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FOREWORD

For over twenty five years we have been fortunate 1n having Henry
O Kendall in charge of the Phystotherapy Department of the Children &
Hoepital School. Dunng that time not only has a great volume of
clinien! work been splendidly carmed on but also due to the team work of
Tlenry Kendall and his wafo Florence Peterson hendall a valunble senes
of origmal scientific papers and treatises has appeared m which we were
proud to share by obsecrvation criticim and the @Titing of bref
forewords So it was that when they proposed to concentrate therr wide
experience their technieal skall and their eritical judgment 1n one big
volume {o mive n thorough exposition of the methods and results of
neuromuscular physical exammation we were delighted Now that 1t is
completed we feel they have succeeded admirnbly i thoir dufficult task
nnd that the book with its text charts and fllustrations has made the
difficult techniques clear and shown the way to correlate and evnluate
the informstion obtalned. Although o textbook contmining necessarily
established facts and methods 1t presents them more clearly and graphi
cally than ever herotofore and in addition 1t contains much that 1sentirely
new and extremely valuable especlally the dingnostic nerve charts for
the ponpheral nerves  ¥We take pleasure and pnde in commendmg to
the medical world thia book entitled Museles Teating and Function by
Henry O and Florence P Kendall

Georee E Bexwerr Emerituse Adjunct Professor
of Orthopedic Surgery

Rovert W Jomsson Adjunet Professor of Ortho-
pedic Surgery

Johns Hopkins Medioal Behool






PREFACE

AMuscle testing procedures are an integral part
of phvimeal dugnoms and form the bams for
dotermaimng 1ndividual needs in relation to spe-
aific forms of treatment 1n muscular and neuro-
rauscular disorders A dotailed aceount of the
tosting procedures and of the functional sigmfi
cance of musck weakness and contracturo 18
emboded 1n this text

We believe this book will be particularly use
ful to phymcians surgeons physical therapsts
occupational thernmsts and phymeal educators
Thero has been an inmstent demand for a com
prebonsive book on muscle testing by people 1n
these vanous ficlds

We have had the opportumity to do detailed

muscle testing on peveral thousand patients
both paralytic and non-paralyhe  In addition
muscle tests and postural exarminations have
been done on apprommately ons thousand so-
called normal individuals of vanous age groups
for the purpose of research The information
obtalned through expenence m muscls teshing
has proved indispensabloe to usin further analyz
g problems relating to muscls function. Wo
feel1t 18 a privilego and a responsitality to make
available to others the information thus re
qured

Wo do not aim to set forth new theones nor
outhne now systems of procedure  Our purpose
15 to interpret cxasting facts in the light of our
cxpenence and study  We have accepted only
such procedures as stand tho test of detailed
analyses on the basis of known anatomienl facts

Dr Robert W Lovett and his co-workers laid
the firm foundation for much of the musele test
ing done today  We do not seck to have this
text supplant the earlier work but wo do seck to
enlarpe the goope of muscle testmg and help
clanfy many of the problems that have con
tinued to cast

This book presenta muscls testing 10 a mmple
duect manner which should enable the reader
to clearly visualize the procedures involved in
testing grading and recording muscle strength

It 18 wntten 1n taxt book sty le and 18 extonsively
illustrated  Tho first chapter which deals with
general procedures is presonted 1n non technieal
terms The romainmng chapters which consst
of specifio teat procedures require the use of
anatomical terms for accuracy and brevity

Extenste investigation has been dono 1n the
proparation of the Diagrosric Crarms FoR
Nirve Lrsions (pp 32 and 34) and the
SenaL MoTor NDRVE AND ANaTOMIFAL MOTOR
Porvr Ciarts (pp 33 and 35) The authors
have made every effort to extract the pertinent
information from authontative works on anat-
omy and neurology Texts which have been
consulted 1nclude the following Grant
Sabotta Cunnmgham, Gray Morms Quan,
Spaltehols Foerster and Haymaker and Wood
hall The spinal segment perve supply as
charted 15 a compilation from texts by the last
mx gbove named authonties The appondix
which lists muscles grouped eecording to jomnt
action and their origins and 1nsertions has been
compiled mainly from Groy's Anatomy

U 8 Public Health Bulletin no 242 (Apnl
1038) wntten by tho authors bas been used
rather extenmvely  Chapter I'V of this Bulletin
has been revised, and with additions constitutes
Chapter V of thus text

The sumilanty which abdominal musclo tests
bear to those described in Phynoal Therapy for
Lower Extremnty Amputees (War Departient
Technieal Manual 8-203) is accounted for by
the fact that the authars of this text aesiated in
the preparation of tho manual

This book as many others has come into
enstence through ths inspiration cooperation
and amistance of many people

We thank the medieal dircctors and staffl and
the co-workers in the phymeal tharapy depart
ment at the Cluldrens Hospital School for
thelr encouragement 1n study snd research
their interest and asastance 1 the projett of
wnting this book and for thewr constructive
enitieism fn reviewing the subject matter of this



x PREFACE

text Williams & Wilkins the publishers
have given us valuable aid and advice  For the
splendid photography we are indebted to
Charles C Eraume Jr In the test pictures
every effort hes been made to show the muscle
the direction of movement and to indicate the
place and direetion of the examiner’s pressure
These requurements hay e been met only because
of the photographer’s patience skill, and metie
ulous attention to detail. We appreciate too
the asmstance of all who acted as subjects for
the photographs The anatomical drawings
have been made by Wilkam E Loechel whose
ability and interest have made 1t pessible to ob-
tan the detailed accuracy in the illustrations
To the patients and friends who created a
fund which enabled the undertaking of thus

project, we wiah to express our mneere apprecia
tion. The extent of illustrative matenal bears
testimony of thear generomty but the mnspiratian
that the friends imparted cannot be bound be-
tween the covers of a book.

For the facilities provided for Phymeal Ther
apy at the Children s Hosputal School, we are
indebted to Louise Cunmingham Bowle who
gave tbe Thomas Henry Bowles Memonal
Bullding It1s to Mrs Bowles that we dedicate
thus book

We wish to thank all others who have amsted
us and were 1t poasible we would acknowledge
each mdividually

Hrxry O Kewparn
Frorence P KrNpaLL
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CHAPTER 1
'UNDAMENTAL PRINCIPLES IN MANUAL MUSCLE TESTING

Murcle testing is an integral part of physical
ingnons and 1s an important factor m prog
oe1s and treatment of muscular disorders

As a form of phymeal diagnoms 1t supphes
ssential mformation that eannot be obtaned
3 other diagnostic procedures It is important
n differential diagmoas

A distingwishing featuro 1 many bpeuro-
nuscular disorders is the charmctenstic muscle
reakness Bome conditions are charactenred
3 the lack of a pattern of weakness somo by
ymmetry of the weakness and othera by the
lefinite pattern of muscle involvement

Muscho testing is an aixd 1n determining the
1te or level of 2 peripheral nerve lemon, since
nly the muscles denving iinervation from the
rerve branches distal to the lemon will show
weaknem

The rate and degree of return of muscle power
s shown by the charting of repeated examin
ations furmshes an index to the prognoms
The phymoian may be guided by the muscle
sxamunation findings in prescnbing end altering
treatment  The ovaluation of muscle strength
may prove useful in making a decmon regarding
a muzcle or farcial transplant

Muscle testing s a procedure which depends
on the knowledge expenence nnd akll of the
examiner It demands ngorous attention to
every detail that might affect 1its aecuracy
Failure to take into consideration apparently m
siguficant factors may alter test results enough
to make them musleading and inaceurate test
results will only confuse while they appear to
enlighten

The cxaminer has a great responsibility not
to hetray by carclessness or lack of akill, the
confidence that others nghtfully place 1n muscle
lexing procedures  Test results are only as use
ful as they are accurate

Musele testing requires both a comprebensive
and detarled understanding of anatomy and
muscle function  Specifically this should jn

clude & hnowledge of the orgmn and nsertion
of muscles thelr anatomieal synergistic and
antagonistic actions and their role mn fixation
In addition it requires the ability to locate the
muscle belly to distinguish botwoen normal and
atrophied contour and to recognize abnormal
1tes 1n poaition and general appearance of the

part

Musclo testing conmsts of two fundamental
components (1) Test performance and (2)
evaluation of the muscle strength  Anyone who
18 sure of the exnct action of muscles ean learn
1n a relatively short time how to obtain the
actual test performance from & pattent Expe-
nience 18 neceasary however to detect the sub-
stitution movementa that oceur whenever spotty
weakpess exsts and practice 18 necessary to
acquire skl 1 accurete grading of muscle
strength

Continwng efforts will be mado to devise a
mechanteal substitute for manual musele test
ing Techmeally 1t may not be too dufficult to
measure objectively the strength of n musclo
But 1t 18 difficult to conceive of A machine that
can substitute for the exammner 1n pesitioning
the part directing pressure and detocting
substitution

In manual musclo testing muscle grades ex
press objectively the examiner’s evaluation of
the funetional strength of the muscle Muscle
grading ean bo conmdered only & functional oval
ustion (that 15 an estimate of the amount of
work that the muscle can accomphsh) Thern
are 2o many factors involved in the pleture of
weskness and return of strength  that the
strength grado cannot possibly be an indication
of any mngle facter W} eakness meay be due to
nerve involvement disuse atrophy  streteh
weaknees pain or fatigue Return of muscle
strength may be due to recoveny following the
disease process return of nerve impulre as may
follow nerve suture hypertrophy of unaffected
musele fibers muscular development resulting
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from exertises to overcome disuse atrophy or
return of strength after stretch and stram have
been relieved  Vuscle grades are not intended
to represent e direct measure of the pathology
though the degrec of functional strength bears
a definste relationship to the extent and degree
of such pathology In pathologienl lemons
early examination findings are more nearly an
index of the degree of involvement than subee
quent examnation findings when supenimposed
factors enter mto the pleture

Detailed grding of muscle strength 18 more
1mportant mn relation to prognoms than to dig
noms  Diagnoms of the extent of involvement
can bo made by such simple grading as zero
weak normal  Aore detailed evaluation how
over permits a more specific and accurate mens-
ure of the degree of involvement In repeated
examinations the rate and degree of return of
muscle strength ean be determined only on the
bams of eareful grading Prognems » judged
largely by rate of return of muscle power that
18 the degres of improvement 1n relation to the
time mnce onset A muscle might be ‘weak’
for months but o careful recording muight show
1t had progreseed from 10%, to 609, dunng that
period

The muscle testing descnibed in this book 18
dirccted toward examination of individual mus-
cles 1n 0o far as18 practical  Anjyone 1n the field
of muscle testing recogmres the overl.np of
muscle actions as well as the interdep of

almost obscures the onginal loss but in earhy
exmmination of affected parts 1t should not ho
difficult to detect tho mmpairment

In neuro-muscular diagnostic work indrvidual
muscle testing 1s emential  Neurc-pathologieal
conditians are not selechive in causng loss of
function of museles grouped aceording to jomnt
action In penpheral nerve and nerve root
lemons the loss of function may follow the
pattern of peripheral nerve involvement partial
or complete involvement of ape or more cards
of the plexus or of the spinal nerve root
Paralyms or weakness of muscles 1n antemor
poliomyehtis does not appear to follow any par
ticular pattern  Group tests mav be used as
functional testa but should bo referrod to as such

In describung muscles m relation to joint ac
tion much emphams has been placed by varions
kinesmologists on nammg the prime mover of
such group action Ope might ratber be con
cernod with the fact that every muscle m a
pnme mover 1n pome speafic action. In the
search for that action one 1 led into the field of
wxhvidual muscle testing

The word ‘solation has been used 1 con-
pection with testing for separnte or individual
musclo action Techmeally 1t s well to hmit
the uee of the word ‘“solation to a compara
tively fow muscle tests. Isolation is defined
(Funk & Wagnalls) as ‘To place 1n a detached
or mnsulated pomtion  To obtamn mn a free or un

hined state  The first usage does not

muncles 1n movement  Such close relationship
10 musels function need not ruls out the posa
ity or the practicability of testing for indi
vidual muscles. There are no two muscles 1n
the body that have exactly the same function
When eny one muscle is paralyxed, some exact
movement ta lost or stability of & pert m 1m
paired  If the test pomtion eannot be held or
tho test movement cannot be performed because
of the paralyms or weakness of the one muscle
to which the test is ascribed then we have indh
vidunl muacle testing 1n & practieal sense of tho
word (Beefig 1)

Thero 18 a remarkable accommodation by
some muscles for the lam of function of other
muscles. L substitution may develop which

apply 1n muscle testing but since some tests ob-
tain the action of muscles 1n an ‘uncombuned
state  the sccond usage may apply One does
not separate the muscles but docs separate the
actians of the muscles 1 such & way that the
strength or lack of strength of a particular
muscle can be determuned.

The action of such muscles as flexor digitorum
profundus and flexor digitorum longus can be
dsolated 1n the flexion tests of the distal pha
langes of the fingers and toes respectively be-
cause no other muscles crom the jomnt to asmst
1n the flexion ection

The action of vanous other muscles can be
differentiated to such an extent that the test be-
comes one of relatively isolated function  When



FUAD \MENTAL PRINCII LES IN MANUAL MUSCLF TESTING 3

2 one-joint and & two-joint muscle sct together
10 2 movement there can be fsolation of the
action of one from that of the other by placing
tho two-joint muscle at a mcchanical disadvan
tage In all muscles there is a pont of max
mum strength 1 tho arc of movement Beyond

Tia 1

The above figure illustrates the test of the peoas
major muscle  The subject I an athlete m whom
muscle wction i particulardy well demonstrated.
As tho photograph clearly shows, the quadrceps
(rectus femors in the hip action) rartorfus and
the ndduetors are all amsisting in holdng the hip
Bevton postion. et the line of pull and the direc
tlon of prossure place emphans on the action of the
right poas major and the test diseclared a weakness
of this muscle  (The origm insertion and line of
pull of the muscle fibers is fMustrated in fig 07b)
The wealnews of the rght pews was suffcent to
actount for the deviation of the Jumbar rpine away
from the elds of weaknese.  (See fig $3)

that pomnt in either direction & musclo loses
efficioncy to the extent that 1t 18 at a definite
mechameal disadvantage when atretched or
when placed m a poution of maximum relaxa
tron When a two-joint muscle has completed
the full mngo of motion of one joint 1t has much
lera power to shorten further in asmsting comple
tion of action on the second jont Faor ex
amplk hamstnng action 18 elpunated almost
entirely by fleang the knee in the hip extensdon
test for the gluteus maximus  (See fig 2)

The 1solation of the supmnator muscle {s made
poesible by placing the biceps on a atretch (by
backward extension of the shoulder jomnt and
extenson of the elbow joint) or by placing the
biceps 1n a pomtion of maximum relaxation (by
olbow flexion and flexion of the shoulder to
shoulder level) (See figs 37 and 38)

The order of the tests as they appear in this
text is of no particular mgmficance except that
musncles which ars closely related 1 pomtion or
action tend to appear in sequence 1n order to
distinguish test difforences

For the convenience of the reader a compre
henmyo table of muscle ongins and nsertions
has been complled a3 an Appendix  The gotion
of & muscle 18 dependent upon 1ts attachments
and s review of these may clear up problems
which anse 1 regard to testing  The closo mla
tionship of muscles determines their action in
substitution asmstanco and stabilisation during
teats of individual muscles The grouping of
muscles according to jont action 1n the Appen
dix has been done to a1d the examuver 1n under
standing the allied action of muscles

Though moat musclo testing is appled to
patients with verying degrees of weakness or
paralyms the authors have chosen to use normal
subjects for the muscle test photograpts  This
has been done in an effort to demonstrate normal
muscle function and to show the contour and
location of muscles in fest action

Tenrss Used 1 ThE Descrrrmiox
or \uscLe Tests

Each of the extremity muscls tests dessribed
i this text (Chapters 111 and IV) is outhned
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according to the followng topies ‘patient’
fixation’ ‘test and ‘pressure’

These topics are discumsed in detall in order
to point out thetr partaicular sigmficance in rela
tion to accurate muscle testing

PatExT In the descnption of cach test
the word ‘patient 1s followed by specifying the
pomtion 10 which the patient 18 placed 1 order
to best accomplish the demred test The pom

but m all other tests the body weight should h
stabilize the proxxmal part  In most tests
lymmg pomtion offers the best firation 7
sitting pomtion tests which involve forward
beckward postions of the arms may roqu
sore fixation by the examiner in 2ddition to
stabulity afforded by the weight of the bo
The standing position necessitates action of
many muscles to mmntam the body upng

Fia 2. Teolation of gluteus maximus from hamstrng action in hip extensalon by the knoe fkmon positl

tion ofgthe patient 18 1mportant in relation to the
text 1 two respects (1) The posttion of the
body should permut function agminst gravity for
all museles 1n which gravity is a factor 1n grad
ing and (2) the body should be 1n such a pomtian
that parts not being tested will be held as firm
and stable as posmble Tbe cxuminer can
stabilize the part proximal to the tested part in
tests of the toe finger foot and wrst muscles

that no test in standing ecan be considen
Lmited to s mngle muscle or even to & mnp
group of muscles

In all muscle testing the comfort of the p
tient and the intelligent handling of the affect(
musches are to bo conmdered beforo any rules
prinaples in regard to test pomtion. Inmstu
on an anti-gravity pomtion may result in utter
absurd handhng of the patient ~ Side lying por
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tions which offer the best test position for sevoral
muscles may be uncomfortable and result in
stramn of other museles 1 carly pohomvelitis
cases A good examuner should be able to ob-
tamn a satisfactory estimate of strongth regard
less of the pomtion of the patient
Fixation  Numerous factors aro considercd
under the heading of fization  In general
fixation refers to the firmness or stalulity of the
body necessary to wnsure an accurate test of any
specific muscle or musclogroup  The part prox
1mal to the tested part must be stable  Stabil
xation (holding steadv) support (holding up)
and counter pressure (equal and opposite pres-
mre) are all inchided under the word ‘“fixation
wluch imples holding firm
Fixation depends to a great extent on the
firmness of the eramining fable In a scnse the
table offers much of the necessary support
Testing and grading of strength will not be
accurate 1if the patient Lies on a soft bed that
ves  as the cxaruner applies pressure
Body 1retght may furmsh the necessary fixation
for stabilinng the part proximal to tho tested
part Because the weight of the body 18 an
important factor in offering stability the hon
zontal pomtion whether supine prone or mde-
Iying tends to offer beat fixation for most tests
The examiner may stabihze the part prommal
to the tested part in such & way as to msure an
accurate test Sometimes this 18 accomplished
by holding or supporting the part as in the
fixation of tho lower leg for tests involving the
ankle motion It mav be accomplished by
holding the body firmly down on the table so
that the weight of the tested part plus the
examuner’s pressure ageinst 1t do not displace
the weight of tho proximal part In rotation
tests the examiner always apphes counter pres-
fure to msure exact test performance  (See Arm
Rotation Tests pp 108 and 110 and Leg Rota
tion Tests pp 170 and 172)
In rome teats muacles furnish diroot fixation
for the accomplishment of the test
The muscles which stabilize the seapula and
the pehs duning arm and leg movements arc
referred to as fixation muscles. They do not
enter direetly into the movement but do sta

bilizo the movable acapula or pelvia to the fixed
trunk and mahe 1t posstble for the tested muscle
to have a firm odgin from which topull  In the
same way the antertor abdominal muscles must
fix tho thorax as the anterior neek flexors act to
Lift the head forward n flexion

Muscles which have an antagonistic action
may mve fixation 1n such & way as to prevent
abnormal joint movements This prineiple 1s
iltustrated by the lumbricales fixation 1n finger
extenmon Normally lumbricales restrict hy
perextension at the metacarpo-phalangeal joints
In tho presence of weak lumbrnieales the pull of
n strong extensor dipitorum communis will re
sult in hyperextension of these joints and flexton
of the interphalangesal joints  If the examiner
cups the palm mving the lumbreales fixation
these movements do not occur and the fingers
may bo extended normally  (See fig 3)

When the fixation muscles are too weak or too
strong the examiner by asmsting or restncting
movement of the part ean mmulate the normal
stabilization The examuner must be able to

Fa 3

(n) Hyperextension of the metaearpo-phalangen!
Jonts due to wenknems of the Jumbnicakes prevents
narmal function of the extensor dipitorum communis
in extendmg the interphalangesl joints.

(h)“‘henthemmlnercupﬂthnrnlmmm:ug
fixation that normally s afforded by the lumbricales,
a stroog extetror communis will extend the fingers.
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differentiate between the normal action of theso
muscles in fixntion and the abnormal actions
which occur when muscle imbalance 18 present.

Muscles may furnmh indirect ixation 1n many
test movements Such fixation 18 & complex

problem 1n testing and cannot be dealt mth by
general or specifierules  The influence of weak
pess of the indirect fixation muscles is mentioned
1n connection with some tests. (See Gluteus
Maximus p 181)

Tesr The word ‘test is followed by a
desenption of the muscls test action for the
given muscle The wording is such that 1t may
apphy eitber to the Test Position or the Test
AMorement depending upon whether one or both
are employed 1n the examination Test pom
tion 18 the position in which the part of the body
18 placed by the examiner and held (if poamble)
by the patsent  (The photograph of each mus-
clo test [Chapters II1 and IV) shows the test
positton,) Test movement s movement of the
part through a specified are of motion and 1n &
speafied direction

The use of test pomtion lends speed and
accuracy to muscls examinations When test
position is used in the iutial test of & muscle
exaotness 1 obtoined by avoiding the necesuty
for the patient to follow a verbal description of
s movement Accuracy depends to a great ex
tent on the ability to rule out or at least to
dotect substitution movements. Such move-
ments occur more readlly and are mare difficult
to detect n test movement than m test position

The use of test pomtion 18 & ime-saving device
mn the lengthy procedure of testmg and grading
musclo strength.  As each muscle is tested the
abulity or mability to hold the part is &t once
establshed  Thus the grmde is either at or

below 509, If the test pomtion can be held
the examuner applics pressure 1n order to deter
mine the degree of muscle strangth above 509,
(See Pressure end Grading pp 7 and 9)

If the mibject eannot hold the test pamition
the part will drop esther suddenly or gradually
or will shift 1n such a way that substitution 1s
obvicus When a muscle fails to hold 1t 1s
necessary to have the patrent attempt the test
movement through the destred range of motion.

The exammer first demonstrates the test pas-
mvely then the patient is asked to attempt the
movement

A one-jont muscle is frequently required to
hold the pomtion of maxirmm contraction in the
test. A musclo which cromes two ar more joints
18 not required to complete the range of motion
m all jounts The attempt to complote the
range of motion of all jounts would place the
muscle 1n a mechanieally ineficrent test pomtion
due to the extreme contraction necossary in the
shortened pomtion of the muscle Completion
of jount action of all 1n a senes of jounts is
normally restncted by oppoming long muscley
These oppoaing muscles should not be undaly
stretched over two or more jounts and nature has
provided such s safeguard by the synergie action
of other muscles.

Bynergio mmscles (as defined by Gray) are
those which act to imhibit movements not re-
quired The authors feel that synergic action
is of conarderably greater significanco than thy
definrtion implies The comman examplé of the
synergic wnst extensor action in relation to
finger flemion may be used to illustrate If sn
effart 15 made to flex the fingers with the wrist
in flexion there 18 Little sirength 1n the finger
flexion movement A conmderable tenmon ts
placed on the extensor communis dipitorum
If strong pressure is applied against the finger
flexors and the subject strains to hold the poa
tion, & feeling of undue contraction in the musels
may result The action of the synergic muscles
(by boldmg the wnst in extension) guards
against injury to the oppanent and against both
mnjury and loms of effiency in the particular
action of the musele involved

In testing muscles one uses the principle of
stretch or pestion of maximal relasation as a
bama for differentiation between the nction of a
ono Jount muscle and & two (or more) Jount mas-
clo which crosses the some Jont (seo p 2)
Such testing must be dore with the understand
ing that postions for differentiation should not
involve stretch to a pownt of harm nor contrac
tion (in a shortened poattion) to tho pomnt that
the muscle contracts excesmvely (as deroted by
the phenomenon of muscle cramp )
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\Musele weakness must be distinguished from
restriction of rango of motion  Frequently a
muscle does not complete the normal range of
jont motion It may be that the muscle 15 too
weak to complete the movement or it may be
that the range of motion 1s restricted due to
contracture of muscles capsule or ligamentous
structures. Tho examner should passvely
earny the part through the range of motion to
determine whether any restnction exists.  If no
restnction 18 present faflure to perform the
muscle test may be interpreted as weakness  If
the joint structures or oppoang muscles restrict
motion the test will not be completely accurate
but a good estimate of the muscle strength can
be obtained Jomnt tightness or restnction due
to opposing muscle tightness 1 denoted by
recording the grade of muscle strength in paren
theses For example (60%) indicates that the
muscls can move the part to completion of the
existing range of motlan or can hold the part in
a modified test position which represents com
pletion of the hmited are of motion

The degres of actial muscle weakness is diffi
cult to judge 1n cazes of relaxed unstable jamts
Functionally the muscle 18 weak and must be so
graded but 1t may bo extremely important from
the standpoint of treatment to detect the good
contraction power of a muscle which appears
extremely weak becaure of jont instability
Instances are not uncommon in which the del
tord muscle shows a “fullness of contraction
power throughout the muscle belly and yet can
not bepn to hift the weight of the arm  Such
cnses should be splmted with the express purpose
of allowing the joint structures to shorten to ther
norma) position  Muscle exarminations should
detect the presence of such supenmpoted factors

as demonetrated in relaxed jonts  The patient
may be depnved of adequate follow-up treat
ment by the fasture to distingiush between real
and epparent weakness

Presavre  The word ‘pressurc 15 used
throughout the test deseriptions in place of what
formerly has been called resistance  Remst
ance 1s defined (Funk & Wagnalls) as  any
force tending to hinder motion ~ Techneally
one does not apply remstance in muscle testing

Even though a test movement 18 performed by a
muscle which ean aet ngainst gravity reststance
ie not used but the subject 15 allowed to com
plete the arc of motion beforo any oppomng foree
is appled by tho examner  Gravity and table
fnetion do offer remstance to test movements
but the examiner does not offer manual
resistance

Pressure ’ Is used to denote the gutmde force
applied by the examiner to determne the
strength of the muscle holding 1n test position
In the outline of the muscle tests, pressure is
described m two parts  ‘Agminst  and 9n the
direction of’ Against ' refers to the pomtion
of the examner’s hand 1n relation to the patient
and “in the direction of” describes the direction
of the appheation of force directly oppomte the
lme of pull of the muscle or its tendon. The
place where preasure 18 applied and the direction
of preesure are &2 1mportant to the sccuracy of
the testing as is the teat pomtion itself

In some of the muscle test {llustretions the
examiner’s hand has been held extended for the
purpose of indicating (photogmphically) the di
rectton of pressure which is perpendicular to
the palmar surface of the hand It is not n
tended that such & hand posmtion be imitated in
the actual muscls testing

The place at which pressure 13 applied bears
relationshup to the insertion of the muscle to
the jants involved and to the pnneple of em
ploying leverage in testing In genernl pres-
sure 18 applied near the distal end of the part on
which the muscle 15 mserted The exceptions
to this genernl rule occur 1n relation to muscles
in which a longer leverage Is required than that
afforded by the adjacent part  (For examples
see Gluteus \ledius Test p 178 and \hiddle
Trapenius Test p 110)

The prneiple of leverage must be utilired in
muscle testing  In many matances test results
might be an indication of the strength of the
exammer rather than of the patrent if the
examuner did not have the advantage of
levernge

Anthadxrectwnofﬂ)epmmhm,mpomt
part of accurate test performance the amount
of pressure s the determumng factor 1n grading
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abovo 509, (or Fair) The application of pres-
mure 18 discussed below under Grading (p 9)

BussTITUTION

When a muscle or muscle group attempts to
compensate for the lack of function of a weak
or paralvzed muscle the rosult 15 & substitution
movement Muscles whith normally act to-
gether 1o joint movements are In pomition to act
n substitution

The following may enter mnto substitution
action

Muscles which act as synergsts
\uscles which asast in the joint action
VMuscles which act mn direct fixation

The overlap between substitution and fixation
may be indicated as follows

Synergic Muscles
i‘:gzs Amisting Auscles
Dnrect Fixation Muscles
Indurect Fixation Muscles

Antagomstic Muscles

Substitution by direct fixation muscles occurs
specifically 1 relation to movernonts of the
shoulder jant hip joint and nech.

Action of the scapular muscles may be substi
tuted for shoulder joint muscles and muscles
which move the pelvis may substitute for hip
jomnt muscles  (See fig 4) A patient may use
the abdommal muscles to depress the thorax
flexing the uppor trunk to rame the shoulders up
from the table  \s he does so tho hoad 15 lifted
from the table

The result 1 not the true action required in
the test and an exprienced examiner will detoct
theso substitutions readily  When fest postiton
s emploved 1nstead of fest mocement an
exarmner though inexpenenced can detoet the
sudden shuft of the body which results from the
effort to compoensate for the muscle weakness

Synergists may substitute by producing move-
ment which resembles the test movement If
finger flexors are wesk the synerme action of the
wTIst extensor» may produce passive finger
fleon

Substitution by o muscle wineh normally
amints another 1n u specific joint aetron results in

> /
Fio 4

(a) True sbduction of the leg is saccamphahed by
the hup abductors with the narmal fixstion by the
lateral abdommal muscles.

(b) Apparent abduction of the leg may be ac
complmhed when hip abductors are weak, by the
substitution action of the latersl abdaminals. The
pelves is hiked up laterally and the leg is ldted from
tho table but thers 1 no trne hip jont abduction.

ather (1) Alovement of the part in the diree
tion of the strongest pull of the asmsting muscle
or (2) shuft of the part in such a way as to favor
the pull of the amisting muscle

When thers 18 evidence of restrichon of joint
motiont due to contracted muscles a moverent
to reheve tension of a tight muscle may appear
mmular to 3 movement of substitution (Ses
descniption of substitution action 1n Hamstring
Test p 155)

For accurato muscle examinations no substi
tution ahoukd be permutted that is the pemtion
or movement described a8 the test should be
dope without shufting the body or turming the
part to allow other muscles to perform the move
ment for the weak or paralyzed muscle If the
exnminer kngws normal function and realires the
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rane ¥ith which a normal muscle performs the
exnct test movewent he will recogmize substi
tution movementx

\MuacLe V) paKyESs SHORTYESS
axp CONTRACTURE

Tneluded with the deseniption of many of the
ruscles 1n 1hia text 15 2 diseusmon regarding los
of motion or mal poution which results from
weakness shortners or contrcture W eakness
1 uzed s an over-ll term coverng the range
from zero to 509 (fair) muscke strength 1n non
weight beanng rauscles 6055 or 709, muscles
should ot cause appreciable loss of movement
but wall result in mal posstion of the part 1f such
weakness s present 1o roajor weight-bearmg
nuscles

A weaknes will result 1n loss of movement m
the zense that the muscle cannot mote the part
through are of motion decreamng the distance
between the ongin and msertion A contracture
or shortiess wall result 1o loss of motion in the
scise that tho muscle cannot be elongated
through its full range of motion, either pasnvely
or by the opponng musele  The words contrae
ture and shortness have been used to distinguish
between an almost complete lom of range of
motion a» denoted by contracture  and a
partial low of range of motion as denoted by
*shortners (The word ‘tugbtoets 1w uswed
inter-changeably with the word shortness )

Both weakness and contracture will result in
faulty alynment a weakmncrs permitting a pou
tion of deformity and » contracture creating or
bolding a poution of deformity A musele
shortncss will frequently cause a postuml
deviation

In some inetances a fixed deformity does ot
occut as 8 reeult of wealkness unless muscle
contracturc develops 1n mustles opposing the
weakergroup  Inthewnst forexample a fixed
defornuty will not develop as a result of wrst
extentor weaknest unleks the opposing flexar
contract to hold the posation of wrist flemon.
Inmany parts of the body however deformities
will develop ax a rewult of the weakness even
though the oppoang musckes do not becotne con
tmeted bLeeause gravity and body weight exist

a5 the opposing force  \ kvphosis of the upper
back will result from upper back muscle weak
ness whether the anterior trunk muscles become
contracted or not A posttion of pronation of
the foot will become fixed if the nverters are
weak beeause the bodv weight mn stapding w1}
dustort the bony alymnment  The alignment will
be distorted cven further if the oppoving
peroneal muscles become contraeted

A weak muscle 15 eamly subjected to stretch
and strain by overloading or over-exertion 1n
cxercise A muscle that has developed a short
ness or contracture as a result of weakness m the
oppomng muscles usualiv 18 an nbnormally
strong muscle  Recogmition of this abnormaliy
strong pull in the muscle 13 Important 1n relation
to treatment berause stretching of the muscle 14
ndicated while strengthening exercises are not

‘The mustle problem and ireatment indiea
tions ars quite different 1 respect to the muscle
contracture that develops secondary to joint
stiffness  In cases of joint stifiness the muscle
develops an adaptive shortemng With com
plete loas of jont motion the muscle ray show
disuse atrophy from lack of cxercise.

GRraprxa

Dr Robert W Lovett introduced a method
of muzcle testing using gravity resmstance as an
obpective measure for grading muscle strength
A descniption of muscle grading based on the
Lovett system and published 1n 1932 Listed the
following

Gone—no contraction felt

Troce—muscle can be felt to tighten but
cannot produce movement

Poor—produces movement with gravity
eliminated hut canpot funetion agalnst
fravity

Fatr—can rmee part apainat gravity

Good—ean rare part against outmde rexst
ance as well as against gravity

Normal—can overcome a greater amount of
resistance than a good muscle *

“Lerx, \- T Physical Therapy ia Infantile Paral
from Prineiples and Practier of Phsieal Therapy \oLn:I
?t!:l.dp.bflnmk Hagerstown, Md. W F Prior Co., Ine
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The movement and weight factors set forth1n
this ayatem form the basa of most present-day
muscle grading though symbols vary 1n the use
of the words letters or numerals

The prnnaples of grading as presented m this
text are not a major deviation from these earlier
prineiples but an attempt 18 made to analyre
muscle grading more fully than has been done
previously  Some practical revimons and
amendmenta to the generally accepted rules of
grading are offered

THE GrAVITY FAcror IN Grapxa The
gravity factor 18 not employed 1n the tests of
some muscles because 1t 18 impractical A care-
ful anglyms of all tests shows to what degree 1t
should be emaployed It need not be conaidered
mn tests of fingor and toe muscles From a
mechamcal standpoint this 18 true because the
weight of the part 18 s0 amall in companson with
the strength of the muscle that the effect of
granity is unimportant

Reference has been made in the literature® to
the fact that the use of ant-gravity pomtion 18
not essantial 1n testing foot and hand muscles
but to date thers has been no practical apphea
tion of the pnineiple put into & key o grading

The supinators and pronators of the forearm
may also be tested without regard to the gravity
factor Their ango of motion is such that if
the imtial pomtion is anti-gravity the end pom
ton is with gravity  Finger and toe muscles
and forearm rotators comprise approximately
4075 of the extremuty tests described. Gradmg
of these muscles is based on the are of motion
factor and completion of aro Is graded 50%,

Tests of facial muscles involve neither gravity
nor arc of motion factors  (Grading these mus-
oles 13 explained 1 Chapter VI)

In tests of tho rhombotds middle and lower
trapezrus serratus anternior and [atisnmus dorm
there 13 a partial use of the gravity factor

Gravity remains an important factor i the
grading of the large muscles of the extremities

“Practical Buggretions on Poliomyelitis (p. 51) A digeet
for ose in conpection with the Exhibli on Pollomyeliths
Beleatific Exhibit, Miwaukes Somion, 1533, (By Bpeclal
Committes ca Poliomystitie)

The abihty to hold the anti-gravity test pomtion
or the ability to perform the anth-gravity aro of
motion constitutes the grade of 50% for the
following wrst elbow shoulder neck, ankle
knee and lip (Back and abdominal musele
tests uss the gravity factor but not on the sams
bars as do the extremuty tests Grading of
these muscles 18 descnibed 1n Chapter V)

Muscles are divided into two clasees for the
purpose of grading  In the following Ley to
grading Clase I represents the muscles 1n which
the gravity factor 18 not involved Clams IT the
muscles in which grading depends on the gravity
fastor

Axarysis or hey 1o MuscLe Grapvg  The
followmg chart 18 quite self-cxplanatory but
vanious deviations from tho customary proce-
dures of gradmg need to be explained Each
section peeds a caroful analysma

Zero 5%, and 109, grading depends on paipa
tion. For that reason, 1n certain muscles which
cannot be adequately palpated the grade ahould
be recorded with a question mark to indicate
that the examiner cannot be certain of either the
abeence of power or the presence of a trace of
power The following muscles are included
wth those dufficult to palpate iho-psoas quad
ratus lamborum, pronator quadratus and same
ntnnme hand and foot muscles It might be
diffieult to palpate for many other weak muscles
on an obeso fndividual

209, and 309, grades 1n Class I muscles are
based on the amount of movement of the part
that the muscle can produce The partial aro
of movement may be at the beginning of tho
arc as 18 usually seen 1n finger flexors ar may be
present ohout the center of the arc of motion as
may be seen i elbow flexors 'The angle at
which movement is witiated 12 not a matter of
concern 1n grading except that the examiner
should be sure that the movement starts from a
relaxed pomtion If the part 15 carned to the
beginning of the arc of motion and a alight ten
mon put on the muscle there may be a springing
back to position which can be confused with
active movement
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KF1 TO MUSCLE GRADING

Clase 1
Finger and toc museles forearm
supinat r» and pronators

\('nde‘

Clew 11
Weist ¢lbow sboulder ankle Loee hip and peck museles

\n contraction felt In the muoscle

—

0 | \ocontractinn felt in the muwcle

Tho gravity climinated position

\o movement of the part ' \o movement of the part bs recommended for teattog weak
ad and abd of the
T rauactes that ean be rcen or 4% | In muscles that can be seen or pal hip and fletora and extessors
pelpated a fechie contraction & pated a fechle contraction may be felt | of the olbow When GL (grav¥
raay be felt In the belly of the 105% | in the belly of the muscle r the ten ity eliminated) position is weed
mascke or the tendon may he don may hecome prominent darlag, the grading b madified ae {ollowa
come prominent during musele musels contraetion  \o apparent move
eontraction \oapparent move ment of the part
ment of the part
The muscle moves the part 2% | Ao cetimate of the amount of work done | Bmall aro— 207 GF
throegh a visble are of motion & by the patient 1o amnsting the e Jloderate aro— x ar
Small are—~20%, A% | aminer hit the welght of the part dur Almost complets are— v QI
IModerate are—30% Ing the test movement againet gravity | Complete aro— 5y GE
\ 20% mamolo requires moderate aseist-
ance by tho examicer & 30% muecle
requires ol ght smintance by the ex
amiper
The muscle moves the part 0% | When the musele attempts 10 hold the Complets arc plus [Liageiy
throagh almoat enmplete are of test poaition syminet gravity there ls a minfmom pressare D¢ GI
motion very gradual releaso ahowing loability
to hold the antigravity poaltion
or
ceps bip rotators and deltold In
tho stting poslt! n and triceps and arm
rekators {m the prone posttion may be
graded 4055 1f ) The muscls moves the
part through the antigrarity arc of
motton aimmt 16 completion
The muscle moves the part 50% | Tho mosels holds the antl-gravity test Cormplate are plos 8% OE
1brragh eomplete are of motion thon
g porl o moderata pressure
The musele holde the test post The muscle moves the part through the
tion. anti-gravity are of motion to comple
ton
T:::\;lr m&: the r:‘th ﬂ:’ The muscle bolds the anti gravity test
Rh com; are n oo & preva
and b the compited paition | oo | o AAyost misimum "

£ et minfmum preears

o1
The muwle bokly the test post
t on apaimt sunimum presvure
Fame 1a0bor g pet med am
peemare

Fame ns bov  painet mavimum
presecre

ST | Bam aa above abunt mediam pressare

or
The muscle moves the part through the
anti-gravity are of motion and bolds
| the completed poition galnat minimem
| presaure

0%

1007 Fame ax above galoat maxdomum pres-
e

-_—
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20°, and 309 gradimg 1n Class IT musclon 19
the most vanable both 1n the manner of testing
and m that of recordng [ ither the asisted
test movemcnt again t gravity or the test move
ment 1 a graviiy eliminated position may be
wserl  DBnt o ths text the use of the gravity
elmmated po~ition 19 10commended for only a
fow tests

Tuming a patrent from the anti-gravity test
poation of o musele mnto n gravity -ehrmnated
poation for the purpose of obtaming an objee
tine grade of ‘poor  (20% to 30%) has Ieen an
accepted procedure 1n mos<t musecle testing
Howover 1 the practice of muscle testing fre
quent change of the patient 8 position or ropeti
tion of the test in varous pomtions 18 fatiguing
to the patlent and time consuming for tho
exaniner

I xcupt for the few muselea wluch are dseus]
I T it recommended that the grades be
raeen 109 and 409, be determunod 1n the anti
uravity poution by measunng subjectively the
patient s asmiatance in the test movernent The
patient 1claxes tlio part mo that the examiner can
feel the weight of the part  As the patient then
attempts the test movement against gravity
the exanuner subjectively measires the amount
of weight tho patient takes (that 18 the decreaso
m weight of the part)  One mught describe tho
grading In saying that o 209 musclo requures
moderato nsmstance by the exammer a 309
muscls requires slight awastance by the cxam
wer The examper shoukl guide the move
ment and give arerstance but must not precedo
the patient in the effort to movo the part  If
the examiner’s amustance Is applied too quickly
he will not be abls to gauge the patient s musclo
strength

AModification of the generally o ted
and 30% gmding procedures Isioncnzred ;ﬁ?
fiable 1t is ne more subjective to estimate the
amount of asstanee mven to a weak musclo
order to obtain a grade of 20 to 309, than to
estimate the amount of pressuro that is applied

1 gradwng from 60 to 100%, From the stand
powmnt of treatment 1t 13 more important to grade
accurately above than below 209, If g test 1n
the anti-gravity position determines that a mua

cle has a strong trace of power hat 15 lews than
fair tho moat that ean bo gnined by changing
the pomtion of the patient 14 the distinction be-
tween n trace and poor grade unless a more
relective sealo of grading 13 desired (as deeribed
below) Patients should not be subgected to
unnecessary procedures 1n exanunation if the
result obtained 18 relatively unimportant.

