area receiving the force of impact
3 When one seems to be in danger of falling on one knee, 1t may be
possible to twist onto the side of the leg and rock onto the side of
the thigh perhaps using one arm to help absorb the shock
Prmaiples Related to Mamtaming and Regamning Equihbrium
Other things bemg equal the larger the base of support and the
better centered the center of gravity above this base the greater
will be the body s equilibrium
A Applications to recenving the impetus of one s own body
1 In any jump or fall the body s equilibrium 1s temporanly lost In
order to gam prompt control of the body upon landing a favorable base of
support can be established by 1djusting the position of the feet before land
g m such 1 wy that they will provide a base of adequate width when the
Tinding 1s made °
2 In connection with the above the position assumed by the feet should
be such that it will facilitate the equil distrbution of body weight over
them
8 External aids to making a controlled landing include a smooth land
ng surface and appropnate footwear These help to prevent tumed ankles
and stubbed toes which might spoil an otherwise good lunding
4 When one Jands with so much force that 1t 15 difficult to estabhish an
adequite base of support with the fect alone one or both hands should

[S)

The practice of teacling landing with the feet togcther when vaulting over
gy mnastic apparatus 1s not n Leeping wath Ahas pnnople This method of landing
15 not to be condemned for that reason but 1t should be recognized as a test of
Jull The skillful gymnast can regam lus balance 1n spite of a narrow base of
support Beginnrs should be permitted to land with therr fect separated
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be used to stablish 1 temporay base Tuge cnough to ssure a qu ch
recovery of cqulibrium

5 In order to provide m adequate buse of suppurt for the recovery
of balaee following forcful honzont il movements the Tirger dunension
of the bisc should be pardlcd wath the dircetion of e honzontal move
ment This will necessitate 1 forn ird bichw ard stance of one s freng i
the direction of the honzontil motion It will necessitite + sideward stanec
if one lands faung sidew ird with refurance to the dircction of motion
This adjustment of stance 15 pirticulurly appheble to v witng and tum
bling activibies When one tnps while running the body wtomatieally uscs
this method 1 1ts attempt to present 1 Hill

B Applications to recens ing, the mpetus of caternal objeets and forces

1 In preparition for catching a swift ball wspecritly & heavy one ke
a mediane ball assuming a moderitely wide stace with the fect sepa
rated 1n the dircetion of the pproachung ball will cnable the catcher to
heep hus balance It also cnables hun to mcre s the distance for stopping
the ball s velocsty

2 When standing, 1n 2 moving trun or bus balwee 1s mamtaned more
readily as the vehic'e accelerites and decclerates if one takes a moderately
wide stance. paralle] with the long wis of the vehicle in other words wath
the dircction of movement

3 If the body 1s subjected to pushes pulls or blows it can mamtamn
and regain balance more readily 1f the foct are separated in a stance which
15 parallel with the direction of the force

Principles Related to Accuracy and Control in Receiving Ex
ternal Objects

1 The more gradually the velocity of an eaternal object 15 reduced the
less ikely 15 the object to rebound when sts impetus 1s recened

All of the methods suggested for avording mjury when recenving the
mpetus of external objects also apply to preventing rebound

2 heep the eye on the ball Whether the object whose mpetus s
about to be recenved 15 a ball a carton or a fist heeping the eyes on 1t will
f:rr;‘able v.:;:e to judge 1ts speed and direction and to respond accordngly
oules;ten ency of some novices to shut the eyes should be checked at the

3 Catching an external object with aceuracy and control 1s largely de
pendent upon the position of the catcher rehtive to the direction of the
?Sllzlx’;oeﬂfstmga(l)l;]ﬁctc tPuttfmg oneself in tht; most f1vorable position possible
tson of ampy x]le 1we for accurate catching This 1s basic to the preven

ry and to the mantenance of equlibnum

DEMONSTRATIONS AND LABORATORY EXERCISES

I Jump from a low bench to the floor landing on both feet
¢ Landing with mmmum give that s with as httle flexion 1t the
anlI\Ies knees and hips as possible
ané]Lam:(mg with maximum gne  that 1s 1llowing the ankles Lnees
ps to flex to a full squat posiion The head should be Rept erect
¢ Landing as in } but looking down at the feet



398 Underlying Principles of Basic Motor Shills

preparatory movement for throwing In catching a basketball,
for stance swinging the arms down to one side and rotatmg
the body not only assure a gradual loss of the ball s veloaity but
also serve to put the hands and ball i 2 favorable position for
throwing The transiion from catching to throwing 1s thus made
with one continuous motion
5 The prnciple of giving when catching balls apples also to
spotting and to receiving in apparatus worh m the gymnasium
In recenving the weight of another person the giving 15 effected
by a lowenng and bending of the arms and bending of the knees
or by taking several steps according to whether the motion 15
chiefly vertical or horizontal
If The larger the area of the body which recenes the force of mmpact the
less will be the force per umt of surface area The applications of this
prnciple are limited to the act of landing from a fall
When falling forward rocking onto the front of the body senves to
mcrease the area which recenes the force of mmpact as well as to
effect a gradual loss of kinetic cnergy
2 When one seems to be mn danger of falling on the elbow a shght
twist may make 1t possible to roll onto the upper arm and shoulder
and thus ncrease the area recetving the force of impact
3 When one seems to be in danger of falling on one knee 1t may be
possible to twist onto the side of the leg and rock onto the side of
the thigh perhaps using one arm to help absorb the shock

Principles Related to Mamtamng and Regammg Equilibrium
Other things bemng equal the larger the base of support and the
better centered the center of gravity above this base the greater
will be the body s equilibrium

A Applications to recening the impetus of one s own body

1 In any ump or fall the bodys equilibrium 1s temporanly lost In
order to gun prompt control of the body upon landing a favorable base of
support ¢ 1n be established by adjusting the position of the fect before land
g in such a way that they will provide a base of adequate width when the
landing 1s made *

9 In connection with the above the position assumed by the feet should
be such that 1t will facihtate the equil distribution of body weight over
them

3 Eaternal aids to making a controlled landing mnclude a smooth land
sng surface and appropriate foatwear These help to prevent turned ankles
and stubbed toes which might spoil an otherwise good landing

4 When one lands with so much force that it 1s difficult to estabhsh an
adequate base of support w 1th the feet alone one or both hinds should

® The practice of tcaching landing with the feet together when vaulting over
gymnastic apparatus 1s not keeping with this pnnaple Tlhis method of landing
15 not to be condemned for that reason but it should be recognized as a test of
dull The shillful gymnast can regun bis balance 1n spite of a narrow buse of
support Begimners should be permutted to land wath their feet separated



Chapter 21

PRINCIPLES OF GIVING IMPETUS
TO EXTERNAL OBJECTS

A Man PUSHES 2 lawnrc ser across lus Liwn, an archer shoots an
arrow from tus bow a baseball pitcher throws a baseball across
the plate and the batter huts it wto center field a camper paddles
lus canoe upstream, a school teacher opens the window, a house-
wife shuts the shdinz door of her closet, a porter Lifts a suitcase and
puts 1t up onto the rack. 4s widelv diverse as these activities may
seem, they have a common denommator Thev each involve the
@ving of impetus to an external object, whether this 1s done darcctly
by some part of the body as the hand or the foot, or whether 1t 1s
done through the medium of an implement ke a baseball bat
Together with activities of recenving the impetus of external ob-
jects they compnse the group of activities referred to 1s mampuhe
tve skills With possibly a few exceptions the actvities m this
group may be classified 1nto the following three major categones

1 Activities charactenzed by the contnuous applicition of
force eg pushing, pulling and hfung

2. Achivities ch enzed by the development of kanetic energy
m a movable object, followed by the release of the object at the
moment of maxmum velooty All throwing activites are mecluded
i this category including throwing with an implement as m la-
£rosse

3 Activities ch 1zed by a y contact made with
an object by a moving part of the body, or by an implement held:
by or attached to a moving segment of the body The object atself
may be either stationary or moving This category wncludes all
forms of striking such as hittng wath the hand (as 1n handball)
stnlang with a club or racket (as in baseball, golf and tenmis),
lacking and heading (as n soccer) ete

The two activities which do not seem to belong speaifically to any
of the categornies described, but which combme the charactenstics

401

e



400 Underlying Principles of Basie Motar Shills

Which method 15 preferable? Why?

2 Tnp on the edge of a mat and fall forward landing first on the knees
then on the hands

@ Reeping the arms rigid elbows straight

b Letting the elbows flex, arching the back roching down onte the
abdomen and chest with the head turned sideways

3 Jump down from a table or gymnasium box using the parachute
landing techmque that1s landing on the toes wath the feet together bend
g the knees shghtly and tummg sideward rolling onto the side of the
leg thigh and hip then onto the bach of the shoulder, keeping the arms
close 1 front of the chest and the head flexed forward

4 Catch a medicine ball thrown straight toward your chest

a With your arms ngidly outstretched

b Wath your hands held close n front of vour chest

2 With your arms outstretched at first but brought mn toward your
chest at the moment of impact

Which method 1s preferable? Why?

5 Recerve a hard dmve 1 field bockey (a) with and (b) waithout
“gnng with the stich Compare the results both as to control of the ball
and sensation mn the hands
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of impetus to external objects re presented below  Anatomie and
mechanical prnciples pertuning to speaific forms of these skills re
mcluded 1n some mstances

Prmciples of Giving Impelus to an External Object

1 Relating to the magmtude of the force

The object will move only if the force 1s of sufficient magmtude
to overcome the objects mertin The force must be great enough
to overcome not only the mass of the object, but all restraining
forces as well These anclude (1) friction between the object wnd
the supporting surface (2) resistance of the surrounding medium
(eg, wind or water), and (3) the effct of leverage By the latter
1s meant the product of the objects weight (or the resistance foree)
and the weight arm (or resistance arm) of the lever Other things
being equal, the shorter the weight arm of - lever the less force
required to move 1t.

2 Relating to the direction of force

a The direction 1 which the object moves 1s determined by
the direction of the force applied to 1t If the force consists of two
or more components, the object will move in the direction of the
resultant of those components (see p 318)

b If an object 1s free to move only along a predetermmed
pathway (as 1 the case of a window or shdmng door) any com
ponent of force not 1n the direction of this pathway 1s wasted and
serves to ncrease friction

3 Relating to the point at which the force 1s applied

a Force applied in Iine with an objects center of gravity will
result n linear motion of the object provided the latter 1s freely
movable

b If the force applied to a freely movable object 15 not m
line with the latters center of gravity, 1t will result 1n rotatory mo
tion of the object

¢ If the free motion of an object 15 mterfered with by friction
or by the presence of an obstacle, rotatory motion may result even
though the force be apphed m hine with the center of gravity

4 Relating to the interaction between the body and the support
ng surface

Force exerted by the body will be transferred to an external
abject m proportion to the effectiveness of the counterforce of the
feet (or other parts of the body) agamst the ground (or other
supporting surface) This effectiveness depends upon the counter
Pressure and the friction presented by the supporting surface

Applications to Pushing, Pulling, and Lifting The chref con
cern 1 these activities 15 economy of effort and avoidance of stran
Economy of effort 15 assured when the force 15 apphed 1 hne with
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Fig 207 Giving impetus to an external object A Putting the shot B batting
a baseball C chopping a tree

of two or three of them, are archery and the use of a shng shot In
these activities the body indirectly apphes force to a movable object
through the use of an elastic structure with which the object 1s m
contact Potential energy 1s imparted to the elastic structure by
means of a pull When the elastic structure 1s suddenly released the
potentinl energy becomes hnetic energy and this 1s immediately
transferred to the movable object

In the chapter on force 1t was seen that a force could be de
seribed 10 terms of its magmtude, its direction, and the location of
the pomnt at whuch the force was apphed These three aspects of
force form the basis of most of the principles of giving impetus to
external objects Supplementing these are the factors which relate
to the stabihity of the body at the moment of giving impetus and
those which relate to the interaction between the body and the
surface which supports 1t Unless the body has good stability when
1t 1s gving impetus to an object, much of the force 1s wasted

One should remember that all projected objects, like balls and
arrows are being acted upon by the force of gravity as well as by
the force imparted by the person responsible for projecting it If
one wished to calculate the resultant force acting upon the object
he could do 1t by the method of constructing a parallelogram of
forces one side of which would represent the force of the impetus
and the other side the force of gravity (see p 326)

The value of a classification like the one for skills of giving 1m
petus to external objects 15 that it enables one to see the relaton
ships between activities This 15 particularly helpful m the leam
mg of new sklls because the principles learned m connection with
one skl can be appled to all skills 1n the same category One need
only recogmze the factors which are common to both the old shill
and the new 1n order to select the principles which apply to the
latter The factors and the principles which pertan to the giving
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mmmum 1n order to reduce the amount of force required 1s also
seen m Lifting a weight from the floor For mstance 1t tahes less
force to Lft and hold a heavy package close to the body than it
does to Lft and hold 1t at arms length. Likewise 1t takes less force
to hft a pachage by stoopmng than 1t does by bending at the waist
with the knces strught In stooping, the weight arm 1s the hon
zontal distance from the center of the knee jomt to the body s line
of gravity, n bending from the waist the weight 2rm 1s the hon
zontal distance from the center of the hip jomnt to the bodys line
of gravity There are other factors mnvolved here too but the rela
tive length of the weight arm 1s an important one Also, because of
the shorter weight arm, 1t takes less force to hift by stooping with the
trunk inclined shghtly forward than with the trunk held vertically
This 15 discussed more fully n Chapter 27

An example of applying the force not exactly in the direction of
motion 15 seen 1n drawing a low cart by a rope If the body 15 erect
the rope will slant upward from the cart to the hand The pull on
the cart therefore consists of two components, forward and up
ward Smce the purpose 1s to draw the cart honzontally forward
this upward compenent of force 15 wasted While stooping in order
to keep the rope honzontal would assure a single horizontal force,
thus can hardly be recommended because of the mconvenience and
discomfort of mamtaming such an unnatural postion A better
solution 15 to use 1 longer rope Although this does not ehminate
the upward component of force, it serves to make 1t relatvely
smaller and the honzontal component relatively greater

The importance of a solid supporting surface and of the presence
of friction between the feet and the supporting surface 1s readily
seen i all of the pushing pulling and hfting activities One need
only imagme attemphing a tug of war on a muddy feld or pushing
a car on an 1cy road to appreciate this

Applications to Throwmg The efficiency of imparting force
to a ball 15 judged 1n terms of the speed distance and direction of
the ball after 1ts release The purpose of the throw determmes which
of these 15 given the greater emphasis Both the speed and the dis
tance of the thrown ball are directly related to the magnitude of
the force used m throwing 1t and to the speed of the hand at the
moment of the release The speed that the hand can acquire de
pends upon the distance through which 1t moves m the preparatory

part of the act (Figs 208 and 209) Hence the longer th,

tory backswing and the greater the distance that cin beeagzri?:iagl
means of rotating the body shifting the weight and perhaps evel};
tahing a step the greater the opportunity for accelerating These
preparatory movements 1n order to be effective must be coordi
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the object s center of gravity and 1n the deswred direction of motion
If friction tends to impede the movement of the object this must
be taken mto consideration also For imstance, suppose one 1§ con
fronted with the tash of pushing a tall cabimet across the room If
the cabmet has casters and if the floor 1s uncarpeted, the most
efficient way to push the cabmet 1s by placing the hands at the
midpomnt (assuming the weight of the cabmet to be equally dis
trbuted between the top and the bottom) and to apply a honizontal
push agamnst 1t If the floor 1s carpeted, however, or if the cabmet
has no casters, there will be a tendency for the cabinet to tip when
the push 1s apphied 1n me with 1ts center of gravity In order to
assure Iinear motion the hands must be placed lower down 1t a
pont found by experimentation

If ones purpose 1s to cause rotatory rather than hnear motion
the effectiveness of the force depends upon the distance of the
pomt of its appheation from the objects center of motion In the
case of the steening wheel of an automobile or the helm of a ship
the center of motion would be the center of the wheel, and the
deal pomt for applymng force would be at the nm of the wheel or
the outer end of a spoke In the case of a wardrobe trunk which
1s tipped onto one edge and 15 beng moved by a series of partial
pwots on alternating corners the center of motion 1s the pomnt of
contact with the floor in other words first one corner, then the
other The force 1s apphed at the corresponding upper edge of the
trunk, the ideal pomt for mammum efficiency bemng the corner
diagonally opposite the one serving as the pomt of contact

The mfluence of the resistance arm of the lever 1s seen 1 a pull
used for opening a window or a shding door For instance, 1f one
attempts to open a window by standmng facing 1t and flexing the
forearms at the elbows the forearms are used as levers and the
weight of the window serves as a resistance to the turning of the
lever The total amount of resistance may be expressed in terms of
the weight of the window multiphed by the length of the forearm
In other words the weight of the window 1s exerting a rotatory
force agamnst the forearm On the other hand if one stands close
to the window with the arms extended downward m a near vertical
position and with the feet turned sideways so as to permit shght
flexion at the knee jomnts the window may be opened by pushing
the feet downward agamst the floor and extending the legs at the
knee and hip jomnts In this way there 1s practically no lever ac
tion therefore no rotatory force exerted by the resistance of the
window The resistance 1s represented by the weight of the window

alone
The prnciple of reducing the resistance or weight arm to a
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Fig 210 The effect of spin on a thrown or struck ball. A Top spin B back
spin

tenally The explanation 15 that the lower part of the ball meets
more arr resistance than the upper when 1t 15 spining backward
This tends to Lift the ball and to keep 1t in the awr longer Conversely
top spin (Fig 210A) decreases the distance the ball travels When
back spm 15 employed the ball may be released at an angle
shghtly less that 45 degrees from the hortzontal

While not directly related to the imparting of force, there are
three qualities of the ball atself which influence the distance 1t will
travel when thrown These are the mass and size of the ball and the
nature of the balls surface A heavy ball will travel farther than a
light one of the sime size and thrown at the same speed because it
15 less affected by air resistance Likewise a small ball and a smooth
surfaced ball will travel farther than a large or rough surfaced one
because 1t meets with less air resistance

The direction taken by a thrown ball depends primanly upon the
direction of the force applied to 1t If a lateral rotatory force 1s
employed some lateral spin will result A clockwise spin (as seen
from above) makes the ball go somewhat to the throwers nght
2 counter clockwise spin makes 1t go to his left Wind also
fluences the direction of the ball It imposes an additional force
hence the direction of the ball will be the resultant of the propul
swve force and the force imparted by the wind

Applications to Striking, Hitting, Kicking, Etc As 1 the case
of throwing the effectiveness of striking  hitting, and kicking 1s
Judged 1n terms of the speed, distance and direction of the struck
ball All of the factors that apply to these aspects of a thrown ball
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Fig 208 A long lever and a Fig 209 A short lever and a
long preparatory backswing are im short backswing n throwing result
portant factors m the speed and dis m a ball which lacks speed and
tance of a thrown ball distance

nated Each one must be added to the preceding movement at just
the night moment i order for them to contribute to maximum speed

Greater speed and distance can be attamed 1if internal resistance
1s reduced to 2 mimmum This 15 accomphished partly by a warm
up immediately preceding the throwmg event, and partly by a
gradual increase of the range of motion m the jomnts mvolved
achieved by prelimmnary traning

The distance that the ball will travel depends upon the angle of
elevation as well as the magmitude of the force that 1s applied to 1t
When pushing an object the force 1s more effective if appled m
a honzontal direction In throwing a ball for distance, however
the effect of gravity must be considered As soon as the ball 1s re
Jeased gravitational force starts to operate on 1t The effect of this
becomes noticeable as soon as the speed of the ball 1s matenally
1educed (because of air resistance) Hence greater distance can
be obtamed if the propulsive force contams an upward as well as
a honizontal component This serves to keep the ball mn the air
longer and permits longer horizontal travel before the ball hits the
ground Too much elevation 1s not desired however, because the
upward and the honizontal components of force are 1n inverse pro
porbon to one another The optimum angle of elevation for dis
tance throwng 1s approxmately 45 degrees

It nught seem that for maxamum distance all the force should be
applied 1n line with the balls center of gravity This 15 not the case
however If a shght rotatory force 1s imparted 1 such a way that
a back spm (Fig 210B) results the ball will travel farther provided
the rotatory force 15 not sufficient to cut the propulsive force ma
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Tenms serve An example of giving impetus to a ball (Courtesy of
H E Edgerton )

Fig 212

1 The greater the veloaty of the approachmg ball the greater the
veloaity of the ball 1n the opposite direction after 1t 1s struch other things
bewng equal If at first this seems contradictory to the reader he should
think of a ball being thrown agamst a resisting surface hke a wall The
reader will agree that the faster the ball 1s traveling when 1t huts the wall
the faster 1t will travel on the rebound from the wall Now 1f i addition
to the element of rebound the wall 1tself moves forward to meet the ball
1t 1s providing an additional force This 1s m effect what happens when a
pitched ball makes contact with a forward swinging bat

2 The greater the velocity of the striking 1mplement at the moment of
contact the greater the velocity of the struck ball other things being equal
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Fig 211 A and B Tenms serve The entwre body acts as a lever to unpart
maxmum force to the ball (Photo by Loder )

apply similarly to a struck ball There appear to be six major factors
which apply to the speed of a struch ball These are (1) the speed
of the oncoming ball (2) the mass of the ball (3) the speed of
the stnking implement at the moment of contact (4) the mass of
the striking implement (5) the coefficient of restitution (1€ the
elasticity) of the ball and (6) the coefficient of reshtution of the
striking 1mplement At least two of these factors, namely the speed
of the approaching ball and the speed of the stnking implement
may be further analyzed nto secondary factors For instance the
speed of the stnking implement 15 determined by the magnitude
of the force exerted and the magmtude of the force 1s dependent
upen the distance of the preparatory back swing and upon the
speed of muscular contraction The distance of the preparatory
back swing 1s further dependent upon the range of motion n the
jomts and upon the timing of the swing Furthermore the effective
ness of the force exerted by the body 1s completely dependent upon
a strong gnp and 2a firm wnist for transmission of the force from
the body to the stnking implement

Returning to the six major factors i the speed of a struck ball
the following applications are of interest to the sports mstructor
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b Standing close, facing the door

¢ Standing close, facing m the ducction that the door 1s to moyve, using
a pushing motion with the forearm paralicl with the door

Which 15 the best method? Eaplain i terms of disection of application
of force and of componcnts of force

3 Push a hewy picce of furmiture Eapeniment to find the most efficient
method

¢ At what pomt on the objeet did you apply the force? Explan the
underlying principles

b What was the posihon of your 1rms? Explam the advantage

¢ What was the position of your body? Lxplain the advantage

4 Throw a tenms ball or basebalf for distance

g Standng stll facing m the direction of the throw

b Standing wath the left side toward the direction of the throw, with
the feet apart and the weight evenly distnibuted, getting a full arm swing
and body twist with the throw

¢ Same as m b, except with the weight on the nght foot to begin with
shifting to the left as the ball 15 thrown

Compare the three methods for distance Eaplain in terms of length of
back swing speed at moment of release and total distance used 1n applymg
force to ball before releasing at.

5 If possible observe a small cluld or an untramed gul and then a
trained boy or guel throw a small ball at a target 20 or 80 feet avway Analyze
the motons of each wath reference to the pathway of the hand immediately
preceding at the moment of and followmg the release Explain the factors
differentiating the good throws from the poor

6 Observe slow motion films of throwing strking and other forms of
gwing impetus Look for the application of the principles stated m this
umt or for the lach of such application
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Obwiously a full powered swing will send the ball farther and faster than
a bunt

3 The greater the mass of the ball up to a point the greater its veloaty
after being struck other things being equal A hard baseball will travel
farther and faster than a soft ball Nevertheless an iron ball would offer too
much resistance for the average batter using an average bat

4 The greater the mass of the striking mplement, up to a pomt, the
greater the strking force, and hence the greater the speed of the struch
ball, other things being equal A good baseball player usuallv selects a
heavy bat Too heavy a bat however 1snadvisable because of the duBculty
of swinging 1t with sufficient speed and control

5 The ligher the coeficient of restitution (1€, the elasticity) of the
ball and the stnking implement the greater the speed of the struch ball
other things being equal

In regard to the distance of the struch ball other things bemng
equal, the greater the balls speed of departure, the greater its dis
tance As in the case of a thrown ball, the optimum angle of eleva
tion 15 approaimately 45 degrees This angle 1s shightly less when
back ;pm 1s 1mparted to the ball, and greater when top spm 1s 1m
parte

The direction taken by the struck ball 15 mfluenced by four fac
tors, namely (1) the direction of the striking implement at the mo
ment of contact, (2) the relation of the striking force to the balls
center of gravity (an off center apphcation of force causes spin, and
spmn affects direction), (3) degree of firmness of grip and wnst at
moment of impact and (4) the laws goverming rebound Accordng
to the latter the angle of rebound equals the angle of mnadence,
except 1n the case of a soft ball (that is, a ball which compresses
greatly when hit), m which case the angle of rebound 1s shghtly
less than the angle of mcidence An understanding of the angle of
rebound 1s of particular importance 1n the racket games It forms
the basis of one of the essential skills of such games namely the
skill of accurate placing of the ball

DEMONSTRATIONS AND LABORATORY EM\ERCISES

1 Raise a window from the bottom

a Standmg at arm s length

b Standing close facing the windaw and using both hands

¢ Standmg close side to the window and pushing 1t up with one hand
with the elbow bent and the forearm in a vertical position

Which 15 the best method for a heavy window or a window that stichs®
Esplain m terms of components of force and the direction of application

f Torce

¢ 2 Open (or close) a shding door

4 Standing at armss length
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Prmnciples Relating to the Range of Movement

1 heep withm the normal rnge of motion for each jomnt m
order to avoid hgamentous and fascil strun (This requires an
understanding of anatomue structures and their houtations )

2 Strengthen the muscles m order to lessen the Iikckhood of
exceeding the normil range of motion (For example, strengthen
the abdomml muscles m order to help prevent i overthrow
diving )

3 If attempting to mcrcise the ringe of motion mn a jomt or
muscle, do 1t gridually and only after i adequate warm up

4 Obsenve the prnaiples of recanving ones own weight and the
impact of external objects 1n order to avord jomnt sprans

Principles Relating to the Intensity and Quantity of Muscular
Exercise

1 Do not excrcise past the pomt of marked fatigue

a Accidents often occur when muscles are fatigued and when
the individual 15 too tired to be alert

b Excessive fatigue products m the muscles frequently cause
soreness, especially in individuals who are not in good condition

2 Provide adequate traming before permuitting participation
specific sports An untrained individunl 1s hikely to use his body
poorly under the stress of the moment There should be a careful
progression of nstruction and practice

3 Avoud sudden violent movements whenever possible, and pre
cede all strenuous activity with a warm up (Sudden exertion es
peaially 1f the muscles are cold, s ikely to cause muscle tears )

4 Obsenve the principles of receiving hfting, and supporting
weights 1n order to prevent muscular stramn

Prmciples Relatng to the Transmission of Weight Through the
Body Segments and Werght bearng Jonts

