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CHAPTER 1
MECHANICAL PRINCIPLES

DEFINITIONS:
1. Thestudy of mechanicsinthe human body isreferred to asbiomechanics.

2. Thestudy of the effects of internal and externa forceson thehumanbody in
movement and rest iscalled biomechanics.

3. Mechanical principlesapplied to the study of biologica functions; the
application of mechanica lawstoliving structures, the study and knowledge of
biological functionfrom an application of mechanica principlesiscalled
biomechanics.

Axis : Itisthelineabout which movement takesplace. Animaginary straight
linearound which an object rotatesiscalled axis.

Plane : Itisthesurfacewhichliesat right anglesto axisandinwhichthemove-
ment take place. Thesetermsare used to facilitate the description of movement
or direction.

Types of axes: They are 3typesof axes.

a. Sagittal axis: It liesparallel to sagittal sutureof skull, i.e. inaanterior-poste-
rior direction. Movement at thisaxesoccur inafrontal plane.

b. Frontal or transver seaxes: Itliesparalle totransversesutureof skull. Itis
horizontal and at right anglesto sagittal axes. Movement about frontal axesoc-
cursinasagitta plane.

c. Vertical axes: Itliesparalée tolineof gravity. Movement about thisaxisisin

ahorizontd plane.
&
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Planes. Therearethreeplanes.

1. Movement in horizontal plane(transver seplane): Thisplanedividesthe
body into upper and lower halves. Movementsin transverse plane occur parallel
toground. For exampleinrotation of the head, thenosemovesparalel to ground.
Rotatory movementsin atransverse plane occur around avertical axisof mo-
tion. Movement inthe horizonta planeisnot affected by gravity henceitisstated
asgravity freemovement. Weak muscleswhich unableto produce movement
againgt gravity can often succeed inthisplane.

2.Movement in frontal plane(coronal plane): thefrontal planedividesthe
body into front and back halves. Movementsin thefrontal plane occur sideto
side movements such as bringing the head to each of the shoulders. Rotatory
motioninthefrontal planeoccursaround an anterior posterior axis.

3.Movement in vertical plane(sagittal plane): Ananteroposterior vertical
plane passing through the body from front to back, dividingitin half. Itisthe
planethat dividesthe body or body segment into theright and |l ft parts. Move-
mentsin thisplaneincludeforward and backward motions such as nodding of
thehead. Rotatory motioninthe sagittal plane occursaround acoronal axis.

a
Frontal plane Sagittal plane Transverseplane
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KINEMATICS

Kinematicsistheareaof biomechanicsthat include description of motion with-
out regard for theforcesproducingit. They include.

I. Typesof motion.

. L ocation of motion.
. Direction of motion.
V. Magnitudeof motion.

() Typesof mation: four typesof motion arethere.

a. Rotatory motion: Itisthe movement of an object around afixed axisina
curved path. Each point onthe object or ssgment movesthrough thesameangle
at samedistance. In human body the goal of most muscles appear to rotate a
bony lever around afixed axis.

b. Trandatory motion: Itisthe movement of an objectinastraight line. Each
point of an object movesthrough the same distance, at the sametime, inparallel

paths.

c. Curvilinear motion: Both rotatory and trand atory motions combineto pro-
ducethismotion. It isthe most common form of motion produced in human
joints Ex: thrown ball, wherethe ball both movesthrough spaceand rotateson
itsownaxis.

d. General planemotion: Herethe object issegmented and freeto move.

(i) Location of motion: Motion at ajoint may occur intransverse, frontal or
sagittal planes.

(i) Direction of Motion: Movement may occur either in clockwise or
anticlockwisedirection. Flexion and extension generally occur in sagittal plane
around coronal axis. Flexion refersto rotation of oneor both bony leversaround
ajoint axis so those ventral surfacesare being approximated. Rotationinthe
sameplaneinthe oppositedirectionistermed extension.
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Abduction and adduction occur in frontal plane around Antero-poste-
rior axis. Abductionisrotation of oneor both sesgmentsof ajoint around anaxis
so that thedistal segment moves away from the midline of the body. Adduction
insame planebut in oppositedirection.

Rotation occursin horizontal planearound vertical axis. Media rotation
refersto rotation toward the body’ smidline. Lateral rotation refersto the oppo-
Stedirection.