The completion of are of motion 1n a mdelning
pesation for such muschea v hip extemvors, bip
flexorm quadnceps and hamstrnings B a em
venient meamire of an objective grade of poor
but there are vanable factors which make sch
gmding maceurate  The mirface of the table
may bo smooth or rough changing the amount
of friction and resstance conmderabhy The
strength of lup abductors (if the upper kg u
Doing tested, or of hip adductoms if the under kg
15 beng tested) may mahe a ven mateml
difference 1 results of tho flexor and extensor
tests  If such muscles are strong they will tend
to ahare momo of the weight s the flexors o
extensora perform the movemsnt and if rich
muscles aro paralyzed the full weght of the
extremity will re<t on the table and make flexion
and extension movements moro duffieult

The gravity elimnated pomtion i wed to#d-
vantage 1n grading strength of hup adductors
and abductors and elbow flaxors and extenson.
When used In testing Clas 11 muscks the
manner of grading 1s based on the mage of me-
tion and follows the pattern as outlined for Claw
I muscles Tho letters ‘GF (jmml’)“fht
inated) follow the grade to denote the modi
entions.

A small aro of motion 0% gg
A moderate aro of motron SD%GE
Almost complote are of motlon 0% af
Complete are of motron 5%
Complete aro of motion plus mink GE
mom preseurs 0%
Compld:om of motion plos mediam 109 CE
Complete arc of motion plus muxk 0% GE

mum presedire .

The grade of §0% GE compares cluﬂ:l)':“m

the grade of 50% (antigmavity) Ther s
woed for mich a grade unless the anti$™
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position 18 one of atrmin or dircomfort to a pa
tient  On the muscle chart grades of 509 and
above are recorded 1n blue inh and grades below
W% inred mk  Sineo 509, CT™ 6095 GI' and
707 GF grades represent less strongth than
o055 antt gmvaty  these CI grades should be
recorded inred  The value of there grades has
been denoted on the key to gradmg by the use
of red ink
A 4055 grade 1n Cla<s I muscles indicates tho
ability to almost complete the are of motion
and 1s a relativels objective grade
In Class IT muscles the 40% 18 also relatively
objective  Before discussing this scction 1in de
tail 1t 18 necesmary to explamn the use of fest
potifion 1n relation to grading
Introduced into the grading 1s the pnnaple
that the muscle strength required to hold the
test pomtion (see p 6) may be consmdered the
equivalent of the muscle strength which is ro-
quired to complete the arc of motion  In some
muscle tests the bone on which the muscle 15
iserted moves from a pomtion of suspenmon in
the vertical plane (gravity-ehmunated) toward
the honzontal plane (anti-gravity) Quadnceps
deltoid and hip rotators tested in the mtting
potion and tnceps and shoulder rotators
tested in the prone position compose this group
The muscle strength required to hold the test
pomation agrinat gravity will usually perform the
arc of motion against gravity
In a few tests the bone on which the muscle
18 neerted moves from A honrontal pomtion to-
ward a vertical position and the test pamtion
will be held with slightly bess strength than is
required to perform the arc of motion. The
tests in which this oceurs are of the hamstnings
tested by knee flexton 1n the prone pomtion and
of the elbow flexors trnceps and pectorsls
major tested in the supine pomtion
In the remaining musclo testa the bone on
which the musclo 15 inserted maintamns a rela
tively honzontal position and one finds fow ex
ceptions to the genera! rule that the arc of mo-
tion can be performed if the test poution can
be held
When the part 1s placed n the antigravity
tat pomtion a musele which 18 lesa than 5095

will not be able to hold  Sometimnes the drop is
sudden and at other times the weight of the part
18 nlmost sustained by the strength of the mus

cles being teated  The gradual release from test
position 18 denoted by the grade of 409

For certain muscles the ability to move the
part through the antigrvity arc of motion
almost to completion may be mndicated by the
grado of 409, These muscles (quadneeps hup
rotators and deltoid tested in the mtung pom
tion and triceps and arm rotators tested in the
prone position) move the part from a gravity
eliminnted pomtion toward the honzontal anti
gravity pomtion The leverage exerted by the
weight of the part increases as the part moves
toward completion of arc  Thus, almost com
pleting the range of motion becornes equivalent
to almost holding the weight of the part againat
gravity

The phrase completion of the anti-gravity
arc (or range) of motion  appears in the Key to
Grnding and is used 1nstead of the customary
phrase complete moge of motion agamnst
gravity’

“Complete range of motion agamst gravity’
is an ambiguous phrase  Frequently the com
plete mnge of motion 1n a test is not agminst
gravity In the hamstnng test in the prone
position, the movement from honzontal up to
vertical may be coumdered agminst gravity
But completion of the range of motion for the
hamstnngs would consist of flemon beyond the
range of motjon agmunat gravity The comple-
tion of movement would no longer be hamstring
action but would involve gravity flemon with or
without a gradual relaxation of the quadriceps
In the test of quadriceps in the mtting position
complete range of motion would entail & move
ment starting from a position of full knes flexion
Actually the part of the range of motion which
15 used in a test movement 18 the antl-gravity
part of the full are of motion

Abo%mmdehold.stbetestposmunmper
forms the arc of motion (agamnst gravity for
Clasa I muscles)  Grades from 60% to 100%
are baned on the ability of the musels to hold
the test pomtion (antigravity for Class IT)
agunst pressure or to perform the are of motion
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(antigravity for Clasy I1 muscles) and hold
against pressure by the examiner

There 18 necessanly a subjective evaluation
bancd on the amount of pressuro epplied but the
amount of pressure 18 in a sonse often visible
to an observer Differences in strength are so
apparent that frequently an obsorver who under
stands grading ean estimate tho strength with a
high degree of accurnoy

Pressure must bo applied rery gradually in
order to dotermine the degrec of strength n
muscles above 509 The pattent must be
allowed to ‘set” his muscles ageinst the ex
amuner’s pressure  The amount of pressure
necessary to cause tho muscle to yield 15 the
measure for grading up to 100% Unless pres-
sure 18 applied graduelly the examiner eannot
gauge the degree of muscle strength because
slight pressure applied suddenly ean ‘break’ the
pull of a muscle of any strength ranging from
60% to 1009,

The ability of a muscle to hold against a shight
or munimum amount of pressurs will indlcate a
grade of 680% to 70% a medium amount a
grade of 80% to 80% and a maxmum amount
o grade of 1009 In grading 100% it may be
njurious to the muscle if the exammer sttempts
to force 1t to yleld The 100% or standard
usually is based on the judgement of the examu
ner Pressuro applied by the examuner varies
according to the part and sccording fto the
mze of the patlent

In many instances an estunate of 100% may
be conmdered as the ability of the musele to hold
the part against suffiaent pressure to dusplace
the body weight proximal to the testod part
In the sitting poation & normal quadriceps will
hold the knee extended againat eo much presyure
that the buttocks will be reised up from the table

The 100% is not intended to indicate the
maximum strength but rather what might be
termed a “ull strength of the musale To be-
come competent in udging this full strength an
examiner should acquaunt mmsslf with the
strength of normal non peralytic individuals of
vanous age groups

The uee of the percentage scale of grading
from 0 to 100% 18 recommended In general

such percentage grading czn be dmectly trans-
lated 1nto the symbols used mn other svatems of
muscle evaluation but the uso of figures has
sorns definite advantages over the ume of words
1n expressing such grades  In ressarch work 1n
which studies are made of the amount of change
n muscle strength nurmeneal grades ean be used
directly in computations Percentages are g5
widely understood numeneal evalustion and
need little interpretation  Such wordsns  good
and ‘normal’ are free for use in interpretation
of grades 1f not used 1n tho senle of grading

Trr Use or TeE V' 0rD NomAAL In
Rauration o MuscLo Testixa

The word normal needs to be defined 1n rels
tion to musclp testing and its use Iumited to
avoud the confumon thet now anses from its
dual meaning

In many systems of grading ‘normal ia the
highest grade 1n the scale and mdicates mif
cient strength to take the weight of the pert
ngninst gravity plus manmum ‘resistance’  If
the grado of ‘normal as so defined always rep-
resented a narmal or expected accomphshment,
then the word eould be used interchangeably in
grading and 1n interpretation  But sach 18 not
the case and & choice must be made between the
two uses of the word The word is necded in
interpretation and should therefore be avoded
1n the scale of gradmg

The word normal is needed to describe the
muscle strength that s crither nofural or aegured
at vanous age periods For mast muscles
normal 18 represented by 1009, strength But
certan muscles at vAnous ages possess 2 normal
strength which is lees than the 100%

Two muscle groups show nafural weakness
namely tbe anterior neck and abdomunal mus-
cles  Aninfant i not expected to be able to hit
the weight of the hread or flex the trunk from &
supine poution. The mahhity to perform these
movements 1 accepted as normal for these
muscles Under ordingry clreumstances the
muscle strepgth mereases up to s maxmum s
the chuld grows alder  Auaclo strength should
bemdedwfuupoﬁibhmrchumtoum
1009, standard and the grado should be recorded
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a5 well a3 the interpretation of the grade 509
antenior neck musele strength which idicates
the ability to support the weight of the hend 1n
an antl-gravity poution mav be considercd the
normal accomplishment at the age of 5 30%
strength 1s normal for a 3 year old cluld. Such
grades should earry the notation on the chart
normal for age  Non paralytic adults fre

quently have no more than 60% strength 1n the
antenor neck muscles  Such weakness should
not be imterpreted as indienting anv neuro-
muscular condition  However 009, strength
should not be accepted as a demrable normal

The following table Lists the muscle strength
which may be conmdered normalforage 1nthe
antenior neck muscles (Individusl vanations
account for the age-overlap )

Infant to age 4—20%, to 407,
4t08 509,

Gto8 607,

8 1o adult 0% to 100%

(For table regarding abdominal strength which
may be conmdered normal for age ree p 18)

The acgusred weaknesses to which this discus
mon speeifically refors are those which develop
24 a result of postural and occupational strain
Wenkness which develops as a result of stramn
uwally does not drop bhelow the 50%, grade
But 5095 and 60% strength might bo interpreted
a8 neurogenic f one wers not aware that such
degrees of weakness might enst as a result of
postural strun

The following muscles tend to show evidence
of acquired postural weaknens

Too flexors (brevis and lumbnicales)

\iddle and lower trapezius

Upper back crector spinae

Lower’ antenor abdominals

\ntenor neck

Right lup abductors

Right hup external rotators mn night handed

Left tibaalia posticus indiriduals

Left ap abductors)in teft handed 1pdividuals

Left lup external | (but less consistently than

Totators the pattern 1 nght
Rught titalie handed  as  explained
potticus below see fig 0)

The anterior nech muecles and the lower’
antertor abdominals appear as muscles which
exlubit both natural and nequired weakness
This 18 & sigmificant factor in understanding tho
prevalence and permstence of abdominal and
antenior nech weakness among many adults  If
postural strain 15 supennmposed on the natural
weakness before normal mcrease 1n strength has
occurred the muscle will tend to remain weak

An analyms of the postural fault asrociated
with the acqurred weakness makes obvious tho
relationalup  (Illustrated and desenbed 1n fig
ures 5 and 0)

In the antenior neck and abdonunal muscles
avernge strength in (non parelytic) children
tends to estabhsh the grade which may be
accepted as ‘normal  In muscles exhibiting
acquired wenkness average strength often does
not represent an acceptable normal’ Normal
strepgth should be regarded as the degree of
strength which 18 natural for or expected of a
muscle or muscle group without disabihity de
formuty or pain  To estnblish the acceptable
normal parelytic eases are ormtted and non
paralytic cases are clasmfied on the bams of (1)
faulty posture and (2) so-cnlled normal The
so-called normal should represent thoee without
disabulity postural defects or pain and the
average in this group may then constitute tho
‘normal  to be used ax a standard

Among faulty posture cases the avernge
strength of most of the muscles which show ac
qmredmknemrnngufmmﬂ(}%tom%
Among adults with painful conditions due to
faulty mechanics the degreo of atrength in thes
muscles also averages between 060% snd 70%
Muscle strength in these particular muscles
awong adults with good postural alignment
usually grades 80 to 100% In all of the mus-
cles h!:fed“:: ah:-rrinz acquired weakness the
mnge ngth from to 1
regarded as normal 8% 00% ma be

As stated previously acquired weakness docs
not urually drop below the 50% grade It is
not uncommon however tofinda grenter degreo
of stretch or strain weakness in certam muscles
Toc flexor strength among so-called normal
adults (particulardy adult women) may vary
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Fia 5 Mascle weaknens as related to faulty posture (Iatersl view)

Fomwarp Hesp

The cervical spine i in hyperextension, and the
antertor vertebral neck flexors are in a pamition of
streteh and strain.
Ryrrosis wrmn Forwarp SnocLoEns

The upper back erector spinne and the middle

and lower trapemus are In pamtion of siretch and

strmn.
Axrrmior Prrvic Tt (Lardoals)

The ‘lower” anterior abdominal muscles are in
position of stretch and straln.
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Fio ¢ DMuscle weakners as related to faultv posture (posterior view)

U sqtateras Peuvic Tier (High on Right)
‘The nght hip abdoctors are m pantion of stretch
and stnm
Proxamion or Lerr Foor (Qlore than Reght)
Btram on posienor tlhial muscles, left more than
nght
Right hapded ndivlduals tend to asmume the
standing poution as flluxtrated by this figure  (The

droppmg of the right shoulder is compensatory for
the right high hip) In Jeft handed individuals,
there 3 a tendeney toward the oppomte picture
There findmgs 1n left handed indrviduals are less
constant than those I right handed individuals,
probably because many funetions (reereational or

occupational) require nght handed activity by left
handed individuals.
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from 40%, to 1009, The strength of the aver
age child s toe floxors 1s greater than that of
adults and the 1007 strength as demonstrated
by & child 18 used as standard  One becomes so
accustomed to toe flexar weakness among adults
that be may nghtfully amume that a degree of
weakness 13 ‘mormal ' 1 the sense that normal
18 avernge But the value of companson
muscle testing 18 lost 1f one permmts humself to
record ‘Dormal on the chart when the strength
18 actually only 609, Mlarked woakness of too
flexors 18 almost iInvanably associsted with a dis-
abthty and the word normal should not epply
to such weaknoss unless one is rendy to accept
disabihties a8 narmal.

The following chart shows ‘normal for age ’
1n strength of anterior abdominal musecles (on
the bams of tests outlined in Chapter V)

Trowws Ramarxd Tear ror  UrrEr  ABDOMIKALS

Infants Tho trunk ramng test is not used beeanse
of the extent of anterior neek and abd [

male an effort to test a series of non paralytic
individuals of vanous ages Such a senes should
mclude both male and female and those with
faulty as woll ns those with good posture
1f 1t is not porsible to examuine a series of non
paralytic casea every effort should be mado to
examine the trunk and unaffected extremmutios in
cases v olving only one or two extremmties.
Testing and grading procedures are all mod:

fiod 1n the exammation of infanta and young
children to the age of 4 oreven 5 The ability
to grade a child s muscle strength up to 50% Is
usually not difficult but the grading above that
depends on the eooperation of the child in hold
ing against pressure Young children seldom
cooperate to any extent in strong test move-
ments  Very often tests must be recorded 28

appercntly normal or 50+ which indicates
that 1t rony be normal though one hesitates to
label 1t as suoh

weakpem.
Age 4-3 0% to 0%

12 to adults 100%.
Adult (both setes) 100%.

Lro-Ramixa ror  Lowzs Awpoumirs

Infants The leg-rusing test 1 not used becanse
the wemght and leverage exerted by the legn
18 pot m proportion to that In older children.

1-12 009, to T0%.

12 to adults 709, to 80%-

Adult (women) 80%.

Adult (men) 100%.

An cxaminer must build a bams for comparison
of test results through expenonce 1n muscle test
g Buch cxpericnce 18 necessary on both para
1ytic and non-paralytic :ndrvidusls

The cxperrence of many individunls engnged
1 rouscle testing has heen hmmited to examinn
tion of paralytic patients The result 1a that
their 1dea of normal strength tends to be a meas
ure of what appears to be good functional re-
covery following weaknems rather than an est:
mate of the non paralvtic normal.

The authors recommend that an examiner

8 Orper or MuscLe Trars

1 Supine
Toe Flexors
Tos Extensars
Tibhalls Anticus
Tiblals Postieus

Finger Flaxors

Finger Extensors

Thamb Muscles

Wrst Extensors

Wrist Flexors

Supinators

Procators

Biceps

Brachio-Radialrs

Triceps (Alternste)

Pectoralis \ajor Clavicular Purt
Poctocalia Alajor Sternal Part
Pectocalls Minor r
Internal Rotators of Shoulder ( \ternste)
Teres AMnor and Infracpmatus
Rerratus Anterlor

Anterior Deltord (Alternate)
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2, Bide Lying
Cluteus Medmus
Glateus \lnimus
Adductors
Lateral \bdommals

3 Trooe
Gastroenemius and Ilantars
Solcus
Hamstrings (Inner and Outer)
Gluteus Vlaximus
Neck Extensars
Erector Spmao
Quadratus Lumborum
Latiseimus Dom
Lovwer Trapexius
\ddle Trapesrus
Rhomboltds

Triceps

Teres Major

Internal Rotators of Shoulder
External Rotators of Shoulder

4 Sitting

Quadneeps

Internal Rotators of Hip
External Rotators of Hip
Hip Flexors (Group)

Deltod (Three Parts)
Coracoid-brachinhs

Upper Traperus

Berratus Antenior (Alternate)

5 Standing

Berratus Antenor
Anklo Plantar Flexors



CHAPTER II

NERVE AND MUSCLE CHARTS USED IN RECORDING MUSCLE
EXAMINATIONS

The charting of test results 1a an 1mportant
part of muscls examinations It is done far the
spectfic value of such records in diagnoss prog
noms and treatment—not merely for the pur
pose of mamtaimng & record The charts
should permit complete tabulation of test re
sults, and their arrangement should facilitate
terpretation

Four types of charts are fllustrated in thms
chapter and each type has its specifio use and
value They may be clasmfied briefly as follows

Duagnostic Charts for Nerve Lemons
Crania! Nerve Chart

Poliomyehtis Charts

Body Mechanies Chart

Duaxostic Caskrs For Nerve Lesions

The Diagnostic Charts for Nerve Lesons
(charts 1 through 4) have been demgned espe
cslly for use in lemans of the spinal nerves
The distnbufion of motor involvement as deter
mined by muscle tests indicates whether thers
15 & lemon of a nerve root cord, or peripheral
nerve  The chart 18 useful also in determining
the level of leston 1n transverse myeltls cases

The charts (in tablet form) are arranged so
that the mustle nerve section and sensory draw
1ng® appear on the front (see charta 1 and 3) and
the corresponding bpinal Motor Nerve and Ana
tomical Motor Pant drawings appear on the
back of the sheet (see charts 2 and 4)

The front of the chart furnishes a recard eheet
and a complete tablo of the peripheral and spmal
scgment nerve supply for each muscle The
back of the chart shows the course of the spinal
motaor nerves from their ongin to thewr motor
point 1nsertions 1nto the muscles

The mechanics of the charts 13 desenbed by
discusang each section mn detail

MUBCLES

On the upper extremuty chert are listed all
les which are supplied by the cervieal
nerves (and the first thotamc as it enters into
the brachial plexus) The trunk and lower ex
trermuty chart Lists intercostal back, abdominal
and lower extremuty muscles supplied by tho-
racic lumbar and sscral nerves The muacles
are Listed in order of nerve innervation. Though
all the muscles named cannot be evaluated m
musche testing the Liat hay been mads complete
far the purpose of reference
The heavy lines separate the muoscles Into
groups 1nnervated by each penphernl nerve or
group of nerves histed at the top and at the left
of the chart

PERIPHERAL NERVES

Penphersl nerves (left to right across the top
of the page) are listed in their order of branch
ing Becausse most of the perpheral nerves
anse from the trunks or cords of the plexus the
pranmal-distal distnbotion of branching has
taken precedence aver the supenor nferior dis-
tribution 1n determiming the order of Listing  In
general however the level of branching from
the spinal cord has bean observed also 1n Lsting
cervical, then thoracic on the upper extremity
chart and thoracie lumbar and sacral in that
order on the lower extrenuty chart

The lateral, medial, and postenor cords from
which the peripheral nerves are derived are
demgnated along the mde and the top of the
upper extrerity chart by the imtials L, M and
P Inthe lower extremity charts the dorsal and
ventral divimons of the trunks are denoted by
the initals D and ¥ The regiona from which
the spinal nerves onginate aro shown at the tops
of the charts as follows C refers to cervical, T
to thoracic L to lumbar and 8 to sacral  The
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x 1n tho amall square opposite each muscle name
denotes the peripheral nerve supply for each
musclo

SPINAL BEGMEXT

The spinal segment innervation of perves 1s
desigmated beslde the names of the penpheral
perves at the top of the chart  The spinal eeg
ment mpervation of muscles 18 denoted by the
N\ s which appear under the scetion headed
8pinal Segment.

Apatomy and neurology text books vary 1n
regard to the data on spnal segment innerva
tion  (In some cases, information es it appears
In ooo section of a book docs not agreo exactly
wath that in another section of the same bock.)
The differcnces Indicate cither wade mdrvidusl
vanations as seen m anatomical studies or a
lack of exact information

To obtam a concensus of opmion, a compila
tion was made by charting the information from
srx different sources, namely Gray Morns
Quain Spaltehols Foerster laymaker and
Woodhall (The spizal segment tabls in Hey
maler and Woodhall 1 modafied after Bing )
Thesc mix were slected because they represent
well known authonties in the fields of anatomy
and neurology and because the matenal necded
for this study was readily available in therr
texts

The mformation obtaned from each source 15
inctuded for the benefit of these who are mter
ested in companng thadata  (TablesIand IT)

In Foerster and Haymaler and Woodhall the

charts appear i graphie form with solid lnes
extending completely or partially through a
space which demgnates a spunal segment In
reinterpreting thus type of imformation the au
thots have used the large \ to denote entire seg
ment the small x to denote 1/2 (or in Foerster
14 t03/4) and an (x) to denoto lexs than 1/4
the epace which in the text referred to full spinal
segment innpervation  In the remmimng refer
encex, the small x denotes the epinal segment
fupply the large . denotes major supply (as
indicated by bold tvpe 1n the reference ured)
and a parenthetienl (x) denotes possible or in
{requent ruppls

In the authors compilation as 1t appears at
the extreme night of tho table, the x 8 have been
used 1n a different manner representing an
arithmeticsl summary  1f five or six authontics
agreod that o spinal segment supphed a given
muscle the nerve supply was mdicated by &
Iarge \ if three or four agreed the nerve supply
was indicated by a small x 1f only two agreed,
the nerie supply was mdicated by a small paren
thetieal (x)  Spinal segment nerve supply g@iven
by only one of the mx was disregarded  For
example

Triceps

Gray 7 8

JMorns 0 7 8

Quawn 56 7 8
Spaltcholz 6 7 8 ()
Foerster ® 7 8 1
Haymaker & U oodhall 7T 8 1
14 06 3
x X X x

In the case of a few muscles no information
waa given about spinal segment supply by two
of the sources  When this occurred agrecment
by threo or four sources was indieated by a large
% two by » small x and one by an (x)

The compllation tends to retamn the sigmifi
cance of the large % 1n denoting chuef supply (as
done individually by the nuthonties) In only
two instances was this emphams lost by the
manoer of charting  There was general agreo-
ment that C3 4 5 was the supply to the dia
phregm with C4 as chief supply and that C5 ¢
was the supply ta the brachio-radialin with Cg
as chief supply  The anthmotical compilation
required the use of the large \ for all the seg
ments 1n both of these muscles wath the result
that emphama on cluef supply wos lost

In a few instances 1t proved edvisable or
necemeary to modify the compilation  After the
compilation was comploted it was found that the
spinal segment to the penpheral nerves and to
the muscles they supply were pot always in
agreement  The spinal segment supply to the
muscles might be less than to the nerve but
thould not exceed ths supply to the nerve
Modifieations were made by deleting the paren
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thetical (x) in the few instances ehown by the
delote mgn (w) on the tables  This was done in
arder that the spinal segment supply to the po-
npheral nerve (asseen at tho top bemde the name
of the nerve) and the spinal segment supply to
the muselo be 1n agreement

In one instance 1t was Decessary to indicate
additional peripheral nerve supply to a muscle
to cover the spinal segment supply  The latoral
antenor thoracie was added as penipheral nerve
supply for the pectoralis mmor to cover C8 and
7 segrental supply

C7 wasadded to C8 T1 as ulnar nerve supply
because many of the muscles under ulnar nerve
were Listed as having posuble C7 supply (Dot
frequently the ulnar norve recerves a C7 twig
according to Quain )

The autbors have modified the comprlation 1n
regard to spunal segment supply to the clavicular
and sternal portions of the pectoralis major
o division was made in the Irsting of this mus-
¢le 1n the references used Both Quain and
Gray however have indicated that the lateral
antenor tharacic nerie gives off a branch to jan
the medial anterior thorneic whieh goes on to
supply the minor and lower part (sternal) of the
major They do not indicate that a branch
from the medial joins the lateral in supplying the
upper (or claviculer) portion of the major  On
the bass of this information the authors have
divided the zegmental supply to the pectoralig
major a5 shown on the diagnostic chart

BENBORY

HSensory findings can be recorded on the dia
grams of the extrenuties which are provided at
the night ride of the chart  The drawings may
be ueed as anteror or postenor nght or keft by
mmple adaptations  The outline of fingernails
roay be added to the arm drawing and a hecl
contour to the antero-postertar leg drawing to
ruzhe them appear as posterior views

It would have been decirable to have a refer
ence section on the charts  howing the derma
tome and cutaneous peripheral areas but space
did not permut tlus addition  Such charts ap-
pear in this text for reference purpowes (see

charts 7 and 8)  (These have bean reproduced
from Neuroanatomy by Strong and Elwyn.)

BPINAL MOTOR ANLCRVE AND ANATOMICAL MOTOR
POINT CIIARTB

Drawings which indicate the course of the
motor perves from the apinal cord to the musale
insertions appear on the back of the dlagnostic
charts  These llustrations facilitate interpreta
tion of the motor findings s recorded on the
front of the chart and aid 1n determining the
mte or level of a lemon  They have been drawn
by an enatomueal artist from nformation that
the authors have extmcted from numerous text
books of anatomy (ses Preface) Every effort
has been made to preserve anatomical accuracy
m the outline of the course of the nerves. Cro
scotlon illustrations available 1n some texts were
ured to check the postions of the nerves at
varnious levels

Yellow has been used to indieate all nerves
except postertor divisions and thar branches
The latter are shown 1 orange  To stress the
significance of motor pownts thess have been de
picted diagrammatically by red dots

The information regardmg anatomical motor
points was obtained from eareful study of draw
mngs and textual materal in the reference books
used When the project of making thu chart
was first undertsken, electrical motor point
charts were Investigated with the th‘:ghttdmt
they myght act as a guide 1n locating the anatom
l(:l}mo{zcl; pomnts  Buch charts wero found to
be of 0o use for this purpose and subsequently
were discarded  Unquestionably paunts of elec
trical stimulation are deternuned on the bams
of best mdividual muscle response rather than
an the bams of anatomucal motor pomt  Over
lap of muscle belly and closeness of anatomical
motor pants mahe 1t Decesmary to foove the
electrode Iaterally proximally or distally to ob-
tamn the desred muscle response  In refernng
to motor ponts a distinction should be made
between electnenl and anatomical motor pownts

UBE OF THE CHARTE Ih DIAGXOSIS
Muscle strength grades are recorded In the
cohmmn to tho left of the muscle names. The
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mdes mav be in percentages (as recommended
1 thie text) or mm other numeral or letter
vmbols

\fter musclo strength Las been recorded the
crve supph of the weah museles 19 indicated
v a circle around tho corresponding x  (Ree
harts 7 through 10) The wndication of nenve
nvolvement 1s readily nterpreted by following
he verticle Line upward to the names of the
erves involved Heavy black Lines are then
Irawn 1n to desgnate the area or level of the
esion The reverse mde of the chart 1s used to
1d 1 further visunhnng the level of motor
wrie involvement

Onlv one examination of cne extremuty can be
ecorded on a chart but repeated examinations
an be viewed by placing succeeding charts in
uch a poution that one overlaps the other ex
rept for the grading column on the left

The use of the diagnostic charts may best be
Tlustrated by analymses of case records

Cast 1 (chart 9) This male age 28 had
poliomvelitis (onset §-13—47) with left arm in
volvenent  Five weeks later be developed a
secondary nerve involvement of the nght arm.
The record of the poliomvelitis weakness 15 men
tioned only because of 1ts relation to the pe-
npheral nerve iniolvement of the opposite
extrermt)

82747 Admitted ChiMdrene  Ilospital
School as an outpatrent The onlyv restdual
wenkness at this trme was of the left deltold
which graded 109 antenor and middle and
20 podtenior A temporary arm splint was
applied beld to the body with straps around the
abdomen and over the nght shoulder

0-0-47 The patient was reexamuned  The
deltmd graded 305, Improvement eeemed
rapid #o the temporary arm splint was retained
instead of beng replaced by a permanent tvpe
brace

0-10~47 On reexamunation the deltoid
graded 405, However the patient showed
recondary mvolvement of the nght hand with
eentory and motor changes  The prescnce of
con iderable ulnar and partial median involve
ment at denoted by the muscle-nerve check sug
Fested 2 Jesion of the medial cord of the plexus

It was conuidered persihle that the strap across
the night shoulder wnas causng pressure eo the
strap was padded to relieve amy such possible
pressure 1n ths area

10-10-47 The nght arm was normal except
for very slight acnsorv disturbance 1n the area
which previousiv showed complete annesthesia
The left deltord graded 709; ‘The splint was
removed for half-davs and the patient was in
stracted to increare the time without the splint
as the arm gained 1n strength

1-548 The nght hand was normal and the
left deltmd graded 1009, (Use of the ephnt
had been dwscontinued about mx weeks
previoush }

Case 2 (chart 10) 'Thus chart shows the re-
sults of a musele test on a ehuld who had residual
muscle wenkness from a brachial plexus leson
caused by an automobile acerdent mx years pre
vious to the tiune of this examination. An anal
sms of the chart discloscs the following The
postenior cord 1s apparently torn at about the
level of the axillary nerve since the deltodd ix
graded only 305, Below the level of the axil
Iary branching this cord becomes tho radial
nerve and the muscles supplied by 1t are not
active The medial cord on the bams of the
ulnar nerve supply 13 not mntact The lateral
cord apparently 1s intact because the biceps
through the musculo-cutaneous 1s normal and
soms of the muscles supplied by the median
nerve (which has dual supply from the lateral
and medial cords) are active

Case 3 (chart 11)  This 61 year old male in
ured tus left arm when be fell on the e The
day after the injury he wasscen by a phyrician
and the case wans diagnosed as a dislocated
shoulder and a wnist drop  The dislocation was
reduced and a plaster splint appfied to the fore
arm and hand. After three weeks the patient
stated that his shoulder and upper arm disabilits
bad disappeared but he was unable to uee the
hand and fingers and there was numbness of the
entire hand  There was no history of previous
duslocations  Five weehs afterinjury a muscle
nerve check was done  The findings pre«ented
the following posnbilitics
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1 A mngle lemon 1n the md humeral region
below the level of the medial tniceps branch
with

(a) complete involvement of the mdial

(b) almost complete involvement of the ul

nar and

(c) partial involvement of the median

A mid bumernl lemon wns not probable 1n this
case because a blow on the arm postenorly would
not cause pressure antenorly

2 A dual lemon

(a) mud humeral with complete involvement

of the radial below the level of the med:al
triceps branch

(b) medial cord of the plexus with almost

complete mnvolvernent of the ulnar and
partial of the median

There was an interval of 5 weeks between the
njury and the first muscls examunation  If one
considers the possibility of complete Involve-
ment at plexus level onginally 1t would carry
the assumption that the musculo-cutaneous and
racial had regenerated to the mid humera! level
1n five weeks This docs pot appear likely

The dunl leton 18 the most probable although
1t 13 & hughly selective type of njury

CasE 4 (chart 12) Ths chart demonstrates
the muscle test results on a post-operntive case
m which the question arose whether the paral
veis resulted from operative 1interferenco or
tourmquet pressure  This 27 year old male had
suffered a campound fracture of the left humerus
as a result of an sutomobile acadent 1n August
1047 The fracture was treated by the uso of
two long screws and stainless steel wire  Follow
ing this the wound healed but the clbow re-
mained nearly stff at 80 degrees In January
1948 he fell on the street and remnjurcd the
clbow Three wecks Iater he was secn 1n the
Johns Hoplans Hespital where \ rays revealed
an old intercondi lar fracture of the left lower
humerus in displaced posmtion pot being ade
quateln held by the ecrews and wire  There
was a2 new undiwplaced fracture m the supra
condilar seetion of the old fracture  Callus
old and new was abundant There was no ev
dence of mustlo weakness

InFebruary 1948 under s tourniqust a hem!
arthroplasty of the left elbow was performed
through a posterior approach  The ulnar nerve
was dissected free and carefully retracted  The
cartilage of the radius and ulna wero intact but
the lower humerus was completely distorted and
covered with callus The collus screw and
wires and part of the lower humerus were re
moved A new condyle was ecarved out. The
radal and median nerves wero antenor and were
not seen. On completion of the procedure the
clbow was freoly movable through a full rango
of motion. No fascia was removed Tho
toarmiquot had been m place for two hours and
twenty minutes.