1 Provide adequate protection for weak jomnts

¢ Indwiduals who have poorly aligned or previously mjured
lomts may have to be excluded from certain activies (For ex
ii:lpledan mdividual who has knock knees 1s likely to have his knees

jured 1n strenuous
bOdl]y contact ) activities mvolvmg running jumping and

b Indviduals who have poorly aligned or previously mjured
lﬂlilzlts probably need to wear some form of support or protection

Reduce the rotatory components of force to @ mmmum (This
Tequires an awareness of positions which put certain segments un
der r(IJ;atory stress )

a on the hands and knees supporting others as
Dyramud the thighs should be perpendllc’lzx)lar togthe floor ma
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SELECTION AND CLASSIFICATION
OF PRINCIPLES PERTAINING TO
THE PREVENTION OF INJURY

IN ALL P SICAL actvities there 1s some Iikelihood of injury Whether
such mjury 1s due to an acadent or whether 1t 1s due to structural
hmutations 1t can usually be avoided if the proper precautions are
taken Chance plays 1 relatively small part 1n injuries resulting from
physical actiiies Hindsight frequently reveals the fact that
etther a_mechamical or a physiologic prnciple was disregarded
Hence, famihanty with the prninciples relating to safety provides
the means for preventing such mjunies Acquamhng the student
with these principles should be as important 1 part of the physical
education program as teaching the activity skills themselves It 1s
not enough to mcorporate the observance of the principles n the
technique of the shill the student should be aware of the principles
themselves 1 order that he may apply them mn other situations—
m mdustry on the street m the home—wherever and wheneser
the occaston arises

The major principles pertamning to the prevention of injury are
presented below They are stated in the form of directions which
1f observed will greatly mimmze the hikehhood of stram and n
ur
! grmclples Relating to the Maintenance of Equiibrium and Pre
vention of Falls

1 Mamtain an adequate base of support

2 Tower the center of gravity when this 15 feasible

3 Keep the center of gravity well centered over the base of sup

ort
P 4 Increase the size of the base of support m the direction of
force or motion

412
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elbows should bend s soon as the hands touch the floor This
method of self protection 15 espeenlly appheable to falling after
tnpping
¢ Recene the weight on the padded parts of the body, at
tempting to land on the varous parts in a progressive sequence
For exunple, after falling on the knee, attempt to fall sideways
on the thigh, then onto the side of the arm or the hand which
promptly shides out, with the head faling on the extended arm
(This applies particularly to intentronal falls m modern dance )
d Attampt to land on as large an area of the body as possible
1 order to mimmize the force per square inch
Principles Relating to Lifting and Carrymng External Weights
1 Reduce the rotatory components of weight to a mmmum
a Get close to the heny object wlich 1s to be lifted from the
floor
b Carry heavy burdens close to the body
(1) A suitcase with the arm hanging strught down
(2) A tray, with elbow bent forcarm vertical, and hand
close to shoulder
(3) A basket, in the crotch of the elbow with the upper
arm 1 a vertical position
¢ Stoop to reach an object on the floor by bending the knees
and mchiming the trunk shghtly forward
2 Use the muscles best suited to the tash
For evample when hfting a heawvy bov from the floor, by
stooping as descnibed 1n ¢ 1bove, the strong thngh and buttock mus
cles will be used instead of the weaker spine extensors
3 Avoid Lifting excessive weights
@ Guls of average strength should not hft weights of more
than one quarter or one third of their own body weight and boys
should not hft weights of more than one half of their body weight
These amounts can be mncreased through tramng
b If an wdiidual wishes to learn to Lift heavier weights he
should tramn gradually
Princaples Relating to Recerving the Impact of External Forces
1 When catching balls and other objects and when receving
mdwiduals 1n tumbling and apparatus work

a Observe the principles of reducmg hnehc energy gradually
nstead of suddenly

(1) Give with the arms

(2) Shuft the weight back from one foot to the other, or take
a step backward

(8) Move along with the individual when receving or spotting
in tumbling and apparatus events
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b If beng supported by another, the weight should be placed
m hne with the other mndividuals supporting structures (For ex
ample a person who 1s standing on the back of another who 15 on
Ius hands and knees should place one foot over the other s shoulders
and one over the pelvis )

8 Only mndividuals with adequate strength and matunty should
support the weight of others

a Avoid too great a discrepincy between the strength of the
lower man and the weght of the upper man 1n stunts and pyramids

b Avod using physically immature boys and guls for sup
porting heavy weights, as m the base of pyramids (Many of the
epiphyses are still not umted in teen aged boys and gurls )

Principles Relating to the Reception of Ones Own Werght

1 When landing from a downward jump

a Insure a gradual loss of kinetic energy by landing on the
balls of the feet and immediately lethng the ankles, knees and hips
bend, controlling the action by means of eccentric contraction of
the muscles

b Reduce the force of the mpact by wearng rubber soled
shoes and by having a soft landing surface

¢ Regam stabiity by keeping the center of gravity over the
center of the base of support on landing (This may be done by
keepmg the weight evenly distibuted over both feet, or over the
hands and feet and by prowiding a sufficiently large base of sup
port on landmng )

2 When landing from a foruard jump and when participating
m any activity which involves forward momentum

a Insure a gradual loss of the forward kinetic energy by con
tumg i a roll run hop, shde or frog jump unless landing 1
a soft pit in which case this will not be necessary

b Regam stabibty by providing support in the direction of
motion This 1s done by landing with the weight forward, using the
hands 1f necessary 1 which case the elbows as well as the leg
jomnts should “gre

¢ Reduce the force of impact by wearing rubber soled shoes
and by baving a soft landing surface

3 When falling

a Insure a gradual loss of the forward kinetic energy by con
tmwng m a roll shde etc whenever feasible

b Absorb the shock of impact (1e nsure a gradual loss of
lanetic energy ) by letting the arms “give  as they recetve the weight
\WVhen falling forward on the knees and catching oneself on the
hands arching the back 1nd turning the face sideward makes 1t
possible to roch down on the front of the body without wjury The



Part IV

APPLICATIONS OF KINESIOLOGY
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b Wear adequate protection such as a baseball mitt shin guards
ete

¢ Put yourself m a favorable position m order to prevent the
necessity for overreaching

d Pomt the fingers upward, outward, or downward, but not
forward

2 Being Iut by a moving body, e g, a person or a ball

a Try to recene the force and ease the shock the same 1s when
catching a ball

b Guard agamst being caught off balance

¢ Wer adequate protection eg shin guards for hockey and
padded clothing for foothall

d If possible, avoid lateral blows on the knee especially when
the knee 1s bearing weight i a flexed position {This 1s a common
cause of injury to the ligaments and cartilages )

e Move along with the stniking object {In boxmg this 1s known
as nding a punch”)

Principles Relating to Circular Motion

1 Since centrifugal force develops 1n all circular movements ac
tiities such as “snapping the whip, swmngmg on the flyng rngs,
etc, should be engaged n only by those who are hnown to have
sufficient strength to keep from beng snapped off

2 Individuals who have a tendency toward chronic dislocaton
of the shoulder should not be allowed to do strenuous arm arching
or swingmg movements because of the centnifugal force which
develops 1n such activities
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Jumping, leaping hurdling

Shipping, hoppung shding, side steppmng ete
Progressn e dance steps ¢ g polkt mazurka, ete
Snow shoemyg

Skung on level or up Il

Walkimg on stilts

On Wheels and Blades

Bicycling®

Roller shating

Ice shating

Propelling sclf in wheel chair®

On Hands

Walling on hands

Hand travcling on boom henzontal ladder traveling nings ete
On Hands and knees or Hands and Feet
Crecping

Crutch walking®

Stunts, e g dog runnng ribbit hopping etc
Rotatory Locomotion

Cartwheels

Forward bachward, 4nd sideward rolls
Aquatic Locomotion

Swimmun,

Boating (rowing paddling punting etc )®

ta

)

e

wt

@

Only two forms of locomotion are considered m this chapter
namely walling and running These are examples of terrestral lo

comotion Swimming which 1s 1 form of aquatic locomohion 15
analyzed m Chapter 24

WALKING (Fig 213)

To the casual observer the movements mvolved m walking ap
pear to be relatively simple yet kinesiologie analysis shows them
to be exceedingly complex The dovetailing of muscular action and
the synchromzation of jomt movements illustrate beautifully the
team work present m all bodily movements Not even the most
complex prece of machnery designed by the most shillful engmeers
of our time exceeds the movements of the human machine per
fection of detail or in smoothness of function

Recent research on the gait such as that conducted at the Umi
versity of Cahforma as part of the Prosthetic Devices Research
Project has served to emphasize the compleuty of human locomo
tion and the magmitude and difficulty of the task of synthesizing
all of 1ts elements 1 15 Therapists who are confronted with the task
of helping to restore the coordiation of walking to those who have

® These actssties are also forms of manipulative skills



Chapter 23

LOCOMOTION WALKING AND
RUNNING

Because walking 1s mans most common activity, it 1s presented
here as the first example of the appheation of kinesiology to famihar
motor skills In the over all classification of these shills (see p 341)
1t belongs under locomotion which 1n turn, belongs to the category
of shills referred to as moving ones own body

Locomotion means the progressive movement of the entire body
from one place to another by means of self propulsion Ordinanly
the propulsion 1s provided by the lower extremuties, but 1t 1s oc
casionally provided by all four extremities as i creepmng, or by
the upper extremuties alone as i walling on the hands and hand
traveling on a horizontal ladder Locomotion may mvolve the use
of wheels, blades skus and so on which are attached to the feet,
or 1t may wvolve a vehicle such as a bicycle or wheel chair, or 2
small craft such as a boat canoe or surfboard which 1s propelled
by means of the arms or legs with or without the use of a propelling
inplement (eg oars paddles poles etc) Locomotion by self
propulsion may be on the ground or 1n the water but at the present
wnting not n the air except by means of suspension

Aside from the locomotor skills which are used primanly for
akang a person to a speafic location there are the shlls m which
man mdulges for sport and pleasure These include walking run
nmg swimming and dancing For purposes of systematizing the
study of locomotor sklls the following classification 15 suggested

FORMS OF LOCOMOTION BY SELF PROPULSION

1 OnFoot
Walling

unnn;
rClhmbmgg (inchned plane stawrs ladder ete )
Descending (mnchined plane stairs ladder etc )
418
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alternating ction of the two lower extremitics It 15 an example of
translatory motion of the body as 1 whole brought about by means
of the angular motion of some of its parts It 15 also an example of
a penodic movement, that 15, a pcndulum like movement 1n which
the moving segment (1 this case, the lower ctramity) may be said
to start at zcro, pass through its arc of motion and fall to zero
agamn at the end of cach strohe In walking each lower extremuty
undergoes two phases the swinging or recovery phase and the sup
porting phase The supporting phase 1s further divided mto a
restraming phase (from the moment the foot touches the ground
until 1t 15 directly under the center of the body) and the propulsion
phase (from the moment when the foot 3s under the center of
grauity until 1t lenves the ground) The beginming of the restraining
phase of one leg overlaps with the end of the propulsive phase of
the other leg thus constituting 4 brief phase of double support
when both feet are on the ground Ths 1s charactenistic of the walk
and serves to differentiate it from the run In the swinging phase
of the walk the action of the lower extremuty may be likened to
that of the pendulum of a clock m the supporting phase, to that
of the imverted pendulum of a metronome Gravity and momentum
are the chief sources of motion for the swinging phase hence this
phase represents 2 ballistic type of movement (p 47), prtcularly
when the indiidual 15 walking at hus natural pace The source
of motion for the supporting phase 1s for the first half, the
momentum of the forward moving trunk (provided by the recent
propulsive action of the other leg) and for the second half the
contraction of the extensor muscles of the supporting leg Whether
or not the supporting phase can also be classed as ballishe move
ment 15 open to question Even the swinging phase vanes m its
ballisue quality according to the speed of the gait, the skill, flexs
bility and build of the walker A tense individual will tend to sub
stitute muscular action for the pendulum swing of the lower ex
tremity and an individual with tight hamstrings will have to exert
additional muscular force mn order to overcome the restraming
action of the short hamstrings An imndividual who has marked knock
knees or fat thighs will also have difficulty mn gettng a natural,
pendulum swing because of friction and interference between the
two imbs The only way he can avord thus mterference 1s by mn
creasing the lateral distance between us hmbs thus mtroducing an
undesirable lateral component of motion

Walling and other sumilar forms of locomotion mvolve a balanc
ng of forces Only the most obvious of these are mentioned here
1zol The merhia of the stationary body 1s overcome by the hor

ntal component of force Smce perodic movement 13 character
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Fig 213 A normal gait at moderate speed (Traced from a motion picture
film )
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lost 1t—because of amputation or paralysis—would do well to study
Stemndlers chapters on the gait i his bookh The Mechanics of
Normal and Pathological Locomotion in Man, and to acquamt
themselves with the Sndings of recent research in this area The
average student of kinesiology however, may find the following
more simplhified analysis of the gait adequate for hus purposes

Neur lar Considerations Wallung 1s a reflex action
No conscious control 1s necessary On the contrary if attention 1s
focused on any part of the gait a tension 1s bikely to develop and
the natural rhythm and coordination are disturbed Reflexes are
responsible not only for the movements of the himbs but also for
the extension of both the supporting leg and the trunk 1 resisting
the downward pull of gravity This extension serves to give stability
to the body tn the supporting phases of Jocomotion a stability which
provides for effective muscular action i producing the necessary
movements Thus 1 walling as i all the motions of the body
smooth, coordinated movement requires properly functioning re
Hexes, normal flexibility of the jomnts and optimum stability of the
body as a whole 1n the weight beaning phases of the act

Mechamcal Analysis of Walking Wallung 15 effected by the
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the needed counterpressure 1he pressure of the foot results in
slpping or smhing, and more pressure must be apphcd i order
to acliere even 1 slow forward progress Hence, the efficiency of
the gut depends upon the nght balmce between the pressure of
the foot and the counterpressure of the supporting surface

6 Like counterpressure, friction 1s also an essential factor m the
effectine application of the forces nceded m walking Because of
the diagonal thrust of the leg at the beginmng and end of the
supporting phasc, friction between the foot and the ground 1s
essential 1n order that the counterpressure of the ground may be
transmitted to the body Tor cfficint walking, friction must be
sufficient to balnce the honzontal component of force If it 1s
msufficient, the thrust of the foot results 1n a shpping of the foot
itself, rather than in the desired propulsion of the body The greater
the horizontal component of force (as when walking with a long
stnde) the greater the dependence upon friction for eficient loco
motion

Anatomic Analysis of Walking © The action taking place 1n
the jomts of the lower extremuty 15 essentinlly that of flevion and
extension But i much the same way that the shoulder girdle co
operates with the arm movements of the upper extremity the pelvic
girdle cooperates in movements of the lower extrenuties The pelvis
has the double tash of transmitting the weight of the body alter
nately first over one imb, then over the other, nd of putting each
acetabulum 1n a favorable position for the action of the correspond
ing femur The adaptations of pelvic position are made n the jounts
of the thoracic and lumbar spime as well as m the hip jomnts Thus
as first one foot and then the other 1s put forward the flexion and
extension movements of the thigh are accompamed by shight move
ments of rotation and of ab and adduction at the hup jomts and
by shght lateral flesion and rotation of the spme

The jomt analysis as presented below 1s systematic rather than
chronologie, that 1s the action of each jomt 1s analyzed separately
without regard for the chronologic sequence or the tmng of the
‘anous movements m walking as they relate to one another
Jout Analysis

Swinging Phase
dl]m’ Flexion outward rotation (due to rotation of pelvis toward
other limb) adduction at beginning and abduction at end of phase espe

o
text :'he ﬁnatom:c analysis of walking which appeared mn the first edition of this
- as fased chiefly on ongmal observations and palpations supplemented by
ed) lses ound 1n the hterature The analysis as now presented has been mod:
ded ta m’clude pertment findings of the Prosthetic Devices Research Project
d at the U of Calif
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1zed by an alternating increase and decrease of speed, 1t 15 mevitable
that mertia must be overcome at every step As the center of gravity
moves forward, 1t momentarily passes beyond the anterior margin
of the base of support and a temporary Joss of balince results At
this pomt the downward pull of gravity threatens a complete loss of
equiltbrium A timely recovery of balance 1s brought about how
ever, by the contact of the swinging leg with the ground, thus estab
llihmg an adequate base of support and starting a new supporting
phase

2 When forward motion has been imparted to the trunk by
means of the backward thrust of the leg and foot 1t tends to con
tmue unless restramed by another force Once the center of gravity
passes beyond the base of support, 1t 15 essentinl to restram the
action of the trunk until a new base of support 1s established Hence
s the foot 1s brought to the ground in front of the body at the
close of 1ts recovery phase, a restraining phase 1s constituted This
diminishes as the leg approaches a vertical posiion As long as
the foot 15 1 front of the center of grawity, there 1s a forward
component of force m the thrust of the foot agamnst the ground,
resulting 1 a bachward counterpressure of the ground agamst the
foot which 1s transmtted to the leg and thence to the trunk

3 In the same phase of the step as that discussed above m sec
tion 2, the trunk 1s acted upon by the downward pull of grawity as
well as by momentum This downward force 1s counteracted by the
vertical component of force of the supporting leg Durnng the phase
of double support each leg exerts some vertical force If the vertical
force exceeds that needed to balance the gravitational force 1t
results i an exaggerated hft of the body, causing a gait character
1zed by a bounce or unusual spring

4 The forward moving trunk meets with air resistance, which
tends to push 1t backward By mnclining the body forward, the pull
of gravity 15 utihized to balance the force of the air resistance When
walking agamst a strong wind 1t 1s necessary to mchne the body
further forward in order to effect a balance If the air resistance 18
not balanced by the force of gravity it must be balanced by the
contraction of the abdommnal and other antenior muscles of the
neck and trunk On the other hand 1f the body 1s mclned too far
forward, the force of gravity acts too strongly on 1t and must be
counteracted by tenston of the posterior muscles Thus the proper
degree of forward inclination 1s 4 factor 1n muscular economy

5 The degree to which the pressure of the foot actually imparts
motion to the body 1n the propulsive phase and restrams it 1 the
restraning phase 1s direct proportion to the counterpressure of
the supporting surface If the surfice lacks sohdity as m the case
of mud, soft snow, and sand 1t offers too little resistance to give
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Fig 214 The muscles of the lower extremuty used in walking hey A I
tensor fasciae latac 2 sartorus 3 pectincus 4 biceps femons B 1 rectus
emons 2 iliopsoas 3 vastus lateralis (medius and intermedius are not shown)
4 tibialis antenor 5 extensor hallucis longus 6 extensor digitorum longus 7

1

Pperoneus tertius 8 d and 9 soleus 10 gastroc
nems C 1 gluteus medius 2 rectus femons 3 soleus 4 tibialis postenior
(not shown) 5 longus 6 brewis 7 d and semi

b 8 vastus dialis and dius (lateralis not shown) 9 ad
ductor longus 10 gastrocnemius

the long head of the biceps femons, contract with moderate mtensity and
the ghuteus maximus and medius contract shghtly at the very end of the
swing The adductors longus and magnus and presumably brevis contract
very shghtly after the swinging imb passes the halfway mark Just what the
unction of the adductor magnus 1s 1s not clear It may help to steady
2nd guide the forward swinging limb In any event its action 15 extremely
shght even m rapid walking

It 15 assumed that the six deep outward rotators are responsible for the
shght outward rotation of the thigh which compensates for the rotation
of the pelvis i the opposite direction These muscles are too deeply located

owever for our present methods of testing
\\oIfltlhe pelvis were allowed to drop on the unsupported side abduction
i uld occur on that side That this does not oceur i normal walking 1s

ue to the action of the abductors on the supported side and to that of the
quadratus lumborum on the unsupported side Action of the adductors on
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cially if long stride 1s taken (due to rotation of pelvis and length of stnde)
ANEE Flexion during first half, eatension dunng second half
ANKLE AND FOOT Dorsal flexion prevention of plantar flexion
PELVIS AND SPINE Rotation toward opposite side, prevention of
dropping of pelvis toward unsupported side
UPPER CATREMITIES Unless restruned the arms tend to swing m
opposition to the legs the left wm swinging forward 1s the nght leg
swings foward md vice versa This 1s usually accomphshed without
obvious muscular 1ction and serves to balance the rotation of the pelvis
It 15 a reflex action When the arm swing 1s prevented the upper trunk
tends to rotate in the same direction s the pelvis causing a tense awhward
gait

Supporting Phase

e Extension reduction of outward rotation followed by shght
mward rotation prevention of adduction of thigh ind dropping of pelvis
to opposite side

RNEE Shght flexion at moment of contact, followed immeduately by
extension
ANBLE AND FOOT Shght plantar flexion followed by shght dorsal

flexion prevention of further dorsal flexion which weight of body tends to
cause Plantar flexion at end of propulsive phase, especilly n vigorous
walking

PELVIS AND SPINE See comments under swinging phase
UPPER EXTREMITIES See comments under swingmng phase
TOES Hyperextension at metatarsophalangeal joints at end of pro

pulsive phase especially 1 vigorous walking
Muscular Analysis (Fig 214)
Swinging Phase

MUSCLES OF SPINE AND PELVIS Sermispmalis rotitores multifidus
and external obhque abdominal muscle on side toward which the pelvis
rotates Sacrospmnalis and mtemnal oblique abdommal muscle on opposite
side (Note Rotation of the pelvis to the nght constitutes rotation of the
spine to the left See p 233 ) The psoas and quadratus lumborum help to
support the pelvis on the side of the swinging Lmb

MUSCLES OF HIP JOINT The tensor fasciae latae sartorius pectineus
and 1liopsoias contract during the first part of the swingmg phase The rec
tus femons also contracts shightly at the very beginning but soon relaxes
Whether 1t 15 acting chiefly at the hip jomt or at the knee jomt m this
phase 15 difficult to say but it seems likely that ats action 15 primanly at
the knee joint smce 1t roughly parallels the action of the vastus intermedius
In the latter part of this phase there 1s no appreciable action of the flexors
of the thigh m normal walking on level ground Since this 1s a ballistic
movement none would be expected In rapid walking the actions of the
sartorius and rectus femors are noticeably mcreased and that of the tensor
fasciae latae shghtly so

During the latter part of the swinging phase the hamstnngs particularly
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In considening the function of these muscles which act at the hip jomnt
dunng the supporting phase of walling it would scem that the gluteus
maxunus, adductor longus and the long head of the biceps femons are
responsible for extending the thigh, gluteus medius and mmmus for e
ducing outward rotation and producing slight ward rotation also for
preventing a marhed bt of the pelvis to the opposite side dunng the middle
portion of the supporting phase In this function they are aided by the
quadratus lumborum Just what the function of the adductor longus 1s
1snot clear It may well be for the purpose of steadying the femur against
the pull of the abductors thus enabling them to act on the pelvis rather
than on the femur

MUSCLLS OF TIIE ANLL JOINT The quadriceps extensors contract
moderately i the carly part of the supporting phase, then gradually relax
They appear to control the shight flexion which occurs in the hnee at the
moment of contact The vastus intermedius continues to contract through
out the first half of this phase As the leg reachies the vertical position the
knee apparently locks and makes 10n of the ext
sary The tension of the stretched hamstnngs at the end of the swinging
phase especially when a long stnde has been taken may well be the factor
which mitiates the shght flexion at the moment of contact. The rectus
femons and vastus intermedius contract shghtly agamn at the end of the
supporting phase In rapid walling all of these muscles contract more
strongly and for a longer duration There 1s an abrupt ncrease in their
action m the second half of the supporting phase which would seem to
indicate that the extension of the leg at the knee 1s much more forceful
n rapid walking than in normal walking

MUSCLES OF THE ANELE AND FOOT Action current studies show that
there 15 considerable action of the tibialis anterior 1n the early part of the
supporting phase It seems likely that this takes place cluefly before the
antenor portion of the foot 15 beanng its full share of the weight of the
body Any action after that 1s probably associated with the prevention
of pronation of the foot The extensors digttorum longus and hallucis longus
follow a sumilar pattern They reach their peak of contraction almost at
the moment of transihon between the swinging and the supporting
phases and then relax early 1n the supporting phase and commence to
contract shghtly at the end of this phase
The gastrocnermius soleus and tihialis postertor contract shghtly m the
farly part of the supporting phase and moderately i the middle and
f?)tlle barts In rapid walking this contraction 1s marked The peroneus longus
- ?}‘: (f;\ diumlar pattern but does not seem to contract quite so strongly
STt b o, ::;Sa cf)\(:iletlx)ltall?o xglt)]:d “aduéllng lel:e peroneus br;:vns does not
tracts more " \ u e middle of the supporting phase but con
and Conlraczs onghy t}mf the longus In rapid walking 1t starts earlier
seachod with marked mtensity soon after the halfway mark s
o Th: flexor digitorum longus contracts shightly during the middle portion

Supporting phase and ncreases abruptly to moderate contraction

m the last portion In rapid walking the contraction becomes marked
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the swinging, side appears to be neghgible The abduction which occurs
at the end of a long stride 15 apparently produced by the gluteus medius
and gluteus maximus

MUSCLES OF LNEE JOINT At the begmning of the swingmg phase
when the foot 15 hfted from the ground, the action of the flexors 1s sur
prisingly shght i normal walking The short head of the biceps femons
and the sartorius appear to be responsible for this action Contraction of
the popliteus 1s assumed but cannot be tested The rectus femons and the
vastus intermedius contract briefly at the very beginning of the swnging
phase Thewr contrachion which began toward the end of the supporting
phase, appears to be tapenng off duning the begmming of the swinging
phase Since the leg 1s flexing at the knee jomt at this ttime thexr action
must be eccentnc contraction Although the gastrocnemius 1s 1n a position
to help flex the leg 1t 1s not found to contract dunng this phase

As the leg extends dunng the second half of the swinging phase the
short head of the biceps femors wncreases its action and 15 jomed by the
long head and later by the branosus and tendinosus Since
these are flexors of the leg and extensors of the thigh 1t 15 assumed that
they are contracting eccentnically Their function here may be to prevent
hyperextension of the knee at the end of the swinging phase

In normal walking the quadniceps extensors contrict shghtly at the
end of the swinging phase The action of these muscles as well as that
of the medial hamstrings increases markedly 1 rapid walking In an easy
gait the movement appears to be imtated by gravitational force and
continued by momentum Ths force 1s sufficient to extend the leg at the
knee but 1n more vigorous wallung the quadnceps femons provides the
force for leg extension

MUSCLES OF THE ANKLE AND FOOT The tibialis antertor extensor
digitorum longus extensor hallucis longus and probably the peroneus
tertuss contract wath shght to moderate intensity at the beginning of the
swinging phase then taper off somewhat durmg the middle portion of
this phase and increase considerably toward the end of it The plantar

flexors are pletely relaxed througl this phase
Supporting Phase
MUSCLES OF THE HIP JOINT Durning the first part of the supporting

phase all three gluteal muscles contract with moderate ntensity then
maxunus and medius taper off duning the muiddle part Gluteus mimmus
conbnues to contract moderately dunng the middie portion The only
muscles of the hip which contract appreciably during the last part of the
supporting phase are the adductors magnus and longus In rapid walling
the gluteus maximus and mintmus contract with marked mtensity dunng
the first part of the supporting phase and the adductor longus contracts
with marked intensity dunng the last part The hamstrings apparently
have but a small part in the supporting phase of normal walking Only the
long head of the biceps contracts at all and 1t contracts only shghtly at
the very begnning of this phase Inrapid walling both the long head of the
biceps and the semitendinosus contract with moderate intensity during
the frst half of the supporting phase



ocomotion Walking and Running 129

upport In walking, the Litcr] distance between the fect s a factor in
balance

a Too narrow a laterl distanee between the feet, such as oceurs when
one foot 15 placed dircctly m front of the other, increses the dificulty of
mamtaming balance snee it decreases the width of the base of support

b Too wide a lateral distance between the fect screases stablity but
tends to cause a weaving gut and to mike the body sway from side to sde