(iv) Magnitudeof M otion can begiven either indegreesor radians.
Oneradian=57.3°
1°=0.01745radians
Goniometer ismost widely used measurefor joint rangein degrees.

KINETICS

Kineticsmeansit isthe areaof biomechanics concerned with theforcesproduc-
ing motion or maintaining equilibrium. All forcesare described asether Externd
or Internal forces. External forcesare pushesor pullson the body arisefrom
sourcesoutsidethebody. Ex: Gravity. Internal forcesareforcesact onthe body
arisefrom sourceswithin human body Ex: Muscles, bonesetc.

Gravity: Itisforceby which all thebodiesareattracted to earth. It isthe most
cong stent force encountered by human body and behavesin apredictable man-
ner.

CENTER OF GRAVITY (COG): Itisthe point through which the earth’s
atraction effectively actsregardless of position of bodly.

The center of gravity (COG) of human body liesapproximately at S2, anterior
to sacrum.

LINE OF GRAVITY (LOG):- Itisthevertical linethrough centreof gravity.
When the human body isin fundamental standing position, theline of gravity
(LOG) passthrough vertex and apoint between thefeet, level with transverse
tarsd joints.
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BASE OF SUPPORT: Itistheareawhichissupported. In human body base
of support isthe areabounded posteriorly by tipsof heelsand anteriorly by a
linejoining thetipsof toes.

EQUILIBRIUM: It resultswhen theforces acting upon abody are balanced
and thebody remainsat rest.

Typesof equilibriumare
» Sableequilibrium: If theforces acting upon abody at rest tend to
restoreit toitsoriginal position after it hasbeen displaced, thebody is
saidtobeinstableequilibrium.

* Ungableequilibrium: If abody isgivenaninitid displacement andthe
forcesacting uponitincreasethisinitial displacement, thebody issaidto
beinunstableequilibrium.

* Neutral equilibrium: If, inspite of displacement of abody, the height
and position of itscentre of gravity remain the sameinrelationtothe
base, thebody issaid to bein neutral position.

FIXATIONAND STABILISATION
» Fixationisthesateof immobility
o Stabilizationisthestateof relativeimmobility
» Activefixation of jointsisobtained by co-combination of muscles.
» Passivefixationisby manual pressurestraps, sand bagsetc.

FORCE: Itisthat which atersthe state of rest of abody or itsuniform motion
inagraghtline

Theforce appliesto abody isspecified by

a) directionof force

b) Magnitudeof force

Forcesareclassified asexternal force, internal force.
External force: Itissupplied from asource outside the body, i.e. theforce of
gravity or the pressure of physiotherapist hand.

Internal force: It issupplied by forces devel oped within thebody i.e. by mus-
cular contraction.
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LEVER: Itisarigid bar that rotate around on axis

Forcesappliedtoleverswill produce either equilibrium or movement
such asrotation or trandation.

Thereare 3 ordersor classesof levers.

Lever iscapable of producing amovement about afixed point called
fulcrum (F).

Work is done when aforce or effort (E), applied at one point on the
lever, actsupon another force or weight (W), acting at second point on
lever.

The perpendicular distancefrom fulcrumto effort (E) iscalled aseffort
arm and from fulcrumtoweight (W) iscalled asweight'sarm.

|st Order Lever: Herefulcrumisin between the effort and weight; it may be
situated centrally, or towardseither the effort or the weight, consequently the
effortsand theweight armsmay beequal, or may exceed the other inlength.
Ex: Nodding movementsof head.

Skull represents|ever atlanto-occipital jointsrepresentsfulcrum, theweightis
situated anteriorly in theface and the effort is supplied by contraction of poste-
rior neck muscles.
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2" Order Lever: Theweightisin between fulcrum and effort, and theeffort’s
arm must therefore waysexceed theweight’ sarm. It hel psin taking mechani-
cal advantage, thusknown aslever of power.

Ex: Rising of heelsto stand ontoes

Tarsal and metatarsal bones are stabilized to form lever. Fulcrum is metatar-
sophalangeal jointsweight of the body istransmitted to anklejoint by talus.
Effortisapplied by combination of calf muscles.

EF -
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Second order lever

39 Order Lever: Effortisinbetween fulcrum and weight, and weight arm must
therefore exceed theeffort arm. It seversasmechanical disadvantage. Itiscon-
sidered aslever of velocity asit offersmorevel ocity and lessstability.