After tho operntion the patient had no power
to move the hand or lower arm  He had pares-
thema of the entire arm with ansesthesia over
the ulnar nerve distnbution The patient was
first 1n o plaster splint then in a sling with a
Bunnell sphint forthehond  The wound healed
well and passive motion was continued until dis-
charge About three months after operation
some flawwan of the fingers became powible

On Apnl 20 1048 a mpuscle-nervo check was
done Thi exnmination dicated that the
paralysis was the result of tourmquet pressure
rather than operative interference The mus
culo-cutancous nerve was wmvolved below the
level of the branches to the coraco-brachialis
Tho radizl nerve was involved below the level
of the branch fo tho long head of the tneepe,
ndicating o leson slightly below the level of the
axilla  Operative interferenco at clbow lovel
would not have affected the nerve supply to the
biceps brachmlis or lateral and medial heads
of the tricops

Cast. 5 (chart 13) Thus chart shows the diag
nostic value of muscle testing in a club-foot case

The cluld age 6 bad been treated as o con
genital club-foot at ap early age Correetive
casts had been applied and s tondo- \chilles
lengthening had been done at the age of two
yoars \lasage and stretching both preceded
and followed the operatton Tho ¢luld con
tinued to walk with a mp and the deformty
permsted
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1-15-48 Admitted Childrens Hospital
School Mo shortening of either leg  Atrophv
of the left calf and foot Small depression
quite hary to the nght of tlurd lumbar verte
bra suggestice of a spina bifids

1-17-48 "\ my® (antero-postertor and lat
ernl) revealed some malformation mn the lumbar

an
1-20—4S Muscle-nerve check shows nermve
mvolvement 14 and below

CraxtaL NsrvE CHART

The eranial nervo chart is demgned for use
pnmarly as o reference sheet and secondanly
as a record sheet for functional examimations of
the muscles of expreamon (Illustrations and
textual matenal relative to fncial muscle tests
may be found in Chapter VI) Ths chart was
not intended for diagnostie purposes although
1t may have some value as such

The cranial nerve chart conmsts of two zec
tions  On the front (ece chart 5) are Listed all
the cranial nerves and the general remons and
speeific muscles or organs which they supply
A column 1s provided at the left of the muscle
names i which to record evaluation of strength
of thowe muscles which can be tested At the
nght of the page arc outlres of the head on
which sen%ory findings can be recorded

Beenuse of the dual purpote of the chart as a
reference and a tabulation sheet 1t contamns
some material that would not be included 1n a
chart used only for recording muscle examina
tions  For cxample all the cranial nernves are
Listed whether they are sentony motor or mixed
neries  Bome muscles are meluded which can
not be tested either mdivdually or in group«
(In a few cases musclea have been lListed in
groups instead of individually beeanse of the
need to conserve epace )

The back of the chart (sec chart ) contamns
twodrawingyof thehead  The one on the nght
shows the supcrfica) musculature The one on
the kft1s a samttal rection of the skull at about
the eenter of the left orbit (except that the com
plete eveball s thown) The muscles depicted

are mainhy thase of the tongue the phanmgeal
arca and the cveball

The left hermsphere has been reflected upward
to show the nferior surface of the brain and the
cranml nerveroots  Connecting the nerve roots
with the corresponding nerve trunhs in the lower
section of the dmwing are lines beanng the
numbers of the respective cramal nerves  Sen
sory perve roots and cut ends are left white
The motor and mixed perves are shown in yellow
(except that only the small motor branch of the
fifth 1s colored)

On the drawings and 1n the legend the cranal
perves are denoted by Roman numersls the
perve branches by small letters and the muscles
by Armabic numerals The muscles listed 1n the
lepend include a few which could not be shown
in the drawmgs or in the table on the front of
the chart

Poriourerrtis Crarts

Thbe four poliomyelitis muscle charts aro class
ificd as follows Upper extremity lower extrem
ity abdommal and respiratory  (Sce charts
14 through 17 )

These charts are used cheefly for diagnesed
cases of anterior poliomyelitis or other forms of
myelitls 1n which a rertes of penodic examina
tions 13 anticzmated

Usnally recording of grades on thr type of
chart is not done for iagnostic purpowes al
though such records sometimes aid 1 establish
g a dingnoxts  \on troumatic mychtis caxes
and poliomvelitia cates often present simular
findings  In mich eases muscle testing may be
u<cful in bfferentinl diagnosis  As recorded on
the poliomyelitis charts no recogruzable pattern
of weakness can be found 1n extensie polio-
mvelitis involvement  (Ree charts 18 10 and
20) The weakness in a non traumatic myehtis
case frequent!\ resembles & poliomyehtis care 1n
its lack of pattern wmilaterally but bilaterally
there may enst a stnking symmetry (Sceo
chart 21) When musele strength mproves
tlus tvpe of mvelitis eace usually continues to
thow the same pattern of svmmetr, 1n succeed
ing examuinations  (See chart 22 )

Charts in which the resulta of repeated cxam
mations ean be reen 1 clowe relationslup man
ald 1n diagnesis of eonditions characterized by
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progressive muscular weakness The progres-
son and distnbution of such weakness may be
indicative of the type or mte of lemon present
Los=s of mustle strength associated with specifie
tvpes of lemons ahould not be confused how
ever with loss of strength dus to excesmvo or
faulty treatment A careful analyms should be
mads of all contributing factora

Bopr Mecnanics ExasanaTioNn CHART

The Body Mechanies Chart (chart 23) 18 used
for the purposs of recording exammation find
mngs n cases of faulty posture scolioms and
postural low back or upper back pain. Postural
defcets muscle weakness or tightness and
plumb-hne measurements may be recorded in
tho cxamination sectons of the chart The
treatment section of the chart 1s arranged to
pernut the outhming of the physieal therapy
indicated The manner of rocording examina
tion findings and the treatment cutline as based
on such findings are illustrated by the case
record presented  (See chart 24 )

The term Body Mechames Chart i used
rather than Posturo Chart because 1t 18 more 1n
clumve Although poor body mechanics will
usually appear a8 o noticeabls postural fault
such may not bo the case  Aluscle weakness 18
a defect po far as body mechanics 18 concerned
but not infrequently the posture may be good

Just as muscle teat resnlts are useful 1in para
Iy tic cases for the purpose of determming the
kind and amount of exerciso therapy that 1is
mdicated thoy are also useful in non paralyte
cases of faulty body mechanics  On the baus
of test reaults treatment 1s outhned for the pur
pose of carrecting faulty ahgnment strengthen
g the weak muscles and stretehing thoe short
or contracted muscles

Unkess excreises are sclected on the bams of
musele tests they cannot logically be regarded
as specifically prescnbed for the treatment of
postural faults or deformuties ossociated wath
muscle imbalance

MuscLE TEST SURVETS

Single examunation records are valwable m
diggnems end 10 outhung trentment, but from

an over all standpoint the greatest value of
charts is denved from comprehensrve surveys
of examunation findings which permut large scalo
compansana of teat results on many mndividuals

A person doing many muselo tests cannot fafl
to notice that test results tend to fall mto
patterns  On the bams of many individual
cases he begins to evolve generalixntions about
prognoss and the value of vanous forms of
treatment  However ths knowledge 1s sub-
Jective and may be colored unwmttingly by
prejudice

Survoys done from recorded examinations pro-
vido generalixations which are objective and
need not bo colored by prejudice  They bring
out much valuable information some of which
might not before have been recognired  They
serve either to confirm the impremions gained
by exammners or quute froquently to posnt out
arrors of fact or emphama

It 18 not within tho province of this text to
discuss survey findings  Each exammer should
survey his own records for their own particular
value When a sufficdont number of surveys
have been compiled A companson of these will
add still moro to the scope of musclo testing as
a therapeutie aid

Use of the dingnostic charts should over a
pertod of years furnmsh very valuable data which
can reaffirm or correct the information now
g1ven on the charts 1n regard to spinal segment
mnnervation To be useful such records must
be based on carcful musele testing  Accurate
records of test results on known lomons il fur
nish veluable information for future study

Some poliomyelitias cases havo been surveyed
m relation to the spinal segment dats on the
diagnestic charts  There 13 presonted the possi
bility that poliomyehtis cases may show some
nteresting spinal segment patterns of mvolve-
ment For mstance thero tends to bo a rather
froquent amsociation of abductor vwealness of
the hip and dorm flexor weaknesn of the foot
A study of the spinal scgment inpervation chart
reveals that both these groups are supplied by
14 5 81 Carcful analyms of cose records may
show a relationship between segmental mner
vation and segmental muscle irmbalance



THE Dragpostic Charts for Nerve Lemons the
Cranial \erve Chart and the Pohomvelitis Charts which follow
have all been reduced from the onginal 8§ x 11 inch size with the
exception of chartsa 2 4 aud 6 These drawings have been repro-
duced 10 the actual mze as they appear on the back of the diagnostic
and cramal nerve charts 1n tablet form.
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SPINAL MOTOR NERVE & ANATOMICAL MOTOR POINT CHART
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SPINAL MOTOR NERVE AND AHATOMICAL MOTOR POINT CHART
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Great auricular
Anter cerv cutan
Supraclavicular
Axllary

-Med brach cutan and
mtercostobrachial

Lat femor cuten.
Obturator

~ Saphenous (femomal

{27: sural E‘Fui Qoer)oneal)
Superficial pemneal
Sural (tvbial)
Pla.nfa.r@zbml)

Cnart 7

Dermatomes (left) and cutancous flelds of peripheral nerves Front view  Ih iliochypogwstrio
Iy thomguinal  (From Strong and Elwyn Human Neuroanatomy The Wilhams & Wilkans Com
pany 1948)
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— Anter cerv cutaneous

Squcln.w.cn.Lla.r

Axllary

bster brach cut (Fadial)
Medibroch St )
WN\-Dors antibrach cuud)

Lot antibrach.cut
(musculocutaneous)

“Med antibrach.cut
Radial

“Obturator

~Lat sural cut.(peroneal)
~Sural (tl.blal)

\Sa-?l'tenoua (choml)
-Calcaneous branches of tihial
CLPHZT\DLIS (Ffemoral)
“Plantar branches of tbial

CHaRT 8
Dermatomes (left) and cutaneous fields of peniphernl nerves  Back view  Cls, CIm, Cli, superor
medial, and wnfenior clumal nerves Il ibohypogastric nerve.  (From Strong & Elwyn, Human Neu
roanatomy The Willlams & Wilkine Compansy 1048
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CHILDREN'S HOSPITAL SCHOOL
Respleatory Muscle Chart
Patlent's \ame Clinke §

Left | Right Left | Right

Ixsrimatort drscLrs

Primary
Levator Costarum

Disphragm
E ternal Intercostals L

Aceemory

Beaken! 1

Bterno-cleido mastold
Trapez us

Serratus Anterior ‘

Pectorals
(Latiseimus Dorsl}

Dorsal Bpine Extensors

Exrmearorr Moscies
Primany

Abdominal Museles
Internal Obliqoe

Taternal Obl qua
Reetms Abdominis

Transrerwus Abd

Internal Intercostals

Transversas Thoracia

Latimimas Dorst
Berratos Post Tnf
Quadratas Lamboran |, |
Dicoatals Lamb | L i i B

Notes
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CHILDREN'S HOSPITAL SCHOOL
ARDOMINAL MUSCLE CHART
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CHAPTER 111
UPPER EXTREMITY AND SCAPULAR MUSCLES

Fia 7 Flexor Polhes Longus

Patrext
Sitting or supme
Frxation

The examiner stabilizes the wnst and prox
1mal jount of the thumb m neutral pomtion
(Holding the wnst 1n flemon makes 1t difficult
for the patient actively to flex the distal
phalanx through full range of motion )

TesT
Flexion of the distal phalanx of the thumb

Pressure

Against the palmar surface of the dutal
phalanr, 1n the direchon of extension
WEAKKESS

Allows 2 hyper-extenmon of the distal
phalanx

Lesscns the ability to flex the distal phalanx,
and interferes with holding a pencil for wnting
and with picking up small objects between the
thumb and fingers
CoXTRACTURE

Flexion deformity of the distal phalanx



UPPER EXTREMITY AND SCAPULAR MUBCLES

Fia 8 Flexor Polhcis Brevis

Pamext

Bitting or supine
Frxamiov

The exanuner stabilizes the wnst in neutra!
position
Test

Fiemon of the prommal phalanx of ths
thumb without flemon of the distal phalanx
PRessURE

Agunst the palmar surface of the prommal
phalanx in the direction of extenston.

WEAENERS

Allowe hvper-extenson of the proxmal
phalanx

Results in the inabihity to gnp objects
firmly between the thumb and fingors

CONTRACTURE

Flexion deformity of the proximal phalanx



58 JMUSCLES TESTIANG AND FUNCTION

F1a 9 Abductor Pollicis Brevis line drawing

Onrany

The tuberouts of the navieular the ndge
of the greater multangular and the transverse
carpal hignment
IxserTION

The base of the first phalanx of the thumb
mdial sde

AcTion

Abduction of the thumb from the meconc
metacarpal toward the mudlne of the ventra
surface of the wnst



UPPER EXTREMITY AND SCAPULAR MUSCLES

Fra 10 Abductor Polhas Brevis

Patext
Sitting or supine
Frxation

The cxaminer stalnlizes the wnst mn neutral
potition

TesT
Abduction of the thamb from the base of the

index finger toward the midline of the ventral
surface of the wnst

Pressune

Aganst the prommal phalanx 1o the direc
tion of adduction lateral to the index finger
(directly oppomte the line of pull of the muscle
fibers as seen 1n the next figure)

WEeARNESS

Interferes with the ability to abduct the
thumb sufficently to grasp a large object



80 VMUSCLES TESTING AND FUMNCTION

Fia 11 Opponens Pollicis, ine drawing

Oriax

The transverse carpal ligament and the ndge
of the greater multangular
InsErTION

Along the entire length of the first meta
carpal bone radial mde
Acmion

Abducts the thumb from the index finger
toward the ventral surface of the wnst adducts
the thumb toward tho midhne of the hand (in
this alxlucted position) and rotates the meta
carpal bone so that the thumb-naml shows 1n

palmar view  The abducter polhcis brovis and
the opponens pollicis act like eables hfting the
thumb up &nd earrying it hanzontally toward
the midline of the hand 1n a crane-like action
The opponens pollicis test has frequently been
described s the ability to touch the thumb to
tho lLttle finger Tlus test 18 1n reality a
combination of opponens pollicds flexor pollicts
brevis and adductor pollicas and 1f the remstance
1s applied against the proxmal phalanx of the
thumb 1n oppomtion to tho hine of pull toward
the Lttle finger the flexor pollicts brevis and
tho adductor pollies are being tested mther
than tho oppobens



UPPER EXTREMITY AND SBCAPULAR MUSCLES 61

Fig 12 Opponens Pollicts

PaTtext
Sitting or supine.
Frxariox

Tho examiner stabilizes the wrist in neutral
poution

TesT

Abduction of the thumb from the index
finger toward the mudline of the ventral surface
of the wnst with rotation of the metacarpal
bono 80 that the thumb-nail shows in palmar
view

Pressunc
Agninst tho metacarpal bone in the direction
of derotation and adduction toward the index

finger (directly oppomte the Line of pull of the
musels fibers as seen in figure 11)

\WeAKNERS

Allows the first metscarpal to drop into a
pomtion of extenmon and ocutward rotation
(The phalanges may flex due to the tension
of the thumb flexors ) There is a flattening of
the thenar eminence The patient encounters
difficulty in holing & peneil for wnting and 1s
unable to grasp objects firmly between the
thumb and fingers

Note

The palmans longus tersea dunng the
opponens pollicis test  With part of the ongin
of the opponens pollicis 1n the transverso
earpal ignment and part of the insertion of the
palmans longus into the transverse carpal lign
ment it may be eamly understood why the

palmans longus contracts during the opponens
teat



MURCLES TESTING AND FUNCTION

Fi¢ 13 Abductor Policrs Longus

of the fist metacarpal, m the direction of
adduction toward the midlne of the hand.

PameNT
Bittmg or supine
Frxamiov
The examimer supports the wnist 1n a neutral
posation
Tist

ibduction of the fint metacarpal bope
toward the radial smde

Prrssvre
Agninat the laternl surface of the distal end

WeA e

Allows the metacarpal bone of the thomb to
drop into adduction toward the palm of the
hand and permits an ulnar deviatian of the
hand

CoxTrACTURE
\bducted postion of the first metacarpa!
with elight radul deviation of the hand



UPPER EXTREMITY AND SCGAPULAR MUSCLFS [i~3

Fia 14 Extensor Pollicis Brevis

Pamiext Pressvre
Bitting or supine Apgninst the dorsal surface of the proximal
phalanx, in the direction of fleaon
Frxartion

The examuiner supports the wnst in a neutral WEAKNERS

position Allows a flerton posuition of the proximal
Tesr phalanx of the thumb

Fxtenmon of the prommal phalanx of the
thumb



64 VMUSCLES TESTING AND FUNCTION

Fia 156 Extensor Pollicds Longus
Test
Extenmon of the distal phalanx of the thumb

Pamiest
Bitting or supine
FixaTion

The examiner supports the wrist and proxmal
phalanx of the thumb 1n noutral position
(Holding the wrist in hyper-extenston during
this test makes 1t diffcult for the patient to
hold against maximum pressure even though
strength of the cxtensor pollicis longus is
normal.)

Pressune

Against the domsal surface of tho distal
phbalant of the thumb in the direction of
fleion

WEAKNESS

Allows the distal phalanx of the thumb to
assume o flexed pomtion.



UPPER EXTREMITY AND S8CAPULAR MUSCLES

Fia 16 Adductar Polhas

PamexT
Bitting or supine.
Fixamiox

The patient s hand may be supported on the
tablo (as ahown) or may bo stabilized by the

examiner
Test

Adduction of the thumb toward the base of
the index and middle fingers palmar surface
PRESSURE

Aramst the medial surface of the thumb

m the directon of abduction toward the
ventral surface of the wnst raduml sde

WEAKNESS

Results 1n the mability to clench the thumb
firmly over the closed fingers
COXTRACTURE

Adductian of the thumb toward the palm
of the hand

NotE

A test that 13 frequently used for strength
of the adductor pollicls is the ability to hold a
pece of paper between the thumb and second
metacarpal  An mdividual with a well de
veloped thumb adductor group may have
difficalty 1n this test  Tho bulk of the muscle
itself prevents close approumation of the
thumb to the second metacarpal



[ MUSCLES TESTING AND FUNCTION

Fia 17 Opponens \hmim{ Digiti

PaTieNt
Sitting or supine

FixaTion

The wnst 18 supported 1n neutral posmtion
by the examuner or may rest on the table for
support The fist motacarpal 18 held firm
by the examiner

Test

Opposition of the fifth metacarpal toward the
first metacarpal  Ths musecle pulls and sbightly

rotates the fifth metncarpal in such a way as to
belp cup the palm of the hand

PRERSURE

Against the palmar surface along the fifth
metacarpal 10 & downward-outward direction
flattening the palm of the hand (One finger

was used 1n order to make the muscle

belly vimble 1n ths picture )
WEAKXESS

Allows a flattening of the palm of the hand
and makes 1t difficult 1f not impossble to
opposc the Little finger townrd the thumb



UPPER EXTREMITY AND 8CAPULAR MUSCLES

Fia 18 Oppesition of the little finger

The movement of touching the tip of the
little finger to the thumb is accomplished by a
combination of actions of the httls finger
flexors and the opponens mummi disti The
fourth lumbneal abductor rumm: dipta (and

flexor mummi digat1) flex the metacarpo-pha
langeal jont and the opponens mimmu digitt
pulls and rotates the fifth metacarpal
performung the movement of oppomtion



NMUSCLES TESTING AND FUNCTION

Fie 19 Abductor Mmm Diglty, ulnar view

PamiExt

Sitting or supine.
Fxamov

The band may be supported with the wrist
in neutral pomtion by the examiner or may
rest on the table for support.
TesT

Abduction of the fifth dimit toward the
ulnar mde
Presscre

Agninst the ulnar mde of the first second or

third* phalanx of the lttle finger in the diree
tion of adduction toward the midline of the
hand

T EAXNESS

Allows the little finger to remam In adduction
toward the midline of the hand.

*Note
Ope should be conmstent in the plaang of
pressure 1n all finger abduction and adduction

tests Premure against the mdes of the middle
phalanges scems least awkward for all the tests.



UPPER EXTREMITY AND SCAPULAR MUSCLES 60

Fia 20 Abductor Mintmu Digitt palmar view

Thus figure illustrates that the abductor minimi digmti
ncts as if 1t were a fifth dorsal interosssus



MUSCLES TESTING AND FUNCTION

Fio 21 First Palmar Interoeseus

PamENT
Sitting or supine

Frxamox

The hand mav be supported 1n a neutral
poution by the examiner or mav rest on the
table for support  Though 1t 14 not illustrated
the muddle finger should be stabilired dunng
thas test

Test
\dduction of the index finger toward the
mudhne of the hand

PRESSTRE
Agunst the ulnar mde of the di tal phalanx

of the index finzer 11 the direction of abduction
toward the radial mde

Palmar mterower are three 1 number
Testa for the recond and thurd are as follows

Secovp

Adduction of the nng finger toward the
midline of the lmnd  (Stalnlize middle finger )

Tmmrp

Adduction of the Ittle finger toward the
midline of the hand. (Stabilize nng finger )

WEARNESS

Lessens the ability to adduct the index
nng and Lttle fingers,

Lesscns the strength of flemon of metacarpo-
phalangesl jonts and extensian of nterpha
langeal jounts

The following discusaon 1n regard to shortness
and contracture of interoswer with the differ
entiation between the dorsal and palmar is the
ommion of the authors based on functional
analyms of the muscle actions The doreal
interosee] are genernlly credited with asusting
the lumbncales and palmar interoster in the
actions of flenion of the metacarpo-phalangeal
jonts and extentwion of the interphalangeal
joints The authors feel that the palmar
interoeer and lumbricales do act together in this
motlon but that the dorsal mtero=cel normally
assist the extensor communis In extension
of all joints
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The fact that fingers tend to abduct as they
are etronglv extended and adduct as the
metacarpo-phalangeal jownts are flexed lends
support to this thcon While there 15 &
tendency for the fingers to adduct due to the
mechames of the joint action 1n flemon ths 18
not necessanly true of the abduction-extenmon
action The fingers can be pasavels adducted
in the extended posmtion but remst pasve
abduction 1n the pomtion of metacarpo-pha
langeal flemon wath 1nterphalangeal jomnt
extenmon

The bony orgm and the pomtion of the
tendons of the dorsal interowser suggest therr
reinforcement of finger exten«ion at the meta
carpo-phalangeal junts The pomtion of the
palmar 15 10 lme with the function attnbuted
to the palmar group

Tests of the dorsal and palmar interosser 1n
therr abduction and adduction action should
be made 1n order to differentiate between the
etrength of the two along with aoy tests for
tightnees This 15 true becau<e contmacture
(unkes of an 1zchemic nature) seldom accom
panies weakness

PALMAR
COXTRACTURE

Same as the position of lumbncales contrac
ure namely flemon of the metacarpo-pba

langeal jomnts with exten<ton of the inter
phalangenl jomts with the added feature of
more pronounced finger adduction

SHOBTVESS

Insbiity to flex (either paenveltv or
actrvely) the interphalangeal joints if the
metacarpo-phalangeal joint 15 hvperextended
or the inabilitv to extend the metacarpo-
phelangeal joint if the interphalangea! joints
are flexed

DORSAL
CONTRACTURE

Extenvion of fingers at all joints
SHOETVESS

Imability to flex the interphalangeal jomts
if the metacarpo-phalangeal jount 1s flexed or
the nabihty to flex the metacarpophalangeal
jount 1if the nterphalangeal jomnts are flexed

It 15 probable that in a hand which has been
beld for rome time 1n a po<ition of contracture
of the lumbnieales and palmar interoceet that
the dormal aponeurcus st the metacarpo-
phalangeal joint  becomes wenkened and
stretched to such an extent that the doreal inter
orscl drop into a position te function along with
the lurnbricales nnd palmar interosse: in flemon
of the metacarpo-phalangenl joints
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Fiac 22 First Darsal Interosseus
for the second third and fourth are as follows

Pamiext

Sithog or supine
Frxamion

The hand may be supported in a neutral
poation bv the examiner or may rest on the
table for support Though it 1s not shown in
the 1llustration the thumb should be stabilized

m radml abduetion dunng the test of the first
dorsal interosseus

TesT

Abduction of the index finger toward the
radial mde
PressyRE

Agmunst the radial nide of the middle phalanx
of the index finger 1n the direction of adduction
toward the midlne of the hand

The dorsal interoe<er are four in number with
one on eitber mde of the middle finger Tests

Secoxp

Abduction of the middle finger toward the
radial sde (Stabilize index finger)
THIRD

Abduction of the middle finger toward the
ulpar aide  (Stahilize ring finger)

FoortH

Abduction of the nng finger toward the
ulnar side  (Btabilizs Little finger )

WEAKNESS

Lessens the ability to abduct the Index,
mmddle and ring fingers

Leswens extension strength of interphalangeal
(and metacarpo-phalangeal) joints

Co~TRACTTRE & SHORTYESS
(See discussion under Palmar Interosser)
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Fic 23 Extensor Digitorum Commums

Patext
Sithng or supme
Frxamion

The examuner stabihzes the wrist 1o neutral
pomtion This 15 pecessary becaute flexion
of the wnst will pasmvely extend the metacarpo-
phalangeal jante,

Tesr

Extenzion of the metacarpo-phalangeal jonts
of the fingers with interphalangeal jonts
relaxed
PrEastRE

Agnnst the dorsal surface of the prommal
phalanges 1 the direction of flexaon.

Note

The extentor digitorum commums extends
the metacarpo-phalangeal jonts withount asmet
ance from the humbneales wiich do amst m
mterphalangeal jont extenston By [miting
the text of the extensor diptorum communus to
extennon of the metacarpo-phalangeal jomnts
rather than permithng extenmon of all finger

jomnts the extensor commumnis actton 1s differ
entinted from that of the lwnbneales and
(palmar) mterowser  The extensor mumm dynt
and extentor indicis asast the extensor com
munss m extension of the Litle finger and the
index fmger If either or both of these fingers
extend without extension of the middle and nng
fingers during the communis test the action
may be conmdered as that of the extensor
mdiets or mmmi digti

WEAKNERS

Decreases the ability to extend the meta
carpo-phalangesl jaints of the fingers resulting
1n a pontion of flexion of these jounta. Exten
son power of the wnst 1s dimmished
Co~NTRACTURE

Hyperextenmion deformuty of the metacarpo-
phalangeal jomnts

SHORTVE=S

Hyperextenmon of the metacarpo-phalangeal
Joents if the wrist is fexed, or extension of the

wnst if the metacarpo-phalangeal jounts are
flexed
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F1g 24 Flexor Digitorum Profundus

Patmexr
Sitting or supine

Frxatron

The examuner stabilizes the proximal inter
phalangeal jont and metncarpo-phalangeal
Jjoint  The wrist should be m neutral posihion
or 1n slight extension

TEsT

Flexion of the distal phalanx of the accond
tlhard fourth and fifth dipits  (Each finger is
tested as illustrated above for the first finger )

Preasure
Apainst the palmar surface of the distal
phalanx 1o the direction of extenmon

WEARNESS

The strength to flex the dustal joints of the
fingers is diminished in direet proportion to the
weakness of this muscle  The strength of wnat

flerion 13 decreased

CoONTRACTURE

Flemon deformlity of the distal phalanges
of the fingors
SuorTvEMS

Fiexion of tho distal phalanges of the fingers
if the wnst 15 extended or flexion of the wnst
if the fingers are extended



UPPER EXTREMITY AND SCAPULAR MUSCLES

Fia 2o Flexor Diptorum Sublimis

PamieNT
Sitting or supine
Frxamion

The examuner stabilizes the metacarpo-
phalangeal jont with the wnst in neutral
poetion or in shight extenmon.

TesT

Flexion of the middle phalanx with the
dretal phalanx extended of the second thurd
fourth and fifth* dimts  (Each finger is tested
as illustrated for the first finger)

PREASCRE

A\pant the palmar surface of the middle
phalanx in the direction of extension.

WEARNESS
Letscns the strength of the gnp and wnst
flexion

Interfercs with finger function 1n sueh activi

ties as tvping piano playing and plaving rome
stnnged instruments 1n which the proxymal
nterphalangeal joint 1s flexed while the dustal
jomt 15 extended

Weaknees couses loss of jount stability at
the proximal interphalangeal joint of the
fingers so0 that in the movement of finger
extenwon this jomnt hyperextends

CONTRACTURE

Flexion deformuty of the middle phalanx of
the fingers

SroRTVESS

Flexion of the middle phalanges of the fingers
if the wnst 15 extended or flexion of the wnat
if the fingers are extended.

*Note
It appears to be the exception rather than

the rule to obtain wsolated sublimis action 1n
the fifth bmt
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Fra 26 Lumbnecales
langeal joints with flexon of the interphalangeal

PaTENT

Sitting or supine
Frxation

The examner stabilires the wnst in sight
extension (The fixation and pressure have
been omutted 1 the illustration to make the
pomtion ¢lear )

TEesT

Flexion of the metacarpo-phalangeal joints
with mmultaneous extenmon of the inter
phalangeal jonts
Pressure

(1) Agmnst the palmar surface of the prox
1nal phalanges 1n the direction of extenmon
and (2) agunat the dorsal surface of the distal
and mddle phalanges o the directon of
flemion.

TV CAXNESS

Allows the claw hand pomtion of the fingers
te., hyperextenmon of the metacarpo-pha

(See fig 3)
CONTRACTURE

Flemon deformity of tho mctacarpo-pha
langeal jounts with extenmon of the inter
phealangeal joints

SHORTNEMS

Inability to flex (actively or pasmvely)
tho interphalangeal jonts if the mctacarpo-
phalangeal joints are hyperextended oc the
inability to extend the metacarpo-phalangeal
joints of the mterphalingeal jounts are flexed
The wrist ahould be allowed to flex shghtly In
order to differentuto tightness of humbricales
from any flexor sublimis or profundus tightness
that may exist.

Note

The lumbricales are assisted by the palmar
interosser. The domsal interosser are generally
credited with assisting in this function, but in
the opumon of the suthors this is questionable
(See discussion tnder Palmar Interosse: p 71)

joints



F1e 27 Function of the Lumbnecales

An mportant function of the lumbreales is encounters great difficulty m holding a book or a
demonstrated m th fllustrmtion With paraly pewspaper m one hand
us or weakness of the lumbnieales an individual
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Fia 28 Flexor Carp: Radials

Pamext

Sitting or supine
Frxamon

The forearm Les in supination and may rest
on the tablo for mpport or may be supported
by the exaruner
Test

Fleuon of the wnst toward the radmi mde
Presatre

Against the thenar eminence 1n the direction
of ulnar extension

WEAKKESS

Allows a deviation of the hand toward ulnar
extension

Flexion power of the wrist 15 diminished and
the strength of the forearm pronation may bo
slightly diminished
CONTRACTURE

Wrst flemon toward tho radal mdo with
alight pronation of the forearm.

NoTe
The palmans longus action canpot be ruled

out in tlus test
(Sce also note under Flexor Carpl Ulnans )
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Fra 20 Flexor Carp Ulnans

Pamient
Sitting or supine
Freamion

The forearm bes in aupination and may rest
on the table for support or mayv be supported
by the exarmner

TesT
Flexion of the wnst toward the ulnar side
Presstre

Agamn t the hvpo-thenar emunence in the
direction of mdial extensnion

W EARNESS

Allows a devation of the hand toward radial
exten 1on

Flexion power of the wnst 15 dimimushed.
CONTEACTURE

Wnt flexion with ulnar doviation
NotE

Fingers will normalls be 1m a powtion of
pasuve extenzion when the wnst 1 flexed
If the fingers actively fex as the wrist fleyon
s attempted the patient shows evidence of
substituting the finger flexors for wnst Bevors
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Fia 28 Flevor Carpl Radlahs

Pamiext
Sitting or supine

Fixatiox

Theo forearm lies in supination and may rest
on the table for support or may be supported
by the examiner
Trent

Flexion of the wrist toward the radial mde

PressvrRFP

Agarost the thepar eminenee 1n the direction
of ulnar exten 1un

W EAKKESS

Allows a deviatlon of tha hand toward alnar
extension

Flexion power of tho wrist 15 diminished and
the strength of the forcarm promation may be
Alightly diminished

CoXTRACTURE
Wnst flexon toward the mdul sids with
slight pronation of the forearm

Note
The palmaris longus action eannot bo ruled

out in this test
(Sco also noto under Flexor Carpl Ulnariv)
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Fie 20 Flexor Carpt Ulnans

PamieExT
Sitting or supine
FrxaTon

The forearm lLies 1n supination and mav rest
on the table for support or mav be supported
by the examiper

TisT
Flexion of the wnst toward the ulnar mde
Prrestre

Again t the hvpo-thenar eminence in the
direetion of radial extension

WEAKNESsS

Allows a deviation of the hand toward radal
extention

Flexon power of the wnst 13 diminirhed
CoONXTRACTURE

W nst flexaon wath ulnar deviation
NotE

Fingers will normally be 1n a powtion of
pasave extenmon when the wnst 1s flexed
If the fingers actively flex as the wnst flexon

15 attemmpted, the patient shows evidence of
substituting the finger flexors for wrist fexors
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Fi1ag 30 Extensor Carpi Radulis Longus and Brevis

PamExT
Sittmg or supine
Frxation

Tbe forearrn s 1n pronation and mav rest
on the table for support or may be stabilized
by the examner

Test

Extensnion of the wnst toward the mdul mde
Pressune

Agunst the dorsum of the hand along the

second metacarpal bone 1 the direction of
ulnar flexton.
WEAKNESS

Allows a deviation of the hand toward ulnar
flemion
Extension power of the wnat 15 dimunished.

COXTRACTURE
Y\ nst extension with radial deviation

NoTE
(Qee under Extensor Carpt Ulnanis.)



UPPER EXTREMITY AXD SCATULAR MUSCLES 1

Fio 31 Extensor Carps Ulnans

PamiExt
Eatting or supine
Frxamon

The forearm lLes in pronation and mav rest
on the table for support or may be stabihged
by the examuner

TesT
Extenmon of the wnst toward the ulnar mde
Pressune

Agamnst the dorsum of the hand along the

fifth metacarpal bone 1n the dircetion of mdial
flenon

WEAKKESS

Allows a dewiatiop 1n the direction of radl
flesion and dumnishes the atrength of wriat
extension

CoxTrACTURE

Ulnar deviation of the hand with slight
extenmon

NoTE

Fingers will normally be in a pomtion of
pamve flexon when the wnst is extended  If
the fingers actively extend as the wrist extension
18 attempted tbe patent showe evidenco of
substrtuting the extenzor digitorum communs
for the action of the wnst extensors,
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Fia 32 Palmars Longus

Patext

Sitting or supine
Frxatiox

The forearm may rest on the tabls for
support 1n a pomtion of supination
Teat

Flexion of the wrist and tensing of the
palmar fascia by strongly cuppmg the patm of
the hand
PrrssURE

If pressure 18 applied as ilustrated in fig (b)
it may be appled agninst the thenar and

hypothenar eminences 1n the dircction of
flattening the palm of the hand end extending
the wnst In practice preesure 15 not used
and the muscle is not graded axcept as rero
weak or apparently normal

¥ EAXNESS

Lessons the ability to cup the palm of the
hand. Flemon power of the wrst 18 diminshed

CONTRACTURE

Draws tho palm into a cupped poation, and
by exerting a pull on the transverse carpel
ligament tends to approxmate the first and
fifth metacarpals
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Fic 34 Pronator Qusdmtus and Teres

PapesT
Bupme or sithng

Frxamox

The elbow should be held against the patient »
mde or be stabalired by the examuner to avord
shoulder mo+ ement

TesT

Pronation of the forearm with the elbow in
moderates extenmon.
Pressvre

The examiner’s hand 1s placed at the lower

farearm above the wrnst (to avold twwtmg the
wnist) and pressure is apphed mn the dirsction
of supinating the forenrm.
WEAKNESS

Allows A supinated pomtion of the forearm.
Interferes wath many every-day fiinchons of the
srm for example, turning & doorknob using &
knife to cut meats or turning the hand down
ward 1n picking up a cup or other object
COXTRACTORE

ith the forearm 1n & pomtion of pronston
contracture, thers is marked interference with
many ool functions of the hand and arm.
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Fia 3o Pronator Quadratus

PateNT
Supine or sitting

Frxamion

The ¢lbow should be held against the patient s
mde or be stabilized by the exnmner to avad
shoulder movement
TesT

Forearm pronation with the elbow completely

PRESSTRE

The examiver s hand s placed at the lower
forearm above the wrist (to avod twisting the
wnist) and pressure 15 applied in the direction of
sumnating the forearm
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Fi1g 36 Supinators Bicepe and Supinator Brevis
wrnist) and pressure 1s applied in the direction
of pronating the forearm

Frxation

The elbow ghould be held agamst the patient s
mdo or be stabilized by the examiner to avad
shoulder movement

Test
Complete supmnation of the forearm with the

elbow at nght angles

Presavre

The examiner’s hand 18 placed at the lower
forearm above the wnst (to avad twisting the

W EARNESS

Allows the forearm to reman 1n a pronated
poution  Interferes with many functions of
the extremity particulady n the motions
mvolved m feeding oneself

COXTRACTURE
Position of elbow flexion with forearm supna
tlon. Causes & marked interference with func
tions of the extrennty that invelve the change
from supinated to pronated pomtion of the fore

arm.
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Fic 37 Supinator Brevis (tested with biceps ona streteh)

PamExT TesT
Sitting or standing, Supination of the forearm
Frxatio¥ PressvrRE
The examiner holds the shoulder elbow and At the lower end of the forearm above the

wTist 1n extension wnst 1n the direction of promation
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Fia 38 Supinator Brevis (tested with biceps in a poaition of maximum relaxation)

PaTmext TesT
Supine Supination of the forearm
Fxamox Pressune
The cxamner holds the shoulder 1n flexion, At the lower end of the forearm above the

with the elbow completely floxed wrist 1n the direction of pronating the forearm.
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Fro 39 Triceps and Anconens (alternate test)

Pamiext TEsT
Supine Extensmon of the elbow
Frxamox Pressone

The upper arm is supported 1n a position Against the forearm 1n the direction of elbow
perpendicular to the table flemon.
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F1a 40 Tnceps and Anconeus

PamiEnT
Prane

Frxation

The arm 1s at shoulder lovel with the upper
arm supported on the table and the forearm
hanging over the mde of the table One hand
of the examiner may beplncedundertheupper

arm near the elbow to avmd table pressure as
the examiner applies pressurs 1n the test
TesT

Extenson of the elbow
Pressurn

Aganst the forearm, in ths direction of elbow
flexion.
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WEAKNESS

Remults in the mnability to extend the forearm
agninst gravity  Therc 1s nterference with
every-day functions wluch 1 olve elbow exten
slon 1n reaching upward such as turmng on an
averbead bight or reaching toward a hugh shelf
There 18 1o*s of ability to throw objects or push
with the extended elbow If an mdividual
walks with the mid of crutches or a cane his
liandicap 19 increased by the lack of tnceps

CovTRACTURE

Extenmon deformity of the elbow  Marked
mterference with the every-day funetions that
involve elbow flexion

Motz

The tnceps and anconeus act together in the
extenuon of the olhow but the long head of the
triceps has an additional action because it

crosses the shoulder joint From a neuro-
logaeal or arthopedic standpoint 1t may be
neceasan to diffcrentiate botween the action of
the trniceps and the anconeus 1n elbow extension
In a lemon nt the level of the middic or lower
third of the humerus the anconeus branch
(which 18 a long branch from the mid humeral
remon o the antoncus muscle) mav be 1m obved
while the triceps may be unmaffected The
belly of the anconeus muscle 18 below the elbaw
Jont wath the tendon crossing over to the
Iateral epicondyle of the humerus making it
posmble to distingmsh it from the trnceps

Loss of anconeus power matenally reduces the
strength of elbow extension  On early exnminn

tion of o nerve lesion one may find upon
careful analyms that an 80% elbow extension
strength 1s actually the result of normal tneeps
and zero anconeus
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Fia 41 Elbow flaxors with forearm supinated

PaTrEXT

Supine or mtting
Frxamion

Elbow 15 supported by the examiner to keep
table pressure off the pesterior elbow joint
Tear

Elbow flaxion to nght angle with forearm 1n
supination
PrESSURE

Agrinst the lowor forearm in the direction of
extenmon

WEAENESS

Results 1n the wnability to flex the forearm
agunst gravity  There is marked mterfereres
with many every-day functions such as feeding
apeself or combing the hair

CONTRACTURE
Flemion deformity of tha elbow

NoTe

If the biceps and brachialis anticus are very
weak, the patient will pronate the forearm
before he flexes the elbow substituting with
brachio-radialls, pronator teres and wrst flexors.
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Fia 42 Elbow flexors wtth forearm pronated

Ths figure illustrates that the biceps act in
flemion even though the forearm is n pronation.
Since the brachiahs anticus s inserted on the
ulna the position of the forearm whether 1n
supination or pronation does not affect the
action of this muscle in elbow fleon. The

brachio-radialis appears to have a alightly
stronger action in the pronated powtion of the
forearm 1n the elbow flexion test than in the
supioated poation slthough 1ts strongest action
m flexion 1s with the forearm in mud poutien
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Fro 43 Anterior Deltord (sitting)

Pamiext

Sitting
Frxation

If the fixation muscles of the scapula are
weak, the examiner must stabalize the scapula
The examiner should apply counter pressure
against the postenor shoulder mrdle to insure
stability as pressure 13 appled

TEesT

Shoulder abduction 1 the slightly forward
plane with the humerus in slight external
rotatton.  (Elbow 1s flexed to denote tho degres
of shoulder rotation }

The rotation pomtion of the arm i the
anterior deltoid test vanes with the pamtion
of the body In the supme position, the best
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action of the muzcle 1 obtained by internal
rotation pomtion of the shoulder bnnging
about the anatomical action of abduction and
nternal rotation  In the mtting pomtion 1t 18
necesary to externally rotate the shoulder
shghth 1n order to bring out the maximum
action of the antenor deltoid 1n 1ts ant1 gravity
Tunction.