¢ The optimum position of the feet scems to bo one in which the mner
borders fall approxuntely along 1 single straght hne

Summary of Anatomic Principles Wiich Apply to Walking

1 Good ahgnment of the lower extremitics reduces fnction in the jomts
and chmmates the Iikelthood of strun and mury

2 Normal flexibility of the jomts (ie suficiently long and fleuble
muscles higaments and fasciac) seduces internal resistance and henee
reduces the amount of force required for w alking

3 Speed of wallung 15 increased by increasig both the length of the
stnde and the tempo of the gait.

4 The Jonger the stnde the greater the up and down movements of the
body, unless the knee 1s kept shghtly flexcd during the middle portion of
the supporting phase

5 Unnecessary lateral movements result 1n an ungamly and uneco
nomical gait.

@ Falure to heep the gluteus medius contracted when the weight 1s
on the foot results 1n an exaggerated hup sway caused by the dropping of
one side of the pelvis

b Excessive trunk rotation may be caused by an exaggerated arm swing
or by restriction of the arm swing The arm swing should exactly counter
balance the lup swing

¢ Straight sagttal plane action of the leg 15 assured by Leepmg the
\nee and the foot pomting straight forward in 111 phases of the gait

d The rotation of the pelvis should be only just enough to enable the
leg to move straight forward Too hittle or too much rotation tends to cuse
aweaving gait

¢ Minimum lateral motions occur when the feet are placed m such a
way that their inner borders fall approximately along a single straight line

6 The pulley action of the two jomnt muscles of the lower extremity
contributes to economy of muscular action 1 walking (sece p 84)

7 Properly funchoning reflexes contribute to a well coordmated gait

8 The stability of the weight beanng lmb and the balance of the
trunk over this imb are important factors i the smoothness of the gait

Individual Variations in the Gait Although the basic ana
tomic analysis of the gait 1s valid for all physically normal persons
individual charactenstics are present to such a degree that persons
:1:':“ often recognized by therr gaits These vanations may be either
“nu:tl;.:ia{)oa functional m ongm The structural differences nclude
by ody proportions as well as differences 1n the hmbs them

es such as knock knees and bow legs Extreme vanations in

'
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The flexor hallucis longus follows the same pattern, except that it does
not start to contract until the muddle of the supporting phase

Lateral balance 1s mamntamed by an mterplay between the tiahs
posterior flexor hallucis longus and flexor digitorum longus on the one
hand and the peroneus longus and brevis on the other The supmators are
probably contracting almost constantly i order to combat the common
tendency of the foot to pronate whenever 1t 1s beaning weight

MUSCLES OF THE TOES The fexor halluas longus, flexor digitorum
longus and the short flexors of the toes contract i response to the pressure
of the ground agamst the toes In the propulsive phase, especially mn a
vigorous walk this contraction becomes marked In all parts of the support
ing phase the contraction of the toe flexors 1s greater 1n barefoot walking
than it 1s when shoes are worn It 15 likewise greater when walking on
sand than when walking on pavement

S y of Mech 1 Principles Which Apply to Walling

1 Translatory movement of a lever 1s achieved by the repeated alterna
tion of two rotatory movements, the lever turning first about one end then
about the other end &

2 A body at rest wall remain at yest unless acted upon by a force Since
wallung 1s produced by a pendulum hke motion of the hmbs the mertia
of the body must be overcome at every step

8 A body i motion will continue 1 moton unless acted upon by a
force Since motion 1s imparted to the trunk by the bachward thrust of the
leg the trunk has a tendency to contnue moving forward, even beyond
the base of support A brief restraming action of the forward mb acts as
a chech on the momentum of the trunk

4 Force applied diagonally consists of two components horizontal and
vertical The vertical component in walking serves to counteract the down
ward pull of gravity The honizontal component serves (1) 1n the restraming
phase to check forward motion and (2) m the propulsive phase to pro
duce 1t The horizontal component of force in the propulsive phase must
exceed that 1n the restraiming phase 1f the end result 1s to be progressive
forward motion

5 The speed of the gait 15 directly related to the magnitude of the
pushing force and to the direction of 1ts applhication Thus force 15 provided
by the extensor muscles of the hip hnee and anhle jomts and the direction
of application 15 determined by the slant of the lower extremuty when the
force 15 bemng apphed

6 The economy of the gait 1s related to its iming w1th reference to the
length and weight of the hmbs The most economical gait 1s one which
15 so timed as to permut ballistic motion of the lower extremities

7 Walking has been described as an alternating loss and recovery of
balance 1® Thisbemng so a new base of support must be established at every
Steg Since propulsion of the body 1s effected by the d 1p of
the foot agamst the supporting surface the efficiency of locomotion de
pends upon the counterpressure and fnction

9 Stability of the body 1s directly related to the size of the base of




Locomotion Walking and Running 431

however, because of the trumendous merease in honizontal force,
the vertical component 15 relatnely neghgible

Whether the run 1s n casy jog or a full speed sprint, cconomy of
effort 15 1 highly desirble objective To achieve thus 1t 1s cssentind
that the runner, either consciously or unconsciously, observe the
prmaples which apply to ciicient runnmg The most notew orthy
of these are listed below

Aol 1P, 1. 13 o
Prmeiples of

1 In accordance with the first law of molion a body at rest remans
at rest unless acted upon by a force In running the problem of overcoming
mertia deereases as the leved of speed 1s reachied It 1s greatest at the
tahe-off, and least after acceleration ceases

a The croucling start enables the runner to exert maximum horizontal
force at the take off by

(ﬁ) Providing a honzontal resisting surface agamst which the foot can
pus

(2) Putting the lugs mn a more honzontal position

(8) Enabling the runner to use maximum hup knee and ankle extension
m both legs

Dunng acceleration the honizontal component of the leg drive gradu
ally dimimshes until a level of speed 1s mantained, dunng which penod
1t remams uruform The penod of acecleration 1s charactenzed by a gradual
decrease 1n the forward mnclination of the trunk a lengthening of the
stnde (made possible by the rusmg of the center of gravity as the trunk
becomes more erect) and decrease of the knee thrust, resulting from the
gradual straightening of the hnee ot the moment of contact between the
foot and the ground

2 In accordance with the second law of motion acceleration 1s directly
proportional to the force producing 1t Hence the greater the power of
the leg dnive the greater the acceleration of the runner

3 Inaccordance with the third law of motion every action has an equal
and opposite reaction

4 Since a long lever develops more speed at the end than does a short
lever the length of the leg during the dniving phase of running should be
?5 great as possible when speed 15 a consideration This 15 achieved by
ull extension at the knee jomnt at the end of the driving phase

5 ‘The smaller the vertical component of force the greater the horizontal
or dnving component

@ In the most efficient run vertical movements of the center of gravity
are reduced to a mimmum
mé’ dg;hv: ‘; ::tdlcal lclox?ponent of force should be just enough to counteract
Dounoe o pull of gravity but not enough to produce an unnecessary

mnimg
e more completely the horizontal component of force 15 directe
Su'iui:t backwlard the more 1t will contnbutepto the forward motion n(z
e principles of runmng as here stated ar
of sprmting . Track and FxgeId Athletics b; %?easfa‘},i' ga‘:}?i, ";‘xllnttlll: desemphon
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Fig 215 A runner accel Fig 216 A runner hnt
erating ting hus stde

the angle between the neck and the shaft of the femur and in the
obliquity of the femoral shaft (see pp 231 to 236) are also re
sponsible for charactenstic gaits

Vanations i movement patterns which are not structural mn
ongn are often related to charactensstics of the personahty This
was brought home forcefully to the author when she attempted
to help college students whose gaits were awkward Almost m
vanably the students who had the most awkward gats were those
who were extremely shy or laching 1 self confidence It would
seem, therefore that teachers and therapists who work with such
ndividuals need a good background in psychology as well as m
kmesiology

RUNNING

Easy running, hke walking 1s a pendulum type of movement It
15 doubtful however whether running at top speed can be so class
fied The most notable factors differentiating the run from the walk
are the period of double support charactenstic of the walk but not
present 1n the run, and the period of no support (a sailing through
the air period ) charactenstic of the run but not present in the
walk In the run the foot hits the ground not i front of the body
as i the walk but almost directly under the body s center of gravity
Thus reduces the restraiming part of the supporting phase and gives
greater emphasis to the propulsive part As the speed increases
the restramning part of the supporting phase dummshes disappear
g completely as maumum speed 1s attamned The fact that
the run, the supporting phase 1s known as the dnving phase ndt
cates 1ts propulsive nature

o runmng as 1n walking the force exerted to produce the move
ment has two components honzontal and verhical In running
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the body Lateral movements of the arms legs and trunk detract un
necessanly from forward propulsion To assuie forward motion of the body

a ‘The knees should be lifted directly forward upward with the entire
lower extiemty hept in the sagittal plane (Unathletic guls frequently run
with a mimmum knee lift and with an inward rotation of the thighs the
feet and lower legs bemng thrown out to the side )

b The arm swing should exactly counterbalince the twist of the pelvis
and should not cause additional lateral motion

7 Efficiency in running as in any movement requires the elimination of
all unnecessary force

a The shorter the lever the less the force required to move 1t and the
less the reaction to 1t By fleaing the leg at the knee and carrying the heel
Ingh up under the hip in the recovery phase the leg 1s moved more rap
wdly as well as more economically

b Internal resistance caused by the viscosity of the sarcolemma 1s re
duced by warming up activities

¢ Internal resistance caused by tight
reduced by systematic stretching exercises

d Unnecessary force m the form of excessively rapid muscular con
tractions 1s ehmmated by developmng as long a stude as can be controlled

DEMONSTRATIONS AND LABORATORY EXERCISES

1 Observe the gait of people on the street detect mdividual char
aitenshcs, and analyze them m terms of anatomic and mechanical princy
ples

2 Get a subject to walk 1n each of the following ways Observe and note
differences m the movements of the head shoulders hips etc

a Placing one foot directly 1n front of the other

b Keepmng a latural distance of 10 to 12 mches between the feet

¢ Pomting the toes out

d Pomting the toes in

e Pomtng the toes strmght ahead

f Taking a short stnde

g Taking a long stride

3 Select four or five individuals who are not alike 1n leg length Get
them to practice walking until each one finds the stride and speed that
feels most comfortable to him Compare their stndes and measure the
distance between the footprnts for each individual

4 Observe several individuals as they run Look for the appheation of
the principles listed

5 Observe other forms of locomotion and discover for yourself what
prmnciples apply to them

BIBLIOCRAFPHY
1 Adwisory Commiltec on Artificial Limbs National Research Council The
Pattern of Muscular Actwvity in the Lower Extrermity Duning Walking

Prosthetic Devices Research Project Institute of Engmeenng Research
Unnversity of California Berkeley September 1953
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A B [+
Fig 217 Forchand dmve A The backswing B the forward swing C the
follow through

this by obscrvation nd palpation whenever possible In domng this
he needs to heep m mind the relation of the position of the body
to the pull of gravity and sts effect on the muscular action The
mechanieal factors should be 1dentified and the appropnate princi
ples considered Attention should then be given to common faults
and safety precautions These should be analyzed with reference to
the anatomic and mechanical principles concerned Finally coach

ing pomts based on the complete analysis of the movement should
be selected

ANALYSIS OF THE FOREHAND DRIVE IN TENNIS

The technique upon wlich this analysis 1s based 1s that advo
cated by Driver 1n her book “Tenms for Teachers ” It 1s suggested
that the reader refer to Drivers descriphion m order to understand
the Miestologic analysis

Purpose To return the ball advantageously

Type of Movement Lmear for the hand and racket rotatory
for the arm and for the body as a whole The movement 1s also bal
bstic The speed of the racket 1s reduced when 1t makes contact
with the ball and the movement 1s finally termmated by the con
traction of antagomistic muscles

Skill Classification Giving impetus to an object

De cription Startmg Posihion The left side 1s toward the
tet the feet about 18 inches apart the knees shghtly flexed and
the weight on the balls of the feet The rachet 15 held with the
castern gop as though shalung hands with 1t

Backswing (Fig 217A) The weight 15 transferred to the



Chapter 21

APPLICATIONS OF KINESIOLOGY TO
THE TEACHING OF SPORTS

I'ue pURPosk of this chapter 15 to dlustrate various ways m which
lanesiology may be apphed to teaching the sports which are com
monly mcluded in physical education programs A few representa
tive sport techmques and problems have been selected as a means
of demonstrating to the student teacher some of the practical ap
phcations of kiesiology m the area of sports It 1s 1 trmism that we
leam best by doing Hence no attempt is made to present com
prehensive analyses of sport techniques In fact, to do so would be
confrary to the philosophy on which this text 1s based The objective
of the teacher in traming should be to develop the ability to ana
lyze movement rather than to accumulate a collection of ready
made analyses The effective physical education teacher 1s one
who 15 able to analyze individual performance and to make helpful
suggestions for improvement The development of this ability 1s
the logical outgrowth of eaperience i analyzing not only the cor
rect form of speafic techmques but also the common faults 1
performance The value of this chapter to the student will be m
direct proportion to the extent to which he adopts this objective as
hus own

In making 2 prachice analysis the student should first select a
specific moyement unit such as a bashetball pass or a smgle stroke
m swimming This must be cleuly defined and the exact form de
seribed The movement should be divided imto logical phases such
4s” (@) prehmmary movement mnd (b) stroke and follow through
or 1 the case of periodic movements (a) propulsion and (b) re
covery Note thit the follow through 1s not given as a separate
phase Smnce 1t 1s contiuous with the stroke 1t should be included
with 1t Taking up onc rcgon of the body at 4 time the student
should then procced to note the nature and range of motion at exch
jomt Neat he should 1nalyze the action of the muscles venfying
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Left Shght flexion
les
Iught Dorsifleaon
Left Neutral
Fect Neutral
Shoulders
Right Partial abduction, honzontal cxtension abduction to the
Linut of motion, outward rotation
Left Abduction
Right clbow
Extension (possibly not complete)
Right wost  Hyperextension, radial flexion (may be mereased or
decreascd depending upon the hespht of the bail)

Forward Swing and Follow through

Head and neck  The head and neck are eatended i the neutral position
by the static contraction of the splenius capitis and cervicis and the capitis
and cenvicis partions of the sacrospmalis They are rotated shightly to the
nght by the left sermspinalis capitis and ccnaers Jeft multfidus left

lerd d nght sp capitis and cervicss, nght capitis and
cerviais portions of the sacrospinalis nght rectus capitis posticus major
and nght obliquus capitis infenor

Trunk The trunk 1s held in a position of by static tion
of the sacrospinalis and semispinalis It 15 rotated to the left by the left
sacrospinabis (dorsal and lumbar portions} left internal oblique abdommal
nght semispinalis (dorsal portion) nght multifidus (dorsal and lumbar
portions) nght rotatores and nght external obhque abdomnal muscle
It flexes slightly to the left the movement being controlled by the eccentnc
contraction of the nght spinal muscles (The simultaneous contrachion of
these muscles as extensors lateral flesors rotators of the trunk to the left
and rotators of the head to the nght s not 1t can be explamned
mn terms of the region mvolved and of the relative number of fibers that
contract for each movement Actually each of these muscles 1s a seres of
many small muscles rather than a single umfied muscle 1n 1tself }

Right ip  As the weight shufts from the nght to the left foot the nght
thigh becomes slightly abducted The action 1s controlled by the eccentric
contraction of the adductors The thigh 1s extended by the hamstrings and
:gt(:ltlclor magnus and rotated outward shghtly by the six deep outward

ors

Left hip The left thigh goes into a position of adduction and shight
mward rotation the action bemng controlled by eccentnic contraction of
the gluteus medius and mimmus It also becomes shghtly flexed in the
\f\elght beanng position This movement may be mnated by the tensor

ascae latae the sartorus and the pectmeus but almost mmedately it 15
mr}l\t;o“ed by eccentric contraction of the hamstrings
rght CS?‘S h’ﬁhedﬂexxon of the left leg 1s shightly mcreased and that of the
& ghtly decreased Smce the legs are m a weight beanng position
e movement 15 controlled by the quadriceps femons
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night foot and the trunk rotated to the nght as the racket 15 swung
back at about waist height The elbow 1s hept away from the body
(It 15 assumed that the straight backswing 1s being used, rather
than the arcular ) There 1s a pause at the end of the backswing
before the forward swing 15 begun

Foruard Suing and Follow through (Fig 217B .nd C)  The
um 1nd racket swing forward and shghtly upward n a continuous
sweep The racket 15 held with ats head shghtly <bove the level of
the wrist at all times The racket face 1s either flat or facing very
shightly upward -t the moment of impact nd the gnp 1s firm The
weight 15 transferred from the nght to the left foot and the body
15 rotated to the left so that at the fimsh of the follow through the
right shoulder 1s pomnting m the direction of the balls fhght As
the weight 1s shifted from the nght to the left foot the racket 15
contact with the ball and 1s moving forward n « straight line, nising
very shghtly The racket 1s above shoulder height for the follow
through and may fimsh n a shghtly closed position that 1s facing
somew hat downward

Anatomic Analysis®

For the starting position and backswing only the jomnt nalysis 1s gnen
for the forward swing and follow through both the jomnt and the muscular
analyses

Starting Position

Head and neck Rotation to the left

Trunk Extension

Hips Probably shght flexion and possibly shght 1bduction

Knees Shght flexion

Anlles Shght dorsifiexion

Right wnist Extension possibly shght hyperetension and ridinl
flexion

Right hand Flexion of fingers increasing from first to fifth finger
metacarpophalangenl jomt of mdex finger only shghtly flexed

Bachswing
Head and necl Rotation to the left
Trunk Eatension rotation to the nght
Hips (vanable)
Right Shght flevuon adduction wnd inward rotation
Left Eatension or shght fleuon abduction increased shght out
ward rotation
hnees {(vary according to the haght of the ball)
Tught Enther extension or shght flevion
o As n the preceding example thus analysis 15 systematic rather than chrono
logic. The correct sequence of movement for giving 1mpetus 1s stated on page
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Anlles and feet The feet assume a position of dorsiflenion 1 weight
bearing with possibly a shght degree of supination The weight 1s well
forward The gastrocnemius soleus peroneus longus, tibialis postenor and
possibly the tibialis anterior (if the supination 1s sufficiently pronounced)
control the The flexor hallucis longus and flexor digitorum are
also contracted 1n response to the pressure of the ground agamst the toes
There are individual vanations i the position of the feet, there occastonally
being plantar flexion of one foot or the other

Right shoulder jomnt As the arm swings forward the humerus passes
from a position of partial abduction to a position of flexion adduction The
muscles causing this are the pectoralis major the antenor deltod sub

pulans the cc brachialis and short head of the biceps The middle
deltord and supraspmatus support the weight of the arm The degree of
elevation of the arm depends upon the height of the ball The flexion
adduction of the humerus 1s accompanied by inward rotation Thus 15 pro
duced by the subscapulans antenor deltoid coracobrachialis and short
head of the biceps At the end of the follow through the posterior deltod
mfraspiatus and teres munor contract momentanly to check the mouon
of the arm

Rught shoulder girdle The scapula 1s abducted and tilted laterally by the
serratus anterior rotated upward by the serratus anterior and secon and
fourth parts of the trapezius and elevated by the levator scapulae and hrst
part of the trapezius

Right elbow and radioulnar jomts The forearm 1s held m a positon of

let: througt the movement The shght amount of
fexton probably serves to protect the joint against the effect of the impact
as well as to keep the racket in the desred posiion For about the first
three quarters of the swing the biceps brachialis brachioradialis and
pronatar teres are m statie contraction Then durmg the last quarter of the
movement they relax and the triceps contracts first m eccentric then mn
static contraction If the racket ends 1n a closed position the forearm has
pronated The pronator teres and pronator quadratus are responsible for
this movement

Right wrist The hypereatension is reduced by means of the action of the
flexor carpr ulnans flexor carpr radiabs and palmans longus WWhen the
midp 15 hed the carp1 ulnans and eatensor radials
longus and brevis contract to check further flexion The hand remamns m
a position of shght radual flexion agamnst the downward pull of gravity
acting on the racket The abductor pollicis extensor carp: radialis longus
and brevts and flexor carpi radialis are 1n static contraction

Thumb and fingers of nght hand These are 1 strong Bexton through the
action of the flexor longus pollicis and flexor digitorum sublimis and pro

fundus
The action of the left arm 1s not analyzed since it varies with the mndi
vidual It usually moves in opposition to the night arm n order to help
mantain balance

Note 1 Vanations n the muscular action are caused by the height 1t
which the ball s struck and by the foot worh required for the approach
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2 The follow through senves thice purposes namcly

2 1t assurcs an adequate application of force up to the moment of
mpact

b It permts a gridual cossation of the ipplicition of force by the
“movers "

¢ Itmuumzes the unount of force needed by the wtagomstic muscles
for terminating the movement

Mechanical 1 actors and Prneiples
Equiibrium

The effectneness of givmng impetus lo an objcct 1s largely dependent
upon the stabihity of the body at the moment of gning it A moderately
wide base of support and the use of the ILft arm to balance the nght both
contribute to stabihity

Friction

Rubber soled shoes are wom to merease friction and thus reduce the
danger of shpping and to fachtate quich changes of dircction
Inertia

1 In accordance with the law of mcrha a straight backswing requires
the application of a force to stop the movement and of another force to
overcome the mertia and start the movement n the reverse direction This
would not be true 1f a circular backswing were used The latter method
however has the disadvantage (for the mexpenenced player) of requnng
more exact iming

2 The follow through provides sufficient distance for “decelerating”
(te losing hinetic energy) without the ov iden con
traction of antagomstic muscles

3 Momentum plays an impartant part w thus movement It 15 probably
of greater importance than \} 1n bemg resp ble for
the posiion of the body at the end of the movcment

Guing Impetus to an Object

1 Maxmum velocity 15 obtaned in the racket when maxumum distance
15 used for 1 g Tlus 1s accomphished 1n the forehand dnve by
(U)thftlng the body weight (D) rotating the trunk (c) starting the
hn:t Wflng sufficiently early (d) swinging the arm to the comfortable
ma:elo motion m the backswing and (¢) heeping the racket at approut
uhnos}; amss length from the body The tuming of these movements 1s of
ot importance  For maximum veloaity of the rachet head the move
lhe lm:-)mmences with the shifting of weight and continues with rotation of
: er part of the body progressing to the upper and then proceeds to
men?‘;’n“mprogressmg from the proximal to the distal end Each move
5 coment I}I]l gets under way before the neat one commences If the timing
velonuty ka e cumulati e effect of these movements 1s to produce maxumum
100 et} any of the movements 1s added to the preceding one either
early or too late the potential velocity wall not be realized
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2 The use of the arm mn an almost fully extended position mcreases
the length of the lever thereby giving greater velocity to the racket head
than would be the case if the upper arm were close to the body

3 The concentration of mass at the level of the shoulders 1s moving
forward at the moment of mmpact thus assuring maximum speed for
striking

4 A shiliful player tends to use a relatively heavy rachet because other
things bemng equal the greater the mass of the stnking mmplement, the
lg)r(;later the strihing force and hence the greater the speed of the struch

¥

5 A new ball and a well strung racket assure a good coefficient of
restitution (1 ¢, elasticity) thereby mcreasng the speed of the struch ball

6 The compressibility of the tenmis ball causes it to rebound from the
rachet at an angle shghtly less than the angle of inaidence

7 A firm gop on the racket and the use of good wnst force assure the
{)ransmlssmn of force from the body to the mstrument, and hence to the

all

8 If the racket 1s hfted shghtly on the forward swing and if the racket
face 1s flat at the moment of 1mpact top spin will be mmparted to the ball
This causes the ball to move m an arc to have a long bounce and to nse
on 1its bounce

9 There 15 a positive relationship between the speed of the approach
ing ball and the speed of the struck ball

10 The application of maximum force to the ball 1s dependent upon
the correct imng of every phase of the stroke There 15 a httle more lee
way however with a straight backswing than with a arcular backswing

Common Faults and Means of Correction These are covered
so thoroughly i Chapter 12 of Driver s book, Tenms for Teachers,”
that they are not repeated here

Safety Precautions An adequate warm up pertod should be
engaged 1n before playmng 1n a game Several minutes spent mn vol
leying usually serves this purpose

Evaluation of the Forehand Drive 1s Described The side
to the net position permuts a long bachswimng If the player were to
face the net as begmnners frequently do a backswing could be ob
tamed only by means of the arm swing and rotation of the trunk
without the help of the shift of weight from one foot to the other
The arm would have a shorter forward swing before the moment of
mmpact hence w ould have less distance in which to develop veloaty
Another advantage of the side to the net posthon 1s that it permuts
more forceful action of the pectorahs major muscle

The side to the net position also contributes to greater stabihity
because 1t means that the base of support 15 widened both n the
direction of the oncoming external force (the ball) and i the direc
tion of the force being imparted by the body to the ball
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hig 218 The ot crawl (Erom Ammbruster “Competitine Swimming and
Ding ™ by courtesy of C V \Moshy Campany )

\

\ position sufficicntly fir to the side of the ball to permit 1 full,
or nearly full reach with the ann wd racket pormits a more force
ful stroke than could be exceuted if the player were so close to the
ball that a cramped elbow action swing w1s necessitated The latter
style would be unfavorable both to the leverage and to the mus
cular action

The straight backswing necessitates the overcommg of mertin
order to change to the fornard swing This 1s not true of the ar
cular backswing becanse 1w the Iatter the anm moves 1n one con
tinuous motion Tins mcthod 15 more ¢flicient for plyers who can

control the direction of the racket and the timmng of the tntire move
ment

ANALYSIS OF THE SPRINT CRAWL (g 218)

The techmique upon winch ths anilysis 1s based 1s deseribed by
Ammbruster and Morchouse 1n their book, Swimmmng and Diving ”
The position of the head and trunk and the movement of the head
m breathing are analyzed brcfly The arm and leg strokes are ana-
yzed 1n somewhat greater detm] These are divided into phases and
cach phase 15 defined and discussed from the point of view of the
mechanes mvolved and then analyzed anatomically The arm
stroke 15 divided 1nto the propulsive recovery and ghding phases
and the leg strohe nto the downstroke and the upstrohe The

estologic analysis of the spnnt crawl 15 as follows

. wpose  To swim the crawl stroke with maximum speed as
a race
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Type of Movement.  Lincar movement of the body as a whole
effected by means of rotatory movements of the upper and lower
extremuities The action of the legs in the Butter hick can be classi
fied as an osallatory movement (sce p 305) It s also somewhat
ballistic 1n nature although the resistance of the water mahes true
ballistic achion dufficult

Skl Classification.  \foving one's own bodv n the water

The Head and Trunh t

The head and trunk have three unportant functions n swim
ming, parhcularly n speed swimming These are minmizang re
sistance enabling the swimmer to breathe and provuiding a stable
anchorage for the arm and leg muscles The position of the body
15 the ley to reducing resistance The popular term “streambn
ing the body " gives the picture The body 15 almost honzostal
but not quite because the feet and buttocks are below the surface
of the water and the head and shoulders are partly above it. The
head 1s held with the chin shghtly hited and the eyes close to the
surface of the water m some cases just below 1t, and 0 some cases
just above 1t. The exact position of the body vanes with the ana
tomuc build and the buosancy of the mndividual, as well as with the
speed of the stroke A common mustake 1s to overdo the Lft of the
head If it 15 held too kugh, pr tipped back too far 1t makes the
swiunmer overtense and hence reduces his endurance Armbruster
emphasizes the importance of Leeping the chin and nose m the
mudplane of the body 1 order to Leep the body on an even heel
By static contraction of the rectus abdomums the spine 1s held m
a posiion of shght Sexion—or at least of mcomplete extension—
and the pelvis m a positon of shghtly decreased inchnation

The turning of the head for inhal 3 must be accomplished with
the least possible mterference wath the rhythm of the arm and leg
action and with the progress of the body through the water It 1s
essential not to Dift the head for breathmg, but to rotate 1t on its
longitudinal axs while at the same time tucking the chin " close.
to the side of the neck In this positon the face appears to be
resting on the bow wasve and the mouth 1s just above the surface
of the water After a quick mhalaton the face 15 agam turned for
ward with the eves m the honzontal plane and the nose and chin
m the mudsagittal plane of the body N

In order to provide a firm base of attachment for the muscles of
the arms and thighs the trunk must be held steads By the alter-
nahng achon of the left and nght oblique abdorunals and spmal
extensors the spine and pelvis are stabilized against the pull of fhe
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shoulder and Iup muscles, thus punmtung the Iatter to exart qll
of thair force on the lunbs for the propulsive movements

The Arm Stroke
Propulsine Phase
A Dcsenption

1 The Catch ‘The wmn s m a forwrd eatended position the hand
shghtly under the surface of the water The elbow 1s shghtly bent and
the palm and forcamm we pressing shighitly 1gunst the water The pressure
ismostly downward and shightly bickwird As the arm continucs to press
the backward componcnt becomes relatnely greater The bachward com
ponent cxceeds the downward after the hand 15 wpproximatcly 6 or 7
inches below the surface At tlus pomt the ann s pulled medialward and
downward until the haud fs i hne with the mudhne of the body This
helps to prevent undesirable lateril movements There 1s Ittle foree 1n
the movement until the bachward component caceeds the downward

ponent of fore If force were excrted as soon as the hand
hit the water the downward component of force would be so great that
1twould tend to Lift the body rather than drine it forward.