Ex: Whenlever isforearm, fulcrumiselbow joint effort issupplied by contrac-
tion of brachialismuscleand weight issome object held in hand.

A RA

Third order lever
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MECHANICAL ADVANTAGE: Efficacy of forcein relation to lever de-
pendsontwo factors.

They are

i) Forceexerted (W) or (E)

i) Perpendicular distancefrom fulcrumtotheweight’'sarm or effortsarm.

- When bothweightsarm and effortsarm are of equal length no advan-
tageisgained.

- However if thelength of effort arm exceedsweight arm an advantage
will begained by the use of lever. Thisisknown asMechanica advan-
tage.

- Herelesseffortisrequiredtoliftaweight.

- Mechanical advantageisobtained in 1% order lever when fulcrumis
nearer to weight than to effort, and in al levers of the 2™ order. Itis
never obtainedin 3" order lever.

- Itistheratio of weight to effort
M.A=W/E

PULLEYS: Pulley isagrooved wheel which rotates about afixed axisby a
ropewhich passesround it. The axisissupported by aframework or block.

Typesof pulleys
i) Fixedpulleys
i) Movablepulleys

i) Fixed Pulleys. These are used to alter the direction of force. The pulley
block isfixed and the rope which passes round the whesel is attached to the
weight at oneend and the effort isapplied at the other.

if) Movablepulleys: Theseare used to gain mechanical advantagewhenlifting
heavy weights. Commonly used for lifting the trunk for suspension exercises.
Theupper pulley isfixed to an overhead support, to which one end of ropeis
attached. Theropeisthen wound round the movable pulley, to which thewe ght
isattached, and round thefixed pulley, the effort being applied at thefreeend.
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Single Fixed Pulley Two Fixed Pulley

SPRINGS:
Spird springsare used either toresist or to assist theforce of muscular contrac-

tion, or to produce passive movement of joint, consist of auniform coil of wire
whichisextensble.

Springsin Parallel
Springsin Series

Springsused in par allel: When aspring of aspecificweight isnot available
two equal springsof half therequired weight may beused in paralél to pro-
ducethesameresult.
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Springsused in series. Theweight of two equal springsarranged in seriesis
sameasthat of asingle spring, but the amount by which they must be extended
inorder to reach thelimit of extensionisdoublethat required for asinglespring.

ELASTICITY: Itisthe property of abody whichregainsitsorigind shapeafter
the application of force.

TYPESOF MUSCLE CONTRACTION:
e |sometric
e |sotonic

| sometric contraction involves the development of force by anincreasein
intramuscul ar tenson without any changeinlength of themuscle.

| sotonic contraction increasesintramuscul ar tension accompanied by change
inlength of themuscle. It may either shorten or lengthenthemuscle.

Types of Muscle work:
Work isthe product of force and distancethrough which theforce acts

Typesare
i) Satic Musclework: Muscles contract isometrically to balance
opposing forcesand maintain stability. Therefore nowork isdone.
i) Concentric Muscle Work: the muscles contract isotonically in

shortening to produce movement.
iii) EccentricMuscleWor k: themusclescontractisotonicaly inlength-
ening. Themuscle attachmentsare drawn apart.

Rangeof M uscleWork: Theamount of shortening or lengthening of muscle
during contractionisabout 50 percent of musclesmaximum length.

Typesof rangeare
* Inner range—muscleinitsshortest position
*  Outer range—muscleinfully extended position
* Middlerange—muscleisneither fully shortened nor fully extended.
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Group Action of Muscles: Integrated activity of many musclegroupsisre-
quired for production of efficient functiona movement. They are

i) Agonists: Group of muscleswhich contract to providetheforcerequired to
producethe movement.

i) Antagonists: These muscles oppose the action of agonistsand relax pro-
gressively for permitting themovement.

iii) Synergists: Thesegroupsof muscleswork with agoniststo provide asuit-
ableactivity and facilitatesthemovements

iv) Fixators: These muscles stabilize the bones of origin of the agonistsand
increasesthelr efficiency for production of movement.

Limb Length M easurements:
» Trueshortening of legismeasured from theanterior superior iliac spine
or upper margin of greater trochanter to lateral malleolus.
*  Apparent shortening of leg ismeasured from umbilicusor xiphisternum
totheleve of kneejoint or thetip of media malleolus.