PrEssURE

Apunst, the upper surface of the arm 1o a
downward-shghtly backward direction

In the tests for the deltod (antertor muddle
and posterior) the cxaminer’s hand that 1s
applying pressure 18 licld straight to denote
photographically the direction of premsure
which 1s perpendicular to the palmar surface
of the examuner s hand.
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Fia 44 Antcrlor Deltod (supine)

ParmexT

Supine
Foumox

The traperrus and serratus antenor should
stabrlizs the scapuls in oll the deltoed tests
and 1if these muscles ure weak the examiner
ahould stabilize the scapula
TesT

Bhoulder abduction 1n the pomtion of slight

flaxton and internal rotation with the patient s
hand resting on his chest. One hand of the
examiner is placed under the patient s wrmt to
make sure that he doos not lift the elbow by
reverso action of the wnst cxtensors which
may occur If the patient ia allowed to press the
hand down on the cheat

Presyure

Against the upper surface of the arm just
nbove the elbow 1n the direction of adduction
toward the mde of the body
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Fia 45 \fiddle Deltaid and Supraspinatus

PamieNT

Sitting
Frxamiox

The cxanuner must stabihze the seapula if
the fixation muscles of the scapula are weak.
The pomtion of the trunk in relation to the
arm in this test is such that a stable trunk will
oced no further stabiliration by the examiner

Test

Shoulder abduetion in the mde Line pontion
without rotation (Elbow 1s flexed to denote
the neutrnl po<ition of the arm in relation to
rotation )

PRESSURE

Agninst the upper surfaco of the arm above
the elbow direetly downward in the direction
of adduction toward the side of the body
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Fig 46 Supraspinatus

PuimenT TesT
Sitting or standing, Have the patient attempt to sbduct the
humerus as resistance 1s appled, and palpate
Frxatiov the supraspinatus musele (This test requires

Nane necossary uncd maximum remstance Armmungprasmmmthcrthanpmmmmm
18 not required a held pomtion)
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No cffort 13 made to distingush the supra
pinatus from the deltoid in the strenpth test
or the purpose of grading but this muscle can
 palpated to determine whether or not it is
ctive

Some authonties have indicated that the
upraspinatus is probably responmble for the
irst few degrees of abduction of the humerus
3oth the deltmd and the supraspmatus are
ne-jornt muscles with essentially the same
hrection of pull The euprarpinatus has a
hght ndvantage in leverage but is so much
maller than the deltord that 1ts action m
eginning  abduction is probably no greater
han the deltord

The description and illustratian here indicate
hat the beginming abduction motion 15 advis-
ble 1n testing for the supraspmatus but not
or reazon of 1ts isolated acthon The supm
pinatus must be palpated through the trapsnus
upper and middle fibers) mnce it 15 completely

covered by this muxcle  After a few degrees of
abduction of the humerus the upper trapezmus
enters mto strong fixation action  To palpate
the supraspinatus the trapenius should be as
relaxed as possible  This 13 ace lished by &
position of the head (asillustrated) which places
tho muscle 1 the relaxed pomtion and by
testing before normal upper trapesius fixation
occurs

TWEAKXESS

The tendan of the supraspinatus 1s firmly
attached to the supenor surfaco of the capsule
of the shoulder jount T\ eakmess of the muscls
or a rupture of the tendon decreascs shoulder
joint stabiity allowing the humerus to drop
sbghtly 1n relation to the glenoid

CONTRACTURE

(Sce Posterior Deltod )
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Fia 47 Postenor Deliaid

PamexT

Sitting
Frxamion

The exammer must stabilize the scapula if
tho fixation muscles of the scapula are wesk
The examner should essist i stabiliring the
trunk by fixation against the antenior shoulder
girdle as pressure 1s appled.

TesT

Shoulder abduction in alightly pasterior
plane with the humerus in alght internal
rotation Though the anatomieal action of the
postenior deltord 15 abduction and slight external
rotation, 1t is necessary to place the humerus in
slight internzl rotation mn the erect mtting
poeition to obtain maxmum action 1n its anti
gravity function  Tested in the prone positian
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the arm should be placed 1n abduction and
external rotatfon  If the sitting pomtion wero
modified so that the body mehined diagonally
forward the test then would e to place the
homerus 1 a honzontal abduction pomtion
In relation to the shoulder jomt this would
reprerent & pomtion of abduction and external
rotation (The same modifieation could be
apphed to the antenor deltoid by mchnng the
body diagonally backward but such trunk
positions aro unatable eo not recommended )

WEARNESs OF DELTOID AND SUPRARPINATUB
As A WHoLY
Results in the mnabibity to Lft the arm mn
alduction against gravity  In thoe presence of

deltoid weakness if the arm remains unsup-
ported in a hanging pomtion the humerus
tends to subluxate downward The capsule of
the shoulder joint permits almest an inch of
separation of the head of the humerus from the
glenoid fossa  In cames of axllary nervomnyolve
ment 1n which the deltad is weah while the
supraspmatus Is not affected the relaxation of
the jornt 18 not as marked but tends to progreas
if the deltord strength does not return

SHORTNENS AXD CONTRACTURE

Rarely scen  Some Erbs palsy cases tend to
develop musclo tightness if the arm remains
splinted 1 abduction for too long a penod
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Fia 48 Coraco-brachialia

PatExT

Sitting or supine
FrxaTioN

If tho tnmk 1s stablo no fixation by the
examiner 18 necessary
TEsT

Shoulder flemon with the elbow completely
flexed the humerus in slight external rotation,
and forearm supinated
PrrssvRe

Against the antero-medial surface of the
lower end of the humerus m a downward
ehightly outward direction

W EAXNESS

Dimimshes the strength of shoulder flexion
partreularly 1n movements of the arm which
nvolve flemon of the shoulder with the elbow
flexed (2 far example 1n combing the hair)

SnorTNESS

When this muscle shortens as a result of
vanous occupational causes the coracoud proc
a3 of the acapula 19 depressed forward when the
arm is dropped down at the mde  Such muscle
tightness is an 1mportant contnbutmg factor
1n many cases of arm pamn.  (Ses also Pectorals
Minor }
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Fia 40 Pectorals Mmor

PATIENT

Supine
Frxamiox

None by the examner unless the abdomunal
murcles are weakh in which case the rib-cage
on the same mde shoukd be held firmly down
Test

Forward thrust of the shoulder with the arm
at the sdde (The paticnt must eyert no
downward pressure on the hand to foree the
shoulder forward }

PressURE

Amainst the antenor aspect of the shoulder
downward prersure 1n the direction of the table
(The serratus antenor superior asmsts the
pectorais minor In depresung the scapula
forward )

WEAKNESS

The strength of backward extenmon of the
humerue is dependent upon fitation of the

scapula by the thomboids and levator scapulae
posteriorly and the pectoralis minor anterorly
With weakness of tho munor the strength of
2rm extensfon 15 dinunished

With the scapula stablo 11t a position of good
alignment the pectoralis minor acts as en
accessory muscle of nspiration W eakness of
this muscle will increase respimtory difficulty
in patients already suffenng from involvement
of reapiratory muscles

CoXTRACTURE

With the ongn of tius musele on the nba
and the insertion on the coracotd process of the
scapula a contracture of this muscle tends to
depress the coracotd procesa of the scapula
forward and downward Such muscle contrac
ture 15 gn jmportant contnbuting factor in
mam cases of armo pain - With the cords of the
braelual plexus and the axillary blood veseels
Iytng between the coracoid procees and Hb-cage
the contracture of tho peetoralis munor produces
Anympingement on theee larze veecelsand netves
productng a  Coracold Prismuire Svndrome
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Fia 50 Pectoralis VMajor clavicular partion

Parmexr TesT
Bupme Horisontal adduction of the humerus toward
the sternal end of the claviels with the humerus
Freamox 1n alight internal rotation

The examiner holds the oppomte shoulder
firmly on the table (The triceps maintain the
elbow in extenmon }
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Pressunre

With the elbow extended agninst the foro
arm in an outward and sightly downward
direction

WEAKRXESS

Lessens the abilty to draw the arm in
horizontal adduction across the chest making it
difficult to touch the hand to the oppomte

shoulder Deccreascs strength of shoulder flex
10n and internal rotation

SHORTVESS

The rango of motion in honzontal abduction
and external rotation of the shoulder 1a do-
creased  As the humerus 1s drawn into a
forward shoulder pamition the seapula 15 ab-
dueted from the spine
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F1a 51 Pectoralis Major sternal portion

PamexT

Supine
FrxaTiox

The examiner places one hand on oppotite
1hae erest to hold pelvis firmly on the table
(In enses of abdominal weakness fixation must

be applied to the thorax) (The triceps main
tams the elbow 1n extenmon )

TesT

With the elbow extended oblique adduction
of the arm toward the opposite thine crest
PremsURE

Agunst the forearm 1n an upward-outward
durection.
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\VEARNESS

Lewscns the strength of shoulder internal
rotation and oblique adduction (toward the
opposite lup) There 18 a loss of contimwty
of the mue<le pull from the pectorahs to
external obhique and internal oblique on the
opposite mde with tho result that chopping or
atnling movements are difficult

SHORTVESS

The humerus 13 dmwn 1nto an internally
rotated and a forward-shoulder position with
resultant abduction of the scapula and de
pressed postion of the chest There 1 a
forward depresuon of the shoulder girdle by the
pull of the pectoralis major on the humerus
which often accompantes the pull of & tight
pectoralis minor on the acapula  The range of
motion of arm extenmon overbead is Limted
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Fia 52 bHhoulder external rotators

PatExT
Prone

Frxamon

The upper arm rests on the table The
exammer places one hand under the arm near
the elbow and stalhises the humerus. He
insures o rolation action by preventing addue
tion or abduction motion  His hand cushions
agrinst the table premsuro This test requires
strong fomtion by the ecapular muscles particu
Iarly the muddle and lower trapemus
Teat

External rotation of the humerus (with the
elbow flexed at nght angle)

PRESSURE

Using the forearm as a lever pressurc 1
applied 1n the direction of internally rotating
the humerus

Note

For the purpose of objectively grading a weak
external rotator group and for palpation of
the rotator muscles, this test is preferred over
the teres minor and infraspinatus test 1n supine
postion which follows. For action of the two
above rotators without much amdstance from
the posterior deltoid and without the necesmty
of maximal traperus fixation the test in supine
position 1s preferred
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F1ra 53 Teres \Linor and Infraspnatus

Paniext
Suplne
FruaTion

Counter pressure 15 applied by the exanuner
againat the inner aspect of the distal end of the
humerus in order to 1nsure a rotation motion

Test

Fxternal rotation of the bumerus (with the
clbow flexed to a nght angle)

Prusevne

Usng the forcarm as a lever pressure 18

applied mn the direction of internally rotating the
hurerus

WEAKKESS

The humerus assumes a powntion of inturnsl
rotation Interferes with extornal rotation
particularly 1n arm movements which require
externsl rotation mn anti-gravity pomtions

SrorTvEss 08 CONTRACTURE

Rarely scen  Some Erbs palsy cases appear
to develop such tightness from pesstion in
statue-of liberty splnt.
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Fia 54 Shoulder internal rotators

PaTiexT

Prone
Fxamion

The upper arm 1» resting on the table The
exarmner places one hand under the arm near
the elbow and stabilwes the humerus He
insures & rotation action by preventmg adduc
tion or abduction motion. His hand cushions
agnnst the table pressure
Tesr

Internal rotation of the humerus (with the
elbow flexed to a nght angle)

PEESSURE

Using the forearm as a lever pressuro is
applied in the direction of externally rotating
the humerus

Note

For the purposo of objestvely gracing &
weak mternal rotator group thmthctas:lm ﬁr
prone pomtion 1s prefered over ternate
test 1n supme pomtlon (See next figure.)
For manmum strength test, the alternate test
is preferred because less scapular fixation 13
required
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Fio 55 Shoulder internal rotators (alternate test)

PaesT
Supine
Fixamon

Counter pressure 1s appled by the exammer
apainst the outer aspect of the distal end of the
humerus in order to insure a rotation motion

TesT

Internal rotation of the humerus with arm
at the mde (and the elbow flexed to a nght
angle)
Presatre

Unpg the forearm as a lever pressure 1

applied 1n the direction of externally rotating
the humerus

W EAKNESS

In as much as the internal rotators aro also
the strong adductors the ability to perform
both internal rotation and adduction 1s
decreared

SnorTESS
(8ee figures 57b and 58 )
N\ote
Chuef muscles acting 1n this shoulder internal

rotation test are latimmus dorsi pectorahs
major subscapulans teres major
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Fra 50 Latieamus Darm

Pamest
Prone

Frxartion

None necessary
TEesT

Adduction of the arm, with extension m the
internelly rotated postion.
Pressure

Agninst the forearm, i the direction of
abductron and slight flexion of the arm.
TWEAKXESS

(In relation to trunk, see p 216 )
Weakness of the latrwmus doram mnterferes

with many activaties which involve adduction
of the arm toward the body or the body toward
the arm. This muscle 1 extremely important
1 relation to movements such as chmbing,
walking w1th crutches or howsting the body up
on paralle] bars 1o which the muscles act to
Wft the body toward the fixed arm. Foreeful
arn movements in swimmung rowimng aod
chopping are largely dependent an the strepgth
of this muscle

All edductors and internal rotators function
1 these strong movements but the latismmus
is probably of major importance

SHORTXESS

Results i s lmtation of arm extenson
overhead Tends to depress the shoulder
down and forward
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Fio o7 Test for ightness of shoulder adductors and internal rotators

(n) With no shortneas in shoulder adductors
and internal rotators the sliculder joint can be
completelv extended mn the overhead position
The abecnce of pectoralis punor tightners 1s
denoted by the fact that the postenor shoulder
mrdle liea flat aganst the table

(b) The presence of tightness m the latrs-
mmus dorm pectoralis major and pectornhs
nunor 18 obrous in thus subjeet  The ehoulder

jont 19 1ncompletely extended vverhead and
the posterior shoulder gmrdle docs not lie flat
againat the table The influenco of pectaralic
mnor tightness on shoulder joint extension
overhead mav be demonstrated by having s
flertble subject bold the shoulder gmrdlo in the
position of the pectorabis minor test amd then
having the examuner attempt to take tho arm
mto overhead po~ition.
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L £ e el .
F1e 58 Effect on posture of shortness in adductars and mternal rotntors of the shoulder jont

With shortness of shoulder adductors and body as they do in & pormal easy posture. The
internal rotators the arms hang at the mdes in overdevelopment of these muscles is quite
an intemnally rotated poution The palms of frequently seen in athletic individusls
the hands face backward, wstead of toward the
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Fra 59 Upper Trapeztus

PaniesT

Batting
Freation

\ane necessiry
Test

Elevation of the acromual end of the clavicle
and extension of the head toward the elevated
shoulder with the face rotated in the opposite
direction

PRERSURE

\pamnst the elevation of the shoulder and
the postero-latem) neck extennion

W EAKXESS

lemens the alality t{o apprommate the
acromial end of the scapula toward the oceiput

or the oceiput toward the shoulder  Interferes

with abduction or flexion of the humerus above
shoulder Jevel. (Sce p 128 for weakness of
entire trapezius )

SuoRTVESS

Results 10 a poution of elevation of the
thoukder girdle (commonly seen in prize fight
ers) In a faulty potture with forward bead
and kvphous the upper traperius muscles
are thort and tense
CoxrTracTURE

Frequently seen 1n torticolls cases The
keft upper tmpenus is usually contracted
along with a contracture of the left sterno-
cleido-mantaid and scalee  (The splenius on
the oppoeite side posteriorly 1s contracted )
In a left torticollts the face 15 rotated toward
the night and the bead 15 hited toward the left

Thus a left tarticolls produces a right cervienl
scolioais
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Fio 60 \iddle Trapenun

Pamiext

Prone
Fraarion

Nape necessary on the part of the examiner
but the elbow extensors and the shoulder
muscles  particularly the posteror deltod,
teres minor and infraspinatus must give the
necepsary fixation to use the arm as a lover
TesT

Adduction of the scapula with the infenor
angle rotated shightly forward To obtan thia

pomition of the scapula and to obtain levenpe
for pressure 1n the test the arm 1s placed in
hontontal abduction with the elbow extended
and the shoulder :n external rotation (as
denoted by the pomtion of the hand with the
palm fecang upward toward the head)

Presapne

Agranst the foreamy, 1n s downward direction
toward the table [If the posterior shoulder
musclos are weak, the arm 1s dropped over the
mde of the table]
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Fia 61 Error m terting ;mddle traperms

If a pomtion of internal rotation of the
humerus and elevation of the meapula is per
mitted m testing for the muddle trapezius it
ceascs 10 be a trapenus test  As seen i this
lustration when the ecapula ndes upward 1t 1
adducted by rhomboid action rather than by

middle trapezius action The distinction of
muscle actions as seen 1n companng this and
the preceding illustration 15 an example of what
is meant by obtainlng the specific metion
which a muscle 13 the pnme mover
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Fia 620 Lower Trapenus

PatExT

Prane
Frxarrox

None 18 necessary on the part of the cxaminer
but the elbow extensors and shoulder muscles
particularly posterior deltodd must gve the
neceseary fixation to use the arm as a lever in
this test

Test

Adduction and depresston of the scapula with
tho mfenor angle rotated forward To obtain
this pomtion of the scapula and to obtam
loverage for the pressure in the test thepatient s

arm 18 placed 1n diagonal extenmon overbead
with the shoulder externally rotated (as denoted
by the postion of the hand)

PRCASURE

Agninst the forearm, in & downward directron
toward the table [If the postenar deltod is
weak the arm 1s not extended overhead but Is
dropped over the sdo of the table with shoulder
externally rotated The scapuls is placed 10
the test position (that s adduction and depres-
mon) Pressure 18 appled against the scapuls
itsell in an upward-outward direstion.]
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Fia 62b Lower Trapexius

The degree of abduction of the humerus in
tho test of the lower trapeziua s deterrmned by
the line of pull of the muscls fibers as denoted
1 the accompanying illustration

W eaxxess (Lower and \iddle)

The ecapula tends to nde upward and
outward permutting a forward shoukder position
The resultant faulty position of the shoulder is

a contnbuting factor in some canca of arm pain
Upper back pain frequently results from a
stretch weakness and fatigue of the middle and
lower tmpezius  Weakness interferes with
abduection or flexion of the humerus above
shoulder level

CovTrACTURE
Rarely =een
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Fia 63 Rhombods Vajor and Minor and Levator Angul Seapulae

PaTment

Prone
Frxamion

Nomo 15 necessary on the part of the examiner
but 1t 1 essumed that the adductors of the
shoulder foint have been tested and found to be
strong enough to hold in umng the arm for
Jeverage in this tost
TresT

Adduction and elevation of the scapula with
backward rotation of the infertor angle To
obtarmn this posmition of the scapula and to

obtan loverage for pressure in the test the
arm 18 placed 1n the positton as ilustrated
The humerus 15 adducted toward the mde of
the body externally rotated and slghtly
extended mth the elbow flexed

PREssURR

The examiner apphes pressure with ono
hand against the patient s arm i the direction
of abducting the vartebral barder of the seapuls
from the spine and against the patrents
shoulder with the other hand 10 the direction of
derotation (to rotate the infenor angle outward)
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NotE

(f the rehoulder mueclex aro weak the
emmier places the seapula 1n the test pomition
and attempts to derotate tho ecapula with
autward-downward pressure ) Like the trape-
mmus the rhombotds do not act direetls on the
arm but as pressure 18 applied against the
arm m teat poaition they stahilize the seapula
In that hne of pull The lnticamus dorst mav
stronglv adduct the arm but has httle mnfluence
on the scapula so the fixation of the seapula
st be observed and not merehy the ability to
adduct the arm

WEAKNESS

The scapuln abducts and the infenor angle
rotates outward The strength of adduction
and extension of the humerus 1s diminished by
loss of rhombod fimtion of the scapula
Ordinary function of the arm 13 affected less by
loss of rhomboids than by loss of esther tmpezrus
or serratus anterior
CONTRACTURE

The scapula 13 drewn mto a pamtion of
adduction and elevation  Contracture tends to
accompany paralyms or weakness of serratus
antenor
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F16 64. Teres Major

Frxamow

Usually none 15 necessary becanse the woight
of the trunk 1s sufficient fixation  If necossary
the opposite shoulder may bo bald down.
Trsr

Extenwon and adduction of the humerus m
the internally rotated pomtion with the hand
resting on the postenor iliac crest.
Pressure

Agrinst the arm above the elbow 1n a down
ward outward direction
Note

The patient should not be permutted to thrust

the shoulder down and forward to bnng 1n
latisamus on thus teat

WEAKNEDS
Duminishes the strength of internal rotation
and backward extensmon of the humerns

SHORTXESS

Prevents full range of external rotation and
abduction of the humerus. With tight teres
major the acapula will begin to rotate forward
almost stmultaneously with abduction. Scapu
lar ts which y shoulder
abduction are influenced by the degree of
muscle shortnoms of the teres major (and
subscapulans) Normal vanations mn soapular
motion are closely related to the normal
(acquired) veriztzons 1n length of these muscies.
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Fia 05 Ecrmatun Anterior (standing)

Pamiext
Standmng
Frxamox
None neceesany
Test
\bduction of the scapulae  Standing faciog
a wall the patient places hus hands agarnst the

wall at thoulder level or slightly above wath

elbows straight and pushes hard aguinst the
wall

Pressure

The weight of the upper trunk acts as
resstance in this test movement  The seapulae
are the fixed pants and the serratuy 1s called
on to act 1n such a way that the chest 1s drawn
backward toward the seapulae  (The scapula
12 pulled forward toward the rib cage in 8
forward thrust of the arm deseribed in the
test below }

WEAKNESS AXD CoNTRACTURE
(See senien of 1ustrations followiny tho tests )
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Fio 66 Serratus Antenor (supine)

PatrENT

Supine
Frxation

\one necessury unless the shoulder or elbow
muscles are weal, in wluch case the exuminer
will support the arm in the perpendicular
position as the patient shoves 1t upward
Test

Abduction of the scapula in a forward thrust

of the arm.  Patient m supine and the arm 18
held 1n a pontion perpendicular to the body
and shoved upward  The abducted position of
the scapula 15 held against the examiner’s
pressure

PREASURE
Agaimnst the patient s fist m the downward
direction toward the table
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Fie 07 “crmtus Antenor {mtting)

PameNT

Sautting
FixaTion

None should be necersary by the examuner
of the trunk 1 stable but the flexors of the
ghoulder muet be atrong to use the arm as a
lever in this test
Trar

Forwnrd flemion of the humerus in the
poation of approumately 120 degrees flexon
Presetne

\runst the apper arm in a downward

direetion, and againet the reapula in a backward
direction

N\ote

Three tests have been outlined for the sermtus
because 1t 19 often neceewary and adviwable to
emplov more than one test to get an accurate
check on this muecle The first (in standing)
1 a strenuous test and wall usually only differ
entiate between normal and weah  As<ocinted
muscle involvements will determine which of
the other two tests 1 the more ratiafactory in
determimng the degree of eerratus weakneas
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Fi1o 08a. Paralysis nght Serratus Anterror

Figure (a) 1llustrates the winging of the scapula as seen dunng the
test movement 1n pamlysis of the serratus anterior
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\ VR,
Fia. 6Sh Pamalvn

Figure (b} shows the extent of arm ruiang
overhead that 1s accomplished by this patient

Ths particular patient was able to rase the
arm overhead becauwe the strength of the
trapenu wa  eufficrent to compensate for the
alrence of ecrmatus power However she
thowed mpns of fatigue and decrease 1 the
ability 1o ruse the arm when the movement was
repeated five or sy tumes

NS |

neht Sermata Antenor

When the trapenus is not strong enough to
rotate the scapula wathout sermatus as itance
the patrent will not be able to raise the arm
overhead

Since there 13 such a wide range of vanation
1 traperius strength m non-paralytie individ
uals (see p 15) there will be vanations 1n the
abilits to ralse the arm 1n cases of isolated
serratos palsy
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Fia 092 Paralyms nght Trapezius and Serratus Anterior

Figure (a) ahows the inability of the patient to miso the arm over
bead when both the serratus anterior and the trapemus are weah Ths
degreo of winging cut of the scapuls from the rfb cage makes 1t appear
as if the rhombotds were also weak.
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Fia 69b Faralveis right Trapenus and Serratus Antenor

Figuro (b) demonstrates on this same paticnt the strength of the
thombords 1n addueting and stabiliung the scapula
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F1e 70 Paosture of the ahoulder 1n paralyms of nght Trapenus and Serratus Antener

Thua higure shows the faulty pomtion of the scapula
that results from parnlyms of both trapexius and serratus anterior
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Fra 71 Mild Rerratu weakne<«

Tho accompanying lustration shows the
posture of the shoulders as secn in cases of ould
rerratuy weakness  There s slght winmng
of tbe meapula Tho individual may not be
aware of any functional disability but may

complain of fatigue in the regron of the trapexius
f requred to do much lifting with the arms
The tmpenus 15 forced to compensate for the
scrratus weakness in scapular rotation



CHAPTER IV
LOWER EXTREMITY MUSCLES

Fig 72 Flexor Hallucls Longus

PatExNT
Bupine or mtting

Frxamion

The examiner stabilires the metatarso-pha
angeal joint in neutral pomtion and maintains
a neutral position of the foot and ankle *
Test

Flexion of the distal phalanx of the hig toe

Preasure

Agamst the plantar surface of the distal
phalanx in the direction of extenmon.

*Note
Since the flexor longus hallucis 18 a long musale
passing over the ankle jant the foot and ankle

must be mamntamed m & neutrsl position.
Extreme plantar flemon will restnct the test

movement by the tenmon of oppoung toe
extensors and plantar flemon and invermon will
relax the muscle so that it cannot exert its
strongest pull In this test movement If the
flexor hallucls brevis 1s very strong and the
flexor hallucs longus weal, the power mn the
longus cannot be accurately determuned unless
the metatarso-phalangeal jownt 15 held by the
examiner in a neutral or shghtly extended
position,
TWEAKNESS

In weight-beanng a weaknems permits s
tendency toward pronation of the foot because
the medial stability provided by this muscle
is lost A weakness causes tendency towards
what 1 commonly called s gastrocoermus
hmp and interferes with rdsing on toes

CoNTRACTURE
Hammer-toe positton of big toe
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Fia 73 Flexor Halluczs Brevis

PatesT

Supine or mtting
Fraamon

The examiner supports the foot promimal
to the metatarso-phalangeal joint arnd main
tains e neutral position of the foot and anklo
(Plantar flaxion of the foot may cause restriction
of the test movement by the tenwon of the
opposing long toc-cxtensor muscles )
TEsT

Flexion of the proximal phalanx of the big toe
PressurRE

Agunat the plantar surface of the proximal
phalanx in the direction of extendon.
Note

When the fiexor hallucis longus is paralyzed

and the brevis is active tho action of the brevis
19 clear because the too flexes et the prammal
jomnt without any flexion of the distal jount
When the floxor hallums brovis 18 paralyzed
and the longus is active, hyperextenmon occurs
at the metatarso-phalangeal joint and the
distal joint flexes creating a hammer toe
position

W EARNERS

Allows hammer too position of big too
Lessens atabihty of the longptudinal arch

CONTRACTURE

Causes restniction of dorsi fleion of the
big toe  The prommal phelanx is flexed
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Fra 74 Flexor Dipitarum Longus
and ankle must be maintamned in neutral

PaTrEXT

Supine or mtting (In the presence of
gastrocnemius  tightness the kmee should be
flexed to permut & neutral pomtion of the foot )
Frxamion

The exariner stabilizes the middle phalanges
and mamtans a neutral pomtion* of the foot
and ankle
Test

Flexian of the distal phalanges of the sscond
third fourth end fifth digits
Pressure

Agminst the plantar surface of the distal
phalanges of the four toes in the direction of
extenmon.
*Note

Since the flexor drmtorum longus 1s a long
muscle pasung over the ankle jont the foot

postion for the test Plantar flexion and
wmvermon will place a tenson on opposmng long
extensors, thereby restricting toe flexion or
even 1n the absence of such opposing tenmon
the pomition relaxes the muacle being tested to
such an extent that 1t eannot exert its strongest
pull 1n the test.

The flaxor digitorum 1s asmsted by the
quadratus plantao

WEAKNERS

In weight-bearing weakness permuts a tend
ency toward pronation of the foot due to loss of
medial stability at the enkle inclines toward
what 18 ly called a gastr Lmp
and interferes with the movement of nang
an toes

CONTRACTURE

Flmon deformuty of distal phalanges of four
onter toes with restnction of domm-flexion and
evermon of foot
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Fia 75 Flexor Digitorum Brevis

PameNT

Sypine or mtting
FrxaTtiov

The cxaminer stabilizes tho proxmel pha
langes and mamtams a neutral position of the
foot and ankle (Plantar fiemon of the foot
may eaure reetnction of the test movement by
tension of the opposng long extensor muscles.)
If the gastrocnemrus and soleus are paralyzed
the exnminer must stabilize tho os calels which
is tho posnt of orimn duning the toe flexor test.
TesT

Flexion of the middle phalanx of the second
third fourth and fifth digits
PRESSURE

Apmuinst the plantar surface of the nuddle

phalanx of the four toes in the direction of
extension

NoTE

When the flexor digitorum longus 18 para
lyzed and tho brevis 19 actine tho toes flex at
the muddle phalanx while the distal phalanx
remains extended

WEAKNESS

The muscular support of the longitudinal and
transverse arches is diminished

CoxTRACTURE

Restriction of dorm flexion of the toes Tho
middle phelanges flex and there is a tendeney
toward a cavus if the gastroc-soleus is weak
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Fia 76 Lumbricales

PaTrenT
Supine or mtiing
Frxamiox

Examuner stabilizes the mid tarsal region and
mamtains & neutral pomtion of the foot and
ankle

Test

Flemon of tho metatarso-phalangeal jonts of
the 2nd 3rd 4th and 5th digits

Prrsasure

Agrinst the plantar surface of the promma
phalangee of the four outer tocs

Weaxness

When the lumbricales are weak and the
flaxor digatorum longus 1s active hyperextension
occurs at the metatarso-phalangeal joints.
The distal jounts flex cousing & hommer toe
pomtion of the four lateral toes. Support of
the anterior arch Is decreased
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Fra 77 Toc Extensors and Lumbricales

Pampxr
Supino or mtting
Frxamiox

Tho examuner rtabilizes the metatarso-pha
langeal jonts 1n the neutral position

Tear

Extension of tho inter phalangeal jolnts of
the four outer tocs

Pressure

Agtunst the dorsal surface of the dustal
phalanges 1n the direction of plantar flexion

Note
Testing the strength of distal joint extonsors

is Important in understanding the imbalance
which lends iteelf to a hammer too condition

WEAKNESS
(See Lumbricales )
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Fia 78a. Extensor Digitarum Longus and Brevis

Fig (n) Muscle test
PaTEXT
Supine or mthng

Frxatiox

The examiner stabilizes the foot in neutral
position (Plantar flemon of the ankle will
put tension on the long extensor and dorsal

flexion will relax the lang extensar thereby
influencing the test t)

Tret
Extenmon of all jaints of the second thrd
fourth and fifth digits
PressUrRE
Agninst the doreal surface of the toes in the
direction of plantar flexion
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Fig (b) lipe drawing of extensor digitorum
brevis (Including first slip extenror haliues
brevi)) and tendons of cxtenror digtorum
longus

Notz

Sinee the brevia fuses with the tendon of the
longus to the accond third and fourth dimte
the brevis as well as the longue wil extend all
Jonts of these toee

In the abwence of a longus 2 strong brevis wmill
cxtend the metatarmo-phalangeal jomnt of the
first toe and extend all the joints of the recond
tlurd amd fourth toes without any action on the
fifth  To differentiate between the longus and
Trevic alwave look for and palpate the tendon
of the longus and the belly of the Lrevis and
{n to deteet the differences 1n moverent

W EAKNESS

Allows  tendency toward drop-foot and
anterior foot varus Diminishes atrength of
dorm flexdon and evermon of foot

The long arch of the foot is supported pr
manly by the plantar ligaments and muscles
But it 19 altogether pasvible that the too
extensora gy e secondan support on the dorsum
of the foot at the metatarso-phalangenl joint
The weakness of toe extensors that accompanes
man flat foot cases is an interesting feature in
relation to the collapse of the long arch

CoNTRACTURE

Poution of everron and domm flexon of the
foot
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Fia 79 Extensor Hallums Longus and Brevis

PaTieer
Sapine or mttmg
Froxarion

The examuner stabilires the foot 1n neutral
postion  (Plantar flexon of the ankle will put
too much tenmon on the long extensor muscle
and dorml flexion will relax the long extensor
thereby influencing the test movement )

Test
Extenmon of the big toe

PREASURE

Agunst the dm-mlﬁzur{nce of the distal and
proimal phalanges” of the big toe 1n the
direction of plantar flemon

WECAENESS

Allows the big toe to be 1n position of plantar
flamon  VMay cause a tendency toward drop-
foot

CONTEACTURE
Do flexion of the big toe with the head of
the first metatarsal dnven downward

Notn

The absence of an extensor halluas brevis
(first shp of the extensar digitorum brevis)
cannot be determned accurately 1n the presence
of & strong extensor hallucts longus  Howsver
in the absence of the longus the action of the
brevis 13 clear The distal phalanx does not
extend aod the prommal phalanx extends
(i.e dorm-flexes) m the direction of adduction
(toward the md-line of the foot)



LOWER EXTREMITY MUBCLES 141

Fia 80 Abductor Halluas

Purrext

Supine or mtting
Foutiox

The examimner grps the heel firmly
Test

If posxible abduction of the big toe but this
13 difficult for the average individual and the
action may be demonstrated by having the
Patient pull the forefoot inward (in the direction
of inflare) against pressure by the examiner
Pressune

Agminst the inner side of the first metatarsal

and prommal phalanx The mustle ean be
palpated and often acen along the medial
barder of tho foot

WeAxKESss

Allows antenor foot valgus (or out flare)
hallux valgus and medial dreplacement of the
scaphord

CONTRACTURE

Pulls the foot into sntenor foot varus
(inflare), with the big toe abducted (from the
mdline of the foot)
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Fie 81 Tiblalis Anticus

PatrexT

Supwne ar eittmg (with knee flexed if any
gastrocnemuus tightness 1s present)
FoxaTion

The examner supports the lower leg just
above the ankle jont
Test

Inversion of the foot with dorm flemon of the
anlle (foot diagonally up and in) without
extension of the big toe
PRESSUHRE

Against the medml side dorsal surface of the
foot 1n a downward-outward direction

WreAKNESS

Drop-foot with evermon =znd a tendency
toward eollapse of the langitudinal arch as
amocuated with a pronated foot

CORTRACTURE
Caleaneo-varus position of the foot

Norr

Though antenor tibdal weakness 15 found in
conjunction with a pronated foot such weakness
is seldom found in & congemtal flat foot
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Fic 62 Peroneus Tertius

JUN A

Supine or mtung

Frxamox

The examuner supports the lower leg above
the ankle jount

Test

Dorsi fexion of the ankle with ever«ion of the
foot (foot up and out)

PrrssurRe

\mainst the lateral sde dorml surface of the
foot in a downward-inward direction
Note

The extensor dimtorum longus asmsts the
tertius 1n this test but the pressure must be
carefully applied against the pull of the tertius
rather than against the toe extenwion motion

WEARNERS

Contributes toward a drop-foot 1n the direc
tion of plantar flexion and inversion
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F1a 83 Peroneus Longus and Brevis

PimieNT

Supwe with leg mternally rotated or mde-
Iving (on opposite mde)
Frxation

The examner supports the lower leg above
the ankle jornt
TesT

Evermon of the foot with plantar flexion of
the ankle (foot diagonally down and oat)
Pressure

Agamst the lateral border and sole of the
foot m the direcion of dors fledon and
inversion
NoTe

When the peroneus longus pulls strongly the

pull comen from the head of the first metatarsal
caumng strong evermon of the sole of the foot
with the head of the first metatarsal pulled
downward. The peroneus brevis hes a strong
pull in abduction of the foot but much less than
the longus in everslon of the sole of the foot

WEeAKNESS
Allows & varus pamtion of the foot inflare
of the forefoot and Jessens the ability to rse on

toes
Lateral stabiity of the ankle is decreased.

CovrracTure or TaE Loxaus

Valgus or pronsted position of the foot with
the head of the first metatarsal pulled downward
in non welght-bearing or the forefoot drawn
into out-flare m weight-bearing positions
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Fic 84 Tibals Posticus

Pament
Supine with leg in external rotation
Frxamon

The cxaminer supports tho lower leg above
the avkle joint

Test

Inrvermon of the foot with plantar flexion of
the ankle {foot diagonally down and in)
PRESSURE

Apamst the medial side and plantar surface

of the foot in tho direction of doral flexion of
the ankle and cversion of the sole of the foot

Notr

Tf the flexor hallueix longus and flexor

dimtorum longus aro being substituted for the
tibinhs postenor the toes will be strongly
flexed as pressure is applied

| EAKNESS

Prouation of the foot collapse of the lonm
tudinal arch forcfoot valgus Inchnes toward
what s commoniv ecalled a gastrocnemius

limp and mterferes with the abiity to rse
on toes

CONTRACTURE

Lquno-varus position 1n non welght-beanng
apd a supinated pomtion of the heel with
antenor foot varus in weight-bearing
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Fic 85 Soleus
Parmexr Test
Prone with the knee flexed B0 degrees or more Plantar fiexion of the ankle (without inver
son or eversion of the foot)
Frxumiox PressuRe
The examiner supports the lower leg prommal Agamnst the os calcs (as ilustruted) in the

to the ankle direction of pulling the hesl plantarward
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NoTE

Invermon of the foot ehows substitution of
tibiias posticus and toe flexors Evermon
thows substitution of peroneals Extenmon
of the knee 18 evidence of attempting to asast
with gastrocnemius (that 18 the gastrocneomus
being, thrown qut by knee flemon the patient
will attempt to extend the knes 1n order to
bnng it into action)

W EAKXEBS

Permits a caleancous position of the foot and
predisposes toward a cavus  Inability to rise
on toes Permits a forward displacement of
body wesght mn standing  With the foot as a
fixed pownt 1n standing the insertion of the
soleus muscle on the os calais becomes the
fixed pomnt for action of this musclo 10 mam
taiung normal abignment of the lower leg 1n
relation to the foot Tho deviation that results
from weakpess of the eoleus may appear as a
shight knee flenion fault 1n postore but moro

often results 1n an antenor dwsplacement of the
body weight from the pormal plumb-lme dis-
tribution (as seen when the plumb-line is hung
shightly anterjor to the outer malkolus) (Sce
fig 88)

A non paralytic infury tvpe of weaknesamay
result from sudden traumn as 1n landing from o
jump 1n position of ankle and knee flexion or
gradual trauma from repeated deep-knee bend
ing The gastrocnemuus escapes tho streteh
becauso of the kneo flaion

CONTRACTURE

Equnus poaition of the foot 1n weight bearng
and non weight beanng

SHOETYESS

A tendency toward hyperextenmon of the
knce in the standing postion The tightness
is compensated for in walking by toeing out so
that weight 13 transferred from postero-lateral
heel to antero-roedial forefoot



148 MUBCLES TESTING AND FUN\CTIO\

Fre 86. Gastrocnermu

Pamexr

Prone with Lknee extended, and the foot
projecting over the end of the table.
Frxatiox

The weight of tbe extreruty resting on a
firm table should be sufficient fixation of the
part
Test

Plantar flexion of the foot with emphanis on
pulling the heel upward more than pushing the
forefoot downward (This test movement does

not attempt to 1solate the gastrocnemus action
from other plantar flexors but the presence or

absence of & gastrocnemmus can be readly
determmed by eareful obeervation during the

test )

PRESsSURE

For maxumum pressure In this position
is necessary to apply pressure againmat the fore-
foot as well as against the o3 calels If the
murcle 15 weak, pressure sgunst the os calcls
ts suffident.
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The gastrocnemius can usually bo reen and
can alwavs be palpated if it in contracting
dunng the plantar fiexon test  Movements
of the toes and forefoot should bo earcfully
obeerved during the test to deteet mibstitutions
The patient may be able to plantar flex the
antenor part of the foot by toe flexors tibialls
posticus and peroneals without a direet upward
pull on tho heel by the tendo Achillim 17 the
gastroencmuus nnd soleus are weah  the hieel will
be ‘pudwed up secondary to plantar flexion of
11 antenior part of the foot mther than pulled
up mmultanrously with the plantar flexion
of the forcpart of tle foot If pressure is
applied to the hecl mther than to the ball
of the foot 3t 1s posuble to iaclate partially
the comlmed action of the gnstrocncmius
and #olcus from the other plantar flexors
{Movement of the foot toward evermon or
invermon will show imbalanco in oppodng
latcral muscles amdd i pronounced, will show
an attempt to substitute tho peroncals or
tiblahs posticus for the gmstroenomius and
aoleus)

Action of the pastrocnemuus often ean be
demonstrated fo the hnee flexion teat when the
hamstrngs arc weak  In the prone position
mth the knee fully extended the patient is
asked to bend the knce apninst resistance
If the gastrocnemyus 18 strong there will be
plantar flexion at the ankbe aa the gastrocnemius
acts to mitiato knee flexion When the gas
trocnemius 18 weak and stroteled tho foot is
pulled 1nto dorsl flexion to place slight tension
on the gastrocnemius #o 1t ean act 1 hneo
flevion.