2 The Pull The pull starts at the moment that the hand reaches
the longitudinal midline position and continues until the arm 1s dirceted
sertically downward During this phase the arm s pulling downward
backward with the hand m the midsagittal plane of the body The elbow
flexes just enough to purmit the long axis of the hand to reman in this
plane As Armbruster powts out the flexed position of the elbow enables
(ll:e hand and forearm to exert their force i hne with the body 1t shortens
thelever arm thereby permitting faster motion and 1t facilitates the transt
ton from the pull to the push It 15 lso responsible for introducing an
ward rotatory component 1n the action of the shoulder joint The muscular
action 1 of course much stronger m the pull than n the catch

8 The Push As soon as the arm passes beyond the verheal, the
movement becomes a push stead of a pull The movement continues
:::1 g\e upper arm 1s paralle] with the surface of the water and the fore
o 1— Xe ';]u the ﬂ‘exnon at the elbow—1s at approximately a 45 degree
of%he tthe of the mo: t the hand 1s opposite the mddle

e thigh just below the hip 2 The push 1s done with maximum power
an;l Snishes with an extra push from the hand itself
hontzl: ‘t:‘lpfm‘mt n(:t to continue the push beyond this point because the
the u“\ 5 d T of force 15 ly d. )s and
wo k{) “ard component mcreasing If the latter exceeded the former it
uld tend to dnve the body downward nstead of forward

B Anatomie Analysis

1 Shoulder Jont The arm
extends at the shoulder jomnt and rotates
igghx:‘):i {m\ ard throughout the propulsive phase As the arm pulls toward
ine shght honzontal flexion adduction occurs In the push this is
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g 219  The crawl stroke Taken through underwater window 1 Welles
ley College swimintog pool The night arm 1s completing the ghde and 1s about
to begin the pull (Photo from files of Department of Hygiene and Physical
Education Wellesley College )

reduced as the arm 1s brought to the side of the body The muscles respon
sible for these movements are the latissumus dorss teres major and pectorahs
major particularly the sternal portion The long head of the trniceps and
the coracobrachialis help stabilize the jont The ltter muscle and the
short head of the biceps probably help 1n the shght mward honzontal
movement

2 Shoulder Girdle The scapula 1s rotated downward through the
action of the rhomboids and the pectorabs minor Probably some abduc
tion accompanies this movement when the 1rm 1s directed vertically down
ward If so the upper serratus anterior mght be worhing with the pectorahs
minor to bring this about

Elbow The forewrm fleaes shghtly and remams m this posiion

The muscles which flex the forearm are the biceps braclials brachio
radialis and pronator teres Even though the joint action 1s shght the
muscular action 1s strong since 1t must resist the pressure of the water
agamnst the front of the hand and forearm

4 Radioulnar Jomnts The pronator teres and pronator quadratus
hold the forearm 1n 1 position of shight pronation

5 Wnst and Fingers The palmans longus flexor caurpr radialis
flexor carpt ulnarts flexor digitorum sublimis and flexor digitorum pro
fundus contract to hold the wnist and fingers i an extended position against
the pressure of the water In the final push the hand fleves shghtly at the
wnist and the fingers flex at the metacarpophalangeal jomts The fingers
and thumb are adducted bv the palmar nterosse: the opponens digiti
quinti the adductor polhcis and the opponens polhas In the part of the
movement 1 which the hand 1s brought in to the mudline there may be
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shight ulnar floxon t the wiist of the fingurs re pointing directly down
W,

Recovery Phase
A Desenphion

1 Release. The propulsise phse eods with the dbow it the surface
of the water and the hind clos to the front of the thugh palm up The
forcanm san a backward-dowam ard dhagonal position with the hand below
and postentor to the clbow Erom this position the forearm is hited with
the elbow leading wid the ulnar side of the fore wm tumed toward the sur
face This position 1ssurcs 1 mmimum of resist nee s the fore i s hited
from the water

2 Recovery The Jbow ts hted 1bove the Tuved of the head and
when the hand 1s clcar of the w iter the forc wm swings outward and for
ward m a low are with the hnd turned palm down and the thumb side
leading forward Aftcr the hand passes the hioid the arm reaches forward
n preparation for the antry The upper wm s close to the head the clbow
m a shghtly flexed position and curncd ugher than the hand the palm

15 parallel wath the surface of the water, and the wnst and the fingers are
fully extended

B Anatomic Analysis

1 Shoulder Jout The lfting of the arm out of the water 1s ac
T d by hyy at the shoulder jomt with the postentor

deltoid latissimus dorst and teres major 1n strong contraction As the arm
reaches fornard the movement changes to "bduction and honzontal ex
tension abduction accompanicd by outward rotation This part of the
movement 1s brought about by the action of the middle dcltoid suprasp
natus nfraspinatus and teres mmor The posterior deltord probably ceases
to contract by the time the elbow passes the head

2 Shoulder Girdle Durning the hfting part of the movement the
;gal’ula 15 adducted by the action of the rhomboids and middle trapezius

unng the reach 1t 15 rotated upward by the action of the lower serratus
and the second and fourth parts of the trapezius
; 3 Elbow At first the clbow jomnt 1s relaxed but in the reach the
orearm 15 partally extended by the action of the trceps and anconeus
. 345 _}_{ﬁldmulnar Jonts The forearm becomes less pronated than 1t

P s 15 brought about by contraction of the supinator
o st and Fingers As the palm turns downward the extensors
ke (Zh wnist and fingers come nto ction to support their weight and to

P them in an extended position
Glding Phase

A Desenption

1 The Entry
Palm down and paral

From the position with the hand in front of the head
lel with the surface of the water and with the elbow
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Ingher than both the shoulder and the hand the hand reaches forward
and the arm 1s eatended at the clbow With the fingertips just barely n
the lead the hand and forcarm then enter the water directly m front of
the shoulder A high p of the lder and prevention of hyper
extenston at the elbow jomt are both achieved by keeping the top of the
elbow ponting out to the side

2 Support ‘The forearm continues to extend at the elbow joint after
the hand 1s beneath the surface of the water but stops a little short of
complete eatension The hand wnd forearm slinting downward only
shghtly reach forward nd press down agunst the water until the hand
1s 1bout 6 or 7 inches benc th the surface

B Anatomic Amlysis

1 Shouldcr Jomt Ihe abduction of the bumerus commenced
the recovery phase 1s completed i the entry part of the ghding phase
This 15 followed 1n the supporting part of the ghding phase by a shght
forward downward depression of the arm nvolving cxtension and shght
mward rotation at the shoulder jomt The les prod these move
ments are the latissimus dorst teres major pectorahs major posterior
deltoid and long head of the triceps

2 Shoulder Girdle The shoulder girdle continues to rotate up
ward until the humerus completes its abduction When the hand and fore
arm start to press down on the water the scapula starts to rotate down
ward through the action of the rhomboids and pectoralis minor

3 Elbow The triceps and the anconeus continue to extend the fore
arm but cease before the elbow 1s in complete extension

4 Radioulnar Jonts The forearm remains shghtly pronated

5 Wit and Fingers The hands and fingers remain 1n extenston but
as they begin to press agunst the water the flexor muscles contract in order
to protect the joints

The Leg Strohe
Downstroke

A Descrniption At the begmning of the downstroke the hip and the
Lnee are 1 a shghtly flexed position and the ankle 1s 1n a position of com
plete plantar flexion The downward movement 1s initiated at the hip joint
and from there 1s transmitted to the thugh knee leg ankle and foot As
the lower extremity moves vertically downward the knee becomes fully
extended and the anteror surface of the thigh and leg and the dorsal
surface of the foot exert strong downward pressure aganst the water

B Anatomic Analysis

1 Hip Jomnt The thigh becomes moderitely flexed at the hip joint
It 15 not rotated exther inward or outward neither 1s 1t abducted Either
1t 35 neutral so far as abduction and adduction re concerned or else 1t 15
m a posizon of shght adduction The muscles which flex the thigh are the
1liopsoas tensor fasciae latae pectineus sartorius and graciis The adduc
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tors magnus, longus, brevis and gracihs ase responsible for any adduction
that may be prescnt

2. knee The Iy catends at the begmning of the downstroke nd
remams extended until the stioke 1s completed Tlie extension is perfonmed
by the quadniceps fumons At the end of the stroke the muscles sdlax
momentanly

3 Anlle and koot The whle ind tarsal jomts rem un w a position
of complete plantar flixion The ankle joint 1s so constructed that when ot
1s completely extended the foot 1s m 2 shehtly adducted position This s
because the axis of the ankle jomnt 1s shightly oblique Insted of bang
situated 1n a true frontal planc it slants shphtly posteniorly 15 it passes from
the medial to the Jatcral aspeet There s probibly 1 shght unount of
voluntary adduction and i ersion (supination) of the foot also i addition
to the imvoluntary adduction mcadental to the complete plantar flexion
There 15 no “tocang ™ 1 the same sense that there 1s i wallung The
latter 15 due to mward rotation at the lup jomnt a mascment which should
not occur 1 the flutter lick ‘The plantar Hexion 1s caused by contraction of
the soleus peroneus longus and brevis tibiahs postenor flexor digitorum
longus and flexor hallucis longus OF these the three latter also supmate
the foot Whether or not the tibialis antenior contributes to the supmation
1s difficult to say Expenment shows that st does contract when the foot
is supmated agamst resistance cven when the ankle 15 fully cxtended
(plantar flexed) It does not secm hhely that the gastrocnemius helps 1n
the plantar flesion 1n tlus part of the stroke becausc the movement 15 not
performed against resistance This 1s difficult to determine experimentally

Upstroke

A. Deseription The lower eatremity 1s completels extended at the
eginmung of the upstrohe but there 15 a momentary relaxation of the
muscles as th

i ¢ movement changes from downward to upward The leg
le"” shightly at the knee duning the upstroke and the foot 15 easily ex
ended but not turmed 1n as 1t 15 1n the downstroke

B Anatomic Analysis

beflor:{’P Jem! The thigh extcr:ds throughout the upstroke but stops
b g the of T The hamstnngs adduc
magnus and gluteus maximus are n strong contraction There 15 no
rotation of the thigh
prfxuﬁe? Jomnt The leg flexes at the knee jomnt to an angle of ap
ngee: t_fﬁ" 135 degrees Hence 1t moves through an arc of about 45
arealln e hamstrings sartonus gracihs popliteus and gastroenemng
shoster ;tmmental m flexing the leg but since the gastrocnemius 1s 1 a
Homon o position due to the ankle extension 1ts contnbution to the knee
3 ?\nnot be very great
s :otle and Foot The foot 1s 1n a position of plantar flexion but
the foot complete unbl the very end of the movement when the sole of
Wi exerts maximum pressure aganst the water Armbruster refers to
Ovement of the foot as a Jashing action and atiributes to it the major
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propulsive action of the legs There 15 no adduction or mversion of the
foot until the upstroke 1s completed In the terminal position of the up
strohe the sole of the foot 1s just below the surface of the water and 1s
parallel with it The action of the plantar flexors 1s even stronger n the
upstroke than i the down because they are working directly agamnst the
pressure of the water The Jes winch are the g

soleus peroneus longus peroneus brevis tibilis postenor flevor digitorum
longus 2nd flexor hallucis longus

Additional Aspects

Other spects of the criwl stroke wiich are mmportant to the
swimmer and the coach melude the timng 1nd coordmation of the
arm nd leg strohes nd of the breathmg, the rhythm of the stroke
as a whole the relaxation of the body wnd the flexbility of the
jomts, particularly of the shoulders and ankles Of these, possibly
the last named 15 of grentest iterest to the hinestologist The serious
minded swimmer will want to know how to mcrease the range of
motion 1n his shoulder jomnts and ankles, specifically, how to stretch
the pectorals and anterior ligaments of the shoulders, and to gan
greater plantar flexion of the feet Armbruster has suggested a few
excreises for these purposes The hmesiology student should be able
to devise several others

ANALYSIS OF COMMON FAULTS IN SELECTED SPORT
TECHNIQUES

One particularly useful appheition of hinesiology for the sports
mstructor 1s the analysis of common faults A number of such anal
yses have been made by Vollmer 1 an onigmal study at Wellesley
College The matenl i this section 1s condensed from portions
of her study * It 1s mcluded n this text as 2 mcans of demonstrat
mg to the reader how he can analyze common faults mn sport tech
mques and use these nalyses as the basis for his teaching sug
gestions Prior to making the analysis of a fault 1t 1s essential to
note the respects m which the fault differs from the correct form
of the techmque The next step 1s to analyze the fault hinesio
logically This may include both anatomic and mechancal analy
ses, or 1t may be limuted to either one or the other depending upon
the nature of the fault The final step 1s to devise teachmng sug
gestions These should be the natural and logical outgrowth of the
analysis Practice of this sort should enable the student teacher to
think analytcally about his teaching and should sharpen lus aware
ness of cause and effect relationships Bemng forewarned of the
nature and cause of the faults he should be able to teach the tech

 Used by permussion of the author Lola Vollmer Shepherd
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1 ques m such 2wy that Ins pupils will avoud the common fults
1f some do dervclap tham, he will presumiably be prepared to mhe
appropriate. suggestions for ovcreomng thom

Fault wn the Crawl Stroke Rigud lutter hack

Descripion In the ngid flutter Mk the mosament s one of
alternate flevion md extension of the ntire lower aatraamty, with
the movement confined to the lap jomt wste d of bang trnsantted
successively through the thigh to the hnee jomt wd thence
through the leg to the ankle nd foot The knee jomts are fully ex
tended throughout the hick and the feet and ankles are held m an
unchanging positon of plantir flovion the cxact degree of thus
plantar flouon varying with mdivaduls The swammcr who commits
this fault finds that he has to hack more times to cover the same
distance as a swimmer who hicks correetly This results i a nar
rower hick A ngid flutter hack 1s obviously less cffiaent than the
correct hick In bricf, the ngid flutter hick deviates from the cor
rect form m that there 1s m bsence of knee and ankle flevion, an
absence of relaation 1t the cnd of the downhick or beginming of
the uphick, and an absence of “fishtul” action of the sole of the foot
agamst the water

Anatomic Analysis In the correct downhick the upward pres
sure of the water agamst the lower leg causes flexion to occur at
the knee In the ngid hick however this 1s provented by the ten
sion of the quadriceps extensors Normally the shight flevion at the
knee 15 followed by eatension dunng the course of the downstroke
but since the knee 15 already ngidly extended, this extension can
not take place Sumilarly the reduction of plantar flevion which
should take place at the end of the downstroke fails to occur be
cause of the continuous contraction of the plantar flexor muscles
(soleus peroneus longus and brevis tibialis posterior flexor digt
torum longus and flexor halluais longus)

In the upstrohe the tension of the quadriceps extensors agamn
prevents the shght knee flexion which aceurs when the kick 1s cor
rectly performed (See Figs 218 and 219 ) Throughout the stroke
the extensors of the lower back and the abdominal muscles con
tract to stabilize the pelvis against the pull of the hip flesors and
extensors Normally they relax momentanly just before the legs
reverse thewr direction The tension m the muscles of the lower
extremties spreads to these however and the excess tension of
these muscles causes interference with the action of the diaphragm
This m turn results m less efficient breathing and 1s an additional
factor m causmng fatigue

Mechamcal Analysis The propulsive component of force
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which drives the body forward 1s that which pushes the water i
rectly backward In the downstrohe this 1s provided most effectively
by the mstep of the foot, ud in the upstroke, by the sole The
amount of propulsive force developed depends upon the angle at
which the mstep and the sole of the foot are held with respect to
the surface of the water In the upstroke the best angle for the
sole of the foot 1s possible only when the knee 1s slhightly flexed
In the ngid hach the knee 1s strught and the sole of the foot 1
therefore not i the best position for providing propulsive force

In the correct form each limb acts as 1 scnes of Jevers—thigh
lower leg and foot—but 1n the ngid kick each linb acts as one long
lever with the force 1rm estending from the distal attrchments of
the lup flexors and cxtensors to the anis of the hip jomt The re
sistance arm consists of the entire length of the lever from the n
step or from the solc of the foot to the hip jomnt The force acting
on this lever comcs solcly from the muscles of the lup jomnts The
muscles of the hnec wnd angle do not contribute to the motion of
this lever When the imb 15 used 4s a series of levers these muscles
help to provide the force

Inertia must be overcome with each reversal of direction in the
kich Since 1n the ngid flutter hick the stroke 1s shorter and faster
than 1t should be the muscles of the hip jont which have the
double task of overcommg both the mertia of the hmb and the
resistance of the watcr re overburdened They must work harder
and faster to meet the demands made on them by the frequent
changes of direction 1nd the mcreascd resistance of the water due
to the speed of movement Ordinanly the upstroke has an advantage
aver the downstrohe because when the stroke 1s performed cor
rectly the solc of the foot 15 1n 1 better position to push back
aganst the water than 1s the instcp on the downstrohe In the ngid
lick thus advantage 1s lost

Teaching Suggestions The ngid crawl futter hick 1s as
sociated with undue tension of the quadrniceps extensors at the knee
jomt and of the plantar flexors at the ankle jomt during the changes
of direction 1 both the downkick and the upkick There may also
be unnecessary tension of the abdominal muscles and the spmal
extensors As the kick 1s mefficient 1t 1s carried on at a faster rite
and through 2 narrowcr arc than would be the correct hick for the
mdividual swimmer Conversely a rapid narrow kick tends to be
a ngid kick These factors aid 1n 1ts recogmtion In the teaching of
the kich 1t would seem the best procedure to msist on a slow deep
kich m the students first attempts and to increase the rhythm
gradually to the desired rate Motivation should not be directed
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toward speed m the porformance of the hick ghde m the teaching
progression Nather 1s 1t desirable to anplisize that the legs be
held straight at the hnees The emphisis should be put on the i
creased action at the lups and at the whles FPurthermore Jand
dalls to meretse mkle floubility scum to he wdvisable ™2

Tault i Archery Creeping on the Release

Description The fault known as crecping may be caused by
ather amm It may be duc to a forward movement of the nght hand
prior to or at the moment of, the rdlease or 1t may be due to the
relaxation of the Jeft arm at both the shoulder and the clbow jonts
1f the creeping 1s duc to the nght arm, the normal follow through
1s omutted entirely, 1f 1t 15 due to the left amm, the follow through
1s reduced because of the loss of tension between the bow and the
string preceding the release

Anatomic Analysis The arms are mamtauned at shoulder
level by the deltord and supraspmatus muscles and are drawn back
mn honzontal extension abduction chiefly by the postenor deltoid,
fraspmatus and teres mnor, 1ssisted by the latissimus dorsi The
scapulae are strongly adducted by the rhombomds and middle
trapezius  Both the lhonzontal eatension of the arm and the ad
duction of the scapula are stronger on the side of the drawing arm
than of the bow wrm The muscles of the bow arm are 1n static,
1e tomc contraction whereas those of the drawmng arm are n
phasic contraction The elbow extensors and the ulnar flevors of
the wnist on the side of the bow arm are also n static contraction
resisting the pressure of the bow

When creeping 1s the fault of the night arm (1e  the drawmng
arm) 1t 1s caused by premature relaxation or by lengthening con
traction of the scapular adductors and the honzontal eatensors of
the shoulder jomnt This results i msufficient resistance to the pull
of the sting When creeping 1s the fault of the left, or bow, arm
it 15 caused by tinng and consequent relasation, of the muscles
which must resist the pressure of the bow, particularly the triceps
muscle

Mechameal Analysis Creeping before or during the releasc
reduces the tension between the string and the bow and thereby
reduces the potential energy which the string has acquired Thus
the amount of force umparted to the arrow by the strng 15 de
creased Furthermore this fault introduces a vanable factor as the
amount of creeping will tend to vary with each shot

A study has been made on the effect of creeping when the archer
holds tus anchor and amms correctly 11 A reduced draw or a creep
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of one half nch resulted an hits 59 inches below the target center
at forty yards, and 9 4 inches below the center at fifty yards A
creep of three quarters of an inch resulted 1n hits 8 8 inches below
the center of the target at forty yards and 138 inches below at
fifty yards 22

Teaching Suggestions The student should be instructed to
hcep drawing actively with the nght arm and to be constantly
aware of the pull between Ius shoulder blades until after the re
lease Absence of a follow through 15 usually an indication of creep
g Swnce crecping may be caused by using too heavy a bow, the
teacher should chech to see that the bow 1s the nght weight for
the student He should also make sure that the student has a cor
rect anchor and that he 1s not holding the draw position too long
If the student has difficulty finding hus mm he should relax lus
draw and rest 2 moment before drawing again

Fault in Temus Service Incorrect Ball Toss and Clbow Action Serce

Description The incorrcet toss 1s charactenzed by elbow and
wnist action, the forearm having startcd from a position of flevion
The movement of the left arm takes plice mn an ntermediate
planc betwcen sagittal and frontal If the ball were dropped it
would land just beyond the left toc The follow through 1s short
ag there 1s scarcely ny motion 1t the shoulder jomt With this
lﬁm% of toss the ball nses to 1 height of only 2 or 3 feet above the

ea

The low height of the toss 15 responsible for the cramped elbow
action serve After the prehminary movement the racket head 15
brought behind the servers head instend of his shoulders, and
the tip of the racket 1s pomted toward the left sideline nstead of
toward the ground With the nght elbow shll flexed the forearm
1s swung forward and the racket contacts the bnll at a pomt which
15 but sightly more than a racket length above the head A service
such as this usually results erther 1 the ball gomng nto the net or
if hat with an open racket face nising into the air instead of moving
horizontally

Anatomic Analysis In the elbow action sernve there 15 m
sufficient elevation of the arm The upper arm 1s raised only shightly
above the shoulder level and the forearm 1s mcompletely flexed at
the elbow In order to bring the rachet forward from this mcorrect
position the upper arm 1s rotated inward This movement 15 ac
compamed by shght horizontal flexion adduction at the shoulder
jomnt and partial extension of the forearm at the elbow The princ1
pal muscles which 2ct m this mcorrect service (subseapulans and
teres major) are smaller and less powerful than those which are
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used 1w the correet form (Itissimus dorsi, pectorilis major ud
teres major

The l)l\ll )h)ss 15 achieved by flevion of the forcarm and wnist,
with enly shght flaaon of the wm at the shoulder jont

Mechanical Analysis With the prmary as for the ball toss
at the elbow rither than at the shoulder jomnt, the throwing lever
15 shortened nd the are through winch the hand travels is more
sharply curved than s the casc whon the ball s tossed with the
forexmn cuended Smee the ball lewes the hand at 2 tangent to
the arc of motion the tmung of the redoise must be very exact
nd the chanees of 1 ccurate toss 1re greatly dimmished Also
hecause of the shortened lver, less hnctic energy 1s imparted to
the ball Turthcrmore, simee the length of the lever 1s not standard
1z¢d, as 15 the length of the fully cxtended anm, the results of the
toss are inconsistent

The low toss reduces the time available for the swing of the
rachet nd results i cramped elbow action This Iimuts the speed
which can be acquired by the rachet head and results m relatively
Dttle 1mpetus being pien to the ball when it 1s struck Accuracy
1s also affected because of the more sharply curved are through
which the racket head moves, necessitating spht second twming in
strlung the ball

Teaching Suggestions “Tossing the ball for the shee service
so that 1t may be contacted n front of the nght shoulder with full
extension of the players arm and racket 1s a most important factor
m an accurate tenms serve The toss 1s a shill which should be pre
sented as such and practiced apart from the other phases of the
serve The method of tossing suggested m this study 1s with the
arm straight the axis of movement at the shoulder jomt, and a
follow through 1n the direction of the toss The toss should prefera
bly be started with the arm lugh just below shoulder level Thus
the arc traveled by the hand will be flatter If possible, during
practice of this skill, there should be a target in the air at which
the student may aim—as one attached to or lined up with, the nm
of a basket mn a gymnasium Reasonable accuracy on the toss should
be achieved before an attempt 1s made to synchromze 1t with the
swing This [practice] would tend to prevent the formation of poor
habits 1n the swing It would not seem advisable to nclude 1n the
progression a step m which the student tosses the ball and swings
the racket forward but does not attempt to hut the ball In order
to mss the ball she would have to disrupt the timing of the swing
or would have to swing the racket outside of the correct path -?