CHAPTER 2
GAIT

Gait may be described as atrandatory progression of the body as awhole,
produced by coordinated, rotatory movementsof body segments.

Stages of gait:

|. stancephase: the stance phase beginsat theinstant that one extremity con-
tactsthe ground and continuous only aslong as some portion of thefootisin
contact with theground.

Hed strike: thebeginning of the stance phasewhen the hedl contactstheground.
Foot flat: It occursimmediately following hedl strike, when sole of the foot
contactsthefloor.

Mid stance: the point at which the body passes directly over the reference
extremity.

Hed off: the point following midstance at which timethe hed of thereference
extremity leavestheground.

Toeoff: thepoint following hed off when only thetoe of thereference extremity
isin contact with theground.

) L’ o} =
Eﬁ'%?é Hee Feol fal Midstamnca
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4

Heel off - Toe off W=

I1. Swing phase: the swing phase begins as soon asthe toe of one extremity
leaves the ground and ceases just before heel strike or contact of the same
extremity.

Acceleration: the portion of beginning swing from the moment the toe of the
reference extremity leavesthe ground to the point when thereference extremity
isdirectly under the body.

Midswing: portion of the swing phase when the reference extremity passes
directly below the body. Midswing extendsfrom the end of accelerationtothe
beginning of deceleration.

Deceleration: the swing portion of the swing phase when the reference ex-
tremity isdeceleratingin preparationfor hedl strike.

I:"_"H.
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Variables:

Sancetime: Itistheamount of timethat el apses during stance phase of one
extremity inagaitcycle.

Single-support time: It isthe amount of timethat el apses during the period
when only oneextremity ison supporting surfaceinthegait cycle.

Double-support time: Itistheamount of timethat aperson spendswith both
thefeet ontheground during onegait cycle.

Sridelength: Itisthelinear distancefromthe point of hedl strike of onelower
extremity tothenext hedl strike of the same extremity.

Sep length: Itisthelinear distancefrom the point of heel strike of onelower
extremity to the next heel strike of the opposite extremity.

Strideduration: It refersto amount of timeit takesto accomplish one stride.
Sep duration: It refersto theamount of time spent during asingle step.
Cadence: Itisthenumber of stepstaken by aperson per unit of time.
Pathological gaits:

1. Antalgicor painful hip gait: thisisthegait of aperson with apainful condi-
tioninthehipjoint. To minimizethe painthe person shortensthetimeduration of
the stance phase on the painful sideand quickly transferstheweight to the pain-

lessleg.

2. Siff hip gait: when onehipisankylosed, itisnot possibletoflex at thehip
joint during walking to clear the ground in the swing phase.

3. Unstablehip gait:

Thestability of thehipinwalking isprovided by the bony components of the
joint being kept in stable position by themusclesand ligamentsaround thejoint.
Any probleminthese structures causesinstability of hip.



GAIT 15

a. Trendelenber g gait: eg. Anatomical disruption on theright side Ex: non
union fracture neck of femur. The action of gluteusmediusin pulling the pelvis
downwardsin the stance phaseisineffective or weak dueto lack of astable
fulcrum. The pelvisdropsontheopposite (i.e. left) side causing instability.

b. Gluteusmediusgait: when theright gluteusmediusisparayzed, itisunable
to pull downthepelvisontheright dueto afunctiona deficiency of theabductor
mechanism in the stance phase.

4. Gluteusmaximusgait: whenthe gluteus maximus muscleis parayzed, the
stabilizing factor islost and the patient |eans backward at the hip to passively
extend it and keep the centre of gravity over the stance leg. This causesthe
backward lurchin the gluteusmaximusgait.

5. Quadricepsgait: when quadriceps power isweak or paralyzed; thelocking
isdoneby passively pushing the knee backward by the patient putting hishand
over thefront of thelower thigh. Thisresultsinalimp and may even causegenu
recurvatum.

6. High stepping gait: when thereisafoot drop, thefoot dlaps on the ground
on hed gtrikeand then dropsin the swing phase. To get thefoot clear theground,
the hip isflexed moreand this causesthe high stepping gait.

7. Short leggait: inequdity of thelegsisobviouswhen the shortening of oneleg
ismorethan 1”. It leadsto gait with amarked pelvic tilt downwards and an
equinesdeformity at thefoot.