WEARNESS

Pormits n calenncous pomtion of the foot
if tho soleus 1s nlso weak, and a hyperextonded
potition of the kneo in non weight beanng
In standing results in hyperextennon of the
Lneo and innbility to s on toes  In walking
the inatnlty to transfer weight normally
resulta in a gnatrocnemius hmp

CoNnTracTUTL

Lquinus poution of the foot and flaxion of
the kneo

BiorTan NS

Restriction of dorsi flexion of the ankle wlen
the knee Is exterded, and restriction of kneco
cxtenmon when tho nnkle 1= doms flaxed
Tightness Dimits the normal flexion of the
fower kg In relation to the dorsum of the
foot as in the transfer of weight during n step
and results in & tondency toward toclng.out in
walking

MuroLes waten ACT Ix PLANTAR FLI X1ON

Solcua
Gastroenemiusy Anklo

plantar  flexors
Tlantans (tendo AehillM group )
Tibilins Postenor
Peroncus Longus) koot and ankle plantar
Peroncus Breyjs floxors
Ilexor Halluers

Tongus Toc foot and ankb

Flexor Digmtorum{  plantar flexors,

Longus



—~- .

[__hb—“"“/"/f‘

MUBCLES TESTING AND ¥U\CTION

oo

F1e 87 Anlle and foot plantar flexors

Pimext

Standing  (Patient may steady himself with
2 hand on the table but should not take any
weight on the hand )

Test
Patient rises on toes pushing the body weight
directly upward

Note

Inelming the body forward and fleing the
knes in evidence of wenkness the patient i
attempting to clear the heel from the floor by
tenmon of the plantar flexars as the body weight
18 thrown forward

TicETVESS

Constant weanng of high heeled shoes by
women tends to develop a muscle tightness of
the tendo Achills group of plantar fexars
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Fia 88 Postural deviation amocmated with soleus weakness
The solcus s an 1mportant muscle 1n relation In pohomyelitis patients a strong soleus
to the upnght position.  In motion this musacle action may help compensate for & weal. quadn
ds 1n plantar flexing the {oot  In standing it ceps by pulling the leg back in passive knee
aids in holding the lower leg back in normal extenmon
alynment wath the foot.
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Fic 89 Popliteus

The pomton of maxmum external rotation
of the lower leg on tho femur 18 {llustrated by
(a) The action of the popliteus 1n imnternally
rotating the lower leg on the femur 1s1llustrated
by (b) This movement 18 not used as o test
for the purpass of grading the pophteus but
may be used to indicate whether the muscle s
active or not
AcTioN

Internally rotates the lower leg on the femur
flexes the knee and acts as n postenior knee-
joint hgament

VY BAKNESS

May rosult in hyperoxtenmion of the knee and
external rotation of the lower leg on the femur
A popliteus weakness 15 uwsually found
instances of imbalance between the outer and
inner hamstrings in which the inner hamstrings
are weak and the outer are strong

SHORTATSS

Results 1 slight flxion of tho knee and
internal rotation of the lower leg on the femur
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Fia 00 Test for hamstnng tightness

The length of the hamstring muscles can be
determined by tho straight Jeg rawe  As illus-
trated passive hip flexion to appranmately an
S0 degree angle with the table may bo considered
normal range

Certain precautions must be taken in usng
tho amount of lup flexon as the gange of
hamstnng tightness  Tho examiner must be
sure that the stralght leg rase movement 1s
one of manimum hip flexion but not one of
moro than actual lup flemon \n apparent
hamstning  tightpers mav  result from the
following

If the (left) hip flexors are ehort and the left
ke u forced down on the table the low back
will be foreed into bivperextencon  Then asthe
opponte (right) leg is pas ivels flexed 1n the

traight e raieng movement there will appear
to be hamstnng restnetion that mav not be
actual  In such & care the (left) leg should be
allowed to flex at the Lip to the degree that will

allow the lumbar spine to flatton on tho table
The leg should be stabalized m that degree of
flemon dunng the strnight-leg raise of the
oppoate leg

A low back erector spinac tightness will
produce the ramo picture as a hip flexor tight
ness and thould bo handled in the same manner
that 15 by alloming sufficlent flexion of the
oppomte kg to keep the back flat

In the abeence of hip flexor and erector
epinae tightness the opposite leg must be held
firmly down on the table (as illustrated) to
prevent occurrence of abnormal pelvic tilt as
described 1n tbe following paragraph

A hamstnng tightness may be ohacured if the
apparent range of hip fledon 1 increased by
titing the pelvis more posterdorly after maxi
mum huip flexion 18 completed in the straight
legg Taate movernent  Holding the eppomite Jogr
down will fimut the pelvic hilt to a neutral
(back flat) poution
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Fia 91 Inner hamstnings and gracihs

Frxation

The weight of the body 1 ususlly sufficzent
fixation in this test but 1f there is instabulity
one hand of the examiner should press down
ward on the buttocks opposite the leg beng
tested

Tear

Flexion of the knee with the thigh in slight
mternal rotation and the lower leg mwardly
rotated on the thigh

PressurE

Against the lower log proxmmal to the ankle
m a downward-outward direction.

The inner and outer hamstrings in the test
pomtions as outlined are required to hold &
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postion of Dpearly mammum contraction
Under ordinary circumstances the synergis hip
flexor action accompantes the hamstring action
in kpee flemon. One should not expect the
subject to hold knee flerion agminst the same
amount of premsure with the hip extended (in
the prone pomtion) that he could remst with
the hip flexed (as 1n mtting) The frequent
occurrence of musels cramping’ durmg the
hamatrings test on non-paralytic mdividuals
18 evidence of too much knee flexion in propor
tion to the amount of pressure  In other words
the degree of knee flexion ahould be leas of very
strong pressure 18 appled For mammum
pressure hip flemon should be permitted.

Norr

(The action of the Gracils along with the
Inper Hamstnngs 1s 1llustrated ;n the pext

figure) Weakness of popliteus and gastroc
nemius may interfere with imtiting knee
flexion  Substitution of sartonous action wall
appear 1n the form of hip flanion as knee flexion
8 wniliafed A tight rectus femons hmiting
knee flexion range of motion will cause hip
flaxion as the knee flemon motion 18 completed
(Hip flexion 1n the prone pomtion 18 acen as an
antenor tilt of the pelvis with lmmbar hyper
extenson )

WEAKKESS

Loes of mternal-lateral stability of the knee
Permits knock knee pomtion with a tendency
toward external rotation of the lower leg on the
femur (See also Outer Hamstrings regarding
weaknees of both inner and outer and con
tracture of both )
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Fi1e 92 Graolis

The action of the gracls as a knee flaxor Is
listrated by this figure It 18 brought mto
action by the test pomtion and pressuro as
uged for the inner hamstrings

The difference 1n knes flamon action between

the mner hamstongs and the gracllis woukd
depend an the fact that the gracilis has its ongin
on the pubis and the inner hamstrings arme
from the 1schium.
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PamieNT
Prons.
Frxation

The examiner holds the pelvis firmly down
on the table

TEesT

Flexion of the knce with the thigh in slight
cxternal rotation and the lower leg rotated
outward on the thigh
PRESSURE

Arninat the lower leg pramimal to the ankle
11 a downward inward direchon

TWrAKKERS

Tendency toward loss of lateral stabulits of
tho knce allowing a thrust in the direction of
bow-leg pordtion In weight-beanng  Weakness
of both tho inner and outer hamatrngs permits
hvperextennon of the knee  When this weak

ness is bulateral the pelvis tilts forward mto a
pomtion of lordoms of the lumbar spine  If
the weaknesa is unilatersl a pelvie rotation
results

CoXTRACTURE

Contracture of both the nper and outer
hamsinngs results 1n & pontion of koeo flaxion
and 1f the contracture is extreme 1t will be
accompanied by a postenor tilting of the pelvis
and s flattening of the lumbar spine A
person with such a contracture cannot assume
the standing pasition

SHORTRESS

Restnchon of knee extenmon when the hip is
flexed or restnetion of hip flexion when the
Lnee is extended  Shortness of the hamstrings
will permit standing but the standing pesture
will be charactenzed by a postenor tilting of
the pelvis and a flattening of the lumbar spine
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Fie 94 Quadniceps

Patrexer
Sitting on table with knees bent over mde of
table

Frxatiox

The weight of the trunk 13 usually sufficient
to stabilire the patient duning this test If the
trunk 15 weak, it 1 better to have the patent
supine dunng the test

Test

Extenmon of the kneo without rotation of
the thigh

PRESSURE

Agzinst the lower leg above the ankle m the
direction of flemon.
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Note

Inclining the body backward may be evidence
of an attempt to releass hamstring termon
when those muscles arc contracted.  When the
tensor fasclae latae 13 being substituted for
quadriceps 1t exerta a stronger pull of the hip is
extended  If the rectus femons 18 the strongest
part of the quadneeps the patent will lean
backward to extend the hip obtaimng maxumum
action of the rectus femons

WeAKKESS

Interferes with the function of stair cimbing
or walking up an inclme as well as getting up
and down from s sitting poution The weak
oesa results in knee hyperextension not 1n the

sense that such weakness permits a posterior
kneo pomtion but in the remme that walking
with weak quadniceps requures that the patient
lock the knee joint by sfight hyperextension
Continuous thrust in the direction of hyper
cxtenmon in growing children may result in a
very marked degree of doformity

CONTRACTURE
Knee extenmon
BHORTVESS

Restriction of knee flxdon A shortness of
the rectus femons part of the quadneeps
results 1n restriction of knce flexdon when the
hip 18 extended or restriction of hip extenmon
when the knee is flexed
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Fra 95a. Test for hip flexor tightness

(a) Subject is supine with one knes flexed on shows normal range of motion of hip flexors
chest to maintan a flat pomtion of the lumbar mth thigh touching the table and kuee flexed
epine on the table The other kneo 1s flexed about 70 degrees
over the end of tho table The illustration
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Fia 85b Tent for hip flexor tightpess

(b) Hip flexor tightness 15 demonstmted by
the lumtation of hip extenson wmn ths figure
The thigh does not drop down to touch the
table and the knee extends more than 1t
normally should

A distinction between 1ho-psoas and rectus
fomons tightness can be determmed by this

test If tightness is Lmited to the rectus
femons the thigh can drop down mn contact
with the table but tho knee will extend more.
This occurs because the rectus femons tiglitness
will be referred to tho knee when the hip is
extended
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Fia 86 Hip flexors
PamExt TeaT
Bitting with legs over the mde of the table. Hip flemon with the knee flaxed
Frxartiox
The weight of the trunk 18 usually sufficient to Pressuns
stabnlize the patient durnng thes test If the Against the anterior surface of the thight in

trunk s weak it 15 better to have the patient the dmrection of hip extension (that 15 directly
supins during the test downward toward the table)
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WEAKXEsS

Results in marked disability in staurchmbing
or walking up an inclne  Causes difficults m
getting up from a reckmng poution and
flexing the pelnis forward 1n the sitting pontion
preliminary to nting from a charr  \lakes
walking diffenlt because 1t necesmtates sub-
stitution of pelvic action by the lateral ab-
domunal rmuscles for the normal hip flexton
motion

In standing posture a hip flxor weakness
tends to perrmit an antenor displacement of the
pelvis as scen 1n plumb-lne measurements
(w1th plumb-line hung antenor to the outer
malleolos)

CONTRACTURE

Hip flemon deformuty wath increased hunbar
lordoms

SnouTXESS

In the standing pontion shortness of the
tup flexors 1s seen as an antenor pelnie tilt with
inereased humbar lordosms

Note

External rolation with abduction of thigh
as pressure 15 apphed generally 1s evidence
that the sartorrus 1s being substituted for
direct hup flexor action or that the ten<or
fascine lata 1s too weak to counteract the pull
of the sartonus and adductors  Internal rota
tion of the thugh shows tensor stronger than
artortus  If the anteror abdeminals do not
fix the pelvis to the trunk the pelvis will flex
on the tlighs and the hip flexors may hold
against strong remstance but not at maxipum
height Adduction with slight external rota
t1om is evidence of pectinens and other adductors
acting 1 flemon with little assdstance from
other flexorn
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Fio 97a- Psoas \Major

PatEnT
Supine
Frxarion
The exammer mives fixation on the oppomte
ao crest
Test
Hip flaxion 1n 8 pomtion of slight abduction

and shght external rotatton The muscls 1s
not seen in the ilfustration because 1ts insertion

is deep between the sartonus and adductor
tendons Tho muscle 1 differentiated o the
baus of its speaific Line of pull
Prrssone

Aguinst the antero-medial aspoct of the lower
leg, in o downward alightly outward direction
directly oppoaits the live of pull of the peoad
major from the origin o the kumber spie {0
thsmmrﬂononthn}essoruochautudtho
femur
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Fia 97b

Thre dmwing 1llustrates the hine of pull of

above under Ihp flexors p 163)  In addition
the proas nmajor musele in test position

umlateral weakness may be con idered a
causative factor 1n a Jumbar scoliows  (%ee
Wi akxAe

fix 95) Dilateral peoas weakners permits a

“ame as hup flexor weaknest (as dexcribed humbar kvphosic
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PaTExT
Supme
FraTion
The examuner gives fixation on the oppomte
1hac erest
TesT

Hip flexron in & pontion of abght abduction
and shght external rotatton The uruscle is
pot seen in the illustration because 1ts insertion

Fia 97a. Psoas Major

15 deep between the sartorrus and adduoetor
tendons The muscle is differentinted an the
bams of 1ts speaific hins of pull.
PRERSUBE

Agamst the antero-medual aspect of the lower
leg, 1n a downward slightly outward direction
directly opposite the lme of pull of the psoas
major from tbe engin on the humbar spipe to
the wnsertion on the lewser trochanter of the
femur
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Thie dmwing 1llustrates the hne of pull of above under Thp flexors p 163)  In addition
the pecas major musche 1n tet posttion unilateral weakoess may be conudered a
Wr e cau ative factor 1 a lumbar scolious (See

fir 6%) Bilateral peoas weaknees permits a
~ame ae Jup flexor weakness (as deseribed  lumbar kvploas
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Fia 0% Reolioms axsociated with peoas major weakness

The subject 1lustrated showed a weakners
 the nght poas (graded about 70% of
rormal) The muscle fatigued casdly in mx to
ight repeated tests in the peoas test poation
Despite the muscular development of the other
up flexors (ree fig 97a) thiy weakness was
readily detected The weakness of the peoas
major umlaterally permuts a deviation of the
jumbar spine awav from the mde of weakness

Such weakness has been observed numercus
times 1n ~o-called 1dtopathie scolions cases witha
prunary lumbar curve The scoliosls due to
peoas weakness is esventully Limited to the
lumber region and may exst without notice-
able pelvic tilt as distingushed from & curve
due to gluteus mediuy weakness which 1s a total
Cocurve and is associated mth pelvie tlt
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Fic 99 Hip

Side Iving (on nght mde to test nght and
vice versa) Body in straight hoe wath legs
and lumbar spine straight
Frxation

The exammer holds the upper leg in abduttion
TesT

Adducuon of the {under) leg upward from the
table without rotation fleion or extension
of the ip or tilting of the pelns  (Usually
performed as a test movement )

PrEssURE

Against the medial aspect of the lower part
of the thigh 1n 8 downward direction toward
the table Preswure 18 appled at a pomnt
above the kuce for two reasons (1) To svod
joant strain of tho internal lateral Ligaments
and (2) becauss the pontion of the examner in
relation to the patient permits sufficent
loverage for strength test
Note

All muscles of the adductor group except
tho gracilis tend to externally rotate the thigh
The gracabs tends 1o mternally rotate the thogh
\f the knee 15 extended Antenor tilt of the

-

adductors

pelvis or flemon of the hip (with backward
rotation of pelvis on upper mde) allows sub-
stitution of p fexors Forwerd rotatton of
pelvis with extensmon of hip shows attempt to
hold with lower fibers of glutens mammus
Tho adductors longus brevas and pectineus mid
m hp fiemon If the side lymg position is
mauntaned and the hip tenda to flex as the
thigh 1s adducted dunng the test 1t 18 not
pecessanly evidence of substitution—but merely
cvidence that these adductors are deing more
than the rest of the adductors that asist 1n
thrs movement There appears to bo a con

siderable overlap in the group strength test
for hip Bexors and adductors  In poliomyelitis
patients weakness 1n one group usually coln

cdes with weakness in the other

COoXTRACTURE

Iip adduction deformity  In standig the
position is one of pelvic tilt with the pelvis
ligh on the side of contracture WWith the
pelns elevated the foot on the same mde must
be beld {n equinus i order to touch the floor
If the foot 13 placed flat on the floor the oppasite
leg must be either flexed or abducted to com

pensate for the apparent shortness on the
adducted mde
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Fio 100 Bartorius

Pamexr

Supine
Frxation

None necessary o the part of the examiner
The patient may hold on to the table
Trsr

External rotation abduction and flexon of
the thigh with flemon of tho knee
PrESSURE

Agriost the antero-lateral surface of the
lower thigh m s downward mward direction
and agamst the lower leg 1n the direction of

knes extenmion  The pomtion of the exnminer &
hands acts to remst the hip external rotation
action by pressure and counter pressure (in
the mame way as deseribed under Hip Externsl
Rotator Test, p 170) The examuner must
reaist the multiple action test In a combined
reaistance movemsnt

WeAKNESS
Contributes to antsro-medial wmnstability at

the knes

CONTRACTURE

Flexion, anbduction nand external rotastion
deformuty of the hip with flexion of the knee
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¥ra 101 Frror in testing eartonus

Tho posmtion of the lep as lustrated
rexembles tbe wartonus test posinon n s
flenon abduction and externalrotation  How
ever the ability to hold this postion is esren
tually & hup adductor {unction (s scen in thus
photograph) and requires Little asstance from

the sartorus A dov d-outward pressur
would be apain t the adductor hine of puld
It 15 necereary that the sartorius test be an
active pull in the direction of abdustion
flesion and external rotation as deseribed n
the previous test
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Fra 102 Hip external rotators

Pamext

Sitting on the table with knees bent over the
mde of the table
FrxaTiov

The weight of the trunk stabilizes the patwnt
dunng this test If the trunk i1s weak it is
better to have the patent supine during the
test Stabiliration 1s also given 1n the form of
counter-pressure {(as described below under
Pressure)

TesT

Outward rotation of the thigh, with the
lower leg 1in pomtion of completion of the
nward are of motion

PrREBSURE

Counter pressure is applied by one hand of
the exnmner at the lateral mde of the lower
end of the thigh The other hand of the
exammer apples pressure to the medinl side
of the lower leg above the ankle pushing the
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lower leg outward 1n order to inwardly rotate
the thigh.
WEAKXESS

Usually Internal rotation and adduction of
the thigh reculting in knock kuee and external
rotation of the lower leg in weight beanng
Tendency toward ncreased antenor pelvic tilt
with lumbar lordoms

COXTRACTGRE

External rotation of the thigh uwsually in an
abducted position

SroRTVERS

In the standing posture thers results an
external rotation of the femur abduction of the
fup jomnt 1n relation to the pelvis (as evidenced
bv a low hup) or a rotation of the pelvis if the
thortness exists unmlaterally A tendencv to-
ward flattening of the lumbar spine by posterior
tilng of the pelvis if the shortness exsts
bilaterally
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Fie 103 Hip interml rotators

PatrexT
Sitting on the table with kneea bent over the
side of the table

FxaTion

The weight of the trunk stabilizes the patient
durmng this test If the trunk 13 weak 1t is
better to have the patient supine during the
test Stabiliration 19 also gven in the farm of
counter pressure (as descnbed below under

Pressure)

Trear

Inwerd rotation of the thigh with the Jower
leg 1n pomtion of completion of cutward are
of motion

PRrSSURE

Counter pressure 1 appled by ono hand of
the examiner at tho medul mde of the lower
end of the thigh. The other hand of the
examiner applies pressurs to the lateral aide
of tbe lower leg above the ankle puahung the
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lower Jeg mward 1n order to outwardlv rotate
the thigh
TWEAKNESS

Reslts 1n external rotation of the lower
extremitv 1n standing and walkmg
COXTRACTTRE

Internal rotation pontion of the hip with a
tendencv toward knock knee 1if the patient has
been weight beanng

SuorTVESS

Inability to fully externally rotate the thigh
Tnability to #it 1n a eross-legged pomtion

NoTE

1i the rotator test 1x done 1n a supine posmition
the pelvis will tend to tilt f much pressure 1s
applied but this 19 not a substitution movement
Due to its attachments the tensor when
contracting to maximum pulls forward on the
pelvis as 1t inwardlv rotates the leg
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Fig 104. Tensor fasaa femons

ParmeExT

Supine
Frxamiov

Quadniceps action 135 necessary to hold the
koee extended  Usually no fixation 18 necessary
by the examuner but if there is instability so
that the patient has difficulty m maintaining
tbe pelvis firm on the table then ons hand of

the examiner should support the pelvis an-
tenorly on the oppomte mde
Teat

Abduction, flemon and internal rotation of
the hip with the knee extended.
PressURE

Agunst the lower Jeg 1n a downward-nward
direstion.
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WEAKNENS

In standmg there 15 a thrust in the direction
of a bowJeg pontion, and the extremity tends
to rotate ontward from the hip

SnorT<ERS

The effect of a shortness of the tensor fasciz
Iata 1n standing depends upon whether the
tightness 18 bilateral or unilateral

Bilaterally

Anterior pelvic tilt and sometimes bilateral
knock knee

Unilaterally

If the abductors and lateral fascia lata
are tight along with the tensor fascta femons
muscle then there 18 an amssociated laternl
pelvio tilt low on the mde of tightness The
kpee on that mde will tend toward knock-knee
poution If the tensor fascia femons muscle
18 tight along with an antenor pelvie tilt there
tends to be an internal rotation of the femur
(as indicated by the pomtion of the patella)

CONTRACTURE
Hip flexion and knock Lnee pomtion
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Fia 105 Gluteus Minimus

Parrert TesT
Side lying Abduction of the hip m poelaon meutral
FoxaTiov between flexion and extenmon, and neutral n
The examiner stabibzes the pelms (See regard to rotahon
note below ) Parssune

Against tho lower keg 1 o downward very
elightly backward direction
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\otE

In tests of the gluteus mummus and medius
or the abductors as a group the stabiization
of the pelvis 15 necessary  but often dufficult
It requires & strong fixation by many trunk
muscles aided by stabiization on the port of
the exammer The shight flemon of the hip
and knee of the under leg mds in stablizing
the pelvis against anteror or pastenor tilt
The examiner’s hand attempts to steady the
pelvit to prevent the tendency ta roll forward or
backward the tendency to tilt anterorly or
posteriorly and to prevent If postible anv
u hiong or dropping of the pelvis
Iaterally  Amy ope of the mx shifts 1 pomtion
of the pelvia may result pnmanly from trunk

weakpess or such shifts may indicate an
attempt to substitute antenor or posterior tup
jont muscles or laternl abdomnals in the
movement of leg abduction When the trunk
muscles are strong it is not too difficult to
mamtan good stabilization of the pelvis
‘But when trunk muscles are weak, the examiner
ms' need the assistance of a second perzon to
hold the pelvis steady

WEAKYESS
Lesens the strength of internal rotation and
abduction of the up jomnt

CONTRACTURE AND SHORTNESS
(Bee Gluteus Vedius )
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Fra 105 Gluteus Minimus

PaTiexT Test
Side Iying Abduction of the hip in pomtion neutral

Frxamion between flemion and extension and peutral in
Tho examier stabilzes the pelvs (See regard to rotation

note below ) P

Against the lower leg 1n o downward very
slightly backward direction.
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Note

In tests of the gluteus mimmus and medmus
ot the abductors as a group the stabilization
of the pelvis 18 necessary but often difficult
It requires a strong fimation by mam truok
muscles aided by stabilization on the part of
the examiner The slight flexion of the hip
and knee of the under leg ards i stabiinng
the pelvis agninst anterior or postenor tilt
The exarmner # hand attempts to steadv the
pelvis to prevent the tendeney to roll forward or
backward the tendene to tilt anteriorly or
postenotly and to prevent If possible anv
unpecersany hiking or dropping of the pelvis
laterally  Any one of the mix shufts in poaition
of the pelvis may result pnmarily from trunk

weakness or sich shifts may indicate an
attempt to substitute anterior or posterior hip
jont muscles or laternl abdominals 1n the
movement of keg abduction. When the trunk
muecles are strong 1t 13 not too difficult to
mamtain good stabilization of the pelns
But when trunk muscles are weak the examuner
mav need the senatance of a second perron to
hold the pelvs steadv

W EARXESS

Lesrens the strength of mnternal rotation and
abduction of the hip jont
CONTRACTURE AMND SHORTESS

(See Gluteus Vedius)
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Fre 108 Gluteus medius (postenior pert)

PaTiENT

Side lying
Frxamiox

The muscles of the trunk and fimtion by
the examiner stabilire the pelvis.

(8ee note under Gluteus Mininmum Test
p 177)

Tesr

Abduction of the hip with slight extenslon
and shght external rotation
PrESSURE

Agninst the lower leg in & downward slightly
forward direction The pressure 1 apphed
against the lower leg for the purposs of leverage
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The postenior part of the glutens medius
muecle s the primarv Iateral statalizer of the
hip jomt in standmg  As such, a good deal of
strength 1 necessary for pormal function
For the purpose of a practical test to determine
normal strength stronp pressure 13 peeded and
ean oniv be obtaned by the examuner of the
leverage is adequate

In the adductor test preesure 1s kept above
the knee jomt berause of the danger of injurmg
the internal lateral ligaments There is rela
tivelv Kttle danger of mjurng the external
Iateral hgaments dunng the medrus test because
the knee jomt is renforced bv a strong facial
fomtion  (Thus fascial pull s plunly visible
n the accompanying photograph )

The evidence of fascia lata fixation 1 this
test need not be construed ez a strong test
of the tensor fascia femons muscle The
fascia 13 conneeted with the muscles of the
thigh and a etrong pull of antero-lateral or
poatero-lateral hip muscles wll uewalh be
accompanied by etrong fascin) fixation

W EAKNERS

With marled weakness there will be a
rlutueus medrus hmp 1n walking T« connsts
of duplacement of the bodv weight latemally

toward the weak hip in such a wav that the
hip Jotnt 1s thrust in the pesition of tup abdue
tion 1 relation to the pelvis  With fight
weskness of the medius there will be the
postural deviation in which tho pelvis 15 hugh
on the side of weakness (thatis there will be an
adduction of the hup mn relation to the pelvw)
and an asotiated internal rotatton of the
ferour As a result of such unilateral pelvie
tilt, the epine deviates with convexity toward
the oppamite (low) mde In other words a
slight weaknees of the nght gluteus medius
mves nige to & keft Ccurve  (See fig 109)

CONTRACTURE

An abduction deformuty  whuch in standing
may be reen as a low pelvis on the mde of
contracture along with some actual abduction
of the leg

SHORTVESS

Abdurtion of the leg if the pelvis is level or
low pelvis (on mide of shortnem) if the lege are
bothin povition of mdhine adduction in relation
totrunk. Tightness of the gluteus medius and
mimmus will be moular except that the medius
will tend to draw the leg into external rotation
while the miamus will draw it into internal
rotation
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Fie 107 Gluteus maximus

PaTiENT

Prome
Frxartiox

Postariorly the back muscles and lsterally,
the laternl abdominal muscles fix the pelvis
to the trunk
TesT

Hip extension with knee flexed 90 dagrees or

more (The more the knes is flaxed the Jess
the lp will extend due to restneting tenmon
aof the rectus fomorns antertorly )
PRESSURE

Against the lower part of the posteror thigh
In the dirsction of hip floxian (that ls downward
toward the table)
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Note

The anatomieal action of the gluteas maximus
13 to extend the thigh with shght external
rotation By virtue of the fact that the upper
fibers tend to abduct and the lowest fibers tend
to adduct the muscle is able to extend m a
pontion neutral between abduction and addue
tion During the test the thigh will tend to
devinte laterally or medially if 1mbalance exists
between the ahductor and adductor stabihzers

The action of tho gluteus mammus i hip
extenmon without ssartsnce from the ham
stnngs is well {lfustrated 1n above-knee ampata
tion cazes 1n which the hamstnings have not
been rc-nserted on the thigh

Indirect fixation muscles enter into action m
such tests as the gluteus maximus In a test
of the rght gluteus maxmus m the prowe
pomtlon the left quadnceps and lup ficxors
offer much indirect firmstion One need only
try the test of the gluteus maximus without the
fixatlon of the other leg to realize thus important
factor If the left quadnceps fixation 15 ruled
out (along with the weight of the lower leg)
during & test of the rght gluteus mammus
much lers than the usual amount of pressure
will be neceseary to  break  tho pull of a
normal muscle

To make the differtnce even more pro-
nounced the test may be tnied wath the left leg
hanging over the mde of the table thua removing
the weight as well as tho pull of the quadriceps

and hip flexors dunng the test of the right
maxumus  Ope should bear i mind such
factors as illustmted by these exanmples n
testing muscles on amputecs In a nght
above knee amputee 1t 18 often advimable to
leave the prosthems on the nght leg, for example
while testing the left Jeg 1n order that the weight
of the prostbems and the action of the hp
muscles may gve fixation

The msertion of the gluteus manmus into
the fascia and ilio-tibial band (in addition to its
femorn! neertion) is an important factor n the
function of the maximus The bony 1nsertion
18 at the proamal end of the femur and provides
only short leverage By its insertion mto the
ilio-tibial band the maximus 18 provided with o
leverage that extends to the tibial insertion of
the 1lio-tibial band

Thse fascial connection acts as a strong {orce
m the combived nction of up and knee exten
mon, as 1n stair chmbing or nsing from a
knee bent pamtion

W EAxNESS

Bilaternl marked weakness of the gluteus
naximus makes walling extremely difficult and
neceseitates the mid of crutches  With marked
wenkness the individual bears weight on the
exireuty W a position of postero-latoral
dusplacement of the trunk over the feraur to tha
point that restnetion of furthor motion Ia
obtaned by the antenar hip jount hgrments,
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Fia 108 Modified gluteus maximus test

When back extonsor muscles are weak or hip
flexor muscles tight 1t is often necemary to
modify the gluteus maximus test The accom
panying lustration ahows the modified test

PATIENT

Trunk prone on the table the legs hanging
down over the end of the table

FrxaTiox

The patlent usually needs to hold ento the
table when pressure 13 applied

TesT

Extenston of the hip (1) with the knee
passively flexed by examuiner as illustrated or
(2) with the knee extended (permrtting ham
string asmstance)

Pressure

This teet presents a rather dufficult problem
in regard to application of pressure If the
maximus 18 to be isolated as much as poesible
from the bamstrmgs 1t requres that knee
flexion be maintained by the examiner  (Other
wise the hametrimgs will unavadably act mn
maintalnmg the anti-gravity koee flexion )
Trymg to maintain knee flemon pasmvely and
apply pressuro to the thigh makes 1t difficult to
obtain accurate test results

If thie test 15 used because of hip flexor
tightness it may be Impractical to flex the knee
and merease the rectus femons tension over the
hip joant  The authors consider 1t advimble to
use the modifieation [(2) under Test nbove]
but have illustrated the first modification m
order to bnng out the dindvantages involved
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Fio 109 DPostural deviation associated with hip abductor weakness

Shght lip abductor weakness umlaterally 1
frequenthy found 1n association wath lateral
pcvie tilt The abductors are weak on the
ighthh  elevated mde of the pelvis The
accompanving lustration has been chosen
beenuse 1t represents the mild degree of postural
deviation that 1s frequently seen

The epine deviates slightly to the left and

tho rnight shoulder drops to ec to for the
devintion of the pelvis and spine  The begin
ning weakness 1n tho abductors as scen In
non paralytic individuals 13 usually a stran
weakness from postural or occupational causes
But once the weakness is established 1t further
contnibutes to the faulty mechames




CHAPTER V
TRUNK MUSCLES

AxTERIOR AND LATERAL TRUNK MUBOLES

Testing of abdeminal muscles presents cartain
problems which differ m kind or degree from
those met 1n testing other muscles  The factors
which give rise to these problems relate to
muscle action, fixation, and leversge

Sines the large oblique musclea cover such an
extenmve area and have such & wide range of
attachments various parts of the muscles have
different functions  Different sections of these
muscles are drawn into action to verying
degrees 10 a trunk movement at any given
pomnt m an arc of motion Almost any fest
position 18 beld by several abdominal musclea
pulling with all or only part of thewr fibers
Most test movements are performed by soveral
abdoming| muscles or muscle segments which
2ct together or 1n sequence as the part moves
through the are of motion.

The anatomical arrangement of the abdomi
nal muscles is responsible for unusual problems
i fixation  Many of the fibers onginate or
weert 1n the fasua of the mudhne These
fibers depend for fixation upon musale fibers
which in most cases arise from the oppomte
side of the midline fascis

Because the midhne fascia 1 not ngd 1t
readily moves toward a strong muscie which 18
pulling againat & weak fixation muscle  Fasclal
deviation is mdieated by a deviation of the
umbilicus end occurs during test movements
whenever abdominal muscls imbalance exists

Abdominal muscles aro graded by antu
gravity test movemsnt or test pomtion except
when marked wenkness necesmtates modifica
tion of test procedure The 100% grade Is
determined by the atality of the tested muscles
to move or support the part agminst gravity
It should bo noted that no pressure by the
examiner 13 needed to determine differsnces
grades above 50%  The weight of the parts to
he moved or held and the lengths of the levers

volved combine with the belp of gravity to
demand maximal exertion from the tested
muscles

One further factor which may complieate the
matter of testing ebdarmnal muscles Is the very
provalent misconception of therr réle m trunl
and legraimng  The action of leg rusing which
18 frequently credited to the abdominal muscles
is actually the function of the lup flexors In
fact it is snatomieally impossible for tho
abdaminal muscles to perform thus action
because they have no attachment on the femur
For the same anatomiecal reason trunk raimng
even though 1t be mutated by sbdominal
muscles must be completed by the np flexors.

For most purposes it 13 sufficient to grade
abdomunal muscles on the bams of funetional
group-action tests Strength tests are neces-
sanly of such nature because of the inter
depend abd 1 les In producing
trunk movements

However, 1n relation to pre-surgical examina
tion when fascal transplants are contemplated
it is necessary to analyze carefully the segmental
imbelanco of the museles In pohomyelitis
casen there may ba spotty segmentsl imbalance.
In cord myury cases there will bo lom of muscls
mnervation 1o relation to the level of the lesdon
The rectus and transversus abdominis tend to
lose 1nnervation on & transverse segmental
bams the obliques, 1n an obliquely segmental
manner

Location and Function of Abdownal Aluscles

ORIGIN INEEETION AND ACTION

The entir abdomen i3 covered with fascia.
In the nudine of the abdamen a wide band of
tendinous fascis farma the aponeurvses for
a h t of various k Thess aponsu
roses joun at the midline to form tho hnea alba

Four large muscles make up thoe enterior
abdoounal wall  Most superfical is the exter
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nal oblique (nght and left portions), with the
fibers extendmg downward and mediatward,
Beneath it hes the internal oblique (nght and
left portions) with fibers extending esentially
upward and mediatward The aponeuroms
of tbe internal oblique separates nto two
layers to furish a sheath covering over the
rectus abdomunis. The rectus abdominia ex
tends verhieally from the publs to the sternum
and angle of the nbs Innermost of the
abdominal muscles 13 tho transversus abdomins
the fibers of which honzontaily enarcle the
abdomen.

As was stated above vanious parts of the
oblique muscles have different functions In
this text thesc muscles are beng divided
artntranly mto thres parts for convemence in
descriinng the vanous actions

Figure 110 shows the antenor view of the
external and internal obliques divided into
perta 2 b and o for the external and 2’ b
and ¢’ for the internal

ExtemnaL Ovuque  (Seo figs. 110 111
and 112)

Parta
Onmn 5th and 6th nbs  (Interdyntating
with sermatus antenior and fasom of

Lioe of fibers Afedialward and downward.

Action This portion has relatively short
fibers withont sufficent leverage to
influence matenally rotation of the
thorax on the pelvis except insofar as it
furmshes completion of the pull for
part of the b fbers of the internal
obliquo (desenbed below) Part a
of the external oblique acts mamly to
compress the portion of the rib eage to
which 1t » attached and amusts in
initiation of flemon of the thorax on
the pelvis

Partb

Onmo 7t Sth and Oth ribs. (Inter
dintating with serratus anterior )

Insertion  \poneuroms,

Line of fibers Downward and medualward.

Action This portion depends for its fixa
tion on part b of the internal oblique
and acting with it strongly rotates the
thorax forward on the pelvis The
combined action of nght and left muscle
portions asists in flexion of the thorax
on the pelvis

Part c

Ongin 10th 11th, and 12th ribs and

closely alled with the fascia of the

latinnmus  dorm  interdipitating wath
part of that muscle

Insertion Antenor half of the iliac crest
(Bec fig 112)

Lme of fibers Downward and slghtly
mediatward

Action With attachments from bone to
bone this portion can act mndependently
of any fixation from other sbdominal
musclen For this reamon 1t cxceeds
paris (a) and (b) in atnlity to rotate the
thorax forward on the pelnis  In addi
tion to the power of rotation 1t has a
strong lateral pull which the other parts
of the muscle do not possezs  Whon the
left and nght portions combine 1n action
they carry the thorax forward over the
pelvis and help to roll or tilt the
pelvis back flattening the lumbar spine
The action of this portion 18 comparablo
to the action of the sternoclerdomastold
on the head and thorax

InmernaL OBLIQUE  (Bee figy 110 111
and 113)
Part o’
Ongin Lateral bLp of e erest and
lumbodorxal fascia

Insertion The inferfor borders of the
10th 11th and 12th nbs and tho
cartilagen of the 7th 8th and Oth ribs

Line of fibers Upward and medialward
(antenorly) more vertical than b
portion

Actron  This portion mith attachment from
bane to bone like ¢ portion of external
oblique does not peed fixation from
other abdominal muscles and 15 there-
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F1a 110 Anterior view showing divison of nght
external obhque into & b and o parts and
left internal intoa b and o parts

leadnac <<

Fia 111 Postenor view showing postenor fi
bers of left internal cblique & and nght
external oblique ¢

fore a strong factor in rotation of the
thorax hackward on the pelvis When
nght and left mdes act together they
displace the thorex backward on the
pelvis causmng kyphotio position of the
dorsal spine
Part b
Ongn  Auntenor tiurd of thae crest
Inmertion Aponeuroms and Linea alba
Line of fibers Upward and medmbward
Action This portion recelves its fixation
from b portion of the external obhque
{and acts as described sbove under
external ‘b partion)
Part ¢
Ongm From the ingumal higament and a
short attachment on the thiao crest near
the anterior supenor ilize spine
In<crtion With the transtersus abdomuins

nto the crest of the pubis medial part
of the pectneal line and the Lnea alba

Line of fibers Transverss

Action This portion of the mtornal ob-
lique receives 1ts fixation from the same
portion of the oppomte internal and acts
with the transversus to compress the low
sbdomial wall Bemg attached from
one side of the pelvia to the other it 15
unable to enter into the flexon or
rotation of the trunk

Recrus Appoyanis  (See fig 114)

Onmn Creat of the pubis

Insertion Cartileges of the 6th Gth and
7th riba and the xiphoid process of the
stermum

Linc of fibers Vertieal

Action The distance between the sternum
and tho pulds 1s shortened by either
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Fia 112 Lateral view of left external obliquo
showinga b and ¢ portions

Fia 113 Lateral view of left internal oblique
showmga b and ¢ portions

(1) forward flexion of the thorax on the
pelvis or (2) flexon of the pelvis on the
thorax (that 18 backward pelvie tilt)

TraxsvErscs  \spoursis  (See figg 114
and 115)

Onmn Inpuinal bgament antenor 2/3 of
thae creat inner suriace of cartilages of
6 lower nbt mterdiptations with dia
phragm and lumbodoreal fascia

Inertion Crext of pubs and pectineal
hne and into aponcuroas

Line of fibers  Transveree

\ction To comprezs the abdominal viscera
and 1n cxpiration to help decreace the
angle of the nba  Tlus muecle has no
lateral flexien action lut 1 lateral
trunk flemon 1t aets to compress the

viscern and thereby permut a botter
pull by the other muscles In the
stamding posdtion weakness permts an
antcnor bulming of the abdominal wall
(Sec fig 120)

LATERAL ABDPOMINAL VUBCLES

Part ¢ External Obhique
Part a Internal Oblique
Quadratus Lumborum
Latissimus Dorm

TRUXK RAISING FORWARD

AxaLTEIS Or THE MovEMENT DBy  trunk
ralang forward is meant the movement of
coming from a supine toa sittiog position The
way the 19 accomplished depends on
the action of the abdominal and hip flexor
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Fic 114 Antenor view showing left and right
portions (L R. and R R.) of rectus ab-
dominis and left and right partionsa (L T
and R T ) of transversus abdominis

£ waxc-

_/\\..
Fic 115 Posterior view showing posterfor fi
bers of transversus abdaminis

muscles Three main differences ocear accord
ing to the strength of these muscles

(1) When tho abdominal and hip flexor
muscles are normal an individual ean come to
the mtting position by first fleming the trunk
(that 15 tho thorax 15 flared on the pelvi) then
flexing the pelvia on the thighs (Bee figs
116 a and b) (Flexion of the trunk refers
only to the appratimation of the sternum and
pubis and 1s purely anterior abdominal astion
Flexon of the pelvis on the thighs is purely
hup flexor action )

The above movement is obtained by “olding’
to a smitting pasition raimng first the head then
the shoulders then the entire trunk. Flexion
of the trunk 15 completed when the reglon of the
7th cervieal vertebra is about «»ight inches from
tho table (The distance nanes with the
degreo of back flexibility \ tins pont in the
are of motion flexion of hu selviy on the thigh
19 mtiated by the h ) fl xora which then
complete the action of tru ik a1 ing

By the foregoing demenption it m evident
that trunk rmmng done this way is really two
distinct movements  As described in the follow
1ng parngmph however it is only one movement.