If the student teacher will select a number of common faults
comparable to those just cited and wall analyze them mn a similar
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manner, he will find this practice to be of value m helping um to
become more observant and analytical 1n his teaching and coaching

THE APPLICATION OF KINESIOLOGIC PRINCIPLES
TO THLE TEACHING OF SPORTS

Physicil education teachers have found that their students learn
sport shills more rapidly and practice them more mtelligently when
they have at least a rudimentary knowledge of the basic principles
which underhic successful performance 12 18 The student of kinest
ology should keep thts in mind and, as he reviews the anatomic and
mechanical principles of movement should think of ways of e
plammg them m simplfied terms This 15 a practieal apphication of
kmesiology which has recerved all too little attention n the past

As an ilustration of the way i which stmphfied hnesiologic
eaplanations and demonstrations may be utihzed by the sports 1
structor m Ins teaching methods a portion of an onginal study by

Applications of Kinesiology

McAuley 1s presented below i somewhat abndged form °

Softball Overhand Throwt

RINESIOLOGIC EXPLANATIONS

DEMONSTRATIONS

LEMERAGE

The ball 1s held m the fingertips
because the fingers lengthen the
throwing lever The improved lever
age serves to ncrease the speed that
can be developed The longer the
lever the greater the speed that can
be developed at 1ts end Hence the
greater the momentum that can be
imparted to the ball

MOYEMENT

The weight shifts to the nght
foot 1n the preparatory phase so that
1n the actual throw the momentum
caused by the forward shifting
weight can be added to the ball as
1t leaves the hand The rotation of
the trunk to the nght mn the pre
paratorv phase mnsures a larger arc
to swing through m the delivery
phase

To demonstrate the difference be
tween using a short and a long Jever
m throwmng a softball have the
students throw first using just the
hand and forearm and then using
the enfire arm

OF THE BODY

To demonstrate the value of the
weight shift and rotation 1 throw
mg a softball have the students
throw first with a narrow stance and
without moving the feet or shafting
the weight and then using the cor-
rect form They should compre the
two methods wath respect to the dis
tance of the balls flight

Used by permission of the author Janet McAuley

i

The authonty for all of the sport skills referred to mn this section 15 Technic

of Team Sports for Women by Meyer and Schwartz
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ANCLE OF BILE ASE

If distance 1s deswed  the ball
should be released at ipproaumatcly
45 degree angle from the honzon
tal, This assures sufficient vesticsl
force to 0vercome the force of pr
ity, yet at the same tme provides
optimum honizontal force 1f the ball
15 to be thrown a short dustance it
maximum speed, 1t should be 1o
leased i as nearly 1 honzontal th
rection s possible

Lo danonstrate the dfcet of the
angle of r'case on the flight of the
ball Biwe the studeats throw balls
rcdewing than 2ty inous wgles and
nole the results 1 they work m
paus the patner e cheek on the
mgle of rele e

Volley Ball Underhand Serve

KINESIOLOCIC EXI LANATIONS

DI AONSTIATIONS

RELATION OF BODY 10SITION TO ELICUT OF BALL

To assure a straight forward
swang with the nght ann moving m
the sagittal plane the feet are
pomnted forward toward the net A
moderate stnde with the left foot
shghtly forward assures stability for
the sene

The teacher should demonstrate
the cffeet of body posiion on the
flight of the ball and show how a
side arm swing1s required if the side
1s turned to the net Note that a ball
thus it will be directed to the side
of the court Huwe the class try
standing incorrectly a few times and
sen e with some sidearm nchion and
thien have them prachice correetly
swingmng straight through to the op
posite court

TELATION OF STANCL TO APPLICATION OF YORCE

A moderate stnde with the left
foot shghtly forward the left knee
shghtly flexed and the weight over
the nght foot enables the server to
stuft the weight forward toward the
end of the sene This contributes
to greater force 1n hittng the ball

hence to greater speed of the ball in
its fight

The teacher should demonstrate
the way a stff forward knee acts as
a brake to the momentum of the
body and necessitates tipping over
the stff leg Pomt out the way this
“tppng” action tends to make the
player It up and to lose momentum
Have the class concentrate for a
while on bending the left knee as
they practice serving

EFFECT OF HITTING BALL OFF CENTER

The direction taken by the ball
after it 15 struch 15 determined 1n
part by the angle of contact For a
straight flight the ball must be hit
directly behind 1ts center with the

The teacher should hit the ball
first to the left of its center and
then to the nght The students
should note the effect on the balls
flight The effect of hitting off center
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hand moving 1n the desired dirce  can be shown even more clearly by

tion of flight In order tolut the ball  placing the ball on the foor and

properly 1t should be held at the luttingat gently frst to the leftof its

nght side of the body center then tothe nght and thenm
Tine with its center

ANGLE OF ATPLICATION OF FORCE
If the force 1s applied to the ball Demonstrate hutting the ball

at 1 45 degree angle from the hon 1 Midway between center
zontal both optimum honizontal dis back and bottom

tance and height are assured The 2 From beneath

ball then has equal forward and up 3 Too lugh

ward components of motion The Hue the class note the flight of the
upward component cammes the ball  ball resulting from each kand of hit
high enough for it to clear the net  Then have the class work 1n pais
and the forward component cimes  and take turns practicing serving
it an adequate distnce onto the attumpting to Iut the ball at a 43
court The application of force tothe  degree angle The partner should
ball at a 45 degree angle depends  stand at the side and announce the
upon the hesght at which it s held  apprommate angle at which each
by the left hand aswellasupon the  ball 1s struck Both partners should
movement of the nght hand The note the effect of this angle on the
ball should be Int about mudway be  flight of the ball with reference both
tween center back and bottom If to direction and to distance

the ball 1s contacted from beneath

its flight has too large a vertical com

ponent If 1t 15 contacted too high

the honizontal component 1s too

large These two faults result re

spectively either 1n netting the ball

or n causing it to pop up If the

ball succeeds in crossing the neton a

“pop up” 1t usually drops so close to

the net on the other side that the

front line players are able to sptke 1t

RELATION OF LENCTH OF LEVER TO SPEED OF BACKSWING

The nght arm 1s shghtly flexed at The mstructor should provide
the elbow to facilitate rapid comple  himself with two laths or similar
tion of the backswing Thisis bised  sticks One of these should be sawed
on the prinaiple that the shorter the 1 half and the two pieces nailed
lever the more rapidly it can be together at nght angles to each
moved ” If the armis straight on the  other To demonstrate the relation
backswing the swmg will take of the length of the lever to the
longer and the reversal of direction  speed of the swing both the straight
will be more difficult because more  and the bent levers should be sus
momentum 15 developed Thisaddi  pended by one end lifted together
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tional momentum 1s Iikdly to cse
loss of balance

157

through ipproamatcly 1 90 degree
are, and than allowed to swang free
Ihe cliss should note the diffcrence
i the speed of thar swings

Softhall Catching

LIALSIOLOGIC X1 LANATIONS

DLMONSTHATIONS

RELATION OF ACCURACY AND SAFITY IN CATCIUING TO GIV ING™ WATIE DALL

The two most common results of
poor catching techmique, namely ro
bound of the ball and njury to the
hands, stem from the same cause
Both are refated to the specd of the
ball at the ume of catching it, and
to the amount of space used 1 re
duaing thus speed to zero The more
suddenly the speed 15 reduced the
more likely are rebound and injury
tooccur When catching a swaft ball
both agcuracy and safety are di
rectly related to the degree of

gving” as the ball 1s caught Tlis

gving  which 1s achicved by
draving the hands 1 toward the
body and by shifting the body
weight backward prowvides ade
quate space for reducing the balls
speed gradually This prevents the
elastic recoil which occurs when the
ball huts an unyselding surface

Bounce a ball agamst pavement
and agunst soft ground Throw a
ball agasmst a wall aud agawmst a
suspended blanket or gymnastum
mat Pomt out the sumlanty be
tween these demonstrations and
catching a ball (1) with stff, un
yiclding hands and arms and (2)
by “paving wath the arms and body
upon rceenmg the nnpact of the
ball

EFFECT OF IMPACT OF BALL AT L\D OF LONG LEVER

If a force 1s applied to the end
of a lever the effect of that force on
the lever 1s represented by the prod
uct of the force and the length of
the leser Hence given forees of
equal magmtude the longer the
lever the greater the effect on 1t
When a ball 1s caught i one hand
with the arm extended full length
either sideward or upward the end
of this anatomic lever—the arm—
receives a force which 1s m propor
tion to the force mnparted by the
ball The greater the balls speed
the greater the force 1t imparts The

Working 1n pairs one student
first wath the arm extended side
ward at shoulder level and then
with the elbow shightly bent should
resist the honzontal push exerted
upon his hand by the other student
The force should be the same for
each push The student recewving
the pushes should compare them
with respect to (1) the stram felt
at the shoulder jomnt and (2) the
effort required to resist the push
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hand moving i the desired diree
tion of fight In order to hit the ball
properly st should be held at the
nght side of the body

Applications of Rnestology

can be shown even more clearly by
placing the ball on the floor and
hitting 1t gently first to the leftofits
center then to the nght, and then1n
hine with 1ts center

ANGLE OF APPLICATION OF FORCE

1f the force 1s applied to the ball
at a 45 degree angle from the hon
zontal, both optimum honzontal dis
tance and height are assured The
ball then has equal forward wnd up
ward components of motion The
upward component carmes the ball
high enough for 1t to clear the net
and the forward component carmies
1t an adequate distance onto the
court. The application of force to the
ball at a 45 degree angle depends
upon the height at which 1t 1s held
by the left hand as well as upon the
motement of the nght hand The
ball should be hut about midway be
tween center back and bottom If
the ball 1s contacted from beneath
its fhght has too large a vertical com
ponent If 1t 15 contacted too high
the horizontal component 1s too
large These two faults result re
spectvely either 1n netting the ball
orn causing it to pop up If the
ball succeeds 1n crossing the net on a
“pop up” it usually drops so close to
the net on the other side that the
front Iine players are able to spilet

Demonstrate hitting the ball
1 Midway between center
back and bottom

2 Irom beneath

3 Too Iugh
Have the class note the flight of the
ball resulting from each kind of ht.
Then have the class work 1 pars
and take turns practicing serving
attempting to hut the ball at a 43
degree angle The partner should
stand at the side and announce the
approumate angle at which each
ball 1s struch Both partners should
note the effect of this angle on the
flight of the ball wath reference both
to direction and to distance

RELATION OF LENGTH OF LEVER TO SPEED OF BACESWINC

The nght arm 1s shghtly flexed at
the elbow to facibitate ripid comple
tion of the backswing Ths 1s based
on the principle that “the shorter the
lever the more rapidly 1t can be
moyed ” If the arm 1s straight on the
backswing the swing will take
longer and the rev ersal of direction
will be more difficult because more
momentum 1s developed Thus addy

The nstructor should provide
himself with two laths or sumilar
sticks One of these should be sawed
n half and the two preces nailed
together at nght angles to each
other To demonstrate the relation
of the length of the lever to the
speed of the swing both the straight
and the bent levers should be sus
pended by one end lifted together
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step should be to :dentify the vanous shills mvoly ed m soccer, such
as runnng, punting, trapping, and so on He should then analyze
these to sce to winch category of shill each belongs 1nd to discover
the prmaples winch apply to cach teehmque In the shls m
volvung the ging of impctus he should note whether the emphasis
1s on distance, speed or direction, wnd should select the appropnate
prnaiples Whatever the techmque under consideration he should
discover how the prinaples can be ipphed without viohiting the
hmitations of the presenibed form In field hockey, for mstance, the
prinaiples of giving impetus to an external object need to be mod:
fied when they are apphed to 2 drve m order to conform to the
ruling concerning stichs  This and of preparation for tcaching an
unfamihar sport will gne the mstructor 2 basis for confidence
which he might not otherwise possess, ind will greatly add to the
effectivencss of hus teaching

ASSIGNMENTS AND PROJECTS

1 Select a team sport e g, baschall field hochey, football, basketball
etc and hst all the types of shills imvolved (Refer to the classification of
motor shills in Chapter 16 )

2 Make an analysis of the muscular action of a straght backswing
:he)tenms forehand dmve (The joint action has been given 1n this chap

er

8 Analyze the difference n terms of joist and muscular action be
tween a forehand drive with a straight backswing and one with 1 aircular
backswing
4 Male a complete anatomic analysis of the following sport tech
mques
Chest pass n bashetball
Side arm pass n basketbnll
Drive in golf
Batting a baseball
Pitching a baseball
Crouching start 1n sprinting
Standing broad jump
Breast stroke 1 swimming
Note In an analysis of a sport techmique 1t will be extremely helpful if
zzgnn pictures can be used particularly if they have been taken mn slow

on

5 Observe the followin
anatomaenly et e aowin l%y pawed activities and contrast them both
Serve 1n tennis and 1n badminton
Shot put and baseball throw for distance
Standng broad jump and Sargent vertical jump
Running front dive and jachkmfe dive
Rowng forward and rowing backward

T O RO TR

a
b
¢
d
e
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effect of this sudden impact 1s felt
1n the shoulder joint, the fulerum of
the lever If sufficiently strong this
wapact may cause wjury to the hga
ments and other structures of the
jomnt Bending the elbow at the
moment of catching will scive to
shorten the lever and reduce the
effect of the impact. Swinging the
arm back and rotating the body will
increase the distance over wlich the
speed of the ballis reduced and will
help further to mimmize the Lke
lihood of 1njury

APPLICATIONS OF KINESIOLOGIC PRINCIPLES TO THE
TEACHING OF NEW ShILLS

When the physical educition mstructor presents a new skill to
his class he will find hus teaching more effective 1f he can pomt out
to his students the sumlinties between the new shill and a skl
with which they are already famihar For mstance, suppose he s
ntroducing hus class of young boys to tenms If they are already
thoroughly famliar with softball and have an elementary under
standing of the prnciples which apply to the overhand throw
(see p 405) he should have little trouble m pomting out the way
mn which most of these principles also apply to a tenms serve The
youngsters will realize then that they are not so much learning a
totally new skill as that they are modifying an old familiar one to
fit a new situation This method of bullding new shills on old ones
1s a psychologically sound procedure

In a sumlar manner 1if the physical educition nstructor s con
fronted with the problem of teaching a sport wath which he has had
httle or no expenience he wall find 1t helpful to analyze 1t hmest
ologically and to note the sumilanty of each techmque to a tech
nique with which he 15 already farmhar As has already been
suggested the value of a classification such as that found on page
341, 1s that 1t enables the mstructor to see basic simlarities An
awareness of these similarities helps him to recogmize the lanesio
logic prmeiples which apply to the unfamihar skill

Let us assume for mstance that an mstructor 1s given the as
signment of teachung soccer a sport with which he has had no ex
penence He has however had considerable expenience both 1n play
ing and 1n teachmng football baseball and basketball His first step
15 to study the rule book and any other books he can find on soccer
If he can observe a game, or a film, 1t will be helpful His next
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6 Indicate the mechanical similanties and dissimilanties m throwmg
1 baseball batting : baseball serving a volley ball, bowling and a fore
hand drve m tenms Note that all of these myvolve a ballistic movement of
the arms
7 Selcct any sport techmque such as those mentioned m questions 4
wnd 5 1nd obsen ¢ scveral performers exccuting them The subjects should
represent a wide range in abihity Detect the differences in thewr form and
driw up a st of suggestions for cach of the poorer performers
8 Observe sevcral mdwvaduals as they swim and look for the applica
tion of the principles histed
9 Analyze mny of the standard strokes eg breast side elementary
bk back criwl ete Lither obsene or practice the strohe before ana
lyzingat
10 Analyze other forms of 1quatic locomotion ¢ g paddling and row
wg Either observe or practice cach before analyzing it
11 Analyze the following common faults hnesiologically and suggest
cowchmg pomts to avoud or to correct ech fault sufficient body pwvot
m golf drive too wide a pull with the arms n the breast stroke hitting the
left arm on the relcase m archery a short choppy strohe in paddlng
catching a crab 1 crew rowing
12 Select a single sport techmque and write an elementary explanation
of the pertinent knesiologic principles This should be worded m such a
way that it could be used as teaching matenal for lugh school boys or guls
18 Select 1 sport with which vou have had no experience (eg men
might select field hockey nd women football) Identfy each shill m
volved mn the sport selected stute its clissification (see p 341) and bst
several principles which apply to each of these shlls idenhfied
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fronted with excraise problems such as the following A member
of the swimmung team wants to excrase to increasce the range of
motion 1n the anble jomts 1 student whose gencral physical con
dition 15 poor wants a systematic plan for building humself up
within a few weehs m order to enter competitive sports 2 man who
has boved 1 great deal decides to go out for tennis and finds that he
1s handicapped by the lack of floubility i us shoulders 1 girl
trymng out for the swimming club 1s troubled by her mabihty to
lift herself out of the deep end of the pool onto the deck, another
girl wants to improve her posture because she received a grade of
D at the time of her physical exammation, wnd aother compluns
of pan 1 her arches and says her doctor wants her to do foot ex
erases Every physical educator should possess the necessary qual
fications for handhng problems like these These qualifications
melude 1 thorough foundation n anatomy, physiology and hines:
ology an understanding of hereditary and environmental influences
on the musculoskeletal structure <nd the ability to analyze and
evaluate exeraises An understanding of the purpose and effect of
aery exercise 15 10 less important today than it was m the days of

g

Equipped with these qualifications the physical educator 1s pre
pared to analyze the problem m question and to sclect the 1ppro
pnate eaercises In the case of the boxer for mstance, he will real
1ze that the pectorals have been overdeveloped and shortened due
to the nature of the posture and movements required by the ac
tivity And in the case of the gir] who cannot Lift herself up onto
the dech he knows that exercises to strengthen the tnceps, lower
pectorabs latissimus dorst and teres major are indicated

In the same way, the physical educator who 1s well tramed n
kinesiology 1s able to analyze and evaluate exercises which are
brought to his attention whether these exeraises are desenbed
standard texts on corrective exercise found i popular magazines
and newspapers or seen on television By studymng the pictures or
noting the description he can analyze the exercise and tell whether
or not 1t 15 a deswrable one for accomphshing the stated purpose
He can also tell whether the exercise 1s suitable for the mexpernenced
performer a performer of moderate experience and ability, or an
advanced performer Because of his familianty with the normal
range of motion 1 the varnious jomts he knows whether the exer
case 1s likely to put a stramn on any of the ligaments Furthermore
he 1s 5o famibiar with the action of the jomnts and muscles that he
almost unconsciously analyzes an exercise every time he sees 1t
performed and knows instantly whether or not it has any unde
sirable features He 15 also so famihar with the patterns of movement



Chapter 25

THE SELECTION AND EVALUATION
OF EXERCISES FOR CORRECTIVE
AND CONDITIONING PURPOSES

ArtiOUGH the use of exercises for corrective and conditiomng pur
poses goes back many centuries Per Hennk Ling of the mneteenth
century was the father of modemn corrective physical education
Medical gymnastics as they were called n his day, were gnen 2
place of equal importance with educational and military gymnastics
at the Royal Central Institute of Gymnastics n Stockholm which
Ling directed for a quarter of a century

Ling put particulir emphasis on the remedial aspects of exer
cise and he devised many exercises for increasing strength and
fexibility and for correcting postural defects The principles which
he professed are unsurpassed even today He believed that gym
nastics were as important for the weak as for the strong that ex
ercises should be prescribed for mndividuals rather than for groups
and that those who taught them should know the purpose and effect
of each exercise

Despite the modern emphasis on games and sports, exercises are
still used for condiionmng for developng specific strengths and
fleubilities for correcting postural faults for general limbering
for figure 1mprovement and for relieving constipation and dys
menorrhea In physical therapy exercises are used for postural con
ditions and for neuromuscular reeducation following disease or
injury A kinesiology text such as this cannot nclude an exhaustive
discussion of the special uses of exercises What 1t can and should
do however 1s to serve as an ntroduction to this specialhized field
of study It s the purpose of this chapter to serve as a connecting
Iink between basic kinesiology and the study of corrective physical
education

In physical education even the nonspeciahist 1s frequently con

462



Exercises for Correctie and Conditioning Purposcs 465

N
<

Fig 220 The squat thrust and dip exercise A The squat B the thrust
C beginmng the dip

2 With a jump he thrusts the legs back to a front leaning rest
posion the weight resting on the hands and toes and the body m a
straight line from head to heels

3 Keeping the body strasght he bends his elbows lowenng s
body until his chest nearly touches the floor

4 He pushes up to the front leaning rest position
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common to the human body, particularly the untraned body, that
he 15 able to foresce the w1ys in which the average indivadual will
rerct He knows whether the cvercise will tend to produce a forward
head, n mcreased lumbar curve and pelvic tilt, or hypereatended
knees He knows whether 1t wall tend to cause excessive tension
or breathholding The hinestologist 1s so famlar wath the mechameal
aspects of human motion that he knows immediately whether or
not there are any mcchameal problems mvolved n the exerase,
such as problems of balance leverage, or momentum

The physical educator who has thus developed the ability to
analyze indnidual needs to select exercises for specific purposes
and to evalunte these excraises m terms of their effect on the m
dividual will have become what Huelster so aptly calls a prac
tical hinesiologist 7 The following questions are suggested to the
student 1s 1 aid 1n developing these abibties For each exercise
that he 1s considermg he should attempt to answer these questions

1 What s its purpose?

2 Does 1t accomplish the purpose clamed for 1t?

3 Does 1t violate any principles of good body mechanecs?

4 What 1s the chuef joint and muscular action mvolved mn 1t?

5 What 1s 1ts status regarding ntensity and difficulty? (Is at
suitable for a beginner a moderately expenienced performer, or an
advanced performer?)

6 Are there any elements of danger mjury or stran agamnst
which preciutions should be taken?

7 Isat hikely to call forth ny undesirable or harmful responses
agamnst which the performer should be on his guard?

8 If the everaise 1s a difficult one what prelminary evercise
would serve to prepare the performer for 1t?

In order to illustrate the evaluation of exercises for specific pur
poses a few sumple conditions and exercises have been selected for
analysis They represent the areas of general conditioning specific
strengthening and posture correction

CONDITIONING
Squat thrust and Dip (Fig 220)

The squat thrust both with and without the dip 1s commonly
mcluded among conditiomng exercises! Without the dip, 1t 1s
known as the Burpee test for agility 1 The analysis presented be
low follows the outline found on page 342

Description

1 Starting from an erect standmg positton, the subject drops to
a squat with the knees separated the arms between the knees and
the hands on the floor



Exercises for Correctice and Conditiomng Purposcs 467

2

Inward rotation
Subscapulans
Pectoralis major
“Teres major

Shoulder girdle
Shght abduction

Serratus antenor

Elbow

Extension
Tnceps
Anconeus
Wnists
Hyperextension
Extensor carps radialis longus and brevis (until weight 1s on
hands)
Extensor carp ulnans (until weight s on hands)

The Jump and Thrust (Bg 220B) A quick extension of the
spine and lower extremitics as the hands momentanly support the
weight

Hips

Extension (following momentary flexion)
Gluteus maxumus
Hamstnngs
Adductor magnus

Adduction
Adductor magnus longus and brevis

Knees
Ext £oll g ¢

Quadnceps femons
es

Extension (plantar flexion)
Tibalis postertor
Peroneus longus and brevis

Toes
Hyperextension

Extensor hallucis fongus (untd supportmg weight)
Extensor digitorum longus {unt! supporting weight)

Shoulder jomnts

Increased flexion and maintenance of flexion 1n weight bearing
Pectoralis major
Anterior deltoid
Coracobrachiahs

Shoulder girdle
Mamtenance of abduchon 1n weight beanng

Serratus anterior
Pectoralts mmor

Shght upward rotation

Serratus antenor

v flexion)
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5 With a jump, he returns to a squat position
6 He nises to an crect standing position

Purpose

1 To strengthen the muscles of the arms, shoulder girdle, and
abdomen

2 To improve agility and coordmation

3 To develop endurance

Type of Moyvement

1 Essentilly angulw The Lincar movement of the feet m the
thrust and return 1s accomphished by means of angular movement
of the hips and knees

2 Slow (1e moving fivation) Steps 1, 3, 4 and 6

3 Ballistic Steps 2 and 5 The thrust 1s terminated by anatorme
Limtation and the return movement 1s termmated by the momen
tary contraction of antagomstic muscles

Skull Classification Moving ones own body when 1t 1s sup
ported and recewving the impetus of ones own body
Anatomic Analysis This analysis may be as comprehensive or

as brief as the kinesiologist wishes The important requirement 15
that 1t should fit the needs of the situation The present analysis 15
a very detailed one

1 The Squat (Fig 220A) Flexion at the hips Jnees and ankles
produced by the force of gravity and controlled by the eccentne
contraction of the extensor muscles

Hips
Flexion
Adductor magnus (eccentric contraction)
Gluteus {eccentric cc
Abduction
Gluteus medius and minimus
Knees
Flexion
Quadriceps femons {eccentric contraction)
es
Dorsiflexton (not essential but usual)
Tibials posterior (eccentric contraction)
Peroneus longus and brevis (eccentric contraction)
Shoulder joints
Flexion
Pectorahis major
Antertor deltord (until weight 1s on hands)
Coracobrachialis
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Tocs
Flexor hallucis longus (static contraction)
Flexor digstorum longus (static contraction)
4 The Push up Lxtension 1t the clbow jomts
Shoulder jomnts
Honzontal flexion 1dduction
Pectoralis major
Antenor deltod
Coracobrachialis
Subscapulans
Shoulder girdle
Abduction
Serratus antenor
Pectoralis minor
Elbows
Estension
Triceps
Anconeus
Wrists
Hyperextension
Extensor carpi radiabis longus and brevis
Extensor carp: ulnans
Mantenance of position
Same asn (3)
5 The Jump to Squat Position
Hips
Flexion
Tensor fasciae latae (until weight 1s on feet)
Sartonius (untl weight 1s on feet)
Pectineus (until weight 1s on feet)
Thopsoas (until weight 1s on feet)
Adductor longus (possibly)
Abduction
Gluteus medius and muinimus
Knees
Flexion
Hamstrings
Lles
Flexion (dorsiflexion)
Tibiahs antenor
Peroneus tertius
Extensor longus halluais
Shoulder joints
D d flexion and
Pectorahs major
Antenor deltoid
Coracobrachialis
Shoulder girdle

of flexion m weight beanng,

469



468 Applications of Kanesiologi

‘Trapezius 11 and IV
Elbows
Extension
Triceps
Anconeus
Wrists
Hyperextension (by pressure of floor)
Shght static contraction of flexors
Fleaor carpt ulnans
Flexor carp radhalis
Palmans longus
Abductor pollicis longus
Fleaor digitorum sublimus and profundus
The Dip (Fig 220C) Flexion at the elbow jomts accompanied
by a lowenng of the body until st almost touches the floor
Shoulder joints
Honzontal extension abduction (produced by force of gravity)
Pectorals major (eccentric contraction}
Antenor deltoid (eccentnic contraction)
Coracobrachialis (eccentric contraction)
Subscapulans {eccentne contraction)
Shoulder girdle
Adduction (produced by pressure)
Pectoralis mmnor {eccentnic contraction)
Serratus anterior (eccentric contrachon)
Elbows
Flewon (produced by force of gravity)
Trniceps {eccentnic contraction)
Anconeus (eccentnc contraction)
Wrists
Reduction of hyperextension (produced by farce of gravity)
Extensor carps radialis longus and brevis (eccentric contraction)
Extensor carp: ulnans (eccentnc contraction)
Maintenance of posiion
Head and Neck
Splenius capitis and cerviass (static contraction)
Capitis and cervicis portions of semispmalis and sacrospinahs
(static contrachion)
Lumbar spine
Rectus abdomums (static contraction)
External and internal obhiques (static contraction)