(2) When abdominal muscles are weak and
hip flexor musclea strong an indrvidual can
come to a mtung pomtion by hyper-extending
the trunk and flexing the pelvis on the thigh
The hyperextenmon of the trunk 1s accomplished
by low baok ercctor sproac and hip flexor action
Flexion of the pelvis on the thigh Is as stated
above purely hip flexor action (Sco figr
119nandb)

Trunk rusng dons in this way should not bo
conmdored either an exorciso or a test movement
As an exsromo its effect s to weaken the ab-
dominal muscles because they are in a pamtion
of stretch It m usclcss an 2 test bocauso 1t
gves no indication of the degree of abdominal
strength

(3) When abdomunal muscles are strong and
hip flexors aro weak an individual cannot come
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to s mttmg postion. Action begns by first
flexing the trunk but the flexion of the pelvis
on the thighs is not accomplished 1 the abeence
of good hip flexor strength

In fact when hip fiexors are weak lack lof

(When the rectus 18 weah the line of fixation is
only from (1) to (3) instead of from both
(1) to (3) and (1) to (2) as reen 1n figure 117)
It 18 necessary to watch the pelvis closely to
zee this action because the dorml (and cervical)
tains 1ts flemon and the patient

adequate fixation for the abd 1
prevents complete range of trunk fleon The

spine
apparently “folds” to mtting poution If the

ambalance in strength permits the abd 1
musele pull to tilt the pelvis too far postenorly
As a result these muscles reach maxima) ehort
pess without getting a maxumal Lft on the trunk
Becaunse of this mechanical disndvantage the
muscles support less weight than they could
under normal conditions  For this reason 1t 18
recommernded that 1 addition to raimng the
trunk through this lmited range of motion the
muscles ehould be expected to hold against
modernte pressure excrted aganst the head (if
neck flexor strength 18 good) or agmmnst the
sternum

AxaLysis or THE \[USCLE AcTion  As
Mustrated by figure 117 flexion of the thorax
on the pelvis combmes the action of the rectus
abdominis and the internal obhique (arded by the
upper fibers of the external obhgue which
furnish fixation for the oppomte fibern of the
internal obhique)  If both the rectus abdominis
and the internal obliques are strong the pubis
will be pulled toward the sternum as the thorax
1s rafsed and the fumbar spine wiil flatten on
the table This occurs even though no effort 18
made to ‘roli the peivis provided there is no
marked contracture of the erector spinae and
provided no support 18 exerted downward on the
legs to permit an mtial fixation by hip flexors
(Thus pownt 18 discussed 1n detail below )

The thorax ean be ralsed to almest maximum
trunk flexion by the pull of the internal oblique
even though the rectus is quite weal The
differcnce that will bo noted however 13 that
the pelvis will not be pulled into a pouition of
backward tilt as strongly as when the rectus 1s
normal  When the movement of flexion of the
pelvm on the thighs is mutiated as the patient
continues to come toward the mtting pontion
the pelvis will be seen to tilt rather suddenly
awav from the fixation of the weak rectus
towsrd the pull of the stronger hip flexors

rectus abd s contracting strongly it
usually shows as & wide band down the mudline
of the abdomen

Just before the action of flexion of the pelvis
on the thighs is mtiated to bnng the patient
to n complete mtting position the postero-
lateral fibers of the external oblique come into
strong action.

The action of there muscles i trunk fleon
is most obvicus when there 15 a difference in
therr strength such as ecen frequently in cases
of scolioms  The twsting of the thomx on the
pelss which results from thus imbalance occurs
just before trunk flexion is completed

In figure 117 the buttocke represent the
fixed part toward which the sternum moves 1n
trunl flexion Infigure 118 the legs represent
the fixed part toward which the trunk moves
when flexed on the thighs

As a patient folds toward a mtting postion,
an increasing amount of the weight of the trunk
is raised from the table and must be supported
by the abdominal muscles The weight sup-
ported reaches & maximum at just about the
time that trunk flemon s completed At this
point when the hip flexors core into nction
fixation by the weight of both legs is necessany
If the weight of the legs 13 not enough to
counter-balance the weight of the trunl tle
examner must provide additional fixation by
holding the legs firmly down an the table

Ramng of the legn dunng & trunk rusng
test should not be pernutted It Introdyces
factors of leverage fixation and muscle sub-
stitution which interfere wath the validity of
the test  The tendenry to rase the legs which
s pnmarily a matter of counterbalanemng, (he
trunk and leg weight 1s tnereated when ab-
dominal weakness 15 modemte or severe

The exanuner must not provide fixation for
the legs before the moment at which, the pont of
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F1a 114 Apterior \uw |, wng Jeft and nght
portions (L. It. gand R R of rectus ob-
domums and left ang nght portions T
aod R T} of transvermus abdomims

—

muscles  Three mam dfferences oecour aceord
10 to the strength of thers muscles
(1) When the abdeminal ang hp flaxor

fleang the pelvis on the thighs (Seq figs
110 & and b)  (Flexion of the trunk refers
only to the 8Pproumation of the sterntum and

VANes with the
dmteo{backﬂeuhlht)) Attb.updntmtht

sre of motion flexion of the pelvws o the

13 imtiated by the lup fexors, whyep then
complete the action of trunk rusing,

S ®ace-

N
_/‘\_

F10 115 Posterior view showing postenor f-
bers of transversus abdominis

By the foregoing deseniption 1t 15 endent
that trunk rasng done this way is really txo
distmet movements Mdﬂtﬂbﬁdmhfﬁz
ing paragraph however 1trson1.\'°mm°‘m:;,

(2) When abdominal muscles ars weak
hip flexor muscles strong, an indrdual e
come to a sitting pomtion by hyper-extending
tbetmnkmdﬂmm;hﬁp‘flmmmw
I'be hyperextension of the trunk ma
by bwygickerectorlpxmenndhlpﬂm" e
Flexion of the pelszs on the thigh 19 umﬁ#
above purely hip flexor action. (Seo
8aandb)

Truok raming dons in ths way "h""ldm‘t:
conmidered either an exerrise or a test m b
Aamexmiueﬂ'ectismmmﬂx(;n
domtnal museles because they mmap@'o it
of atretch Iti.suae.lcm"“mf;::ml
ves no indieation of the degree of
strength,

strong and
(3) When abdominal museles are
bip flexors are weak, an individual cannot comt
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to a mtting position. Action begns by first
flexing the trunk but the flexion of the pelvis
on the thighs 18 not accomplished in the abeence
of good hip flexor strength

In fact when hip flexors are weak lack of

adequate fixation for the abdominal rouscles
prevents complete range of trunk flexon  The
ambalance in strength permuts the abdomuinal
muscle pull to tilt the pelvis too far postenorly
Ax o result theso muscles reach manimal short
ness without getting a maximal hit on the trunk
Because of thiy mechanical disadvantage the
mustles support less weght than they could
under normal conditions  For this reason 1t 1
recommended that in addition to rasmg the
trunk through this hmited range of motion the
muscles should be expeeted to bold agamst
moderate pressure excrted agamst the head Gf
neck flexor strength 18 good) or against the
sternum

AxaLtaia oF THE \[USCLE AcTion As
Alustrated by figure 117 flexion of the thorax
on the pelvis combines the actlon of the rectus
abdominis and the internal ebhique (alded by the
upper fibers of the external obhiquo wiuch
turnish fixation for the oppomte fibers of the
internal oblique)  If both the rectus abdormums
and tbe internal oblhiques are strong the pubis
will bo pulled toward the sternum as the thorax
18 rused  and the lumbar spine will flatten on
tho table This occurs éven though no effort s
made to ‘roll the pelvis  provided there 15 no
marked contracturc of the erector spinse and
provided no support {s exerted downward on the
legs to permit an imtial fivation by hup flexors
(This point 1s discussed 1n detail below )

The thorax ean be raived to almost manimum
trunk flenon by the pull of the ternal ocbhque
even though the rectus 1 quite weak. The
difference that will be noted however is that
the pelvis will not be pulled mto a position of
backward tilt as strongly as when the reetus 19
oormal  TWhen the movement of flemon of the
pelvis on the thighs i 1mitiated as the patient
continucy to come toward the mtting position
the pelvis wall be 3een to tilt rather suddenis
awsy from the fixation of the weak rectus
toward the pull of the stronger hip flexors

(When the rectus s weak the line of fixation 18
only from (1) to (3) instead of from both
(1) to (3) and (1) to (2) as scen in figure 117 )

1t 18 necessary to watch the pels closely to
sce this action because the dorsal (and cervieal)
spie mamtains 1ts flexon and the patient
apparcntly ‘“folds’ to mtting pomtion. If the
rectus abdommis is contracting strongly it
usnally shows as & wide band down the midline
of the abdomen.

Just before the action of flexzon of the pelvis
on the thighs is mitiated to bnng the patient
to & complete situng pomtion tho postero-
laternl fibers of the extcrnal obhque come into
strong action

The action of these muscles In trunk fleion
1 most obvious when there Is o difference
their strength such as acen frequently 1n coses
of scclioms  The twisting of the thorax on the
pelvis which results from this imbalanco oecurs
just before trunk flexion 18 completed

In figure 117 the buttocks represent the
fixed part toward which the sternum moves in
trunk flexion  In figure 118 the legs represent
tho fixed part toward which the trunk moves
when flexed on the thighs

As a patient folds toward o mtting position
an fnereamng amount of the weight of the trunk
is raised from the table and must be supported
by the abdominal muscles The welght sup-
ported reaches a maximum at just about the
time that trunk flexion 15 completed At thie
point when the hip flexors coms nto action
fixation by the weight of both legs is necessary
It the weight of the legs is not enough to
counter-balance the weight of the trunk tho
examiner must provide additional fixation by
holding the legs firmly down on the table

Rnlx\ngoftbnlq;adunngntmnkmmmg
test should not be permutted It introduces
factors of loverage fixation and musele sub-
stitution which interfere with the validity of
the test The tendency to rawme the Jezs winch
18 pnmanly a matter of counterbalancing the
tronk and leg welght 13 increased when ah-
dotmunal weakness I moderate or severe

The exxmuner must not provide fixation for
the legs before the moment at which the point of
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Fia 114 Anternor view | w ng kft and nght
portions (L R. and B R, of rectus ab-

domums and left and nght portions T
and R T) of transversus abdomimus

muscles  Three main differences oceur accord
mg to the strength of these muscles
(1) When the abdominsl and hip fexor
muscles are normal an individual can coms to
the mtting poation by first fleving the trunk
(that 15 the thorex 14 flexed on the pelvis) then
fleing the pelvis on the thighs. (See figa
116 & and b) (Flewon of the trunk refers
onl) ta the apprommation of the stemum and
pubns and 1s purely anteror abdormunal action.
Flanouofﬂzepo]montbcthmupme])
hup flexor actron )
Theabtrrumcmanzutuobumedby folding’
{0 a mttung povition raming first, the head then
thent the entire tnmk. Flexon
oflhetmnkumpldcdﬂmtbereponoftbe
7th cervical vertebra 1 about eght mehes from
(The distance vanes with the
degree of bael flexibilty ) At thy pownt 1 the
are of motion Hexion of the Pelvis on the thigh
Is mtiated by the hip Rexoms which then
complete the action of trupg raising

< @aamece

\
,_/]\__

Fio 115 Posterior view showing postena £
bers of transversus abdomms

—

By the foregoing description 1t "M;“
th:att:-uu].nrmmgclonetlll-'!“'ﬂ!""""‘“3;“\‘”r
distinet movements  As deseribed i the i
1ng paragraph, however it 1s only ﬂmmﬁm"‘km:’l;d

(2) When abdominal muscles are ool n
hip flexor muscles strang an mdin
come to a mttmg posthon by hmﬂmml
the trunk and flexing the pelvis on the
The hyperextenaion of the trunk is s on.
bylbwbackarectorlmmelndhipﬁm'ﬂdw
Flexson of the pelvis on the thigh o a8 o
above purely lp flexor action Bes
119aandb)

Tnmkmmngdammthh“‘lymg;:
connderedatbernnm:meoﬂ-"mm”‘melb_
As an exercise 1ts effect 15 to weaken tion
dommnlmnndmbeauﬁethnyﬂfﬁm”x‘:ﬂ
of stretch Itmuselemulmb;’ izal
@ves no indieation of the degres of &
strength.

and
(3) When abdomnal muscles are strotg
hup flexora are weak, an indinidusl carmot €&
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to a mtting pomtion Action begny by first
flexing the trunk but the flexion of the pelvia
on the thighs 18 not accomplished 1n the absence
of good hip flexor strength

In fact when lup flexors are weak lack of

adequate fixation for the sbdominel muscles
prevents complete range of trunk flemon. The
Jmbalanee 1 etrength permats the abdommal
muscle pull to tilt the pelvs too far postenorly
As 2 result theso muscles reach maximal short
nexs without getting a manmal bit on the tnmk
Because of this mechameal disadvantage the
muscles support less weight than they could
under normal conditions  For this reason 1t 18
recommended that 1 addition to reusing the
trunk through this lmuted range of motion the
muscles should be expected to hold agminst
moderate pressuro exerted against the head (if
neck flexor strength 1s good) or against the
sternum

AnaLres or THr MUscLE Acriox  As
lustrated by figure 117 flexion of the thorax
on the pelvis combines the action of the rectus
abdomuni and the internal oblique (awded by the
upper fibers of the external oblique which
furnsh Gaation for the opposmte fibers of the
ternal obhque)  If bath the rectus abdormnm
and the internal obliques are strong the pubu
will be pulled toward the sternum as the thomx
18 raised and the lumbar epine will flatten on
the tabls  This occurs even though no effort is
made to ‘roll the pelvis  provided there is no
marked contracture of the erector spinas and
provided no support 18 exerted downward on the
fegs to permit an imtial fixation by hip flexom
(Thus pount is discussed 1n detail below )

The thorax ean be rased to almost maximrom
trunk fiexion by the pull of the internal oblique
even though the rectus 18 quite weal The
difference that will be noted however is that
the pelvis will not be palled into a position of
backward tift as strongly ay when the rectus 1s
normal - When the movement of flexion of the
pelvis on the thighs 1s mitiated as the patent
contintes to come toward the mtting pontion
tho pelvis will be reen to tilt rather suddenly
away from the fimtion of the weal rectus
toward the gull of the stronger Wp fexor

(When the rectus iy weak the lne of fixation s
only from (1) to (3) Instead of from both
(1) to (3) and (1) to (2) as scen in figure 117)

It 18 necessary to watch the pelvis cloeely to
pee this action because the dorsal (and cervical)
spine muntains its flewon and the patient
apparently ‘folds” to mtting pomtion If the
rectus abdomims 18 contracting strongly 1t
usually shown as & wide band down the midline
of the abdomen

Just before the action of flexion of the pelvis
on the thighs 18 mnitiated to bnng the patient
to a complete mtting pomtion the postero-
Interal fibers of the external oblique come mto
strong, action

The action of these muscles 1n trunl. flexion
18 most obvious when there 18 a difference
therr strength such an seen frequently in cases
of scolioms  The twmating of the thorax on the
pelvis which results from this imbalanee occurs
Just before trunk flexion 18 completed.

In figure 117 the buttocks represcnt the
fixed part toward which the sternum moves in
trunk flexion  In figure 118 the legs represent
the fixed part toward which the trunk moves
when flexed on the thighs

As a patient folds toward a mithng position,
an mereasmg amoint of the welght of the trunk
1y rarsed from the table and must be supported
by the abdominal muscles The weight sup-
ported reaches 8 maximum at just about the
tmne that trunk flenon 19 completed At this
g&m wll:’entb\‘:m hip flexors core into action

weight of both lexgs 15 necessary
I the weght of the legs is not enough to
counter-balance the weight of the trunk, the
examiner must provide additional fixation by
holding the legs firmly down on the tabls

Rawng of the legs dunng & trunl ramng
test should not be permutted It introduces
factors of kverage fiation and muscle sulb-
stitution which interfers with the valdity of
the test Ths tendency to rajse the legy which
1 pnmanly « matter of counierbalancing the
trunk and leg weight is increased when aly-
dominal weskness is moderate or severs

The examiner must not provide fixation for
he Yegs before the moment at which the pant of
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Fro 116

(a) With pormal antenor abdominal muscles
the patient can roll hus pelvis to flatten s lum
bar spme on the table Then with legs un
supported be can mtiate and complete trunk
fleaon This picture shows tho arms in pam
tion for the 100, trunk raumng test

(b) When flexion of the pelvis on the thighs
18 initiated by the hip flexors the examiner
usually must help to provide fixation by holding
the kegs firmly down on tho table The pic
ture ilustrates the socond phaso of the 1007

trumk-raimng test
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Obl internus
Rectus abdominis

Fie 117 Trunk flexion is accompliabed chiefly by the rectus abdominis and the internal obliquo

Obl externus

T 118

Just before flexion of the pelvis on the thighsis other hip flexors which produce flexion of the
nrtiated the external oblique comes into strong pelvis on the thighs
acton pulling in lne with the 1ho-psoas and
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Fig 119 (a) and (b)

With weal antenor sbdomunal muscles o
patient can coms to & mtting position, but the
movement i accomplished by hip flexor action
The hyperextended trunk 1s brought forward

as the pelvm 1s flexed on the thighs. The pa2
trent 1s unable to initiate thts movement slowly
unless the lege are supported at the boginning
of the movement
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Fio 120 With weak antenor abdominal musclee the back wall arch
from the table as the weight of the legs is Lifted
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Fia 119 (a) and (b)

With weak antennor ebdominal muscles a a3 the pelvis 18 flexed on the thighs The pa
patient can come to & miting pomtion, but the tient 18 unsble to inttiate this movement atowl
movement is accomplished by hup flexor action unless the legs are supported at the bepanning
The hyperextended trunk is brought forward of the movement
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Fro 120 With weak antenor abdominal muscles the back will arch
from the table as the weight of the legs 1s lifted

193
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fixation should be changed from the pelvis to
the lower extrcrmties If pressure 15 exerted
too scon 1t will enable hp flexor action to
obscure or replace abdorninal musele action n a
trunk mung test

Emphams should be placed upon making
trunk flexion a smooth controlled, ‘“olding
action In this way valdity of the test can be
assured

A factor which must be considered in evalun
tton of abdominal muscle strength 18 the
flexibility of tho patrents back Btrong ab-
daminal muscles will be unable to flex the trunk
through a normal range of motion, or hold ina
specified test posmtion, 1f the back is unusually
tight To svad Inaccuracy the examuner
should passively flex the patient’s tnmk to
determine bach flexibihty befare grving ab-
dominal tests

DOUDLE LEG RAIBING

Anaryais oF THE AMoveMENT Leg raming
from a supine pomton 18 4 hip flexor astion
(asmsted by quadneeps if knees ard'maintained
in extenmon) The movement may be dene in
one of two ways and may or may not be com
bined with abdomunal actlon, depending on tho
porition of the pelvis

(1) If the back 18 allowed to hyperextend as
the legs are raised the nbdonunal muscles will
be put on o stretch and the movement will be
accomplishod by the hip flexors  (Bee fig 120 )

(2) Howover 1if the patient 13 asked to flax
the pelvis on the trunk (thatis roll tho pelvis
to flatten the lumbar spine on the table) and
hold 1t thero as the legs are rrised  the abdomingl
muscles must act to hold the pelvis 1 that
positton  The legs as they are Lfted exert a
atrong pull downward on the pelvis  The work
of the abdominals 13 to approamato the pubis
toward the sternum and mantam an upward
pull on the pelvis in oppeution to the downward
pull of the legs  (See fig 121)

When the ahdominal muscles are weak and
hip flexors are strong the back cannot be beld
flat as tho legy arc meed Consequently
attentron must he forused on the poaition of the

pelvis dunng the leg ruming not on the leg
raimng movement 1tsell

Anatomieal facts do not justify the prevalent
use of double leg raimng es nn ebdomnal
exercise  The abdominal muscles do not ratse
tho lega  If they aro strong onough to stabilize
the pelvis while the legs are ruscd, they do not
peed thm exercise If they are too weak to
stabilire the pelvis this movement 15 too
strenuous and eauscs undue abdominal muscle
stramn

The fupdamental prneple that exercmo
should be adapted to individual needs 13 much
ebused in the selection of so-called therapeutre
and conditioning exercises Double-leg rafnng
1 an exercise which emphasires the importaneo
of this principle even 1n rolation to so-called
normal individuals  For example anyone who
has a lordoms or anterior pelvio tilt, usually
has weak abdominal muscles and over-developed
hip flaxors The mord severo the lordoms
the greater 13 the mmbalance Double-leg
rumng will increase the muscls imbalance
and the degree of lordoms and 15 defintely
contra mdieated

Though leg ratmng }s not mntable a5 an
exercise 1t 18 used to advantage m muacle
testing Abdaminal muscle tests based upon
leg raimng and upon remstive arm and leg
movements will be discussed 1n a later mection
of thus chapter

AnaLysis or THD Alvscics Figuro 122
luatrates the dirsction of abdominal musce
pull durdng double leg rmwmng by hip flexons
The rectus abdomninm and tho external obhques
(with nccessary fixatlon by tho internat ob-
liques) flatten tho lumbar spine on the table by
pulling the pelvis into a pamtion of backward
tilt ond holdlng 1t there

The test which measures abdominal strength
in tho action descnbed above is frefIUCD“)'
referred to as tho leg ratung tost for lower
nbdominal muscles Tho word lower docs not
deslgnate the location of the abdominal muscles
being tested but indicates that the pnmary
emphass }s upon movement of the pelvis in
relation to the tnmk
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Similarly the trunk minng test 1 often
referred to as a test of the ‘upper abd 1

(2) If the leg abductors arc weak and the
1ateral abd | muscles strong, the peluis is

muscles becausc pnimary emphasis is upon
movement of the thorax 1n relation to the trunk.

In a correct movement for a lower abdominal
muscle test the patient clasps s hands under
tus head and 15 not permitted to flex lus dorsal
spine  Under these conditions he will be able
to Leep his back flat agunat the table if the
pull of both the rectus and the postero-lateral
external oblique muscles 1 strong Patients
with back pam may be permitted to fold thewr
arms on their chests dunng the test movement
This makes the test a little less strenuous but
does not matenally affect the performance of 1t

A patient with very strong rectus abdommums
and weak Isteral oblique muscles may hold hus
back down durmg a leg mising test 1f ho 1s
permitted to place his arms on the table and
flex tus entirs back by depreasng his chest
strongly  Ths should vot be confused with the
correct test performance as described above

If the external oblique muscles are strong and
the rectus abdomms weal the patient can
flatten his lumbar gpine by ‘rolling hus pelvis
but cannot mamntain the flat posmtion of the
spine 1if the lega are raised from the table

THUNK RAISING BIDEWAYS

Axauyms or e Moveuent The test
movement 15 done in mde lying pomtion with
upper trunk pelvis and legs 1n straight line
and abxlomen retrncted The top amm 18
extended down along the mde (with the fingers
cloted 80 patient wall not hold on to pelvis and
attempt to pull humself up with lus arm)
The under arm 15 forward ncroms the chest with
the hand holding the upper shoulder (to ruke out
2 =istance by puslung up with the elbow)

The cxamner then holds the patient s Jegs
firmlv on the table and ashs lom to Lit s
under shoulder from the table by raung his
trunl  Three different actions may occur

(1) When the leg abductors and the lateral
shdominat muscles arc normal the patient w1l
Oex lateralls and rnise himeelf ea 1y from the
table (a« shown by fig 123)

pulled upward as the nb eage 19 pulled toward
1t There may be complete approaimation of
the lateral jhac erest and nb cage yet the
patient will scarcely raiso s ehoulders from the
table Sometimes it 15 powmble 1n such a case
if the patient is not too lamge to exert cnough
downward pull on the pelvis laterally to stab
lize 1t and the strong lateral abdominals may
then perform the normal test movement If
the examiner shoves the pelvis upward as he
holds the legs firmly down on the table he may
produce a picture of apparent weakness that
resembles this type of unbalance even though
muscles are normal

(3) If the lateral abdomunals are weak and
the leg abductors are very strong substitution
bv a combmnation of muscles mav enable a
patient to rame the trunk from the table
laterally In tlhus case strong antenor and
postertor trunk muscles hold the trunk ngd
while the hip abductor muecles pull the trunk
mto a poution of abduction on tho thugh  The
ib cage and 1hiae crest wall not be approumated
as they are when the lateral abdominals are
strong By decreasing the preasure wath which
ke 1s providing fixation for the leg abductors
the examiner ¢an mahe it necessany for the
lateral abdominals to attempt initlation of the
movement

ANALYSIS OF THE VMUSCLE Acrion  Test of
the lateral trunk muscles rany reveal an im
balance mn the oblique muscles  In mde rmiming
of the legs and the pelvia arc held steady that 1s
not permutted to twist forward or backward
from the direct mde lying poation the thomax
13 frequenthy rotated forward or backward as
the trunk 1s laterally flexed. A forward twast
denotes a atronger pull by the external oblique
while a backward twist denotes n stronger pull
by the internal obliqus If the back hyper
extends as the patient rawmes lumself the
quadratus lumborum and the latieamus darat
are pulling strongly and the dircct antertor
abdomunal fixation 15 not sufliesent to mamtain
the trunl in straight lne with the pelvis
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Fia 121

If the hip flexors (and quadriceps) are strong
enough to rame the extended legs from the
table an individual with normal antenor ab-
dominsl muscles can flatten the low back on the
table and hold 1t there while mtiating leg
mmng

The leg raimng movernent demands maxanmum
strength in the imtial stage As a result if a

person with weak abdominal muscles were to
attempt to hold the pomtion of slight hip flexion
which 18 illustrated it would causs maximal
stran of his abdomumnal muscles (The weak
pess of tho abdominal muscles would be made
obvigus to an exammer by marked arching of
the low back )
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Rectus
Obl abd externus

Fia 122 The back 1s held flat on the table dunng double leg ramng and lowening chrefly by the
action of the rectus abdominis and the external oblique muscles
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- e et
Fra 125 Arm pomtlon for the 60% trunk rasing test

The movement 15 completed as in figure 116 b excopt that the arms maintain their position
of forward flemon
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Fia 126 60% leg rumng test

Back is held flat as legs aro maintained at an angle of about 60 from tho table Note pull of rectus
abdomims and (nght) external oblique muscles
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Fia 127 100% oblque trunk raimng test

Testing strength of the right external and the
left internal obhque muscles 1n a diagonal pull.
The thorax s flexed on the pelvis and rotated
forward on the nght (that 1, the mde of the

external oblique) The legs must be stahilized
by an asestant. The musclea dmwn on the
skin are the right external and the left internal
obligue
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TRUNK RAISING OBLIQULLY FORWARD

By ‘“nmk rmmng obliquely forward” 18
meant a disgonal motion of the trunk which
combines trunk flexion and rotaton It 18
accomplmbed by the hned action of the
external and internal oblique muscles 1n 2
diagonal hne of pull

The oblique trunk rammng test 1s usnally
performed after the straight antenor trunk and
leg-raimng tests wiuch already have revealed
to the examuner much about the relative
strength of mndividual ebdomunal and Hip
flexor muscles Problems encountered in the
oblique and anterior tests are mmular if con
siderable 1mbalance of muscle strength exists.

Detnils concerning grading of obhiqus muscles
will be found on p 208 Gradmg of etrength
under 60% 18 complicated  The sections below
on Arm Pull and Push Movements and
Deviations of the Umbilicus contun sug
gestions for grading when marked weakness
exists

AHA FULL AKD PUBH MOVEMENTS

Like trunk and leg movements, arm move
ments must be very accurately done to be used
m testing abdomnal strength Arm move-
roents done against remstance or held agminat
pressure are used in abdominal muscle testing
because unremsted arm movements do not
demand action of trunk muscles for fixation

Normally an upward movement of the arms
i the forward plane requires back fixation a
downward movement m the forward plane
requires abdomnal fixation.  When abdominal
weakpess ensts however fixation for the
downward pull or push of the arm may be
pronided by the back muxcles alone

For example 1f u patient 18 placed in a supine
porition and mven remstance to a downward
pull of both army npormal abdominal muscles
will contract to fix the thorax firmly on the
pelvis  However 1f extennive abdeminal weak
nesm i present, the back will arch fram the
table and the thorar will pull away from the
pelvs until 1t is firmly fixed by extenmaon of the
dormalepine  The arching of the back stretches

the abdomnal muscles and they become firm
under tenmon The examiner must be careful
not to mustake this firmness for tone due to
actual contraction of the muscles

In croms-sectional or diagonal arm movements
1f the abdomunal muscles are normal the exter
nal oblique on the same mde as the arm and the
mternal oblique on the oppoute mde contract
to fix the thorax to the pelms If croes-
pectional weakness exists in that line of pull,
the oppomte oblique muscles may act to mve
fimtion. It 18 important that the examiner
understand all of theso complex actions of the
musclea in order togive an accurate examination,

DEVIATIONS OF UMBILICUS AS UBED TO IXDICATE

ABDOMINAL STRENGTH

Functional test movements used to determine
strength of abdominal muacles cannot isolate
upper from the lower rectus. Likewise no
functional test movement can isolate part (b)
external from the oppemte part (b”) internal
Thie 15 because the muscle or part of the musole
18 funchonally only as strong as the formtion
from the portion which completes its hne of
pull. (See figs. 110~114 ) For maximum fune
tion, muscles require fixation from bone to
bone  If thero were & point of bony fixation 1n
the mudline of the abdomen transversoly for
the rectus or longitudinally for the obliques
the portions could be isclated by test move-
ments localixed to each quadrant. The linea
alba 18 not such a fixed attachment for the
muscles

It 1 pomsble though to determine Im
belance to a conmderable degree of accuracy
by observing the deviationa of the umbilicus
The umbilicus will deviate toward a strong or
away from a weak quadrant If for example
three quadrants the left external and both left
and nght mternals are equally strong and
there ta marked weakness of nght external, the
umbiheus will deviate decidedly toward the
left internal Thm happens not because the
left internal is the strangest, but because 1t has
no oppomtion 1n the rHght external This
shows deviation away from a weak quadrant
Ontbeotherhnndde\uﬁonxm) mean that
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there is one strong quadrant and that the other
three portions are weak  The relative strengths
must then be determined to a great extent by
palpation and by the extent to which the
umbilicus deviates during the performance of
localized test movements

An sndnvrdual unfamibiar with the examina
tion of abdommnal muscles reay find 1t very
Qiffieult to be sure of the deviations of the
umbilicus If a tape or cord 15 held trans-
versely then longrtudinally over the umbilicus
2~ tbe fest movements are performed the
drrection of the deviation can be readily
determined The umbilicus may devate up
or down from the transverse tape showing
uneven pull of upper and lower rectus If it
alto shows a deviation from the taps held
longatudinally over the umbiheus 1t will exhibit
an imbalance between the four quadrants

Lmes made with mk or feth pened on the
antenior iliac crests the costal margins Just
above the pubus and below the sternum may be
on md to the exnminer  As the test movement
18 done the tape 13 held from the umbilicus to
the vanous marks Actual shortemng or
stretch of the muscle can be detected as the
movement 1s attempted

There are times when the umbihicus deviates
not because of a defimte muscle pull but merely
because a tilung of the pelvis or twist of the
thorax places a stretch an one group of muscles
The tennion rather than an active contraction,
draws the umbibcus out of pouwtion. Ths
octurs frequently duning movements udng the
arms or legy when care 18 not taken to keep the
thorax and pelves fixed and especially if the
back s permoitted to arch 1t is for thrs reason
that the exarmuner must be sure whether the
abdocunal quadrant he 1s testing 18 really
actively contracting before he uses the devia
tions of the umisheus as bemng indicative of
actual strength

It:1 necessan tode tinguish earefully between
actunl and apparent deviations  The following
examples of apparent deviations will :llustrate
this peint

A tape 15 placed from the umbilicus to the
sternum The patient rolls his pehvis to

flatten hus back on the table then attempts to
rase his legs  In this instance as he does so
the back arches from the table due to the
weakness of the anterior abdommals It may
be noted that the distance hetween the um-
bilicus end sternum 18 increased and apparently
the umbihicus deviates toward the lower reetus.
This would lead to the impresmon that the
lower rectus was stronger than the upper
Now if the tape 13 placed from the umbilicus
to a line above the pubs and the test repested
1t may be noted that the distance is mcreased
even moro than it was above the umbiheus and
still the wmbthcus moves shghtly downward
The bacl arches as the legs are Lifted cauang a
stretch on the entire rectus and especially on
tho lower rectus  In such & case the umbsheus
might deviate ’ downward and still the upper
rectus mught be stropger than the lower

The preceding exampje iflustmtes the fact
that a test movement wiuch 18 so dafficult that
1t places the muscles on a stretch, may cause the
umbilicus to deviate due to the stretch rather
than to the contmction

The following example illustrates the fact
that the deviation of the umbilicus may be
musleading if the mdividual starts from a
pomtion of streteh (surh as exists when the back
marched) In thus instance it js aesumed that
the lower rectus is stronger than the npper

A patient Lies supine an the table with hus
back 1n & positon of marked lordoms which
exerts tenson on the abdominal muscles s
he rolls lus pelvis to flatten his back on the
table there may be a slight upward deviation
of the umbilicus This 15 due to tho fact that
the tensdon on the rectus especially the weaher
upper rectus, has been released permitting the
uminheus to retmct to a rest position

To obtain actual deviations the abdominal
muscles should first be relaxed The pelvis
may be pasmively rolled backward or the knces
. be bent sufficently to relax the back flat
on the table Then the patient may be ashed
to attempt bead raiung or ‘rolling hus pelvis
(oven though the beck 1s already flat) If
resistive arm and leg morements are ured 10
teating they should be started from this relaxed
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poaition allo  Alovements should alwaye be
much that they produce actual shortening of
the muscle Movements should not be so
strenuous that the stretch the muscle  When
weakness 18 very apparent the imtinl test
should be a muld active movement with
resistance gradually spphed. It should be
noted first to what extent the muscle ean
approamate 1te omgn and insertion and
tecond how much pressure can bo added
beforo the pull breaky’ and the muscle
starta to stretch

Grading Abdominal Muscles

ANTLRIOR ADDOMINAL MUBOLES

An o prelimuinary to testing abdominal
muzele« the strength of the neck flexors and
hup flesors should be determined (seo pp 220
and 162) becaure their action is involved in the
abdomunal tests

Trunk flexitihity should be cliceked so that
restriction of motion will not be confused with
murcle weakmess

Exammation of antenor abdominal muscles
mvolves giving two sacparnto teats (1) The
trunk rasing test and (2) the leg rusing test

The trunk rmimng test 13 o fesl morement
Usually the patient attempts first the move
ment as mecified for a test of 1009, strength.
If lic v unable te do 1t correctly he 18 given
camer modifications of the test until he 18
succesful in dong one  (In dealing with
paralstic cnses which have obvious weakness of
the part to be tested the cxamner should
modify the order of test procedures )

The leg-raiang test is also a test morement
Ussally  the patient attempts the 1009, test
movernent  first  If the patient docs not
accomplirh 1t correctly the examuner places the
axtended ks 10 a pomtion slightly below a
nght angle wath the table and watches the
position of the pelvis while the patient lowers
Iy lega slowlh  The angle which the legy
make mith the table at the moment that the
Pelvis begins to tilt antenorly will determine

the grade given to the ‘lower abdominal
muscles

100 percent

(1) With the hands clasped behind the head,
the patient first flattens tho lumbar spine by
pelvic tilt then folds to mtting position
The legm are not supported until trunk flexion 18
complote but may be supported as soon os the
pelvis should normally begin flexing on the
thighs, (I p flexors are weak the 1009
grading should be based on tho patients
ability to complote his range of trunk fleon
and hold againat moderate pressure ) (For ex
planation see p 180) (Beo figs 116aandb)

(2) With hands clasped behind the head the
patient rolls hus pelvis backward and holds Tus
humbar spine flat on the table as the legs are
rased and lowered  (See fig 121)

80 percent

(1) 8ame as (1) under 1009 except that arms
are folded on the chest  (Bee fig 124.)

(2) With the hands clasped behind the
head the patient rolls his pelvis to flatten the
lumbar spme The examiner then rmses the
patient 5 legs to an angle of appromimately
40 degrees from the table and asks the patient
to kecp hus back flat on the table whilo holding
the legs 1 that pomtion The ability to
maintain this postion of the polvis and legs
constitutes a grade of 809,

60 percent,

(1) Same as (1) under 100 percont except that
the arms are extended forward  (See fig 120)
(2) Bame as (2) under 80% cxcept that legs

are hold at an mngle of approxmately G0
(See fig 128)

50 percent

(1) With arms extended forward the patient
is able to roll Iy pelvie and bft lus head and
shoulders ko that the remon of the 7th cervieal
vertebra 18 about 4 or b luches from tho table

(2) Bame as (2) under 809, except that legs
are held at an angle of approximately 80
from the table

Objective grading is quite easy for strengths
of 507 and above  Below 509% it is much more
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there is one strong quadrant anad that the other
three portions are weak. The relative strengths
must then be deternuned to a great extent by
palpation and by the extent to which the
umbilteus devistes dunng the performance of
Tocalized test moverents

An individugl unfamuliar with the examma
tion of sbdomunal muscles may find 1t very
dufficult to be sure of the deviations of the
umhilicus  If a tape or cord is held trans-
verrely then longitudinally over the umbilicus
as the test movements are performed, the
direction of the deviaion ean be readily
determmed The umbilicus may deviate up
or down from the transverse tape showing
uneven pull of upper and lower rectus  If 1t
al o shows a deviation from the tape held
longrtudinally over the umbilicus, 1t will exhibit
en imbalance between the four quadrants

Lines made with ink or flesh pencil on the
anterior iliac erests the costal margins, just
above the pubts and below the sternum may be
an aid to the examuner  As the test movemoent
15 done the tape 1 held from the umbilicus to
the various marks Actual shorteming or
stretch of the muscle can be detected as the
movement 19 attempted

There are times when the umbiltcus deviates
not beeause of a definite musele pull, but merel
because a tilting of the pelvis or twist of the
thorax places a stretch on one group of muscles
The tension rather than an active contraction
drawy the umbiheus out of pomtion Ths
occurs frequently dunng movements using the
arms or legs when care 1s not taken to keep the
thorax and pelvis fixed and especally if the
bacl 1s permitted to arch 1t 1s for this renson
that the exammer must be sure whether the
abdomunal quadrant he 1s testing 1s really
actively cuntracting before he uses the devia
tions of the umlnlicus as being indicative of
actual strength

It1 neces an tod: tinguish earefully between
actual and apparcot deviations  Theo folloming
examples of apparent deviations will illustrate
this point

\ tapc 1 placed from the umbificus to the
asternum  The patient rolls s pelvis to

fiatten his back on the table then attempts to
raise us Jegs  In thiy mstance as he does s0
the back arches from tho table due to the
weehness of the antenor abdomunals It may
be noted that the distance hetween the um
bilicus and sternum is incrensed and apparently
the umbilicus doviates townrd the lower reetus.
This would lead to the impreswon that the
lower rectus was stronger than the upper
Now 1f the tape s placed from the umbilicu.
to & hine above the pubis and the test repeated
1t may be noted that the distance is incrensed
even more than 1t was above the umbiheus and
stidl the umbibicus moves slghtly downward
The back arches as the lega are Lfted caumnga
stretch on the entire rectus and especnaily on
the lower reetus  In such a case the umbilicus
might deviate downward and still the upper
rectus mught be stronger than the lower

The preceding example illustrates the fact
that a test movement which is so difficult that
1t places the muscles on a streteh, may cause the
umhibicus to deviate due to the stretch rather
than to the contraction

The following example illustrates the fact
that the deviation of the umbilicus may be
musleading 1f the individual starts from 2
position of stretch (such as exists when the back
18 arched) In this nstanee 1t 18 assumed that
the lower rectus 1 stronger than the upper

A patlent hes supine on the table with lua
back in a pomtian of marked Jordosis which
cxerts tenwon an the abdominal muscles A»
he rolls his pelsis to flatten hus back on the
table there may be a slight upward deviation
of the umlnheus  This is dus to the fact that
the tenmon on the rectus especally the weaker
upper rectus has been relensed permutting the
umbilicus to retract to a rest postion

To obtain actual doviations the abdaminal
muscles should first be relaved The pelsit
mav be passvely rolled backward or the knees
may bo bent sufficrently to relax the back flat
on the table Then the patient may be asked
to attempt head rusing or “roling his pelvis
(even though the bacl is already flat) 17
resstive arm and leg movements are used in
testing, they should be started from this relaxed
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(2) If thia test s done by the patient as &
fest movement ho 18 asked to clasp his hands
behund brs head and rmse s body diagonally
1n trunk flexion and rotation until both should
ers are well off the table The test position is
preferred because the movement is a difficult
one for the patient to do accurately

Whichever method 15 used the patients
legs must bo held n pomtion by the assistant
(Bee fig 127) (The back must not be hyper
extended in this test )

80 percent
Abflity to hold test pomtion or do test
movement as in 1009, test except that arms are
folded on chest and lower shoulder leaves the
table only a few inches

60 percent
Ability to hold the test position or do test
movement as 1n 1009, test except that armm
are extended forward and the lower shoulder 18
berely hited from the table (The scapula of
the upper shoulder ehould be entirely off
the table.)

50 percent

With the examiner grving moderate remstance
aganst & dugonally downward pull of the arm
the crow sectional pull of the oblique abdominal
muscles will be very firm on palpation and will
pull the costal margin toward the ihac crest

If the arm 18 weak, pushmg the shoulder
upward from the table and holding against
pressure may be substituted for the arm
movement.

With the straizht leg beld in appronmately
G0 degrees hip flewon the examiner applies
presure against the thigh in a downward
outward dircction  The strength of oblique
Tauscles should be sufficient to pull the jhac erest
toward the oppomte costal margin againat this
moderste pressure  (This test can omly be
used 3t hup flexor strength is good )

40 percent
The patient s able to Liald the back flat and
approximate the iliac crest toward the oppoute

costal margin as ho raises the leg actively (that
18 agnimst no resistance) and pulls the arm
obliquely downward agninst slight remstance

& to 20 percent

If the welight of the leg and shght remstance
aganst the arm causes separation rather than
approomation m the diagonal pull as above
have tho patlent nttempt to tighten the musclos
pulling the costal margin toward the oppoaits
fline crest Depend on palpation and reflex
action for grading

Part (2) External (upper antersor fibers)
In head ramng and forward trunk flexion
movements the rib cage 12 normally depreseed
In these tests and i dingonal arm pull move
ments (in which the pull 18 directed 1n line with
theso upper fibers) this upper part of the
external obhque should pull downward on the
nb cage If the part 1s weak the nb coge will
flars out ard the thorax will be slightly elevated
on the weak mdo

In the head rmmng test 1t may be noted
frequently that the costal angle changes
sometimes 1t 1 incremmed and other times
decreamed  If the upper fibers of the external
obhqus are strong and the fibers of the internal
oblique weak the angle will be decreased due
to the downward medialward pull of the
external oblique fibers 1f the upper fibers of
the internal obhque aro strong and tho upper
fibers of the external oblique are weak the
angle will be mereased due to the downward
outward pull of the internal obhque At other
times, when upper fibers of both nternal and
external obliques aro weak, the costal margin
will flare out and the thorax will bulge Iaterally
a8 the head is ramed

Part (o) Internal (low transverse fibers)
No teat moversent can cause an approximation
of parts to which the lower fibers of the internal
are attached mnee these fibers extend nerom
the lower abdomen from illum to flum (as do
the lower fibers of the transversus abdomunis)
In pelvic roll, leg ralsing, and trunk rasing
movements however this part will become
tenso if strong  The degres of strength must bo
determmned by palpation and by the ability of
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difficult to grade accurately It Is impractical
to attempt to st all the posmble combinations
of abdomunal muscle action that nught be
encountered  Most of them can be interpreted
adequately by usng the prineiples suggested
in this chapter Expenence will enable the
examiner to make increasingly fine distinctions

In the materal below it 1s assumed that the
necessary arm  neck and lex muscles sre
strong Gradmg of the parts of the obliques
and the rect1 separately 1s based mamly on the
deviations of the umbilias (see preceding
sectians p 203 to p 205) and on palpation
for muscls tons

40 percent
With koees shightly flexed (blanket rall
under them) have the patient roll Ids pehns and
raise s head.  The patent i able to approm
mats the publs and the sternum as the head
1 lifted

30 percent
The patient is abloe to appromimate the pubus
and sternum ir the pelvic roll movement but
as the weight of the head fa lifted, the reotms
mives” and the thorax is elevated

5 to 20 percent
The patient can  set’ or tenss the abdominal
muscles shghtly but ia actuslly unable to
approximate the pubus end sternum in attempt-
ing the pelvic roll Depend on reflex action
and palpation for grading

LATERAL ABDOMINAL AMUSCLES

Before domg the following abdonunal tests,
test for the strength of the leg abductors arm
adductors and lateral peck flexors. Test, also
for passive latern! flexion of trunk

100 pereent
Trunk flexion laterally mn mde lymg to
point of patients maximum lateral flemion
(Coatal region closely approximates the tlhao
croat lateralls  See fiz 123 )

80 percent
Trunk fledon laterally in side-lying the
under shouldar is raised about 4 inches from the
table

50 to 60 percent.
Trunk fleson laterally In mdelying the
under shoulder 1s raised 1 to 3 inches from the
table

30 to 80 percent

In mde-lying firm fixation and apprommation
of the rib eage and fhac erest laterally dunng
sctrve leg abduction and arm adduction sgunst
modernte remstance

20 to 30 percent
Ability to approxymate ilias crest toward b
cage laterally in side-lying but the lateral
abdomimnals  give and the distance is increased
a8 the weight of the leg 15 raised In nbducton,
oar the arm is adducted against modemts
resistance

10 to 20 percent
Supins with back flat Ability to tighten the
Iateral abdominals drawing the pelvis up
slightly

Q to 10 percent
Supme Palpats for tone when patient at
teropts to draw up huip or adduct arm agunst
alight resistance.

OBLIQUE ABDOMINAL MUBCLES

Thess tests are for the External Oblique
especally part (b) and the opposite Internal
Oblique especially part b no attempt 1s made
to outhne gmdes for the other parts though
soms details in regard to them are

100 percent
(1) Patent clasps hands behind head. Ex
aminer places tha trunk in a position of flexdon
and rotation with both shoulders well off the
table If the strength s less than 100%, the
trunk will turn or drop out of the fea! positron.
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Fia 129

SBhows anterior bulmng of abdominal wall The picture shows the subject standing n a
due to weak transiersus aldomnis The di poation of mild lordous A bulming due to a
rection of the fibers is indieated by the hon weah trans ersus may be found with or without
2ontal hines of the muscle ar drawn on the skin a lordosis
(The arms are held in this pomtion to expose
the skan drawing of the musele )
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Fia 128

the patint to compreas the Jower abdominal
wall

Part (c) Externsl and part (z) Internal
(lateral fibers of each) In (1) lateral arm
adduction end (2) leg ebduction agalnst
remsiance an well as (3) the lateral flexion tests
1n smde-lving these parts of the external and
mternal obliques pull strongly 1n combined
action  In the mde lying positton movementa
of the thornx and pelvis 1o flexion extension
ot rotation will denote differences in strength of
the external and internal oblique muscles A
tendency townrd flexion of the thorax with
backward rotatron indicates a stronger internal
oblique  \ postenor pelvio tilt with forward
rotation of the thorax indicates a stromger
external oblique pull.

Transversus Abdomums During forward flex
100 1n the sipine pesition and hyperoxtension
of the trunk n the prone poation there will be
bulmng latersih 1f the transversus abdonunis
13 weah  With a normal transversus there
will be a rctraction of the lateral and anterior
abdominal wall dunng these trunk movements

Recording Abdominal Muscle Grades

\bdomjnal muscle grades are recorded in
two different way» deponding on the amount of
strength

When marked weakpess or imbalance ensts,
it 1 necessary to mdrcate findings 1n relation to
spoczfic musole action  Figure 128 b illustrates
how lnes are drawn 1n to mndicate tho vanous
muscles that may be graded  Lines (1) and (2)
represent night and left upper reotus respec
tively (8) and (4) nght and left lower rectus
(5) and (8) nght and left external obliques
(7) and (8) nght and left internal obliques, and
(9) and (10) represcat the nght and left lateral
abdominals Inrecordmg the percentage grade
for ench muscle 15 placed on the lme which
represents 1t m the abdammel drawing

YWhen strength is 50% or better in the
trunk and leg ramng tests it s usuall
sufficient to grade on the bass of theso tests.
(Sce 128 g2) There seldom is intnpaic imbel
ance Letween parts of the rectus or the obliques
to neeeasitato grading parta separately if these
tests show 50% or better
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Fie 129

Shows antenor bulming of abdominal wall The picture shows the subject standing in n

duc to weak transversus abdormmus The di posution of mld lordoms A bulging due to n
rection of the fibers 13 indiented by the hori

weak transversus may be found with or without
zontal Iincs of the muscle as drawn on the skm a lordosus
(The arms are held 1n this position to expose

the shin drawing of the muecle )
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Fio 130 Lumbar lordoms an associnted with weak external obhique musales

A thrust of the knees 1n the direction of hyper as drawn on the skin shows line of the fibers
extenmon typically accompanies lordosis. Hip (Arma aro held 1n thiy position to expose the
flexor tightness is frequently found i thm type drawing )
of posture The left external oblique muscle



TRUNRK MUBCLES

Fra 131 Anterlor displacement of the pelvis ns associated with external oblique weakness

This displacement may be mistaken for a
ordoms but is not ono becauss there is no an
erlor tilt of the pelvis  (Sometimes the pelvis
s tilted posteriorly ) The decreased angle be-
ween tho foot and lower leg and the postenor
Leplacement of the thorax accompany antenor

dwplacement of the pelvis Frequently a wealk
nmo“hehrpﬂarmmllbufwndmthhtype
of posture The left external oblique muscle
dmwnonthenkinahowathehneoftheﬁbm

(The arms are beld in this pamtion to cxpose
the ekin drawng )

21
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(b)

Fia 132 Quadratus luomborum

(a) Test Quadmtus lumborum
Pattext
Prone
Fixation

By muscles which hold the leg firmly in the
acetabulum

TesT

LElevation of the pelvis laterally Leg 15
placed 1 shght extenmen and in the degree of

abduction which corresponds with the Lie of
fibers of the quadratus lumborum  (Seo fig b)

Pressyne

Given 1n the form of traction on the leg dt
roctly opposng the Lne of pull of tho quadratus
If up muscles are weal pressuro may be given
agamnst the pelvis 1n opposition to tho quadratus
pull

(b) Line drawing Shows lino of musclo fi
bers with leg 1n test pomtion,
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The quadratus lumborum acts along with
other muscles in laterl trunk flexion (see p
187) It 18 difficult to palpate this muscle be
canse 1t 18 attached to the lumbar fascia which
underbes part of the latimsmus dors: the pos-
tenior fibers of the external and internal oblique
and the transversus abdominis Though the
quadratus lumborum enters into the motion of
elevation of the pelvis in the standing pomtion
or in walkmg the standing pomtion does not
offer a satisfactors powtion for testing  Eleva

tion of the nght mde of the pelvis in standing
depends as much 1f not more on the downward
pull by the left abductors as 1t docs on the up-
ward pull of nght laternl abdomnals

The test lustrated should not be considered
as hmited to quadmtus lumborum action but
as gnving the most satisfactory differentmtion
that ean be obtmined This text does not rec
ommend atteropting to grade numencally the
strength of this muscle It eeems preferable to
record whether 1t appears weak or strong
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Weakness Shortness and Contracfure of
Abdomtnal Muscles

TRANBVERSUS ARDOMIX1S

TWEAENEss Permuts & bulging of the ante-
nior abdomunal wall without direct effect on the
tilt or rotation of the pelvis or thorax (See
fig 129)

SnorTvess  Seldom if ever soen

RECTUB ABDOMINTS

Weaxxeas Permuts a separation of the
pubs and sternum with resultant lordotic
posture  In supine pomtion a weakness of
this musclo results in a decrease In tho abulity to
flex the pelvis on the tharax or the thorax on
the pelvis

Snortxess Causes a dorso-lumbar hypho-
o5 with homtation of spine extenmon

ISTERXAL OBLIQUE

WEeAxxEss  Bilaleral weskness results in the
inablhity to flex tho thorax op the pelvis from a
supine postion (ns wndicated by the trunk
rusng test)

Unilateral weakness permits rotation of the
thorax forward on the mde of weaknem

SHOorRTNEMs  Bilaleral shortnems depresses
the thorax anteriorly tending to pull ths upper
trunk 1nto a pomtion of kyphoms The costal
angle will tend to remain spread

Unilgteral ahortress rotates the thorax back
ward on the mde of ehortnesa.

EXTERXAL ODLIQUE

Wrakxess  Bilaternl weakness results in
cither an anterior pelvic tilt (with lordoms)
(scc fig 130) or an antenor displacement of the
pelvis (sce fig 181)

Unilaterat wenkneas permuts a rotation of the
thomx backward on tho mde of weakness.

SmorTnEss  Bilateral shortnems seldom i
scen but the effect of shortness is a postenior
tilt of the pelvis  (When it otcurs muscle
shortness of the external oblique 13 more apt to
secompany pelvic tlt as a result rather than
28 a cauro )

Unilateral shortness causes rotation of the

thorax forward on the mde of shortness as seen
m cass of scolioms A contracted or short
external oblique (postero-lateral part} wll
cause o scoliois of the dorsal spine just as a
contracted sterno-cleldo-mastoid will cause a
torticolhs of the cervical spine

Internal and External Obligue (ADiddle and
latersl parts of both are included Lower
transverse fibers of the internal and tho upper
antenor fibers of the external are not ineluded )

WEAKNESS Tveakness of the external and
nternal oblique on the same nde Permits
separation of the costal margn and diac crest
laterally resulting m a C-curve convex toward
the mde of weakness accompamed by a mm
mum amount of rotation

Weakness of the external and nternal oblique
on the oppostle sides (o.g  weakness of the nght
external and left internal) A weakness of
external oblique on the right and the internal
oblique on the left allows a separation of the
nght costsl margin and the left ilne crest
The result is & backward rotation of the thorax
on the nght and counter-clockwise rotation
of the pelvis (that is backward on the left,
forward on the nght) The left fliac crest
drops  The internal oblique influences the
Iateral pelvio tilt more than does the external
while the external influences the rotation of the
thorax more than does the internal oblique

SrorTNESS  Shortness or contracture of the
external and internal oblique on the same s1de
Approximates the iliac crest and tho costal
margn leterally thrusting the spine into a
Ccurve convex toward the opposite side
(i.e., n contractod nght external and internal
will produes a left C-curve)

Shortness or contracture of tho cxternal
and internal oblique on opponls ndes (of.,
contracted left external and nght internal)
Coauses an sppraumation of tbe left costal
margin toward the nght fliac crest with
elovation of the nght 1iac crest and rotation
of the thorax forward on the left (backward
on the right)

The pieturo of shortness or contracture of the
left external anc the right mternal will usually
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Fra 133 Back extensors
Test

Pamexr
Prone
Friamon
The exammer holds the legs firmly down on

the table The gluteal and hamstnng musoles
ﬁxlhepelmonﬂwth:ghmd]m

Hyperextension of the lumbar and cervical
epine with extenslon of the dorsal spine

Presaurn

Agninst tho dormal spine in & downward du
rection toward the table
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Weakness STortnese and Contracture of
Abdommal Musdes

TRANBVIESTS ABDOMTXIS

WEeuNEss  Permrts a bulgping of the ante
nor abdommal wall wrthout direct effect on the
tilt or rotation of the pelne or thorax. (See
fig 129

SmorTvESS  Seldom, if ever reen.

PBECTTS ARDOMINIS

WEakxE=s Permits a eeparation of the
pules and sternum wath resultant Jordotie
posture  In rupne posttion, 2 weakness of
thn. muscle remlts m & decreass m the ability to
flex the pelns on the tharax, or the thorax on
the pelvL

SporrNess  Causes a dar<o-lumbar kypho-
1. with imtaton of «pme extension.

IXTERNAL OBLIQTE

WessZEra  Bilaterul weakness results m the
mahility to fex the thorax on the pelvis fram a
sumne poutron (as mdicated by the trunk
ramg test)

Unilatern! weakness permuts rotation of the
tharax forward en the nde of weakness

SHoET~ERS  Bilateral shoripess depresses
the tharax antenortv  tendmg to pull the upper
trunk 1nto a poatton of kvphaas The costal
angle will tend to remam spread.

Uriateral shartoess rotates the thorax back
ward on the side of shortness.

EXTEENAL OPLIQUE

Weikxmss Bilateral weakness resubts in
either an antenor pelve tilt (with lerdesms)
(see fig 130) ar an antenor displacement of the
pelvas (e fig 131)

Unilateral weakness permts & rotation of the
tharax backward on the mde of weakness

SporTvEss  Bilateral shartness seldom 15
seen, but the effect of shortpess 15 a postenor
tilt of the pelns (When it occurs muscle
rhortoess of the external oblique 15 more apt to
accompany pelvre tilt as a resnlt rather than
asa camse.)

Unilairrol shortness causes rotation of the

thomax forward on the srde of shariness as seen
1n casts of seolioms A contracted or shoart
external oblique (posterolateral part) will
cause a scolionx of the dorsal spme just as a
contracted sterno-cleido-mastoud will eause a
tarticollis of the cervical spine

Internal end Erternal Obligue (\Giddle and
lateral parts of both are included. Lower
transver<e fibers of the internal and the upper
antenar fibers of the external are not ineloded )

WEARNERs  Weaknex of the external and
wntermal oblique on the same mde Permits
separation of the costal margin and ilise crest
Iaterally resulting m a C-curve convex toward
the mde of weaknes accomparsed b a mm-
mum amount of rotation,

Weakneas of the external and internal oblique
on the opposile sides (e£ weakness of the nght
external and left mtermal) A weakness of
external oblique on the nght and the mterml
oblique on the left allows a separation of the
nght costal margin and the left 1liac crest.
The re<ult 18 & backward rotation of the thorax
on ths nght, and eounter-clockwise rotation
of the pelvis (that 15 backward on the left
forrard on the nght) The left ilme erest
drops. The internal oblique influences the
Iateral pelvie tilt more than does the external,
while the external mflnences the rotation of the
thorax more than does the internal obligue

SHorTvESS  Shortness or eontracture of the
extermal and internal oblique on the same hde
Approumates the ifiac crest and the costal

(ie., a contracted nght external and internal
will produce a left C-curve)

Shartness or contracture of the extermal
and miernal oblique on oppomle ndes (e
contracted left external and nght mterpal)
Causes an sppraxumation of the left costal
margin toward the nght iliac crest, with
elevation of the nght iliac crest and rotatian
of the thorar forward on the Jeft (backward
on the nght)

Thepktmofuhormcmurmmtmctmoﬂhu
Ieft external and the nght internal will urually
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Fro 133 Back extcusors

Parmxr
Prone

Freamox

The examiner holds the legs firmly down on
the table The gluteal and hamsiring museles
fix the pelvis on the thigh and leg

Trat

Hyporextenmon of the lambar and corvien]
spino with cxtension of the doral spine
Prosaonc

Agninat the dersal saplne fin n downwand i
reetion toward the table
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bLe found along with weakness of the nght
external and the left internal. This 13 seen
m the typical nght dorsal left [umbar scohioms
which results from imbalanee of the abdaminal
muscles

Posterior Truxk MuscLes

The erector spinse muscles may be consdered
the most mmportant of all trunk muscles
That abdeminal muscles are discumed mn detail
and erector spmae muscles gven relatively
Ittle emphams 15 based on several factors
Low back muscle weakness 1 seldom en
countered except in paralytic cases The
incdence amang non paralytic (so-ealled nor
mal) individuals 1s about 3 or 4 per 1000
individuals, Abdomnal weakness 1s frequently
encountered. Abdominal muscles can be tested
individually toa great extent whils the erector
spinae can be tested only as a group

The erector spinse are asmsted mn back
extension by latisomus dorst quadmatus lumbo-
rum and tmmperus The combmed action
of all postcnor muscles ia tested in the Baek
Extensor test which follows  (Individual tests
for all except erector spmno are descnibed
elsewhere )

GRADING

100 percent
The patient will complete the spme extenmon
motement and hold against maximum pressure

80 percent
The patient will complete the smne extenmion
movement and hold agamsat shght pressure.

60 percent
The patient will almost complete the spme
extenmion movement

50 pereent
The patient will be able to lift the thorax so
that tbe xiphold process of the sternum 1
rmsed from the table
If there 15 imbalance or if general strength 13
below 509, the examunation involves several
factors

When marked weakness is present usualls
such weakness extends throughout the entire
back. A head misng movement which would
furnish a slight remstance agninst other exten
sors for the purpose of grading ean seldom be
employed. Palpation and observation of the
muscle achions 10 the upper and lower back
must conshtute the basts of grading

VWhen the low back is strong and the upper
baek 15 wenk, an attempt to extend will resalt in
hyperextension of the low back by the erector
spinae hilting the pelvis forward, but the thorax
will not be Lfted from the table

WeAkxEss  Bilateral wenknem of the smne
extensor muscles will result m a dorsal-flumbar
kyphosis

Unilateral weakness will result 1n a lateral
curvature with convexity toward the weak mde

Smorrxess or CovtracTUmE. Unilaleral
contracture results in a scohous with convemty
toward the oppomte mde

Bilatera] contracture of the low back muscles
results 1n a lordosts

Cantracture of the upper back s eeon, ot
frequently among adults who dunng their

partimpated in strong hyperextenmon
actrvities (a3 amsocated with mcrobatio dance
movements) It appears as a flattenng and
even slight hyperextenmon of the dorml spine
The scapulae mre rather promment because
of the abnormnl eontour of the upper back.

TWeakness Shoriness and Contracture of
Latissimus Dorsi and Trapenus as
Related to the Trunk

LATISAR(US DOESI

(For WrAxxess and SEORTXESS as related
to the arm, see p 112)

SmorT~ERS (23 related to the trunk) Um
laterally Depresses the ahoulder and dmplaces
the thomx forward and toward the opposite
mde. In a nght C-curve the left latismmus
dorsl usually s short.

Bilaterally Latissimus dorm tightness tends
to depress the shoulders down and forward by
1ts action on the humerus

Thus muscle comen into action dunng & trunk
movement (seo fig 116 a) 1n the same manner
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that 1t {ends to hecome shortencd 1n a bad
Iphoms case

There 1s an apparent diecrepancy between
the umlaternl rotation action on the thornx
and the bilaternl flexion action  This oceurs
beeause the latienmus mav act 1n trunk flexion
or extenon Likewise 1t 1x referred to at
times as an acecwwrn muscle of inspimtion
ar of expiration

Shortness of the latisnmus mav be found
mdividinls who have walked with crutches
for a prolonged penod of time

Weskvess The strength of lateral trunk
flexion is dimumished

The thorax loses the postero-lateral firation
of ths muscle and tends to bulge postero-

laterally  Beeause 1t 15 an accessory muscle
of respimtion  weakness interferes to =ome
extent with forced expiration as 1n coughing

TRAPEIIUB (MIDDLE AND LOWER)

(For WeAKNESS and SnorTvEss as related
to the arm zeep 119)

Weakxess (as related to the trunk) The
middle and lower parts of the trapenus remnforce
the dorsal ercctor spinne 1n maintaming dorsal
spine extension  With weakness of the trape-
nus the dorsal spine tends to go into a kyphoss
The scapulae are abducted and elevated 1n a
forward round-shoulder position.

SuorT~ess  Rarely seen



CHAPTER VI
NECK, FACIAL THROAT, AND RESPIRATORY MUSCLES

The nech flexors and extensors are graded on
the baa of anhi-gravity range of motion and
pressure against the held pomtion as Class II
muscles. (Seep 11)

In most of the facial muscles the evaluation
of strongth 18 based on the degres of expresmon
possible There 18 an element of range of
motion but not i the senss of an aro of motion
becruse no jant is involved

In the muscles of the eye there 15 this same
factor of range of motion.

In the muscles of mastication, which moveths
lower jaw the factors of motion and preswure
are mvolved.

The granity factor 18 not employed in any
of the above tests

The Cranial Nerve Chart (p 36) may bo
uged for recording the evaluation of famsl
muscles, The grades of sero  “weak’ and
‘normgl’ furmsh adequate desonption of tho
functron of most of these muscles

The Respiratory AMuscle Chart (Chapter II)
Lists tho pnmary and accemsory musocles of
resprration  and may be used for recording
evalusation of thess muscles.

‘Tre FoLLowmo MusoLe Test AcTiorNs
Arz LasteEp But Nor ILLosTRATED

Eye
Recros IxFERIOR AND OBLIQUUS SUPERIOR.
Have tbe patient look straight downward
toward the mouth

Ear
AURICULARDS SUPERIOR AKTERIOR AND Pos-
teRIoR. These muscles may move the ear
but most people cannot perform the movement
voluntanly
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Tongue

Exramxeic axp Ixramsic AMusores  With
the mouth opan, have tho patient perform the
following movements—protrude the tongue
forward draw ths tongue backward mave the
tongus upward toward the noss move the
tonguo downward towerd the chin move the
tongue toward the right cheek and toward the
left cheek, curl the tap of the tongue backward
and curl the mdes of the tongue upward

Palats

Levator Veu Paratovr Tevsor Veu
Pararext Musouros Uvuian,  These mimoles
raise and make tenso the soft palate and uvule
as 1n gaggmg To examine for weakpems or
imbalance as m bulbar poliomyelitts cases
have the petient with mouth wde open say

ah” The examiner will note a deviation of
the uvula away from the mds of the weskness
1f one srde 13 weak or paralyzed

GLOSBOPALATINUS AND PHARTYNGOPALATINUS
These muscles constrict the antenor and
postenior arches of the fauces as In swallowing

Pharymz
STYLOPHABYNGEUS  SALPIXGOPHARYAGEUS,
Prsryxgoralatmnus  Thoeee muscles ramo the
pharynx and larynx and dilate the pharynx as
1n the first part of the act of swallowing
Coveraicrors The constrictors contrast
succesmively as in swallowing

Larynz
Intrixsic Muscrrs Theso muscles open
the throat for farced desp inhalation and closs
the throat for swallowing and for clear
pbonation
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Fic 134 Posterv-lateral neck extensors

Pamiext

Prone with the elbows bent and the hands
resting on table overhead

Frxarion

Unuafly none necessary by examiner
Test

Postero-lateral neck extenmon
Pressyne

Agatnst the poatero-lateral aspect of the head
n & downward divection

Note

In this test the face 18 rotated toward the
mde bemg tested

The test performance depends on strong ac
tion of the splenjus and other muscles which
act along with the splenus 1n 1ts direstion of
pull.

In contrast the upper trapenus test (seo
fig 59) requires a rotation of the face townrd the
oppomte side
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Fia 135 Antenor neck flexors

Parmext

Bupine with the elbows bent and the hands
over bead restmg on the table

FrxaTiox

\ntenor abdorminal muscles must be strong
enough to give antenor fixatian of thorax to
pelvis before the head can be rused by the nock
flexors  If abdominal muscles are weak the
examuner ean give fixation by firm downward
pressure on the thorax Al children (five years
and under) should have fixation of tho thamx
by the cxaminer dunng the test (modified for
this age group as described below under Test)

Trsr

Fleuon of the cervical spme by Witing tho
head up from the table with the chin depressed
and approaimated toward the sternum.  (Chil
dren five and under should be tested by an
asnsted test movement or os follows the ef

fort 18 made to Hatten the cervienl apine on the
table gpproximatmg the chin toward the sterno-
clevicular region Remstance applied agninst
tha chin may be used os & measure for grading )
PREMSURE

Against the forehead n & downward direc

tion

Notz

The antentor vertebral nech flaxars are aldoc
by the sterno-cleido-mastosd anterior sealem
and supra and 1nfra hyoids in this movement
The platysma will attempt to sid when flaxors
are very weak
WEAKNESS

Results in hyperextension of the cervical
spino in & farward head position.

COXTRACTURE
A peck flexon contracturo is rarely seen
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Fia 138 Error in testing neck flexors

I antenor vertebral meck flexors are weak
and the sterno-cleido-mastold muscles strong
an individual ean rawse the head up from the
table (as illustrated) and can hold agpinst
premuro but this is not an accurate test for

neck flexors  Action 18 accomplished chiefly by
the sterno-cleido mastoids aided by the antenor
scalem and tho elavicular portion of the uppor
trapexius
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Fro 137 Antero-latera) neck fexors

PamesT
Supine with elbows bent and hands over head
resting on the table
FrxaTion
Same as for antenor neck flexors
Test
Antero-lateral neck flexion

Pressune

Apamst the temporal region of the head 1n
an obliquelv downward direction

Note

The muscles acting  this test are chiefly
sterno-cletdo-mastoid and anterior scaleni

With neck muscles just strong enough to
hold but not strong enough to ectually flex
a patsent frequently raises the head from the
table by ramng the shoulders Ho docs so
especially on these tests for right and left
flexors becauso bo attempts to md himaelf by
talang some weight on the elbow or hand in
order to push the shoulder from the table To
avoid this hold the patlent s shoulder flat on
the table
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Fig 138 Frontalis
Teat Have the patient raise the eysbrows mnkhngthnfombeaduinmrpnseorfnght



24

\USCLES TESBTING AND FUNCTION

Fiec 189 Corrugator
Test Have the patient draw the eyehrows together as in frowning.
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Fia 140 Orblculans Oculi
Test Have the patrent close the eyelids firmly forming wrinkles rachataing from the cuter angles
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Fia 141 Dilatator Narms
Teat Have the patient widon the apertures of the nostrls.
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Fia 142 Depressor Septs and Nasalis
Test Have the patient draw the point of the nose downward rarrowing the nostrils.
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Fia 143 Procerus

Teat Have the patient draw down the akin between the eyebrows and pull the akin of the nose up-
ward formung wnnkles at the root of the nose
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Fre 144 MMentahs
Test Iiave the patient raise the skin of the clun and protrude the lower Lp as in pouting.
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Fia 145 Rusonus
Test Have the patient draw the angle of the mouth backward as in grmning



NECH, FACIAL, THROAT, AND RESPIRATORY AMUBCLES

Frg 146 Zygomaticus
Test Have the patient move the angle of the mouth upward nnd outward as in mmiling

21
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Fic 147 Caninus

Test Have the patrent draw the angle of the mouth atraight upward despening the furrow from the
xide of tha nose to the mde of the mouth
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Fio 148 Quadratus Labu Supenions
Test Have the patient raise and protrude the upper Lip



JMUBOLES TESTING AND FUNCTION

\
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Fra 140 Orhiculens Orls
Test Have the patient cloee the Lips and protrude them forward
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Fic 150 Bucanator

Test Have the patient press the cheeks firml, angle
5 against the mde teeth puling back the of th
mmth) (Drawing the ¢hin backward ummt_hhﬂlunmﬁun,hnotpnnofthabucamtu:’
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Fia 151 Tnangulars
Test Have the patient draw down the angles of the mouth
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L \
B Fia 152 Pl;dtsm and Eund:t';l Ijabu Infenons
Test Have the patient draw the lower lip and angle of the mouth downward and outward tensing
the skin over the neck
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SRR, . 4

Tic 153 Pierygotdeus Internus and Externus

Test Have tho patient protrude the lower jaw on each side
(Protumon toward the rnght tests action of the muscles on the left mde.)
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~ = ;

Fia 154 Temparahs, Masseter and Pterygodeus Internus
Test Have the patient bute firmly on each mde.
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Fia 155 Dhgastne and Suprahyold JMuscles

Fixation The infrahyoid muscles furnish fimation of the hyotd bone
during the action of these muscles
Test Have the patient depress the lower jaw against resistance.
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Fia 106 Infrahyoid Muscles

(2) Relaxed position
(b) Test Ilave the patient depress the hyord bone (as illustrated)
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t. i
Fio 157 Levator Palpebras Superions Rectus Supenor and Obhquus Inferior

Test Levatar Palpebrae Superionrs  Have the patient raise the upper eye hd.
Test Combined action of the Restus Supenor and Obliquus Inferior Have the patfent look
straight upward toward the brow



NECh T\CI\L, THRO\T, AND RESPIRATORY MUSCLES 243

Fia 158 Rectus \edials and Rectus Laterahs

Tet Reetus \ledials. Have the patient look honzontally inwerd toward the nose (Rught
ustrated.)

Test RectusLateraliy Have the patfent look honzontally outward away from the nose (Left
llustrated.)
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F1a 159 Normal insprration with intercostal and disphragmatic action
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Fic 160 Deep inspiration with intercostal expanston only
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Fi 161 Inspiration with diaphragmatic action but no intercostal action
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Fre 162 Forced expiration with mntercostal and abdominal muscle action
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Ongns and Insertions of Muscles
Grouped According to Joint Action






UPPFR LATREMITY AND SCAPULAR MUSCIES

| Orign | Tnserilon
- THUMB ~
Flerron \ olar sutface of body of madrs be-| Base of distal phalanx of thumb
Fleror Pollicss Longus low tubcromty and medial epleon
(both jomts) dvle of humerus.
Fleror Polles Brevis Baperfichal head  transvene carpal | Bare of prox phalanx of thumb
{metacarpo-phal joint) higament and greater multangular | mdinl and ulnar sien
bone Deep bhead: ulnar side ofj
first metacarpal bone
Exteasion
Extensor Polleia Longus Ahddle 1/3 of doreal murface of ulna | Base of distal phalan< of thumb
(both joints)

Eatensor Pallicrs Brevia
(mctacarpo-phal joint)

Middle 1/3 of doreal mirface of ra
dius.

Base of prox phalanx of thumb

Adductron
Adductor Polbeis Obliquus

Capitate and upper 1/4 of 3nl meta-|
carpal

Clnar wide of base of prox phialant
of thumb

Adductor Pollieis Transversus J

Volar murface of 3rd roctacarpal
bane

Ulnar wkde of base of prox phalank
of thumh

Tirst Dorsal Interomeny Secunder Iingers

Abdwetron
Abductor Pollieis Longas

1Dc.rm] miface of middle 1/1 of
| body of radius, rmdial skle of ulnn
| and interovscus membranc. l

Base of fint metacampal bone
radial side

Abductor Polliers Brevis | Transverso carpal igament ndge of Radial slde of bare of prox phalanx
greater multangular hane I of thumb
Opponthion
Oppooens Pollyers Greater multangular hone and| Radial sde of firt metaearpal
transverss carpal ligament, entire kength
B FINGFRS o
Flenon

Flexor Dygitorum Profundus
(afl jornta)

Flevor Dumtorum ~thiymis
{prox. mterphalanges) and meta
carpophalangea) jiants)

\ entral rurface extending around !n\
medial half of doral surface of up-
per 3/4 of ulna

By 4 tendons into base of dmial
phalanges ventral surfaee

Homeral bead medial emcondyle
of humerus
Elozr bend: medial sicde of coronond

proresa
Radial kead ot Lique Lme of radiug

Skt of mildke phalanges,
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2,2
UPPFit EATHEMITY AND SCAPULAR MUSCLES—Continued
o Origta | Tnsortion
FINGERS—ontinund
Lumbneales First and Seconrd radual sarface of Into the respeetre tendon of Jx
(mstaenrpo-platangea! jant) ! fimt and second flexar profundus | tenwor dipttorum eommun
tendons  respectively
Third adjscent ndes of second and’
third profundus tendons
Foarth: adjacent sides of third and
fourth prafundns tendoas.
I'lex Dig Quints Hamate bone and transverse earpal] Ulner side of base of prox. phabiny
ligrment of 5th digit
Ertrmrton

I xtensor Digitorum Communis
(all jornta)

Lateral epicondyle of humerus,

B tendons mto middle and distal
phalanges of fingers, dorml surfsce

Lxtensor Indsis Proprus
(all joints of index fingers)

Lower 1/3 (upper part) of dorsal
rurface of ulm

Into first tendon of extensor dip-
iofum commumm.

Lxtenor Mm Dhgits

From Commoa Extensor tendon

Into tendon of Ext dig. com. dor
sl surface of prox. phalanx of 3th

(all yonty)

dmpt
Intero-sel ' Bew bedow
Lumbneales

(interphalangeal jaints)

I Bre alirve

1dduction
T almar Interomeed (3)

|

First ulnar side of second metacar
pal booe

Second radial ride of fourth meta-|
carpal booe

Third: radial side of fifth metaear
pal booe

Into Ext dig. en. tendon and
bases of prox phal. as follows

1 Ulnar wde of index finger
2. Radusl sde of ring finger

3 Radis! ride of little finger

rductron
Dorsal Interowrt (1)

Into Ext dig. com. tendon and

First Lateral kead proumal 1/7
of ulnar border of first motacarpal
Lone

Medal head radisl border of aec
ond metacarpal booe

| Second, third and foarth  adjacent
srdes of metacarpal bones in each
interrpare

bases of prov phal as follows
1 Radhl side of index finger

2 RNadial ride of middle finger
3 Ulnar nde of middle finger-
4 Ulnar side of ring foger
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UPPER EATREMITY AN\D SCAPULAR MUSCLES—Conlinued

Ordgon | Trertion

FINGERR—Conlinued

{bduction—Continued
Abduetor Digit1 Qumty

Tendon of Flexor carp ulnans and  Ulnar mde of base of prox. phalant
piaform booe | of fifth digit

Opponlon of little finger-
Opponens Diptl Qumnti

! |
l Hamate booe and transverse carpal Ulnar side of fifth metacarpal en

lignment ‘ tire length.
WRIST
Flenon.
Flexor Carpr Radialis Medmnl epicondvle of humerus | Base of 2nd metacarpal booe and a
| #lip to 3rd metacarpal bone

Flexor Carpt Ulmarm Humeral head mtdnlcpstondvkll‘mfmmbcne and by Lgament to
of humerus 1 hamate and fifth metacarpal bones.
Ulnar head: medsal margin of okhl
eranon doreal border of ulna, upper,
2/3

Palmans Longus . Viedul epreondyle of humerus. Transverse carpal ligament lower

\ part of palmar apooeurons

Flexor Dipatocum fublmmrs
Flexor Diptorum Profundus
Flexor Pollicts Longus

b Ree under Fingers

Extennon
Extensor Carpt Ulnans

Lateral epicondyle of humerus and) Base of 5th metacarpal booe ulpar
dorsal border of ulna side

Extenor Carp Radinlrs Longus | Lateral supracondvlar ndge of hum | Docsal surface of base of 2nd meta

| erus lower 1/3 carpal bone radial mde

Extensor Carp1 Radmirs Brevis

Lateral eprcondrie of humens. Doral surface of base of 3rd meta
carpal bone mdial pde

Exten<or Digit: Quinti Propnius

Extensor Pollicia Longus
Exteneor Polliers Brevra
Abductor Pollicts Longus
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UPPER EXTREMITY AND SCAPULAR M USCLES—Continued
| Origin Insertion
FOREARM
.;pua.han
Biecpa Brachii Short kead comncord process of] Tuberosmty of mdius.

scapula
Loog head supra-glenocid tuber-
oslty of scapuls

Brachio-mdialm (to mid Ime)

Lateral supracondylar ridgo of hum-
erus, upper 2/3

Btylold process of radmms

Supinator Lateral eplcondyle of hamerus and] Dorsal and latern] surfaces of upper
radin] mde of upper 1/4 of ulna, 1/3 of body of mdius.
low radual noteh
Pronation

Pronator Teres

Humeral bead immediately above|
medm! epicondyle of humerus
Utnar head: medin] side of coronod|
process of ulna.