]

Hips

Tensor fasciae latae (static contraction)
Pectineus {static contraction)

Rectus femons (static contraction)
Sartorus (static contraction)

Rnees

Quadnceps femons (static contraction)
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Tocs
Flexor hallucis longus {stitic contrachion)
Flexor digitorum longus (static contraction}
4 The Push up Extension 1t the clbow joints
Shoulder joints
Honzontal flexion adduction
Pectorahs major
Antenor deltod
Corcobrachialis
Subscapulans
Shoulder girdlo
Abduction
Scrratus antenor
Pectorahs minor
Elbows
Estension
Tniceps
Anconeus
Wrists
Hyperextension
Extensor carp radialis longus and brevis
Extensor carpr ulnaris
Mamtenance of position
Same asin (3)
5 The Jump to Squat Position
Hips
Flexion
Tensor fasciac latae (until wesght 1s on feet)
Sartorius (until weight 1s on feet)
Pectineus (until weight 1s on feet)
Thopsoas (until wesght 1s on feet)
Adductor longus (possibly)
Abduction
Gluteus medius and mummus
Rnees
Flexion
Hamstrngs
Anlles
Flexion (dorsiflexion)
Tibiahs antenior
Peroneus tertius
Extensor longus hallucis
Shoulder joints
Decreased flexion and mamtenance of flexion in weight beanng,
Pectorahs major
Antenor deltold
Coracobrachialis
Shoulder girdle
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Same as 1n (2) except for shght decrease of upward rotation
brought about by shifting the position of the body
Elbows and wnists
Same asin (2)
6 Return to Standing
Hips knees and ankles
The same muscles contract as i» (1) but this time 1n concentnic
contraction
Shoulder jomts shoulder girdle elbows and wnsts
Relaxation of muscles

Mechanical Analysis In tlus type of activity the mechanical
aspect 15 less obvious and would seem to be of less :mportance
than the anatomuc aspect

Principles of Motion

1 A body at rest remamns at rest unless acted upon by a force and 2
body 1 motion remams 1n motion unless acted upon by a force

a In this case muscular force overcomes the body s mertia n the sec
ond fourth fifth and sixth parts of the exercise Gravity 1s the motivating
force i puts 1 and 3 although the movement 15 controlled by muscular
force

b The motion of the body 1s stepped partly by gravity partly by mus
cular contraction and partly by the natural hmitatons of movement due
to anatomuc structure

2 To every action there 1s an equal and opposite reaction This 15 1llus
trated by the resistance of the ground to the pressure of the hands and feet

Principles of Balance

1 Since the center of gravity 15 lowered 1n this exercise the stabibty of
the body 1s greater at the end of each movement than 1t 15 1n the starting
position

2 Since the size of the base of support 15 greater in parts 2 3 and 4
the stability of the body 1s correspondingly greater

3 Since stability 15 greater when the center of gravity 1s hept over the
center of the base of support the performer can control his stability to a
cestain extent by heeping his weight centered over his base of support

Principles of Posture

1 The posture at the beginming and end of the movement 1s best when
the body segments are arranged 1n the position of optimum ahgnment

2 Because of the body s honzontal position 1 parts 2 3 and 4 gravity
exerts a strong rotatory force on the trunk and lower extrenmties This
force must be balanced by strong action of the abdominal muscles and
Tip flexors if hyperextension in the spine and hips 1s to be prevented and
good ahgnment mamtamned

Common Faults and Thew Correctron The most common
fault 15 allowmng the back to sag m the second third and fourth



Exercises for Correctice and Conditioning Purposcs 171

parts of this eacraise A sceond flt s caused by an “overcorrection”
of the frst one namcly, mauntung 1 flexed position at the hips
1n order to prevent a siggmng bickh The correction of both these
faults lies m strengthenmg the bdommal museles and truming
them to provent hy porcatension of the lumbar spine when the body
15 m the extended position

Safety Precautions There are none i pasticular, aside from
an adequate period of trumng involving a progression of “Tead up”
exerases before attempting such 1 strenuous cxercise as this A
warm up 1s advisable before all excreises requinmg marked strength
or flexibility

Evaluation  This is 1 good exeraise for accomphshing its three
purposes

STRENGTHENING THE ABDOMINAL MUSCLLS

Because of the universal mterest m abdonumal exercises and be
cause of some common misconceptions regarding them, two excr
ases are analyzed i this section, one 1 abdommal exeraise which
observes the kinesiologic principles and one which fails to observe

em These principles re as follows

1 The cnitenon for the acceptability of an abdommal cieraise 1s
ones ability to pravent the tiling of the pelvis and the hyperey
tension of the lumbar spine

This applies particularly to exercises done n the supme lymng
posiion If one cannot prevent the tilting of the pelwis, the exer-
cise 1s too dufficult for lum It may strain the abdominal muscles
and may even cause a herm1 One should cease domg the esercise
as soon as the lumbar spine starts to hypereatend

2 One of the important objectives of abdominal exercises 1s that
they strengthen all of the abdommal muscles not merely the rectus
abdomims

This means that trunk twistings and lateral bendings should be
used to strengthen the external and internal obliques and abdom
mal retraction to strengthen the transversahis This does not mean

at spimal flexion exercises are to be condemned but that they
should be supplemented by the other types of abdominal exercises

Abdommal exercises should mvolve contraction m the short
ened rather than in the lengthened position

Smee a protruding abdomen indicates that the abdomnal mus
cles are stretched 1t should be the function of abdomnal exercises
to shorten the muscles as well as strengthen them

4 Exeraises which mvolve the abdominal muscles 15 prime
movers are more effective for strengthening them than are exer
cises which mvolve these muscles as stablizers
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Fig 221 The curl

There 1s no objection to exeraises mn which the chief function
of the abdommal muscles 15 to stabilize the spine, provided they
can do this successfully but it 1s doubtful if such exercises senve
so well to strengthen the abdominal muscles as do the exercises
i which these muscles act as the principal movers

Abdonunal Exercise The Curl (Fig 221)

Description The subject lies on the back with the hands rest
ing on the front of the thighs, the elbows straight He pulls the
chin 1n, raises the head shoulders and upper back off the floor m
sequence, leting the hands shde down the thighs The return 1s
done by “un curhng 1e a reversal of the ongmal movement
Beginners may use the arms for partial support in the return move
ment

Purpose To strengthen the abdommal muscles, particularly
the lower rectus abdominis

Type of Movement This 1s essentially an angular movement
although the hands move hnearly It 1s also a slow movement hence
not ballishic

Skill Classification Moving ones own body when 1t 1s sup
ported

Anatomic Analysis

Flexion of head and neck
Sternocleidomastoid
Longus colli and capitis
Rectus capitis anterior major and minor
Rectus camhts laterahs
Infra and suprahyoids
Three scalent
Flexion of thoracic spme
Rectus abdommnis
External and mnternal obliques
Stabihzation of pelvis and possibly slight hip fexion
Tensor fasciae latae
Sartonus
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Pectineus
Rectus femons
Ilopsoas—possibly

The return mosament 1s performed by the cceentne contraction of
the same muscles which flowd the hicid nd spme The lup flexors
contmue to stibihze the pedvis The 2rm movement is of no conse
quence i ather part of the exarase

Mechamcal Analysis  Smice the body 1s 1w axtrandly stable
posiion, there are no balwce problums

The laws of mcrtiy and reaction pply Just as they do to any
movements n which the body, hwving 1 firm support changes 1its
position

Common I'aults and Their Correction Beginners may try
to come up quickly, using momentum rather than gradual musculir
contraction This nullifies the value of the everase Unless care 1s
taken to see that the arms are n the nght position the performer
may attumpt to push off with the clbows The only way to avoud
these faults 15 by vigilance

Safety Precautians An adequate period of trumng and a
preparatory warm up

Evaluation Ths 15 1 strong abdommnl exercise to be lughly
recommended because 1t uses the abdominal muscles 1n shortening
contracion because it 15 not too strenuous for the average person,
and because 1t 1s not accompanied by the faults of many of the
other abdominal excreises particularly the hypereatension of the
lumbar spine It can be made more strenuous, 1f desired, by increas
g the dosage and by providing resistance

Companng this exercise with the famihar sit up with a straight
trunk 3t may be scen that whereas mn the latter exeraise the ab
dommnal muscles act as stabshzers and the np muscles as the movers
the reverse 15 true of the curl The curl also has o mechamcal ad
vantage over the sit up m that the flexion of the head and spmne
shortens the trunk thereby shortenmg the weight arm of the lever
Its chief disadvantage Lies mn the fact that 1t depresses the chest
It also males greater demands on the rectus abdomimis than it
does on the two obliques The latter muscles will be called mto more
vigorous action if the movement 15 performed with a shght twist

If the curl 15 preceded by abdominal retraction, the transversalis
will also be used

Abdominal Exercise Slow Leg Lowering (Not Recommended)

Description The subject lies on the back either with the arms
extended on the floor or with the hands clasped under the, head
e knees are first brought up to the chest and the legs then ex
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L

Fig 222 Slow leg lowering Mote the increased cune of the Jumbar spine

tended vertically upward From this position the legs are slowly
lowered to the ground with the knees kept 1n a posihion of com
plete extension (Fig 222)

Purpose To strengthen the abdominal muscles

Type of Movement Angular

Skl(lll Classification Moving ones own body when 1t 15 sup
porte

Anatomic Analysis of the essential part of the exercise 1€ the
leg lowening

Extension of the thighs at the hup jomnts performed slowly and with
resistance to the pull of gravity
Ilhopsoas {eccentric contraction)
Tensor fascize latae (cccentric contraction)
Pectineus (eccentric contraction)
Sartorius (eccentric contraction)
Gracilis (eccentrc contraction)
Rectus femons (eccentric contraction)
Maintenance of extension of the legs at the knee joints
Rectus femons (eccentnc contraction because of the action at the
hip jounts)
Vastus lateralis (static contraction)
Vastus intermedius (static contraction}
Vastus medialis (static contraction)
Attempted stabilization of pelvis
Rectus abdomnis (static and then eccentnc contraction)
Internal oblique abdomis (stabc and then eccentric contraction)
External oblique abdomimis (static and then eccentnic contraction)
The action of these muscles 1s static contraction until the legs
reach a pont (usually about 20 mches from the floor) where
their leverage effect becomes so great that the abdominal mus
cles can no longer prevent the tilting of the pelvzs One impor
tant factor n the latter 1s the pull of the psoas muscle at its
proxumal attachment. In the supme posiion once the pelis
has become shghtly tilted (due to the pull of the hip flexors



Facraises for Correctice and Conditioning Purposcs 175

which aro attached 1o 1t) the hing of pull of the psoas buecomes
postenor to the center of motion at the lumbar vestebrae

Hence the pull of the psoas at its proximal attachment con

tnbutes to hyperestension of the fumbar spme Thisas a re

varsal of its usual wetion at the spine

Mechaweal Analy sis:

From the mechanical pont of view this exercise 15 pnmanly a problem
mleverage The lower extramties act together 1s twin levers of the thurd
class, that 1s luvers m which the force pomnt hies between the fulcrum and
the werght or resistance pont ‘The fulerum s situated at the lup joint, the
force pomt at a pomt representing the awer ipo msertion of the lup flexors,
and the weight pownt 1t the cnter of gravity of the lower extremities This
1s 2 lever m which both the foree and the resistanee are applied at angles
other than a nght angle Hence 1 the case both of the force and of the
resistance, only the rotatory componunt acts on the luver Stnce the force
of gravity 1s alway s directed vertically downward  the more nearly honzon
tal the lower extremities the more nearly perpendicular the application o
gravitational force to them therefore the greater the rotatory component of
gravitational force This means that as the lower extremities approach the
honzontal position the rotatory cffect of the gravitational force becomes
relatn ely greater, and the muscles controlling the movement (1 ¢, the lup
jount flexors) must excrt an ever mcreasing amount of force

Applying the familiar equation of balanced levers I' x FA =W X WA,
to this excraise I 15 the rotatory component of the resultant of the total
muscular force exerted by the up jomnt flexors I A s the perpendicular
distance from the Iup joint to a hine representing the sesultnt of the total
muscular force W 1s the rotatory component of the gravitational force
acting on the leg and WA 1s the perpendicular distance from the hup jomt
to the mb s line of gravity Since FA and WA are fixed distances deter-
muned by the p of the lower y any 1 W necessi
tates a corresponding increase in I' Hence the more nearly honzontal the
lower extremity the greater the rotatory component of the gravitational
force and therefore the greater the lar force required to the
lever Smee the hip jomnt muscles take thcir ongin 1n part from a movable

ony ning (the pelvis) and in part from a movable segmented column
(the spine) any ncrease 1n their force must be matched by 2 correspond
ing ncrease 1 the force of the )| ble for stabl these
movable structures This 15 the task of the abdommal muscles The stran
Put upon these muscles 1s tremendous as the rotatory component of gravi
tational force approaches 100 per cent

Common Faults The fault m this esercise 1s hyperextension of
;ihe lumbar spme The correction 1f 1t can be called that, 1s the modt
. eCa(timn of the exercise mn order to avoid the tendency to hyperex
) nd Since the hyperextension 1s most likely to occur during the

ast 30 degrees of movement the modification consists 1n stopping
€ mosement before this powt 15 reached This can be done by let
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ting the legs drop, by bending the knees, or by providing an i
chned plane or a bench which will support the feet at a height of
1bont 20 mches above the floor

Safety Precautions Even when hyperevtension of the lumbar
spine 1 prevented, if the subject trembles noticeably while domg
this exeraise he should not be allowed to do 1t The tremblng m
dicates stram As 1 the case of all strenuous or difficult exercises
there should be adequate preparation by means of progressie
“lead vp~ exercises Also there should be n warm up ymmediately
preceding the performance of the exerase

Evaluation Thus 1s an exercise which only those wha already
have strong abdomtnal muscles should be pernutted to do, and then
only with the most careful supervision Smce the abdominal mus
cles are the stabihzers rather than the movers m the movement
they are not 1 shortening contraction At best they are m static
contraction When the spine hyperatends 1o spite of thetr efforts,
they arc undergoing lengthening contraction

The exercise mvohves the rectus abdoomms primanly, with some
help from the cxternal and internal obbques The transyersalis takes
no part n the movcment unce there 1s no compression of the ab-
domen

Because of the self testing element 1n this exercise there 15 2
great temptation for individuals to attempt 1t wathout regard to the
precautions mentioned There 15 a real danger of hermia Hence the
knesiologist looks on this exercise with distavor

POSTURE CORRECTION

In this section of the chapter op the selection and evaluation of
speatal exeraises it may be well to remud the reader that this umt
represents one small sample from the ficdd and that 1s purpose
15 merely to d rate how L logy may be appled to the
corrective uses of exercises No attempt 15 made to demonstrate
its apphcation to all of the problems associated with the correc
tie aspects of posture education These are far too extensive and
complex to be discussed adequately 1n a general hnesiology test
The appropnate sources for such mformation are textbooks m
corrective physical education h. apy and knesiology of
correchve exercise Jt s well to remember that mn addition to ana
tomie and mechameal principles there are physwologic psyche
fogic and pedagogic pnnaples of posture correction not covered
i teats such as this

To illustrate the application of hinesiology to posture problems
ane common fault and twa exeraises for its correction have been s
fected for analysis The postural fault 1s the condition commonly
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rferred to as “round shouldurs” It includes 2 forward head and
fow chest as wll as protrcted scapulie

Anatomuc Analysis of “Round Shoulders” (g 223)

Head and Aech Hyperextended The head is tipped back wath the chin
hfted

Thoracte Spine  Comvexity fncreased The increised thoracic cune
causes a fornard head Duo to the forward head, the
stemoclidomastoid and scalem museles which have
thewr upper attachments on the hiead and neck no longer
exert their normal tension on the sternum and upper nibs
The thoracic portions of the sacrospmalis and other ex
tensors are clongated because of the increased convexity

Shoulder Gurdle Alducted and tilted laterally The
thomboids and nuddle trapezius are elongated, and the
pectoralis minor and servatus antenor shortened The
pectorals mnor fails to exert ts usual tension on the
third fourth and fifth ubs The pectoral fascia 1s lihely
to be tight

Shoulder Joints Inward rotation The abduction of the
scapulae causes the arms to hang further forward than
usual and to turn shghtly mward so that the palms face
to the rear Since the pectorahs major attaches to the
upper part of the arm 1t no longer exerts its usual tension
on the nbs

Chest Depressed The failure of the sternocleidomas
tod scalem and pectoral muscles to exert their usual
hfting effect on the sternum and nbs results in a lowered
position of the chest This in turn lowers the diaphragm
making 1t ;mpossible for 1t to travel through as large an Fig 223  Round
excursion as usual durning respiration shoulders

The picture does not end here because compensatory adjustments
take place throughout the entire body The jomnts mentioned how
ever, are the ones most directly concerned 1n the posture defect of
round shoulders Two typical corrective exercises have been se
lected for analysis, one which has for its purpose the stretching, of
the shortened muscles and fascia and the other the strengthening
and shortening of the muscles which have become unduly stretched

Passive Chest Lafting (Fig 224)

Description The subject sits on a low stool with th
behind the neck (not clasped) and the elbows well baclf %}{Lar:;s
erator stands behmd the subject with the toes of one foot on the
a:igelof the stool and the knee agamst the subjects spme between
feds houlder blades A small pillow may be used to pad the knee
it desired The operator grasps the subjects elbows bfts them
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Fig 224 Passive chest kifting

shghtly and pulls them back with a strong steady pull He holds
the pull for several seconds then gradually releises the tension
This 15 repeated from 6 to 15 times It 1s essential that the pull be
applied with gradually increasing intensity, never with a jerh Care
must be taken to see that the subject avoids excessive hollowing
of the back by contracting the abdominal muscles

Purpose To stretch the pectoral muscles and fasciae

Type and Classification For the subject Moving fixation
postural

Anatomuc Analysts The upward and backward pull of the
arms puts the pectoralis major and mnor muscles and the pectoral
fascia on a stretch The tension on the muscles produces a pull on
their attachments to the nbs and sternum and results in a hfting
of the chest expansion of the thorax and hyperextension of the
thoracic spe If the pull 15 apphed with a quick jerh a strong
stretch reflex 1s ikely to occur This 1s an ivoluntary protective
contraction of the pectoral muscles It defeats the purpose of the ex
ercise as the muscles cannot be stretched when they are contracted
When the pull 1s applied slowly and gradually the refles action 1s
either avouded or overcome It 15 also less Iikely to occur if the sub
ject1s told to pinch the shoulder blades together just as the operator
ss pulling the elbows back According to the law of reciprocal in
pervation the scapular abductors relax when their antagomsts the
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adductors, arc contraicting Lxperience his shown that n appre
aably wider ringe of motion is possible when the movement is
performed slowly wnd when the subjeet contricts the scrpular ad
ductors (sce p 45)

Mechameal Analysis The subject 1s 1 1 stable position be
cause of the redatinedy wide base of support nd low position of
the center of grivaty

The operator uscs the subjucts arms as levars They sene as
second class fovers, the fulerum bung at the shoulder jomt, the
pover pomnt at the clbow, and the resistnce pomnt at the upper arm
where the pectorabis major wscrts If the operator holds the arms at
a pomt nearer the body he loses leverage by shortemng the length
of the force arm, and ather has to usc more force to compensate,
or else be content to give a less forceful stretch

The stretching of the pectorahs mmor 1s caused by the trans
mission of the force applied to the arm through the shoulder jont
(due to the Ligamentous attachments) to the coracord process of the
scapula, to wich the pectoralis mmor 1s attached

It 1s important to note that if the trunk were free to move, the
operators pull on the elbows would simply result in a backward
mchnation of the trunk. But because of the resistance afforded by
the pressure of Ius knee agamst the subjects back movement at
the hup jomts 1s prevented Likewsse, if the spine were completely
free to moy ¢, the backward pull on the arms would produce hyper
extension of the entire spine The subject lumself must prevent this
by contracting lus abdommal muscles

Commen Faults

Of operator

1 Pulling so suddenly that a strong reflex action of the pectoral
muscles results

2 Pulling so hard that the subject hyperetends the lumbar spine
tather than endure the discomfort

3 Pulling so gently that no stretch results

4 Placing the knee too low This encourages hyperextension ot
the lumbar spine and detracts from the pull on the pectorals

Of subject

1 Falure to contract the abdommal muscles

2 Failure to hold the head mn good position

3 Falure to contract the rhomboids and middle trapezius

4 Falure to relax the pectoral muscles

Evaluation This 15 an excellent pectoral stretching exercise
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Iig 225 ['ront lying head raising with palms turning outward A Correct
form B incorrect the head and neck are hyperextcnded € ancorrect the arms
are rotating mward nstcad of outward

when done correctly The intensity can be controlled to the re
quired degrec

T'ront Lytng, Hcad Rasing wath Palms Turning Outward (g 225)

Description The subjcet hes face downward with the arms
at the sides, palms down Hc ruses the head from 3 to 8 nches
looking at the floor dircetly bencath the nose He should attempt
to strctch the top of the head forward, making the body feel as
long as possiblc As he raiscs hus head he Iifts the hands from the
floor, turming the thumbs up and the palms outward At the same
tme that he 1s rasing and turming his arms he should pull Ius
shoulder blades together vigorously After holding the posttion for
at least five scconds he returns to the starting position and relaxes
The exerasse should be repeated ten to twenty times

A more cffcctive but more difficult form of thus exercise 1s to
prcccdc the head and arm movement with contrachion of the ab
dommnal and gluteal museles holding this contraction throughout
the movement of the head and arms

Purpose To correct a forward head and round shoulders by
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strengthemng the extensors of the head and spine, the adductors of
the scapulac, and the outward rotators of the arms

Type of Movement Angular, both for the spine 1nd for the
anms

Shill Classification Moving ones own body when it 1s sup
ported

Anatomic Analysis

Head and Neck Holding m extension (but not hyvperextension)
aganst the pull of gravity
Splenius cenvicis and capatis (statie contraction)
Upper p of pinal pinalis ctc (static contrac
tion)
Thoracic and Lumbar Spne  Extension and shght hyperextension
maintaining position against the pull of gravity
Sacrospinalis (concentne followed by static conlr:chon)

Semispinalis “ “ -
Multifidus - “ .o
Rotatores “ “ .o
Shoulder Joints Qutward rotation and Iy perextension
Infraspinatus
Teres minor
Posterior deltord
Latissimus dorst
Teres major
Shoulder Girdle Adduction and reduction of lateral tilt
Rhomboids

Middle trapezius
Elbows and Forearms Extension and supination
Triceps
Anconeus
Supinator
Stabilization of Peluis
Gluteus maximus
Hamstrings

Mechanical Analysis The subject 15 1 a completely stable
Position because of the large base of support and low posibon of
the center of gravity There are no mechamcal problems evident
m this exercise

Common Faults and Thewr Correction

b 1 Hyperextending the head and neck This can be prevented
Ynmsmmg that the subject look at a spot beneath his nose
2 Lifting the body too lugh thereby hyperextending the lumbar
spne This can be prevented by telling the subject to hft his head
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not more than 3 inches off the floor (Although he will probably
Iift s head more than this 1t 1s not Iikely that he will exceed the
6 inch it )

3 Rotating the arms mward mstead of outward This 15 more
hikely to occur if the subject 1s not told to start with the palms
down If he continues to have trouble after the movement of the
hands has been carefully explamned, he should try turmng the arms
both ways several times and learn to recogmze the kinesthetic
feel of the adduction and abduction of the shoulder blades Once
he can distngwsh these movements, he will hnow when he has
turned his arms the wrong way He should aim at “pmching the
shoulder blades together ”

Evaluation This 1s one of the best exercises for correcting 2
forward head and round shoulders when it 1s done cotrectly Un
Iess the subject can be carefully supervised, however, it might be
wise not to give 1t to anyone who has a tendency toward lordosis
(hollow back) In such cases the exercise should be done with ab
domumal and gluteal contraction and the amount of hfting should
be carefully regulated

The exercise 15 more strenuous than those wmvolving the same
movements m a sitting or standing position, because in the horizon
tal position the movements are performed against the resistance of
gravitational force

Posture and Sports

Bestdes prescribing special corrective exercises ke the two just
described the physical education nstructor should guide the stu
dent who has posture hmutations 1n s choice of sports For
stance a student with round shoulders might well be encouraged
to participate mn archery the back crawl and breast stroke 1n swim
mmg and exercises on the rings and honzontal bar But he should
be discouraged from bosmng or using the crawl strohe excessively
because of the abduction of the scapulae and shortening of the
pectoral muscles which these actvities 1m olve

ASSIGNMENTS AND PROJECTS

1 Fnd a subject who has an increased lumbar curve and mcreased
pelvic tilt Analyze lus posture select two or three appropnate exercises
and suggest a sport which mught be beneficial also one which might be
harmful to hus posture

g Do the same fora subject who has weak relaxed abdomunal muscles

4 Do the same for a subject who has weak lower back muscles

4 Do the same for a subject who has severely pronated feet

5 Select from three to ten exercises seen in popular magaznes or news
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papers, or hoard over the ridio Using the outhue on pige 342 analyze and
evaluate these exercises and wswer the aght questions on page 161

6 QObsenc domga ] excreise Analyze the excrase
using the outhine on page 312 1s 1 quide

7 Ongmate an excreise for stretclung the himstrng muscles which will
not tend to accentuate a round upper back
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Chapter 26

APPLICATIONS OF KINESIOLOGY TO
THE TECHNIQUES OF PHYSICAL
THERAPY AND OCCUPATIONAL

THERAPY

Tre TECHNIQUES of physical therapy and of occupational therapy
depend for their accuracy and effectiveness upon an adequate
foundation of anatomy lnesiology and physiology It 1s the pur
pose of this chapter to demonstrate the role of these sciences par
ticularly that of hinesiology, 1n the therapists choice of techmques
and 1 his method of employing them

The techmques of physical and occupational therapy divide
themselves into those related to testing and measunng and those
related to treatment The former group mcludes muscle testng
measunng the range of jomt motion the examination and measure
ment of posture and foot mechames and functional testing Among
the techmques commonly used m treatment are bandagmg and
strapping massage muscle reeducation progressive resistance ex
ercise corrective exercise and selected crafts

TECHNIQUES OF TESTING

Range of Jomt Motion The measurement of the range of mo
tion 1n the jomnts of the body presupposes an understanding of the
structure of the jont in question and of the motions of which the
jomnt 1s capable Both the physical and the occupational therapist
need to be familar with the jomts normal range of motion and
to hnow which structures normally lumt each of its movements
They should also appreciate the wide range of ndividual vanations
found 11 any heterogeneous group of individuals

The therapist with a good background m anatomy and kinest
ology leamns to see every jomnt with an x ray eye ” He understands

484
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P¥

the interrelationships butween jomts nd s w are of the necessity
for ruling out the action of one, jomnt i order to metsure the move
ment at mother For nstanee, he would not mcisure outward rotn
tion of the arm by having the patient rotate the i outward from
its normal resting position. He would know that m this position 1t
would be impossible to judge how much of the total outward turn
wg of the arm was due to rotation at the shoulder joint and how
much to supmition of the forcinm at the ridioulnar jomts He
would reahize that this confusion could be aveided by having the
patient hold lus forcirm 1t nght angles to his upper arm when
being tested for outw ird rotation 1t the shoulder jomt Likewise,
when judging abduction of the humerus at the shoulder jomt he
would know that he conld not udge by the total mosement of the
arm on the body because this mvolves movement of the shoulder
girdle as well as of the humerus He would need to discover, by pal
pation, whether the shoulder girdle was perhaps compensating for
lmitation of motion m the shoulder jomnt And m judging flexion
of the humerus (forward clevation of the wm) he would be aware
of the necessity for measurng the actual movement between the
arm and the body rather than taking either the vertical or the hon
zontal as a pomt of reference He would realize that the subject
could obtan an apparent increase 1 motion by hyperextending the
spine

An understanding of “reciprocal mlubition helps the physical
therapist to realize that 2 jomt will show more motion when 1t 1s
actnely flexed than when 1t 1s being flexed passively by an operator
If he wants to discover the maaimum range of motion therefore,
he would instruct the patient to produce the motion humself When
the operator performs the movement he 1s working aganst the nor
mal tonus of the antagomstic muscles but when the patient per
forms the movement, the antagonistic muscles relax beyond their
normal resting state due to the operation of the phenomenon known
as reciprocal inhibition

e problem of measuring jomnt motion 1s reviewed both by Dor

nson and Wagner® and by Moore 18 The reader 1s referred to ther
articles for methods of making and recording such measurements

Manual Muscle Testing In order to test muscular strength
accurately it 1s essential that the operator know the location of
each muscle 1ts attachments and 1its direction of pull He should
be familiar wath 1ts vanous functions not only as principal or as
sistant mover m a movement but also as neutrahizer stabilizer, and
éven as antagomst He should know the pecubar characteristics of
the two Jomt muscles and should understand the relation of the
degree of the muscle s shortemng to the amount of force 1t can
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exert He needs to know the optunum positton in which the part
should be placed for testing, when to and when not to use grawity,
and when to gne assistance and when resistance He needs to
know how fo rule out the action of one muscle in order more accu
rately to test another which has a similar function, and he must be
able to recogmze when a patient 1s substituting some other muscle
for the one desired Many of these and other problems are ably
discussed by the Kendalls m therr book, Muscles Testing and
Function ¢

Above all 1t 1s essential that the physical therapist be accurate m
gving muscle tests This pont 1s emphasized by Dr Robert L
Bennett, who says ‘The abiity to do consistently accurate muscle
testing should be a bastc requirement of all physical therapists To
perform such a test requires first, a thorough knowledge of func
tional anatomy and kinestology, and second, the ability to make this
patient understand what 15 expected of him The whole field of
muscle reeducation ind therapeutic exeraise 1s based on these abil
1ties *

Postural Testmg In determining the status of the posture
and feet the method used most frequently by the therapist 1s that
of mspection and palpation supplemented sometimes, by the use
of a plumb lme for estmating the anteroposterior and Iateral align
ment His interpretition of lus observations depends upon a thor
ough grounding 1 kinestology Many attempts have been made,
mostly by the physical educators to measure and grade posture
objectively Most of these methods have employed the use of the
photograph or the silhouette The methods have met with varying
degrees of success but most of them have proved too time consum
ing and too expensive for general use m school or chnic In recent
years some attempts have been made to give a more analytical and
diagnostic type of postural examination i the hospital chme
Kraus and Weber have attempted to do this by a senies of struc
tural and functional measurements* Mr and Mrs Kendall have
supplemented the method of mspection with plumb line measure
ments and manual muscle tests 1° They believe that muscle tests are
as useful m mdicating the kind and amount of exercise therapy
needed for faulty body mechanics as for cases of paralysis They
claim that posture exercises must be selected on the basis of mus
cle tests 1f they are used in the treatment of postural faults which
are associated with muscle imbalance

In evaluating these various methods of postural examination
from the pomt of view of thewr dependence upon a good back
ground 1 lunesiology 1t would seem to the author that both the
method of mspection and palpation and the methods employng
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the use of mesurament wd muscle testing are only as good s the
cxamuners grisp of Mnesiology and as Tus underst mding of the
prnciples of body mechunes In both types of cvammtion the
thaapsts awareness wd understanding of posturil problems 1s
m direct rlation to his shll i iking hinesiologie wlyses

Functional Testing Purhaps the most recait e to be sub
Jected to testing is that of function il activitics Bonmett and Stephens
ate the need for thiy type of tostmg m the com escent progrum
for ncuromuseular discases and suggest 1 functional test which m
cludes such activitics as holding 2 book in bud d turnung the
pages cating with fingurs, fork and spoon, brustung the teeth, bith
ing, dressing onesclf, putting on 1nd removing brices, operiting
latches fwccts and Dight swatches, gettmg in and out of bed, walk
g on a leved surface, crossing the street wath 1 traffic hght, nd
many other items which ‘the normal purson tihes for grnted m
the routine of daly Iving That the dmimstenng of such tests re
quires a sound background m linesiology 1s sulf evident According
to Bennctt and Stcphens, “A functional test and cortunly func
tional trainng must be done by therapists who have 2 thorough
hnowledge of kmesiology and functional anatomy 3

TECHNIQULS Or' TREATMENT

Bandagmg and Stripping®  The physical therapist should be
able to put on a good bandige or strapping This requires w un
derstanding of anatomy 1s well as 1 knowledge of bandaging tech
mques For instance in applymng 2 cotton chstic bandage or 1
strapping to the foot and ankle 1t 15 necessary to diffrentiate be
tween 1 spruned ankle and 2 fallen arch Whereas the site of =
Spram 1s usually at the Interal side of the ankle or foot, the site of
the difficulty associated with 1 struned arch 1s usually on the mednl
and mfenior aspects of the foot The spruned ankle should be sup
Dorted m a position that will favor the mjured tissues gving them
a chance to reparr themselves, and 1 4 position that wall permut
locomotion wathout nsk of further mjury The bandage should
therefore hold the ankle 1 a nght angle posiion with 2 shght
tendency toward eversion Tlus 15 nccomphshed by applymg the
bandage 1n such a way that 1t comes from under the mstep toward
the lateral border of the foot, with tension eserted on 1t s it runs
from here diagonally across the top of the foot tow ird the medinl
side of the ankle

In a fallen rch on the contrary the foot should be held 1n a
position of shght mversion or supmation With the ankle held at

® The techmi

land of Boston th;:zsdescnbcd here are those advocated by Dr A R MacAus
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nght angles, the bandage should be applied to the foot m such a
way that 1t comes from under the instep toward the medial border
of the foot, with tension exerted on 1t 1s 1t runs from here diagonally
across the top of the foot toward the lateral side of the ankle

In applying 1 strapping for either t spraned ankle or a stramed
arch 1t 1s important that the foot be muntaned mn a position of 90
degrees dorsifleuon A person with a knowledge of hnesiology
would know that the patient could more casily hold Ius foot 1n this
positton duning the strappmg if he kept lus knee shghtly bent.
Furthermore he would undcrstand the reason for this, namely, that
the gastrocnemuus 1s on a stretch when the knee 1s straight and the
anhle dorsiflcxed and that this stretch is relieved when the reverse
position of erther of the jomnts 15 assumed

When strapping the metatarsal arch cyre should be taken to start
the strappmg back far enough so as not to bind the toes together
1t 1s also mmportant not to pull the tape tight as 1t passes over a
bony prominence For mstance, great discomfort can be caused if
the tape 1s pulled too tightly over the base of the fifth metatarsal
bone

Massage In giving a massage for therapeutic purposes 1t 1s
essentinl that the masseur have an exact knowledge of the structure
ind function of the part he 15 massaging In the cise of 1 muscle
massage he needs to know the location and the dwection of the
fibers of each muscle to be massaged In a jomnt massage he must
be able to visuahize the structure of the joint and he should know
the location of the capsule and its remnforcing hgaments Further
more he must know the normal range of motion of the jomt, also
the action of each muscle which acts upon 1t 1 order to give the
correct passive active or resistive mov at the concl of
the massage

By applymg his knowledge of kinesiology and body mechanics to
the use of his own body 1 giving the massage the masseur can work
more efficiently and with less fahgue than when he disregards this
matter He should see to 1t that the patient 1s lugh enough so that
he can stand erect as he works yet not so high as to make 1t difficult
to use the weight of the arms and body for applying the necessary
pressure When the patient 1s too high the operator has to use more
muscular effort to exert adequate pressure When on a bed or
table the patient should be close enough to the edge so that the
masseur does not have to reach across unnecessarilly By facing m
the direction that us arms are moving the massenr will find that he
can save hiunself considerable muscular effort For instance when
using stroking (effleurage) on the muscles of the back if he stands
oppostte the patient s hips and faces the head he will be able to shuft
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tus weght forward and bickw wd, thus supplemcnting the push
from s arms Tlus position will also mke 1t Lasier for hum to ex
crt equal pressure with both of hus hnds

Muscle Reeducation and Lacseise Therapy That 1 thorough
luowledge of ntomy nd knesiology 15 ussentil to the success
ful employment of muscle reeducation techmiques needs no gy
ment, The student of physical or occupational therapy must real
1ze, however, that 4 knowludge of the locition, sncration and
action of the muscles 15 not cnongh 1t 1s 1so important to have
understanding of neuromuseulwr function, of postural rflexes, of
both normal and abnonmal patterns of movament, of common
forms of substitution, of the rdlation of the body position to mus
cular action, of reciprocal inhubition and of all of the other factors
and phenomena which hue any beanng on human motion Above
all, the physical d occupational therapists nced to mahe constant
application of thewr theorctical knowledge to practice m speafic
situations ‘They must e ¢ thorough grasp of the underlymg
princsples of neuror lar reeducation Bennett d ten of
the most wnportant and most fundamental of these prnciples?
Kabat and Knott discuss the principles of neuromuscular reeduca
tion with particular reference to thar application in cases of cere
bral palsy ® Thc student therapist would do well to rend these or
simlar articles

Occupational Therapy Techmques Occupational  therpy
techniques as used in the treatment of orthopedic conditions are
of a functional nature rather than diversionil They 1re a speafic
form of treatment— treatment by means of participation in occupa
tions or actvities devised to attack specific problems resulting from
disease or mjury (Willard & Spackman, p 10) Among the phys
cal problems for which occupational therapy 1s frequently pre
scnbed are speaific muscle weaknesses such as that resulting from
anterior pohomyelitis uncoordinated neuromuscular behavior such
as that resulting from cerebral palsy, himitation of jomt motion,
such as that resulting from wjury and arthntis and general de
bibty such as that resultng from a prolonged convalescence In
these cases activities are chosen with care to increase the motion
of Jomts, to 1mprove muscular strength or to develop speaific co
ordinations according to the needs of each mdividual case The
activities must mect certan requirements mn order to be useful as
therapeutic agents They must be adaptable to the patient s needs
and mitations and to the position he must mantan, the must
also be adaptable to gradation 1 order that the paticnt m)‘; fol
low a program of gradually ncreasing dlﬁicu]ty and mtensxtyythey
must be safe and finally, they must be appealng and creatively
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stimulating to the patient Actiitics differ with respect to these
cntena Some meet one requirement better than another Among the
activities wlich have been found to meet the greatest number of
qualfications particularly for the trettment of physical disabihities
are clay modeling drawing leather work, metal work, woodwork
mg weaving bashetry cord knotting and needlework

Occupational therapy should not be thought of as a subshtute
for physical therapy 1t 1s rather 1 supplement to 1t Physical ther
apy 15 frequently given carlier mn the treatment of certamn condi
tions m others the two forms of treatment may be given concur
rently Occastonally occupational therapy may be given first

Since activities are prescribed for the purpose of fulfilling spe
afic purposes and since they frequently must be adapted to the pa
tient s hmitations of jont and muscle funchon 1t 1s imperative that
the occupational therapist have thorough trammng in anatomy
phystology and hinesiology In spite of the fact that it 15 the physt
c1an s responstbility to prescribe the treatment, he frequently leaves
1t to the occupational therapist to sclect the speafic activity Fur
thermore he rarely supervises the treatment Hence 1t 1s the occupa
tional therapists responsibility to sce that the patients needs are
met and that all necessary precautions are taken to protect um
from harm The occupational therapist must be famuliar with the
kinesiologic demands of each actiity He should analyze every
activity he uses both from the poimnt of view of the jomnt and mus
cular action mnvolved and with reference to its qualifications as a
therapeutic agent.

In their book “Principles of Occupational Therapy,” Wallard and
Spackman give detailed analyses of two crafts frequently used for
therapeutic purposes namely woodworhing and braid weaving
They analyze the former from the point of view of using 1t as 2
treatment for limitation of jont motion and the latter as treatment
for flaccid paralysis Each analysis conssts of two parts General
Considerations and Specific Exercise Involved The General Con
siderations serve as a means of evaluating the activity with refer
ence to 1ts use as a treatment for physical disabihities These con
siderations consist of a few pertinent questions and their answers
The second section Specific Exerase Involved presents a detailed
jomt and muscle analysis for cach phase of the activity As an 1llus
tration of this type of analysis of actiities used mn Occupational
Therapy a portion of Willard and Spackmans analysis of braid
weaving 15 reproduced below Even this partial quotation will
doubtless serve to convince the student of the need for acquiring
an accurate and thorough knowledge of Linesiology
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AN ANALASIS OF BIAID WLAVING 1OI THL TRLATMINT OF 1ATIENTS
WITH FLACCID 1 ANALYSIS®

GLN AL CONSIDY RATIONS
Does the activats have 1 mijonty of the sequired ehrictenstics?

1 Action rather than posttion® Yus
2. Repetition® Yes
3 Adaptabality to grading
Tune? les
Range of motion? Yes
Resistance® Only m part \Many of the ctions

1 the classificaition of motions used
“agamnst gravity and resistance” from
tools or equipment cmnot be grided

Coordination? Yes
Speafic Exercise Imvolved
Elbow
Flexion Pulling weft through May be wath gravity Junmated or aganst
gravity

Posittion (1) Gravity chmmated  shoulder abducted to 90 and sup
ported 1n that posiion either by table or shng Shuttle 1s pulled
through fliung elbow 1n posiion desired ether pronation supia
tion or neutral posihion

Position (2) Agamst gravity ¥rame vertical or honizontal arm held
agamst side clbow 15 flexed n pulling through weft thread and 1s
allowed to return to side slowly

Localization Return motion with gravity chmmated Eceentne con
traction agaimst gravity

Muscles Biceps brachu brachiabs brachioradialis and pronator radu
teres With the forearm supmated the elbow 1s fleaed manly by the
biceps brachu and the brachialis With the forearm 1n neutral posi
tion all four muscles act With the forearm pronated the elbow
15 flexed by the pronator radu teres and the brachioradialis assisted
on resistance by the biceps

Extension Pulling weft through Grawity eliminated

Position ‘Weft 1s pulled through extending elbow out to the side with
shoulder abducted to nearly 90 Shng support may be used if
necessary If the thread 1s pulled through normally down to the side
1t wall result in eccentric contraction of the biceps brachn without
using the tnceps

Localization Return motion

Muscles Triceps and anconeus

Functional Traming Ths 15 not to be confused with func
tonal activiies 4 term which has broad connotations Func

° From Whilard and Spac} P les of O
247 250 and 251 T B Lippincott Co 1947

1 Therapy pages
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tional trammg s used her, refers to trunming in the basie physical
shlls associated with independent Iving 1 a normal environment.
These nclude the shills mvolved m sclf care getting 1n and out of
beds and churs, locomotion, openmg nd closing doors, windows
and bowes, mimpultting switches aind Iatches handhing correspond
ence and using the telephone Much of the tramming m thus area
consists of the standard techniques of physical and occupational
therapy but it also ncludes special techmques such as evercises
designed to strengthen the muscles nceded for using crutches and
wheel chairs, and to improve the fumhar coordmations or to de
velop substitute movement patterns when the patient has lost the
power essentinl for the normal patterns of movement The therapist
will need to analyze the shill or the moyement pattern under con
stderition from the point of view of the hinestologic demands made
of the patient Then using tlis analysis 1s a gmde he must select
or mmprovise lead up” eseraises for developing the necessary
strengths and coordinations As in the case of other physical therapy
and occupational therapy techmques this requires that the therapist
have 1 sound worhmg knowlcdge of hinesiology

This chapter has attempted to show the many ways m which the
physical therapist and the occupational therapist make use of ther
knowledge of hmesiology m applymg the techmiques of physical
medicine In addition to the applications suggested they should be
alert to opportumties for making new apphications The lag betw een
our theoretical knowledge and its 1pplication m prachcal situa
tions 1s much too great Physical and occupational therapists who
are well grounded m physiologic and kinesiologic princrples and
who keep therr knowledge mn the foreground rather than the back
ground of thewr thinking ein do much to reduce tlus lag For m
stance the physiologic principle of mcreasing muscular strength
has long been mcluded m the physiology testbooks yet the use of
progressine resistance evercises an outgrowth of this principle 1s
a comparatively recent form of exeraise therapy Doubtless there
are other principles well known to the student wauting for some
one with msight to discover their potentiahties 1n therapeutic prac
tice This book can perform no greater service than that of con
vincng the student therapist of the importance of acquirmg 2
sound foundtion m the basic sciences and of stmulating him to
malke ever mcreasing apphcation of the principles he leamns to the
actual problems related to human motion

DEMONSTRATIONS LABORATORY E\ERCISES AND
PROJECTS
1 Measure the range of motion 1 hip flevion with the subject Iying on
Tus back
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o Wath the subject s hnee straght
b With the subject s knee bent as fully 1s possible
What accounts for the difference?
2 \feasure the range of motion 1 dorsifiexion of the foot
a With the subject s hnce straspht
b With the subject s knce bent
What accounts for the differcnce?
3 Measuro the range of motion 1 dorsiflexion of the foot
a. When the movement 1s performed by an operator, the subject re
maing 1s relaxed as possible
b When the mosunent s performed actively by the subject
W hat accounts for the difference®
4 Press on a bathroom scale until 1t records 50 pounds of pressure
a. With the scale on a level with the nud pomt of the thighs
b With the scale on a leved with the hups
Which method takes fuss foree a or 57 How dous tus cxpenment apply
tomassage?

5 Apply an clastic bandage (a) for a spramced ankle (b) for a weak
or stramed arch

i 193

6 Practice the hraus Weber posture measurements on at kast three
different subjccts

7 Practice the hendalls method of examiming posture on at Jeast three
different subjects

b E Analyze the joint movements inolved mn making a reed waste
ashet

9 Analyze the muscular action iy olved m making a knotted belt.

10 Analyze both the jomt and muscular action mvolved in making a
tooled leather book cover
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Chapter 27

APPLICATIONS OF KINESIOLOGY
TO DAILY LIFE SKIL‘I‘JS

KinestoLoGy 1s not limited to the sports field, corrective gymnasium
and treatment room It has 1its place n the home 1 the garden, on
the farm, s the office, and 1 the shop Wherever man moves,
inesiology and body mechames are applicible Man uses hus body
constantly Either he observes the pnnaiples of good body mechan-
1cs or he violates them To the extent that he obscrves these princt
ples, hus motions contribute to a strong, efficient uprnight body, to
the extent that he wiolates them, lus motions pave the way for
postural strains, abnormal tensions and other pathologic condi
tions of the bones, jomts and muscles The hnesiologist—be he
physical education 1nstructor, physical therapist occupational
therapist, or athletic coach~has a real responsibility m pomnting out
and demonstrating the applications of the basic principles of body
mechanics to all of the daily Lfe skills Along wath learning how to
swim an effcient crawl stroke serve a tennis ball with speed and
accuracy, and dnve a golf ball with force and preasion, the m
dwvidual needs to master the more modest skills of hfting a heavy
pachage moving a large prece of furmture and using a spade, hoe
rake broom or vacuum cleaner with efficiency and safety He
should learn to perform these skills both from the pomnt of view of
the results accomphshed and from the pomt of view of using his
body effectively and without stram Poor body mechanics means
not only a task poorly done but 1t also means a poor machine for
domg the task Good body mechanics on the other hand, means
not only a tash efficiently done but lso a strong capable machmne
for domng 1t

Tf 1t 15 desirable to use the body efficiently m sports and exercises
1t 15 infinitely more desirable to use st efficiently m the movements
which characterize ones daily occupation
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Fig 226 Coing up and down stairs

The majonty of the daily life shills may be classified mto the
follow:ng categornes
Locomotion mcluding ascending and descending
Stooping to reach a lower level taking a seat nsing
Lafting and carrying
Moving heavy objects by pushing and pulling
Working with long handled implements (such as those used
for housecleanmng gardening wood chopping and snow clearing)

6 Working with small inplements and matenals at a work sur
face

On studymg this list 1t 15 seen that practically every phase of
knesiology 1s represented A complete analysis of representatne
activities from each category would necessitate a repetition of a
large portion of the first three parts of this book Hence the pro
cedure adopted 1s a discussion of the major kinesiologie problems
mvolved and the application of the most noteworthy anatomuic and
mechanical principles to a few sample activities

Locomotion Ascending and Descending (Fig 226 A and B)
For the principles which apply to locomotion one should refer to
Chapter 19 The problems 1n the more common uses of locomotion
have to do with the anatomic aspects rather than the mechanical
The ahgnment of the weight bearing jounts 15 the major problem
1n locomotion Poor alignment causes stran and fatigue If locomo
ton forms a relatively large portion of a persons daily occupation
the good ahgnment of hus feet knees and hips 1s of utmost impor
mnoc:e specific problem relating to locomotion 1n the home 15 the
prob]em of safety when there 15 msufficient friction between the
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Iig 227 Stoopmng A Attemptng to heep the trunk vertical B chmng the
body shghtly formard (W A = the waght of the thugh lever )

forward the Line of gravity falls through the approsimate center
of the base of support This assures a shorter weight arm (1 ¢, the
honzontal distance from the fulcrum to the hine of grawvity) than s
the case when the trunk 1s held vertically erect Given a lever m
which the force arm and the weight are constant, an increase n the
weight arm will necessitate an mcrease 1n the force required to
balance the lever Thus stooping wath the trunk held 1 a vertical
or near vertical position actually requires more muscular effort than
does stoopmng with the trunh inclhined shghtly forward Figures
227A and B illustrate the two styles of stooping The position of the
line of gravity with reference to the base of support was actually
found for the subject 1n each of these positions and the weight arm
of the lever measured In the onginal photographs (3%” X 23”)
the weight arm 1n Fig 227A was 17 mm and in B 14 mm Since the
100 cm board measured 66 mm 1 the photograph the actual dif
ference 1n the two weight arms was approumately 45 cm  (See
pp 333-356 )

‘When one bends from the waist to reach the floor the center of
gravity 15 considerably gher than when one stoops hence the
body 1s 10 a less stable position (Fig 228) The close position of
the feet also decreases stability The leverage 1s not clear cut The
trunk seems to be the major lever 1n the motion but 1t fails to meet
the requirements of a lever n that 1t 1s not a ngid bar It s a flexible
bar, turning about the common axis of the two hip jomnts but at
the same tune flexing withm atself The most obvious mechanical
disadvantage of this method of reaching the floor lies m the fact
that the horizontal position of the trunk permuts the force of grawity
to act on 1t with a 100 per cent rotatory component. This requires
strong action of the spinal extensors to stabilize the flexible spine,
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and of the lip joint cxtensors to control the mosement of the trunk
as a whole at the lup jomnts The strong extensors of the kuee, located
on the front of the thigh give no help at all i this movement Al
the work 15 performed by the extensors of
the hup and spine Furthermore, the spinal
muscles work m a stretched posiion The
“approved” method of stooping by bend

Pl "~
mg the knces and inclimng the body \C
shghtly forward has the advantage of g
ing the major portion of the work to the /
strong knee and hip entensors with onh
a small share taken by the extensors of ]

\
=

the spine This method calls upon the \
spinal extensors to make a reasonable con
tnbution to the moscment, but 1t does not L
subject them to strain nor docs 1t require Fig 228 Bending
that they work 1n a stretched position from the waist to reach
In seating onesclf gracefully the major  the floor
problem 15 to provide a base of support which will remain under
the backward shifting center of gravity When the style of the
chair permits this can be accomphshed by placing one foot well
back under the chair bending at the knees
and nclining the bodv forward just encugh
to heep the center of gravitv over the base
of support (Fig 229) The body will be
eased mnto the chair rather than dropped
into 1t if the knee extensors are made to
control the movement agamnst the pull of
gravity In nsing from the chair the prob-
lem 1s to provide a base of support with
the feet immedaately so that the transfer of
weight can be made gradually instead of
by having to throw the body forward or by
depending upon the hands for a push off
Fig 229 In seating from the seat of the chair This 15 accom
oneself gracefully the Dlished by placmg one foot well back
btﬁdy 1s balanced and  under the charr mclining the body shghtly
u:u:imemmt s con forward pushing the feet down aganst
In the floor and extending the knees As the
ees are extended the weight 15 gradually shifted from the rear
to the forward foot.
It 15 more difficult to heep the base of support under the center
of gravity when seating oneself on a chairr with a low rune or a
sohd front. In the case of a straight chair with a low rung it 1s pos
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Fig 230 Tichang vp a swicase A Efficiently B inefficiently

sible to put one foot back close to the side of the chair nstead of
under 1t and then to lower oneself onto the side of the seat, later
shifting to the center When taking a seat i a deep upholstered
chair or davenport which has a solid front a different techmque
must be employed With these the only way to keep the base of
support under the center of gravaty 15 to stand with the side to the
seat place the near foot fornard bend the knees and lower one
self sidewavs onto the front edge of the seat turmng shghtly for
ward at the last moment One or two additional movements are
then needed to complete the forward facing and to get the body
well back on the seat In nsing the reverse procedure 1s followed
The body 1s shifted forward and turned sideways the near foot 15
placed forward and the other foot backward the weight 1s shifted
over the feet the feet pushed down agamst the floor and the legs
and thighs extended

Lifting and Carrymg (Figs 230 231 and 232) In addition
to the problems imvolved in stooping to reach the object hitng
a heavy object from the floor mvolves the dual problems of keep
g the weight arm of the lever used for hiting as short as possible
and the angle at which the gravitational force apphes to the lever
as small as possible This 1s 1n the interest both of economy of effort
and of reducing the hkehhood of stran \When the arm used for
hiting 15 1 a honzontal position whether flexed or extended at
the elbow the gravitational force pulls at nght angles to the lever
This means that it 1s 100 per cent rotatory force and the true
weight amm of the lever (the perpendicular distance) 1s comncidental
with the apparent weight arm Since F X FA = W X WA the

longer the weight arm the more force 1t takes to balance the lever
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Fig 231  An ciicient mcthod of bftng a heavy log

other things bung cqual If the objeet were hedd in the hand with
the arm fully extended honzontally the weight arm of the lever
would be extremely long~appronumtcly 30 mches Great musculir
force would be required to balance the lever under these condi
tons One mstnetindy wvoids hftmg 4 hewy object m this un
economical manncr, but not everyone recogmzes the fact that the
most economcal manncr of hfting 1s the exact reversc of the above
namely by heepmg the hfting arm s nearly vertical as possible
and by holding the object s closc to the bodys Line of grawity as
possible (Fig 230A)