\liddle of Iateral surface of radina.

Pronator Quadmtus

JMedial side volar aspect of dimtal
1/4 of ulna.

Lateral sde volar surface of distal
1/4 of radrus

Brachio-radlalis (to mud Ime) See above ,
Flexor Carpl Radialsa | Bee under Wrint |
ELBOW
Flerton |
Biceps Brnchii : Beo under Forearm
Drachials ! Lower 1/2 of anterior wurface of| Tuberosity and Coronold process of
" humenus ulna
Brachio-radialls !

Pronator Teres

Tlexor Carpt Radulis
Ilexor Carps Ulnans !
I"almans Loagus

Flexor Dhigytorum dublimus
T'exor Polucis Longua

}Bte under Forearm

}Sceundr,r Wrmt !

See under Fingers
See under Thumb
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UPPER ENTREMITY AND SCAPULAR MUSCLES—Conlinued

Ongin ) Toeertion

ELBOW—Conttnued

Edension. L
Trceps Heachii Long head infr-glenod tuberasity, Posterior surface of olecranon proc

of seapula ess of ulna
Lateral head lateral and postenior,
surfsces of upper 1/2 of bodv of|
humerus l
Medial head lower 2/3 of medial
and postenior eurfaces of humerus l

Anconeus Lateral cpkuudﬂeolhmm.s-pm—l Olecranon process and upper 174

terior surface of dormal surface of body of ulna.

Extensor Carpt Radialis Longus ‘
Extensor Carpi Radialls Brevis  1See under Wrst
Extensor Carpi Ulnans ‘

|
Extensor Digitorum Communie | See under Fingers

S8HOULDER
Flerion
Coraco-brachulis Coracold process of acapula \ntero-medial surface of muddie
of shaft of humerus, opponte del-
tokd tuberosity
Beceps Bruchiy “ Bee under Forearm J
1
Pectoralis Major Clavicular part anterror surface of, Into creat of grenter tubercle of
stenal 1/2 of claviele humerus,
Sternal part antenor surface cl,
sternum and cartilages of first 0 or,
7 riby ‘\
Anterior Deltoxd Ses below l
Eriension
Latisdmus Dorm Spincus processes of last thorncncj Intertubercular groove of humerus
vertebrae last 3 or 4 ribs through
the Jumbo-dorsal facia from the
lumbar and sacral \ectebra and pas!
terror 1/3 of external fip of ilme
creat,
Bubscapulars Rubseapular fosa of scapala Lemer tuberosity of humerus and

shoulder joint capenle
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UPPER EATREMITY AND SCAPULAR MUSCLES—Continved

| Origtn | Towertlon
SHOULDER—Coalmued
Ertenston—Continued {
Teres Major Doreal surfaco of inferior angls and Crest of lesser tuberosity of hum-
lower 1/3 of axillary border of scap- erus,
ule.
Teres \linor Upper 2/3 of dorsal surface of Greater toberosity of humerus,
lary border of scapula, lower part,
Infraspmatus Medial 2/3 of infrasplnous fossa of| Greater tubercelty of humerus,
scapuls middle part
Posterior Deltoid | seo betow
Triceps Brachn
(long bead) See under Elbow
Adduction.
Latimimus Dorsi
Teres Major
Babecapulans Bee above
Pectornlls \ajor
Teres Minor
Triceps Brachn See under Elbow
Abduction.
Supraspmatun Medial 2/3 of supmspinous fossa of| Greater tuberosity of humerus
scapula upper part and shoulder jolnt eap-
sule
Deltod Anterfor antenor border upper~ Deltoad tobercle of humerus,

sarface latersl 1/3 of clavsele \
Middle laternl margn and upper
surface of acromion |
Posterior  lower lip of posterior
border of spme of scapula. \

Internal Rotation
Latmwimus Do
Tectorals Major
Teres \ajor
Subscapalarrs
Anterior Deltold

‘Scalbm‘e
i

External Rolabon
Teres Minor
Infraspinatus

Posterior Deltodd

Bee above
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UPPFR CATREMITY AND S8CAPULAR MUSCLES—Continwed

Origin ( Insertion
BCAPULA
Abductron
Rerratus Anterior Outer surfaces and upper borders! Costal surface of vertebral border
of upper 8 or 9 nbe, of scapula
{ddwclton
Trapedus Upper external oecipital protuber-] Upper lateral 1/3 of clavicle acro-
ance medial 1/3 of superror nuchal) mion process
Ime lgamentum nuchne and sm
nous process of 7th cenvdeal verte-
bra
Middle 1st through 5th thoracic| Middle superior lip of spme of
vertchrae spinous procemes scapula
Lower 6th through 12th thoracic] Lower apex of spine of scapula
veriebrae spmous processcs
Rhomboeds Major spinous procesees of 2nd| Major by fibrous attachment to
through 5th thoracic vertebrac vertebral border of secapula botween
spme and Inferfor angle
Minor Lgamentum nuchee spr| Mimor vertchral border at root
nous procesees of 7th cervieal and| of spme of scapula,
1st thoracio vertebrae
Oxtrard Rofation
(feror angls out)
Serratus Anterror
Trapearaa See above
Inkernal Retatron
(inferior angle backward)
Rbomboids Seo above
Elnatsen
Trapetims
Rhanh‘d_fupm) Beo above
Levator Beapulas Transverse processes of first 4 cervi4 ertebral border of scapuls medml
cal vertebrae angle and spine
Bacheard depresnon
Trapetiue (lower) Bee abme
_—
Foreard depression
Pectoralia AMinor
Uper fibers of Berratus Anteri Seoabore

(somnctimes referred to as Serra
tus Anteror Bupenior)
T Bupenor)
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10OWER CXTREMITY-—Continued
| Origin | Tneerthon
TOES—Conlinued
Adduction

Interowe! Plantares (3)

Bases and medial mdes of bodwes of,
3rd 4th and 5th metatarsal bones.

Medisl mdes of bases of proximal
phalanges of same toes, and m apo-
neuroses of tendoos of Extensor
digitorum longus.

\dductor Halloers

Oblique head bases of 2nd, 3rd
4th metatarsml bones, and sheath of
tendon of Peroneus longus.

Transverse head: plantar metatar
so-phal. hgaments of 3rd 4th 5th

toes

Laters] mde of base of proumal
phbalanx of great toe

1bductzon
Interroseer Dorrales (4)

Each by 2 beads from adjacent sides
of metatarsal bones.

Into extensor digitorum loogus
tendons and

First: medial ede of base of prov.
phalanx of secand toe
Other 3 mto prox

phalanges, lat-
eral mudes of 2nd 3rd 4th toes.

Abduetor Hallueis

Medtal process of tuberosity of cal
caneus.

Tibial slde of base of prox phalanx
of great toe

Abduector Digrt: Quinti

Lateral process of tuberoaity and in

ferior gurface of calcaneous and
plantar aponenrosis.

Fibular mds of baso of prov, phalant
of fifth toe.

Inrermon wuth dorst ferion
Tiblalis Anterfor

FOOT

| Lateral condyle and prosimal
172 of body of tibm and inter
owens membrane.

Medtal and plantar surface of
1at cunsefarm bone and base of
15t metatarsal bone.

Exteneor Hallucts Longus

\mgbm

|

Incernon aath plantar ferion
Tibialrs Postenor

|
\ost of interosectus membrane
middle 1/3 of postenior lateral
surface of tibia and upper 273
mednl surface of fibula

} Tuberosity of navicular hooe

‘ and by fibrous expenmons to most
of the tarral and metatarral

J bonen

Tevor Hallucws Longus

Flexor Digitorum Lobgus

Bee under Toea

Beo under Toes

Frernion seith dorm flerion
Perooeus Tertius

Lower 1/3 of antentor surface of
fibula and mnterowseus membrane

Dorral surface of base of 5th
metatarsal bone.
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LOWLR C\TRLMITY —Continued

| Origln Insertion
FOOT—Continwed
Erermon trith dorst flenon—Cont d
Faxtensror Dhptorum Longus Seo under Toes

Ereraton with plantar flexion
Peroneus

Longus

Head and upper 2/3 of lateral
surface of body of fibula, and
intermuscular septum

Lateral mde of base of 1st meta
tarsal and of first cunerform.

Peroneus Brevis Lower 2/3 of Iateral surface of Tuberomty at base of 5th meta
body of fibula and intermuscular | tarsal bone lateral mde
reptum.

ANKLF
Dorst flerion

Tibwalis \ntener

P Terthus ﬁSee under Foot

Extensor Digitocum Longus Qes under Toos

Extensor Halluais Loogus

Plantar ferion.
Gastrocnemius

Medlal head postenor surface
of medm! condyle of fernur
Lateral head postenioc surface
of lateral eondyle of femur

Unites with tendon of solens and
forms with 1t the achilles tendon
which mserts into posterior enr
face of ealeaneus.

Soleus

Posterior murface of head of
fibala upper 1/3 of posterior
sarface of body of fibula ruddle
' 1/3 of medial border of tibia

'ith tendon of Gastrocpemiun
into postenior surface of eal-
caneus.

Plintarls

Lower part of lines aspera

Posterior part of calcaneus.

Tibialis Posterior
Peroneus Longus
Teroneus Brevis

Flexor Hallueis Longus
Flexor Dipitorum Lougus

Flenen -
Haswtnngs—Outer
Bieepa Femoris

)
ISee ander Foot

Long heads postencr part of

tuberostty of jechiom.

Short head: lateral lip of lmea
__sapern moddle 2/4

Lateral mde of head of fibula and
| ship to lateral condrle of tibla.

-— .
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TOWER CAXTRLMITY —Conlinued

1 oriein |

KNEF—Conattanad

Semitendinosus Tuberomty of ischtum Upper part of antero-medial sur
face of body of tibia
Semimembranowus Tuberomty of ischium Tostero-medial aspect of medial
condy le of tilua,
Pophtens Antenar part of groove an lateral | Aboe popliteal hne of tibln.
condyle of femur and poplteal
lLigament.
Gracllw See under Hip adductors
Sartorius Antenor superioc ilae spine and | Upper part of medial surface of
upper 1/2 of notch below body of tiba.
Gastrocnemins
Plantarm Bee under Ankle
Eztenston
Quadriceps Femorm The four parts of the quadnceps
TRectus Femoris Anterior kead antenoc infertor Into quadriceps tendon which

Vastus Lateralis

\ astus Medulh

V adtus [ntermedius

fluac spune
Posterior head groove above
rim of acetabulum.

Upper part of Intertrochantere
hne anterfor and infenior barders
of greater trochanter lateral lip
of gluteal tuberomty upper 1/2
of lateral lip of linea aspera.

Medial Lp of lines aspera and
upper part of medial supra
condylar line

Anterior and lateral surfaces of
body of femur upper 2/3

through the patellar Lgament
1nserts into the tuberoaity of the
tibla

Asvisted by
Tensor Fasciae Latae

| \ntenor part of oater Iip of fliac
crest outer surface of anterlor
superior spine deep surfacc of
fascia lata

Into iliotitxal band at junction of
upper and mxddle thirds of thigh
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LOWLR EXTREMITY —Conlinued

| Origin

\ Insertion

HIP

Upper 2/3 of fline fowsa inner
Iip of iliac ereat base of sacrum

|
Lateral side of tendon of P'scas
| major and just helow leseer tro-
chanter

Pecas \ajor

lumbar vertebrae sides of hodles
of last thoracie and all lumbar

vertebrae and correrponding in
tervertebral dises.

Leseer trochanter of femur

Tensor Fascin Lata
Rectus Femons

Adductors

See abore

See below

Glutens Maxmmus

I
i
’ \ntenor surfaces procesees of all
|
|

Outer surface of ilium behmd pos-
terior glutenl line posterror sur

! face of lower part of sacrum  side
of cocevx mmerotuberous Liga
ment lumbo-dorsal fascia.

Thotibial band of fascia lata glu-
teal tuberoaty of femur

Ham«trings ‘ Zee under hnee
Astisted by
Gluteus Medrus Bee below
Piriformry
1dduction

Adductor Magnua

Inferior ram: of pubm and 1+
chrum tuberosity of mehrum.

Lmena a<pern and adduetor tuber
cle of medial condvle of fermur

Adducter Longus

Antenior surface of pubus at june
tion of erest and symphyrs

Vxddle 1/3 of linea axpers.

Adductor Brevn

Outer surfaces of supenor and in
ferior rami of pabi

Upper part of linea aspera.

Craclhe

Infenor rami of publ« and |
ischium.

Upper part of medial surface of
body of tibia, below condy le

SQupertor ramus of pab [

Femoral peetineal line
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LOWER EXTREMITY —Conlinued

Origin H Insertion
HIP—Conlinued
Adducdton.—Contmued
Amasted by
Gluteus mavimus {lower Bes above
fibers)
Quadratus Femors Bes below
Inner Hamstnng See above
Abduction
Glateus Medius Outer surface of flmum betsween Oblkque ndge oo lateral surface
g crest and posterior gluteal of groatsr trochanter
lme above and antenor gluteal
line below
Cluteus Minimus Outer surface of {lium betneen Anterior border of greater tro-

anterior and inferior gluteal lines

and margm of greater sciatie
notch.

chanter and hip Joint capsule

Tensor Fascia Lata

Bartorrus Bee under knee
Asasted by
Pinformis See below
Gluteus Maximus Bes above
(upper fibers)
Internal Rotation
Tensor Fascin Lata Bes under hunee
Gluteus minimus
Cluteus Medrus See above
(anterior part)
Inner Hamstrings
Graeils ‘}See under hoce
Erternal Rolation
Piriformry Anterior surface of saerum be- Upper border of greater tro-
tween 1 2 3 4 eacral foramma. chanter
Quadratus Femorrs Upper part of external border of | Upper part of linea quadrata ex

tuberosity of lschiom.

tending downward from Intertro-
chanteric crest.

Obtumtor Internus

Inner surfece of antero-Iateral
wall of petvrs and obturator
membrane

Medial surface of greater tro-
chanter
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LOWLR F\TRF MITY —Concluded
| Orein | T eertlon

HIP—Conttnued

Eriernal Rotation —Continued
Obturator Fyternus Rami of publs mferior mmus of Trochanterwe foea of femur
r«chium and obturator membrane

Gamellu« Qupenor Outer rurface of +pinc of reluum | With tendon of Obturator 1n-
ternus into medinl surface of
greater trochanter

Gameltus Infenior Upper part of tuberosity of With tendon of Obturator in

ischium ternus mnto medial surfaco of
greater trochanter

Tliopeoas

Gluteus \edius

(postenor fibers) \ See abore

Gluteus \lawmus

Adductors |

!

glurlter Hamstrings ‘}See ter haes

ortus
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BACh
Origa | Insartion
Quadratus Lumborum Ihalumbar ligament 1hac crest. Lower borders of last rib and
Occamonally from upper borders transverso procesres of upper 4
of transverse processes of lower 3 | lumbar vertebrae

of 4 lumbar vertebrae.

Erector Spmae
or Sacrospinalis Group

Cammon Origin

Anterfor surface of a broad tendem
attached to medial erest of sacrum
spmoun processes of lumbar and
11th and 12th thoraeic vertebme
moer lip of iliac crest and lateral
crests of sacrum  Additional

orgins listed below
Thocostalia Lumborum Inferior borders of angles of lower
6 or 7 riba.

Tiocostalis Dorst B+ tendons from upper borders of | Upper borders of angles of upper
angles of lower 0 ribe. 6 ribs, and back of transverse

process of Tth cervical vertebra.

Thocontalis Cerviens Angles of 3rd 4th, 5th and Oth Postenior tubercles of trapsverse
ribs. procesees of 4th, 5th and 6th cer

vical vertebrae

Loagitsmus Dora In lumbar region 1t Is blended Transverse proceses of all thora

| with ihocostals Jumborum  poe- cdo vertebrae and lower 0 or 10
[ tenor surfaces of transverss and ribs between tubercles and angles
accessory procesees of Jumbar ver
tebrae antertor layer of lumbo-
dorml fascia,

Lonpisimus Cervics By tendons {rom transverse proc | By tendons mto postenor tuber
esses of upper 4 or 5 thoraere ches of transverse processes of 2nd
vertebrne through 6th cervical vertebrae,

|

Longsamus Capiths By tendons from transverse proe- | Posterior margmn of mastold proc
ewes of upper 4 or 5 thoracie ers.
vertehrze and articular procesees |
of lower 3 or 4 cervical verte-

| brae '
prmals Dorm ! By tendons from spinous proc Spmout proceswes of 4-8(vari-
| csees of first 2 furnbar and last  able) thoracse vertebme
2 thoraerc vertebrae
Spmales Cervicis B Ligamentum nuchae lower part tpinous processes cervical (ith

epinou« process “th cervical and 7th thorack 1 to 4
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BACK—Confinued

Origin Tnsertion

Spuoalis Capitis Inveparably connected with Semi-
spinalis capntis

Semuspinalis Dorst Transverse procesees of 6th to 10(11' Spinous processes of upper 4
thoracie vertebrae tharacwe and Tower 2 cervieal ver

tebrae

Semirpmalis Cervicls Transverse processen of upper 5 Cervical fpinous processes 2nd
or f thoracie vertebras through 5th

Semispmalrs Caprtis Transverse procemes of upper § Between supenor and mfenor

or 7 thormeie and 7th cervieal ver | nuchal hnex of ocerpital bone
tebrae apd artreular procesees
of cervieal 4th 5th and Oth.

Muolt:fides Sacral reglon back of sacTum Whole dength of spmnous procee
medial surface of posterior m- of a vertebra above

pertor {lkac spme
Lumbar region all trantverre

procesees
Thorade reglon all transverse
| procesecs

| Cervical region artrcular peoc
| emres of lower 4 vertebrae

Rotatores (11) | Upper and back part of trans- Lower border and lateral surface
‘\‘cmprotmd\hmnm\'!r of lamma of the vertebra above
| tebrae

Interrpinales Placed in pairs between spmous {Zee Ongan )

| Thoracle 2 or 3 pairs
Lombar 4 pame

Intertrapsversam ‘ Small muscles placed between (See Onpun )
‘ transverse procem of vertebrae
| m cetvieal thoracie and lumbar
refona,

\bdommals
(ree pages 184 to 187)




NECh

NMUSCLES TESTING AND FUNCTION

Orgin

Tnwertion

Flerion
Loogus Colli

Saperior obliqre portlon: Anteror
tubercles of transverse processes
of 3rd, 4th, 5th cervical vertebras
Inferior oblique portloa Anteror
surfaco of bodies of fist 2 or 3
thorsere vertebras

Vertical portior  Anterior surfaco
of bodses of upper 8 thoraelo and
lower 3 cervical vert hrme

Tubertle ou anterior arch of atlas.

Anteriot tubercles of tmnsverso
peocesacs of 5th and Oth corvieal
vertebras

Antenor surfaco of bodres of 2nd
3rd, 4th cervical vertebrac

Longus Capitis

Anterior tubercks of transverse
procesacs of Ird through Gth cer
vical vertebrue.

Inferjor surfuce of basilar part of
ocaipitsl bone.

8Bterno-cleido-mastold

Medial or sternal kead Upper
pert of menubrium

Laters or clavicular head medial
1/3 of clavicle

Lateral mirface of mastoid latern!
1/2 of siperior nucha! line of
oceipital bone

Bealenus Anterlor

Anterjor tubercles of transverse
processes of 8rd through Gth cer
vical vertebme

Benlene tubercle and upper ridge
of 1st nb

Rectus Capits Antenor

Root of trans erse process, and
antertor surfsce of atlas

Inferior surface of basilar part
of ocapatol borrs

I latysmea

B

Fancia covermg upper parts of
pectoralis major and deltoid.

Infenor margm of mandible, and
skin of lower part of cheek and
corner of mouth

Exlension
U pper trapedos

See under Shoukder

Sembspinalry Capit
Semupinalls Cervie
Longlaimus Capitis
Longistimus Cervicis
[iocostalis Cen ieis
Cerviea! part of

Multsfidus

and
Interspinales

8ce under Back

Splenios Capitrs

Lower 1/2 of hgarentum nuchae
spmous proren of Tth cervical

vertebrae spinous proceses of
upper 3 or 4 thoracic vertebrae

Mastold procews of temporal
booe and on oceipital bone below
Iateral 1/3 of supenor nuchal ine.



AIPENDIM

NECh—Continued

Origin

Irsartion

Erenston.—Continued
Splenius Cervicia

Spinous processes of 3rd to 6th
thoracic vertebrae

Transverse processes of upper 2
of 3 cervical vertebrae

Rectus Capitrs T ostenor Major

Smnous process of axis.

Lateral part of infenor nuchal
Line of occipital bone

Rectus Capitis Postenor \inor

Tubercle on postenor arch of
atlus.

\edual part of infenor nuchal
Ime of occlpatal booe

Obliquus Capitts Infenor

Apex of spinous process of axis.

Tostenor part of transverse proc
e of ntlas

Oblquus Capitis Supenor

Upper surface of transverss proc
e of atlas.

Betwern superior and mfenor
nuchal lines of oceipital booe

Lateral Flerton.
(one mde acting alone)

Trapenus (apper) See under Shoulder
Scalenus Antenor Bee above
Seakenms \Medrus Dosterior tubereles of transverre

procesres of 2nd throough 7th cer
vieal vertebroe.

U ppet surface of 1at nb between
tuberele and subclavian groove

Henlenus Posterior

By 2 or 3 terdons from postenor
tubercles of transverse procesees
of Jower 2 or 3 cervieal verte-
brae.

Quter surface of 2nd rib

Rectus Camtis Lateraliy

Upper surface of transverre proc
ers of atlas.

Under surface of jugular process
of oceipital bone

dterno-clerdo-mastold
Loogus Collt

Splentus Cervicls
Splenjus Caprtiy

Oblquus Capitis Superior

See above

ocostalis Cervicrs
Longisamus Cap trs
Longreimus Cerviers
Semppmalis Capitis
Intertransversarhy

|

See under Back




270 MUBCLES TESTING AMND FUNCTION

NECK—Continued

Orign

Insertlon

Splenrus Capetis

Rectus Capitis Posterior Major
Obliquus Capitis Infertor
Rectus Capatis Antenor

Longisamus Capiths
Multifidus
Semispinalis Capitly
Rotatores

Ses under Back




APPENDIM

HEAD

| o

SCALP AND FOREHEAD

Ememanfus
Occiprtals

Frontalis

Lateral 2/3 of supenor nuchal lme
of oeeipetal bone and mastokd
part of temporal.

Medhal fibers continuous with
those of the Procerus
Intermediate fibers blend wath
the Corrugator and Orbicularis
ocull

Lateral fibers: blend with Orbicu
1ans oculi over sygomatic proe
e of {rontal booe

Calea apomeurotica.

Join galea aponeurotica below
coronal suture

EYELID

Levator Palpebme Superrons

Under rurface of ymall wing of
#phenold

Superficial lamella: palpebral
part of Otbicularis oculi and
deep surface of skun of upper
eyelid

Middle lamella upper margm of
supenor tarsus

Deep lamellas superior fornix of
conjunetiva.

Orbrculans Ocul N\asal part of frontal bone fron Surrounds the eircumference of
tal procese of maxilla antenor the orint spreads over temple
surface of medml palpebral liga and downward on cheek and
ment blends with adjacent muscular or

Tigamentous structure
[
Cormugator | Medm! end of ruperciliary arch. Deep surface of skin above
| middle of orbital arch.
EYE
Reetl I
Bupenor From fibrous rmg which sur Into sclera.
Infener rounds upper medial and lower
Mediairs margins of optic foramen
Lateralns
Oblquus Oculs Supenior Above margn of optxe foramen. ‘ Into sclera.

Ohbliquus Ocull Infedor

Orbital surface of maxilla

Into sclera




2 VMLUSCLES TESTING AND FUNCTION
HEAD—Contmued
] Origln | Insertion
NOSE
Procerus Fascia covering lower part of | Into skin over lower part of
naral bone and upper part of [ateral | forechead between eyebrows
nasal cartilage
N\aslis Transverse part above and lateral | With apoceurosis of Progerus
to incimve foma of maxilla
Alsr part greater alar cartilage | Integument at point of nose.
Depressor Septi Inemsive foma of maxilla Into septum and back part of ala

noee.

Dilatator \ans Postenor

8kin near marmn of nostnl.

NMargin of nasal noteh of maxilla,
and lemser alar cartilagos.

Dilatator \aris Antenor

Creater alar cartilage

Integument near manon of noy-
tril

MOUTH

Quadmtus Labil Supenons

| Angular head upper part of fron | Grester alar cartilage and skin of
tal process of maxilla nose and lateral part of upper

lip
| Infra-orbital kesd lower margin Auscular substance of upper lip
of orbit
Zygomatle head malar surface of | Upper lp.

| sygomatic bone
Canmus J Canine fova Angle of mouth, blending with
adjacent muscles.
Zrgomaticus | Zygomatic bove Angle of mouth, blending with
! adjscent musclea.
VMentalis ! Inemtve fonm of mandible ‘ Integument of chin.

Quadratus Labii Inferona

Oblique Iine of mandible ]‘ t of lower lip blend.
|

with ad|acent museles.
|

Triangulars Oblrque Ime of mandible | Angle of mouth blendmg with
| adjacent muscles.
Buccinator OQuter Furfaces of alveolar proc Angle of mouth blendmg with

enses of mavlla and mandible Orbicularis oris.
and anterior border of pterygo-

mandibular tendinous band




ATPPENDIM
HEAD—Confinued

Origin

MOUTH—Conttrued

Orbiculans Ons Numerous strats of muscolar For most part to external akm
fibers surroundmg the onfice of end mucoys membmane
the mouth denved m part from
other facial muscles.

Ruvorhu Fascia over Mameter Into skin at angle of mouth

Mameter Superfichal portion rvgumate Angle and Jower 1/2 of lateral
process of maxilla, and anterior rurface of ramus of mandible
2/3 of gygomatme arch
Deep portlon  posterior 1/3 of Upper 1/2 of ramus and lateral
lower border and medial surface surface of coronotd process of
of zygomatse arch, mandible

Tempotals Temporal fosea and fasta Coronoxd process and anterior

border of ramus of mandible

Upper bead lateral surface great | Depresson in front of neek of

wing of spbenold, and mfra tem

coadyle of mandible front mar

Prerygodeus Externus i
poral crest g of articular dirk of tempero-
Lower head lateral surface of mandibalar artletlation
laterul pterygoid plate

Pierygondeus Internus Aedial surface of iateral ptery Lower and back part of medial
goid plate and proc wrface of ramus and angle of
*5 of palatine bone and mandible
tuberosity of maxilla

EAR

Auriculars  Antener

-_—

| Lateral edge of galea aponeurotica | Projection In frent of helix.

Auricularms Saperior \ Galea aponeuroticn.

-

Upper part of cranial surface of
sancule.

Aurnculars Postenor | Mastoid portion of temporal
| bone
- SUPRAHYOID MUSCLES
Digactrre
tempocal bone
Axterlot belly lower border of
mandib'e

-—_
Btylohvodeus

loid process of tempora) bone

_—
Dack and lateral varfece of sty

1Lmrpartdmnhlmr{md
concha

Posterlor belly mastoud noteh of | By suprahyord aponsurons into
hvold boe

Hyod bone
- T e




MUSCLES TESTING AND FUNCTION
HEAD—Concluded

| Orlgin [ Tosertion

SUPRAHY OID MUSCLES—Coatinred

\ylohvordeus Length of mylohywd Iine of Hyoxd bone
mandible

Genichyodeus ' Inferior mental spme of mandible ' Hvoid bae.

INFRAHYOID MUSCLES

Sternohyodeus Posterior surface of medial end Lower border hyold bone
of elavicle and npper part of
manubrium.

Sternothyrordeus Posterior surfsce of manubrium Obluqne line of lamina of thyrord
edge of cartilage of first rib. cartllage.

Thyrechyodeus Oblxque line on lamipa of thyroid | Lower border hyosd bone
cartilage

Omohyoideus | Tpper border of seaprula. | Lower border hyoid bone.




Abdominal musches 181211
latgral 157 185 108

pollicls

shoalder testfortightuemo! 113
effect on postare of tightness of 114
Ancooeus tricepsand #9-91
Anklgand foot plastar fevors 150
Antertar deltold 9406
tibial 142
A abdominal 184
Arch loegitedizal 133 135,139 141 145
trantverse (o anterior) 133 1%
Ampain 102 103 119
Arm pall and push movements (in abdominal teats) 202

disgnoatie for perveleslona 20-73 12 33 4044
polromyelitis 45-53
Twpiratory musele 43
SDinal motor oeTve and anatamical moto- polnt 33 35
Clawbkand 5 6
Compulation spinal segment 2831
refersncas maedin 21
Cottracture 9
(hes alo0 wnder individual muscle nameed

ns

Deformities (see also ander name of deformity) see under
‘weakpem” or coatractore” on pages lited
elbow 3 042
Engers 66-7
lorearm 83-8%
hlp 157-181
knee M9-180
whoulder 101-114
ahoulder girdle 115 110 121 122 126-131
toesand foct 112 181
thamb 58-65

Devistions of the umbi! cus 203-206
Disgnontic ehart for nerve lesions 32-13

Droap-foot 139 110 142 153

Lar muscles (extrinsie) 218
Elbow flexors 92 93

yaroy 143
Cquitoe 17 145 167
Expintion, 247
toecles of 45
Extensor earp! radialis longna and brevis &)
earpiulnaris 81
digitorum communis 3
digltoram lonygos and breviy 13% 139
baltocs loogue and brevis 140
lodicts, ™3
miniml digit} 73
poflicta brevie €3
pollicls loogur 64
Cxternal oblique 183-157 210 711 214
External rotators hip 170 171
shoalder 108
Eyermuscles 118 212 283



In extremlty muscle testn.  Bee under muschs pame
Fledon deformity hip 163 173

knee 149 152,187
Flexor carpl radlalis ~8

earplulnary 70

digitorum brevis 133

digitorem loaagus 134

digitoram profundas 74

Forwardbead 17 115 20
Frontsts 223

Gastrocoemtuy 148 149
Qlnteus maxicans 190-142
medias 178 179

207

anti-gravity movement in relationto 10-14
back muscles 218
completion of anti-gravity arein, 13
extremity museles 10-14
facinl museles 718
gravity-chminated position 12
gravity factorin 10
keyto 11

analysts of 10-14
Lovett'sarsiemol 0

H

Ialax yalgas 141
Hammer toes, 132 133 136 137
Hamstrings fnnerand gracille 154 188
oater 15
tewt for tightness of 153
Thpaddactors 167
esterna) rotators 170 1 )
Bevors, muscletest 182 163
testfor ixbtacsaof 100 181
internal rot tors 172 173
Hyperextennon of knee  Reelnee

Inflare 11 144

Infrahyold muscles 220 211
Infraspinstor teres mugor aad 109
Inmer hamstnogs 154 183
Tosertions onmoeand Append t

INDEX
Innirulon m HE

Intm-wruh 45 2H 18
Internal oblique 185-187 ~14
Intarnal rotators hip 172,173
ahoglder 110 111
effect on poatare of tightnem of 114
tewt loc tightnessof 112
Intoroesst doceal 7172
pulmar "0 71

Laterat instebility of 157 175
Kootk knes, 185 171 173 1 §
Kyphosts 165 214 317

L

Larynz, 218

Lateral sbdomloal musales, 157

Latissimus dors! 112 157 216

Leg raleing 163, 194-197 201

Lonlorln‘n.llmpu.u rbombolds and, 130, 191

\pebras superioris 213

llvmzl 7 178,179

Limp gastrocnomind 132,13 14 145 14 140
doteas medlus 179

Lines albe, 134

Lordosls 157 163 171 194 214

Lowee trapestus, 118 119

Lumbtioales, of foot 136 137
ofhand 76 77

i

traperiun 116 117 119
JMurels contracture §
(see also ynder indlvidual muescies)
cuding.  Bes guding
shortness @
tests Bcotests
teating Bes testing
tightnees, 9
weakne ¢
(ses 130 under individual meseles)
Mascles
abdominal Lstof 34

trank posterior 216
wpper extremity lstof 12



Neel ovlensors 219

peripheral (motor) of lomer extremity ¥ 33
of trunk ¥ 33
of upper extremity 22,33
\ormal™ useof {ngrading 14
strength in anterlor neck muscles 18
strength of inabdominal moscles 18

o

Oblique axternal 185-167 210 311 214
internal 183187 314

Obllquusinferior 242
sperior 218

Oppotens minkm| digitl 88
pollicia 00 81

Opposition of thelittle finger 67

Orbleulariy ocnll 225
oris, 74

Order of muscle tests 18,19

Oripine and insertion of muscles Appendix
of abdominal muscles 184-187

Outer bametringr 157

Cutfiars 141 144 148

Out-toeing, 147

Palate N18
Patmarinterossel 70 71
Palmanslongue 61 &2
Patlent” position of 1o relstion totests 4
Pectorals major elavienlar 104 103
major sternal 106 107
minor 103
Pelvie tllt anterior 157 163 171 175 214
Lateral 167 171 179
posteriar 182 171 214
Pelvis antarior duplacemment of 213 214
rotatlon of 157
Peripheral cutanecas areay 335 33
Parrpheral nerves 32-33
dlscwsmon of oo diagnoatic charts 20
Peroneas longus and brevis 141
tertics 143
Pharynx, 218
Flantar fexon tast 1.0
oupacles actingin 149
Platyema sndqu drates labai iafersors 27

lower extremuty 51 53

PP extremuty 50

e ol 1a dugnoeu 2
Voplitews 122

INDEX 777

Posterlor deltold 100 101
tlal 113
Postural doviatlons aswelated with (for word deseriptinns
sco deformities, hlp Lknee ahoulder girdle and
scallosls) {for lllustrations seo the following:)
paralysls of
trapeatus and serratipantetor 130
Ughtoess of
sboulder adductors and internal rotat o 114
weakness of
axternal obllque 210 211
bipabductors, 103
pecasmajor 160
scrratusanteror 131
soleus 151
transversos abdominky 200
Postars fanlty 16 17
Treeeure 57 14
Primemover 2
Procerus 228
Proaation (food) 132 13} 142 11 143
Pronator quadratasand teres b1
quadratus, 85
Prons major 161 163
posture arsocleted with weaknceeof 168
Pterygoldens Internus and externns 23%

Q

Quadratns habifinferiorls 237
Labdi miperiorts £33
tamtorum 157 212 213

Qosdriceps 158 167

R
Recording mueele grades on
sbdominal muscle charts 47 28
extremity masels charts 7 13 51-53
facial musele ehart (cranial nervo chart) 218
Rectusabdominis 165 214
fomorin shortnessof 160 101
inferlor 218
latersla 213
medialls 213
superlor 212
Resistanco 7 93 163
Reapiration 247
Respirntory mtsche chart 435
Rhombotds majorand minor 130 131 122
Rhwortos 130

Hotators
hip external 170 171
fnternaf 172 173
shoalder extarnal 108
internal 110 111

abdomiaal masele lmbalaces 214



5 INDEM

Feoliouts, axsociated with (Cont) {nlnfentyand yoang ehildren 18
Lack muscle imbalanes 218 “wolation in 2 3
esrrical 115 Isveragein, 7
bipabduttor wesloces 153 of individual muscles 2
peons mafor wesknesy 163 168 of mosele groupe 2
Rensory charting 22 useof 1
dermstoosareas 33 30 Teats musels (for Incividusl musche tests seo uods
peripheral areas 38,30 muslename)
Berratus anterlor muscle tewt 123-1%5 abdominad 185211
weakness of 190131 back, 215
Bhortness 0 differsntiation of musches in 2,8
(sea also under individual musetes) faci] 218-243
Bhoalder adductors and internul rodators Jower extremity 133-183
trst for tightoess of 113 respiratory 344-347
Shoulder externsl rotators 108, 100 sugrested orderof 18 19
Lnterns] rotators 110 111 terms waed In desaription of 37
Bolews moscle text 148 147 upper axtremity 50-131
postare assoclsted with weakness of 147 151 Thorsy, rotation of 214 116 217
Spinal motor necye and anatomieal motor Tibialts sntioos 142
point ehart I3 35 postheus, 143
diseusslon of 22 Tightness tosts for
Bpinal segment, 21 (-o k0o shortness under Individeal musele names)
compilation tablel 28 2 of hamstring 153
table [T 30 31 hip flexocs 160 181
relerencesnaed In 1 Interosesd 71
Bplenius, 115 319 shoalder nddnewn and interusl rotators 113
Stablumation 3 Too sxtensors 137-189
Bterno-cleldo-mant 1d 45 115 220-227 Toogue musele teats 218
Btreagth average 14 15 18 Tortlsolliv 115
“normsl"forage 14 15 18 Tranaverso myedithe non truumatic, 25
Eabatitgtion 8 Transyersus sbdomloly 187 183 208 200 214
1 teat of (sew “Note under pags listed) Trupedius lower 118, 119
sbdominals anterjor 194 middle, 118 117 119
nteral 183 penalysls of 128 10
efbow fexors, 163 upper 115
pustroeneming 1469 weaknem of In relation to trusk, 317
hametringy 153 T s
Ripabduetors 177 Trerpe and snoonsns, 80-01
sdduetort 167 Trunk raleing, forward 187 163, 199 300
flexors 183 obliquely forward 202 203
quadrieeps 150 sidewnys 105 158
solcus 147 o
wrist extensors B}
flacors, B Usmbalicus, deviations of 203-203
Bapinator brovis 88-48 Upper trapeaius, 115
Bapinators, &0 v
Ba L]
mrddmmlu w240 Valgus, 1K
oates, V90 anterfor fool 141 148
S“P‘Nm“’ o teet 25 ballax 141
Bysergic 0 Varue 14
anterior foot 1% 141 148
T w
Temporalls 239 Weaknomt, muscle 7 §
Terwor (asein fomoris (lata) 1 4 173 “acqured 14 18
Teresmajor 12 a8 related to faulty postare 18 17 38
minor aod infraspinatos, 100 dutingubbed from restrietion of rasge of motloa 7
“Test” deacriptionof 8 7 deeto 1
Testmorement 6 of individaal muscles  Bee under muosele namme
position & “Natural 14,15
Testlng mnocla 1 ) 4
coosisty ol

(lanolnh edjounts 7 Zygomatices 29