In the discussion of stooping attention was called to the fact that
bending over from the waust to reach the floor 1s not only mechan
wcally disadvantageous but that 1t requires strong tction of the ex
tensors of the spine and lips and that the spmal muscles are mde
to work on a stretch If the body 1s used mn this manner for hfting
a heavy object an additional burden 1s put upon the muscles of the
back one that they can 1ll afford to take (Fig 230B) The spinal
extensors are not powerful muscles and are easily strained It 15 un
mtelligent to eapose them to the danger of strun when this can be
avoided by observing the prmeiples of good mechanics

The same prnciples of leverage that apply to hfting a heavy
object apply also to carrying it In carrying a weight there 1s the
further problem of assummng a balanced posiion with the center
of gravity centered over the base of support During the process of
fting the equilibrium 1s temporanly disturbed Once the bodv 15
erect however 1t should adjust itself i such a way that 1t compen
sates for the load and the new center of gravty (of body and load
combined) hes over the center of the supporting base For mstince
when one carnes a heavy switcase 1t 15 no longer good body me
chanics to keep the body erect with the head and spme carrted n
the midsagttal plane of the body In the presence of a heavy
unilateral load good mechanics Tequires 2 compensatory movement
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Fig 232 Lifting a box down from a high shelf A Efficiently B mefficiently

eg, hfting the arm or inchining the trunk to the opposite side Fail
ure to make this compensation necessitates additional work by the
muscles on the opposite side of the trunk (see Figs 193 and 194)

In hfting a heavy box down from a hugh shelf the cluef problems
are those of avoiding strain and of keeping the movement of the box
under control As the individual tugs on the boa to pull 1t off the
shelf he 15 imparting honizontal momentum to the, bos If he pulls
quickly or if the box comes free suddenly as soon as the box 1s free
of the shelf its momentum will be transferred to lum If he 1s not
prepared for this it may swing hus trunk backward and stran hus
Tower back (Fig 232B) To avaid this likelihood he should observe
the prmeiples of widening the base of support 1n the direction of
the oncomung force In other words, he should stand with one foot
forward (Fig 232A) This will permit um not only to shuft s
weight from the forward to the rear foot but also to take a step
backward if necessary This provides additional space 1 which the
box can lose its honizontal momentum Whether the box 1s pulled
off the shelf slowly or quickly there 1s the problem of mamtumng
equihbrium when reaching forward for the box and when the
weight of the box 1s first transferred to the hands For a bref mo
ment at least the center of gravity 1s precariously near the front
margn of the base of support By placing one foot well forward
the Iifter provides an adequate base of support for the anteriorly
displaced center of gravity

Pushing or Pullmg Heavy Objects (Fig 233) The mam prob
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lig 233 \n cfficient mcthod of pushing a piece of furmiture

lem 1n attempting to move 2 heavy object either by pushing or
by pulling 1s the efficient appheation of force This serves two
purposes first the successful moving of the object, and secondly

e conservation of the movers cnurgy There are two factors to
be considered i the problem of applying force efficiently These are
the direction of the force, and the pomt at which it 15 applied
Whenever feasible the force should be applied squarely m the
direction that the object 15 cxpected to move When thus 15 not
feasible, the undesirable component of force should be as small as
possible For instance 1f one desires to push a low trunk across the
floor 1t would be difficult to stoop low enough to push with the arms
n a honzontal position One should stoop s low as conveniently
possible however, n order to reduce the downward component of
force which would tend to increase friction If 1t were necessary to
move the trunk down the strect and no cart or wheelbarrow were
available, 1t would be more efficient to tic a rope to 1t and to pull 1t
By usimg a long rope the horizontal component of force would be
relatively great and the vertical or Lifting component relatively
small Some hfting component would actunlly be desirable because
1t would serve to reduce fnction

The pomnt at which the pushing or pulling force 1s applied to the
object depends upon which kind of motion 1s deswred, hinear or
rotatory If one wishes to push a large box or a heavy chair across
the floor he should place s hands 1n line with the object s center of
gravity that 15 provided the amount of friction 1s mconsequential
This would probably be true of the chair if it had castors In the
case of the box however there would probably be considerable
friction In such a situation the force should be applied below the
objects center of gravity The exact spot would have to be deter-
mined by expenmentation The criterion would be the objects
tendency to tip There 1s no tippmg 1n efficient hnear motion
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If one wishes to move the box by turning 1t end over end, he
should then place his hands as far above 1ts supporting surface as
possible In this way the box 1s being used as 1 lever, with the ful
crum located at its point of contact wath the floor Since the amount
of force necessary to turn the box 1s 1 inverse proportion to the
distance of the hands from the floor (1¢ the force arm of the lever)
the higher the hands wre placed the less force 15 needed If one
wished to rotate 1 box henzontnlly or to move it across the floor by
a1 senies of alternating partial rotations he should place his hands
as far to the side of the hoys lme of gravity as possible

An anatomic principle that apphes to pushing and puling when
great force 1s required 1s that of using the strong muscles of the body
to supplement the weaker ones This means supplementing the
action of the arms with that of the legs By inchimng the body
toward the object bemng pushed 1t 1s possible to add to the force
of the push by using the leg extensors Likewise the force of pulling
can be ncreased by mchning the body away from the object and
extending the legs m 15 nearly 1 horizontal plane as possible

Working with Long handled Implements Working with 1m
plements such as a hoe rake mop or vacuum cleaner volves a
combination of pushing pulling 1nd 1 some mstances Iifting The
latter 1s usually only for short distances but it may occur with
considerable frequency One characteristic of working with 1m
plements such as those nimed 1s that the body must mamtam a
more or less fixed posture for relatively long periods of time This
causes tension 1nd fatigue Hence the cluef problem 1s that of
usmg the body m such a way that tension will be mummized and
fatigue postponed as long as possible If the implement 15 used
back and forth 1n front of the body the tendency of the worker 15
to lean forward This necessitates static contraction of the extensors
of the spine 1n order to support the trunk agamst the downward pull
of gravity As mmplements Iike the rike and hoe are lifted at the
end of each stroke and carried to position for the next stroke the
force of gravity acts on the implement as well as on the workers
body Although the implement may not weigh much n tself its
forward position means that the lever has a long weight arm the
effect of which must be balanced bv the muscles Tiis gines an
added burden to the bach muscles and not infrequently causes 1
bachache This can be avorded by standing with the side turned
toward the working site with the feet in a furly wide stnde and by
using the mnplement from side to side The reach can then be ob
tamed by bending the knec of the leg on the same side as the mple
ment, and by mclinmg the body shightly to the same side Those who

are famuhar with gymnastics will recognize this as a side lunge post
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tion On the recovery, the knee and the trunk arc both straightened
Thus there 15 1 altmating contriction and reluation of muscles
and there 15 no nceessity for ny of the trunk muscles to remun
static contraction

The use of 1 spade or snow shovdd mvolves primanly the act of
hfting Because the load 1s taken on the and of a mechimeal lever
held 1 a more or less horizontal position 1t 1s ncvatable that the
weight am of the laver be rdatnvddy long It e be shortened
somewhat, howerver by shding one hand 1s far down the the shaft as
possible usmg this hand as 1 fulerum  wd providing the force with
the other hand by pushing down on the outer end of the handle As
a vanation of this when gettng 1 particulwly heavy load on 2
shovel 1t 1s possible to bend one hnce and brace the shaft agunst
the thigh thus using the thigh as 2 fulerum Thus 15 only for the
mtial hft however the hands must then be shufted to the position
previously desenbed m order to cury or throw the load

Aside from taking and hiting the load on the spade there 1s the
factor of lowenng the body to reach the lond and of assuming the
erect posiion for moving 1t As m the csc of stooping to hft 1
heavy object from the floor the chif problems are economy of
effort, mantenance of stability, and wvoidance of strun These
problems are intensified by the additional factor of tahing the load
on a long handled implement instend of directly in the hand As
before separating the feet to widen the base of support bending at
the knees wstead of bending from the waust to lower the body and
mnchning the trunk forward only shghtly will respectively merease
stabihity shorten the anatomuc Tevers mvolved in the stooping and
divide the muscular work among the knee hip and back extensors
instead of making the latter assume too large 1 share of the work
Since the lower back 1s so easily struned by heavy shoveling it 1s
of great importance to protect 1t by observing the principles of good
body mechanies

Working with Small Materials and Implements at a Work Sur
face The two chief factors to be considered m working with
small matenals and 1mplements at a work surface are the height of
the surface and the position of the matenals with reference to the
body So much attention has been given to these m recent years
that a detmled discussion would be superfluous A work surface that
15 too low makes 1t necessary for the worker to bend over his worl.
thus keeping the muscles of hus nech and back m static contraction
Hence he becomes fatigued much sooner than he would 1f he could
remam erect If on the other hand the surface 15 too high the
worker tends to keep his shoulder girdle elevated m order to use

his hands effectively This necessitates contraction of the upper
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trapezius, levator and rhomboids He may also have to heep s
arms clevated from the shoulders, thus kecping Iis deltord and
supraspiatus muscles 1n static contraction also

An meflicient arrangement of the maternals on the work surface
means that the worker has to reach unnecessanly far for some of
them and that he has to make more movements than he would 1f
some thought were given to the advantageous placing of his mate
nals The tme and motion studies by efficiency eaperts have done
much 1 recent years to show that production can be stepped up
considerably by giving attention to smnll details ke these Kines:
ologically, the problem 15 1 dual one of reducing the length of the
reach thereby reducing the wesght arm of the lever (the arms) and
of reducing the number of movements thereby economizing on
muscular contractions These detaids would not be of great sigmfi
cance for short work periods but if the motions are repeated
hour after hour attention to these factors makes 1 great difference
mn the fahgability of the worker

PROJECTS

1 Eapenment to find the best way to shovel snow or dig earth Descnibe
and analyze the method selected

2 Eapenment to find the best way to pick up and carry a tray of heavy
dishes Describe and analyze the method selected

8 Eaperment to find the best way to pick up and camy 1 large bag of
flour or cement Describe and analyze the method selected

BIBLIOGRAPHY
Body Mechanies in Daily Life Skills
Fash Bernice Body Mechanics 1n Nursing Arts New York McGraw Hill
1946

-

[t

Frost Loraine Posture and Body Mechanies State Unneraty of Iowa Ex
tenston Bulletin No 479 \farch 1940

Hazelton H W and Russell M keepmg Fit for Farm Work Purdue Unt
versity Dy of A sion Bulletin No 299 Aug 1943
Lee M and Wagner M M  Fund: Is of Body Meck & Condt

tioning Philadelphia W B Saunders Co 1949
Mensendieck B M Its Up to You New York Laitle & Ives 1931
Metheny E R Are Sports Enough? J Health and Phys Ed 14 249-251
256288 May 1943
Metheny E Body Dynamucs New York McGraw Hill Book Co Inc
1952

® N em &

Meuext. M T Vomens Effective War Work Requires Good Posture Spe
cal Bulletin No 10 Women s Bureau US Dept of Labor Washigton
DC US Govt. Punting Office 1943

Newton R Preventing Backstramn 1n Nursing Am J MNursing 43 921 Oct

©

1943
10 US Dept of Labor D of Labor Standards A Cuide to the Prevention



ipplications of Rnesiology to Dily Lafe Skalls 507

of Weight Lifting Imutics Special Bullctin No 11 Washinglon, DC
US Govt. Panting Office 1913

1 Winters M € Protective Body Mechanles in Dhily Life and an Mursing
Philadelphin W B Saunders Co 1952

12, Women s Burcau US Dept of Labor  Lifting Heavy Weights in Defense
Industnies Special Bulletin No 2 Washingtan DC US Govt Printing
Office, 1941

Molion Studies
18 Bames R M \Motion and Tune Study New Yorh Juln Wiley & Sons Inc
1910

4 Bames, L. M Molion and Tune Study  Applicitions New York John Wiley
& Sons Inc., 1012
15 Bammes R M Work Mcthods Manual New York John Wiley & Sons Inc,

1944

18 Dunwoody k. M Tunc and Motion in Physical Education ] Health and
Phys Ed 10 218 219 265 Apnl 1939

17 Gibreth R B and L M Applied Motion Study New York Sturgis &
Walton Co 1817

18 Gilbreth L. M “otion Study Handbool. of B Admi; Wi
Donald Ed New York, McGraw ILll Book Co 1931

19 Hatree W and Hill, A V Iactors Determimng Maximum Work and
;Xclcggsmcal Efficiency Proc Roy Soc S B London 103 234-251 Aug

RECOMMENDLED READINGS
Lee M and Wagner M M Fund 1s of Body Mect & Cond
Chapter 7 (Sce 4 above )
Metheny E Body Dynamics Chaps 9 and 10 {Sce 7 above )

Wunters M C Protectis o Body Mechamies 1 Duly Life and 1n Nursing Pages
18-56 (See 11 above )







APPENDIX

OUTLINL FOR A I ORTY 1IVE HOUR COURSE IN
KINESIOLOGY

Tis ouTLINE 15 suggested 1 response to the many requests re
cened by the author for help i adaptng the matenal i this test
to 1 onc sumester undergraduate course m hmesiolagy While it 15
highly desirble to dovote sity, or cven nincty hours to a hmnest
ology course the author rccogmzes the fact that the hnesiology
course 1 the average undergriduate major program s only one
semester mn length If the students have had an adequate course
m anatomy mmmediatly preceding the hmesiology course, only
a bref review of anatomy, with the cmphasis on the function of
the joints and muscles, nced be mcluded It 15 suggested that the
tme thus guned be devoted to the section on applications of
hinesiology The factual matenal 1n the text should be covered by
assignments Class ime should be devoted to demonstrations and
laboratory exercises and to explanations of matenal which the
class does not understand

Lesson 1 Introduction Chapter 1 Fundamental Concepts

Lesson 2 Chapter 2 The Jomts Thewr Structure and Function
Chapter 3 The Muscular System

Lesson 3 Chapter 4 Neuromusculir Function

Lesson 4 Review or quiz

Lessons 5 and 68 Chapter 5 The Spinal Column

Lesson 7 Chapter 6 Movements of the Thorax in Respiration

Lesson 8 Review or quiz

Lessons 9 10 11 12 Chapter 7 The Shoulder Region

Lesson 18 Chapter 8 Elbow Jomnt and Radioulnar Articulation

Lesion 14 Chapter 9 Hand and Fingers {Omut text on smaller muscles
of fingers Study 1illustrations of these )

Lesson 15 Review or quiz

Lesson 16 Chapter 10 Hip Jomt and Pelvie Girdle

Lesson 17 Chapter 11 knee Jont

Lesson 18 Chapter 12 Ankle Jomnt and Foot
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Lesson 19 Review

Lesson 20 Mid term exammation

Lessons 21 and 22 Chapter 13 Machinery of the Musculosheletal sys
tem

Lesson 23 Chapter 14 Fundamental Principles of Motion

Lesson 24 Chapter 15, Fundamental Prmeiples of Force and Work

Lesson 25 Review or quiz

Lesson 26 Chapter 16 Charactenstics of Skillful Performance of Motor
Shills Emphasis on classification

Lesson 27 Chapter 17 Pnnaiples of Stability -

Lesson 28 Chapter 18 Postural Pnnciples

Lessons 29 and 80 Chapter 19 Prnciples of Moving One s Own Body

Lesson 31 Rewview or quiz

Lesson 32 Chapter 20 Prnciples of Recewving Impetus

Lessons 33 and 34 Chapter 21 Prmaiples of Giving Impetus

Lesson 35 Review or quiz

Lesson 36 Chapter 23 Locomotion Walking and Running

Lessons 37 38 39 and 40 Chapter 24 Applications to Sport Tech
mques

Lessons 41 and 42 Chapter 25 Selection and Evaluation of Exercises
for Correchive and Conditioning Purposes

Lesson 43 Chapter 22 Prnciples Concerned with Prevention of In
jury, Chapter 26 Apphcations of hanesiology to Physical Therapy and
Occupational Therapy

Lesson 44 Chapter 27 Applications of Rinesiology to Daily Life Shills

Lesson 45 Review or Final Exammnation

As a final project each student should analyze one activity technique
of his own choice
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Equbbnum 345# 412
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Eatensor reflex 44

Exteroceptive nenves 40
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Fascia 24
fasaia lata 216
slotibial band 218 ff
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plantar 279
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Foot 258 260 ff
Force 813 ff
components of 316 ff
direction of 315
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magnitude of 302 313
of gravity 32 f 306 368 377 380
402 406
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Garr See Locomotion
Genu valgus 240
vamus 240
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402 406
Line of 7 347 364 372
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Hinge jomnts 13
Hitting 407
Houseworh 498
§iyperetension 16
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gving, 401

recening 393 ff
Injury prevention 412 ff
Innervation 40 45 48
Insertion of muscle 25
Intercondyloid eminence 242
Interoceptive nerves 40
Irregular jounts 12
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Jount(s) classificaion 12 f
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range of motion 16 413 484

Jumpmng 378 393 414

Kichne 407

hmnesiologic analysis 342
Rincsthetic sense 46 340 363
RKinctic energy 394 415
Rnock hnees 240 413

Lasone 393 ff 414
Lateral flexion 10
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Levers 286 (F
Liftng 415 496 500
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crucmtc antenor and postenor

ﬁbular collateral 245
oblique poplitcal 246
patellar 245
tibial collateral 245
transverse 246
pelvic girdle  antenor sacrothac 229
holumbar 229
1nterosseus sacrothac 229
posteror sacrothac 229
sacrospinous 229
sacrotubcrous 229
radioulnar jomts apnular 160
dorsal radioulnar 160
mterosseous membrane 160
oblique cord 1



Index

Ligaments (classfied Ust) (contdd)
radwulnar joints volwr ridioulnar
160

shoulder girdle (rvermmochwicular
jont)  wromlodnioy
las, 125
coracoclarviculir  (conoid
and tripezoid) 125
shoulder  girdle  (stemocliviculsr
joint)  costoclaviculir
(<]

121
interclavicular 126
stemoclavieulyr  anterior
and posterior 126
shouldes jont  (scr1pulohumeral)
corcoicromial
coracohumeral 114
glenohuncral 114
spinal us)lumn antenor longitudinal
%]
mterspinous 51
mtutransverse 56
higamenta flava 54
bgamentum nuchac 58
posterior longitudinal 52
supraspinous 54
tarsal jomnts call boidal part

513

AMasvar musde tedting 155
Mass of ball 397 104 110

of bxly 310 348, 394

of stnking luplonent 103 110
Massape 198
Menbwd (semilunir citilies) 24817
Mctibohc cconomy 3661F 373
Modom dance Hills 391 115
\Momentum 309 ff 349 359 304

\otion 302 ff
Linds of 305§ 312
Liws of 309
moifying fictors of 308
Motor ability 333
ncuron 39 {f
shalls 3324
chsaification 31t
lawrng 17
pronaples of 337 ff
umt 38{F
Movement Sce Motion
Movements of body arm 117ff 13¢
f

foot 260 267
forcilnvl 169
r

of Infurcate 268
dorsal caleancocuboid 266
dorsal talonavicular 266
long plantar 268
plantar calcaneonavicular
{spnng hgament) 263
short plantar (plantar caleane
ocubord) 266
talocaleancal antcrior  poste
nor lateral mcdial and
terosseus 263
thorax costotransverse anterior and
Dosterior 98
costoxiphoid 99
nterarticular 98
mnterarticular sternocostal 99
radiate 98
radiate stemnocostal 99
wnstjomt - dorsal radiocarpal 175
radial collateral 176
ulrlxar collateral 176
volar radiocarpal 175
Line of gravity 7 e 1
how to locate 353 fF
Linear motion 303
Locomotion 418ff 4gg
Longitudinal arch 261 &

9 10
hand 176 177
leg (lower) 218 247
pelvis 230 ff
shoulder gurdle 128
spinc and head 57 f
thigh 212 218
thorax 99 ff
thumb and fingers 177 ff
Muscle 22
amphtude 22
reeducation 462 489
tissue 22
tonus 41 ff
Muscles (alphabetical hst)
abdomnal 714 107
abductor digat1 quint: 192
abductor pollicis brevis 193
abductor pollicis longus 190
adductor brevis 228
adductor longus 226
adductor magnus 224
adductor pollieis 193
anconeus 168
biceps 123 161
biceps femons 220 250
brachialis 164
brachioradiahs 166
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Muscles (alphabetical List) (contd)
coracobrachialis 122
deep postertor spinal muscles 70
deltad 119
duaphragm 101
dorsal interosser 196
extensor carpi radiahs brevis 185
extensor carpt radialis longus 185
extensor carpt ulnans 185

extensor digih quinti proprns 188

ertensor digitorum commums 188

extensor digitorum longus 268

extensor hallucis longas 268

extensor indicis proprnius 188

eatensor pollicis brevis 190

extensor pollicis longus 190

external intercostals 102

external oblique abdominal 72

flevor carm radsabs 183

flexor carpt ulnans 184

flexor digit: quunt1 brevis 193

flexor digitorum longus 275

flexor digitorum profundus 187

flexor digitorum sublimis 185

flexor hallucis longus 277

flexor polbicis brevis 193

flexor pollicis Jongus 188

gastrocnemius 254 271

gluteus maximus 219

gluteus medis 223

gluteus mumimus 224

graciis 824 253

hamstnngs 251

hyoid muscles 64

iliacus 215

iliocostalis 69

mfraspinatus 124

1nternal intercostals 103

internal oblique abdomnal 74

antrinsic muscles of the foot 279

latissimus dorst 123

Jevator scapulae 66 131

levatores costarum 104

longissimuys 70

Jongus capttts and collr 63

lumbnicales 193

oblque abdommals 108

obhquus capitts superior and nfe
nor 68

opponens dipih quintt 193

opponens pollicrs 194

palmar interosses 195

palmans longus 183

pectinens 218

Index

Muscles {alphabetical hst) (contd)
pectoralis major 121
pectoralis mmor 106 130
peroneus brevts 270
peroncus Jongus 270
peroncus tertius 269
pophiteus 253
presertebral muscles 63
pronater quadratus 166
pronator teres 166
psoas 77 213
quadratus Jumborum 76
rectus bdomines 71108
rectus capitis antenor and lateralis

rectus capitis postenor major and
mmnor 68

rectus femons 218 248

rhombods 134

sacrospialis 68

sartonus 216 253

scalem 65 104

senumembranosus 221 251

semuspinalis 70

semutendinosus 220 251

scrratus anterior 130

serratus posterior inferior 108

serratus postenior supenor 103

six deep outward rotators 222

soleus 273

spmalis 70

splenius capitis and cervicis 67

sternocleidomastard 65 104

subclavius 129

subocaipitals 68

subscapulans 123

supmator 168

supraspinatus 120

tensor fastine latae 218

teres major 124

teres mmor 124

tibuabs anteror 267

tibialis posterior 273

transversahs 107

transversus thoracis 108

trapezaus 132

tnceps 124 167

vastus  mtermedius
medialls 249

Muscles antagonists 27 82

antigravity 42 44 361

attachments of 25 26

structural classification of 23 24

lateralis and



Index

Muscular action coonlination 29
direction of pull, 25
pulley action of two-jont muscles
34 35 219
reaprocal funen tion and
tabation 35 F
rclabion of grwatabiosal fosce to
28

types of contracion 266 11T
analyus of funduncntal movamcnts
ann (shouldcr jomt) 13847
foot, 250 1T
forcarm 169
hand, fingcrs and thumb 197 ff
head and trunk 78 ff
leg 25441
shoulder girdle 14§44
thigh 2274
attachments 25
system 22 ff

Nenve trunks 41
Neuromuscular function 38 ff
Neuron 39

MNucleus pulposus 52

OsLiuiry of femoral shaft 212 231
213

Occupational therapy 484 489 ff

Organic function relation of posture
369

Onentation planes 8

Ongun of muscle 25

Osallaton 305

Outhne for hinesiologic amalysis of
movement 342

for studlyérég joints of the cxtrenuties

of the spine 92
Ovod ot 13

Paravrzrocnam of forces 321 326
Pelvic girdle 229 ff
Perpendicular distance 320
Physical therapy 484 {F
Physiologic cross section 313 ff 322
Pwvot joints 18
Planes 8
Plantar fascia 279
Postural reflexes 44 361 363 371
Posture 260 ff

and sports 482

correction 462 478 ff

testing 486

515
Prosention of inury 11214
Pronation 10
of forcunn 160
of foot 202 2067
Proprioceptive nenes 10
stimuli 17
Pulley 298
action of two-jomt muscles 38 33
219 22

Pulling anTl-pu\huu, 10347 502 ff

Quistions for cvaluating excrcises
6

Rance of motion 16{f 413
muasunng 181
Reaiprocal innenvation and mlubition
45 178 185
Reaiprocating motign 305, 306
Rectilincar motion 303, 306
Reflex are 41
Reflexes 43 1
antigravity 11
eatensor i1
flexor 43
postural #4 361 363 371
streteh 44 478
Relaxation 332
Rescarch Sce Supplementary maoteral
Resistance magnitude of 302
Reversal of muscles customary funce
tion 28
Rotation outward and mnward 10
Rotatory movement 303 306
Round shoulders 477
Runnmg, 430 ff

Sappir Jownts 13

Seating self and nsing 497 499
Segmentation 350

Sermlunar cartilages 244
Sensory nerves 40

Shll See Motor shills
Spasticity 45

Spin of ball 406 410

Spmal reflex 43

Sports 434 ff

Sprint crawl 441 ff

Stabihty 845ff 363 371
Stairs gomng up and down 498
Starhng positions 6

Stimulus response mechamsm 49
Stooping 497 ff

Strapping 487
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Strcteh reflex 44
Stubing 407
Struch ball 407 ff
Subcostal angle 96
Supmation 10
of forcarm 160
of foot 267
Supplementary materna] 15 834
146 fF 1704 234fF 323ff 353 &
Sustentaculum tali 259 260 263
Swimmng 382{F 411 4494
Synarthrosis 14
Synchondrosis 14, 51
Syndesmology 12
Syndesmosis 14
Synovial fluid, 12
membrane 12

TenpoN action of two jomnt muscles
34 35 219 220
Tenms 435 452 f
Testing 483
functional 487
joint motion 484
muscle 485
postural 486
Throwing 405 454
Torsion femoral 234 ff
humeral 147

Index

Torston spmal 59 ff

tibial 234 fF
Translatory motion 303 306
Transverse arch 261 262 {f
Treppe phenomenon 22

wojoint muscdles 34ff 219 220
0

VAmiATIONS 1n structure Sce Supple
mentary material
Volitional movements 43

Warnsne 350 350 419 ff
anatonuc analysis 423 ff
mcchamical analysis 420 f
prnciples which apply to 428 ff
vanations m gait 429 ff

Wught beaning  scgments of body

alignment of 350 352 365
372

transnussion of weight through
413

Whedl and axle 293 ff 303
‘Wind resistance See Air resistance
Work 822
surfaces 503
Working with long handled imple-
ments 504