8. Scissoring gait: thisischaracteristic gait of aspastic child with marked bilat-
eral spasm at the hipsand equinesspasmintheankle.



CHAPTER 3

INTRODUCTION TO PHYSIOTHERAPY

Physiother apy (also known as physical therapy) isahealth profession con-
cerned with and the assessment, diagnosisand treatment of disease and disabil-
ity through physical means. It isbased upon principlesof medica science, andis
generally held to bewithinthe sphere of conventional (rather than alternative)

medicine.
ROLE OF PHYSIOTHERAPY
1. Itprovidespsychologica support for the patient in depression.

o0k wN

Itisuseful intreating psychosomatic conditions.

It helpsin treating deformitiesand making the functionally independent.
It playsamajor rolein treating neuro-muscul ar disorders.
Itimprovesthewaking abilities.

It relievesthepain, spasm etc.

PRINCIPLESOF TREATMENT

©COoONOO~WDNE

Torelieve pain and spasm.
Toincreasejoint range of motion.

To reducethestiffnessor contractures.
Toimprove muscle power.

To prevent deformities.

Torelievefrom spadticity.
Toremovethe secretionsfromthelungs.
Toimprovethebreathing capacity.
Toimprovethe aerobic capacity.

10. Improvegait pattern etc.

Methods and effects:
1. Heattherapy: By heating tissuestherewill beriseinthetemperatureand

increaseinthemetabalitic activity. Asaresult of increasein the metabo-
lism thereisan increased demand for oxygen and foodstuffs, and an
increased output of waste products. Thereishblood flow to the part. Al
these physiologica effectscan beused to relievethe pain and spasm by
increasing thecirculation and carrying the waste products. e.g. superfi-
cia heating modalitiesarewax bath, Hydrocollateral packsetc. Deep
heating modditiesare SWD, I FT etc.
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2.

w

Cryotherapy: Theinitia of skinto collngisvasoconstriction of blood
vessalswhichisuseful inreducing theinflammation. Cryotherapy also
hel psin reducing the spasticity by reducing the nerve conduction vel oc-
ity of musclespindles. It aso reducespain by stimulating cold receptors
whichinhibitspain carrying fibers.

UltraViolet radiation thrapy isused to control skin diseases.

Breathing exercisesand postural drainage are used to reduce secretions
and improve breathing capacity.

Passive and active exercisesare used to increasejoint ROM, deformi-
tiesby preventing adhes on formation and maintaining circulation.
Resisted exercisestoimprove strength: Toimprove musclestrengthre-
ssted exercisescan begiven with the hel p springs, pulleys, weightsetc.
Gaittrainingtoimprovegait: after any musculoskeletd and neurologica
deficitsthe patient tendsto devel op abnormal gait. To correct thiswe
haveteach gait training to the patient by using assistivedevicessuch as
crutches, frames, orthoticsetc.

These are some of the means of physiotherapy. There are so many other
useswhich bededt |ater inthetext.



CHAPTER 4

AN INTRODUCTION TO EXERCISE THERAPY

Exercisetherapy isameansof accelerating the patient’ srecovery frominjuries
and diseaseswhich haveatered hisnorma way of living.

The aims of exercisetherapy
1. Topromoteactivity and minimizetheeffectsof inactivity.
2. Toincreasethenormal rangeof motion.
3. Tostrengththeweak muscles.
4. Toimprovetheperformanceindaily activities.

Thetechniques of exercise therapy
Movement used intreatment may be classified asfollows.

l. Active movements
1. Voluntary: (i) asssted
(i) Free
(iii) Assisted-Resisted
(iv) Resisted
2. Involuntary reflex

. Passive movements
a (i) Relaxed Passive M ovementsand accessory movements

b. Passve Manua M ohilization Techniques

(i) Mobilizationsof joints

(i) Manipulationsof joints performed by

(iii) Controlled sustained stretching of tightened structures

Posture: movement begins and endsin posturewhich isclassified either as
activeor passive.

Active movement and postureisachieved by muscular contractionin response
to demandswhich are suitableto the patient’ sability.

Passive movement and posture result from the application of external forces
when the musclesare unableto contract voluntarily to permit movement or dlow
support.
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Thetechniqueswhich are most effectivefor obtaining theaimsof treatment are
thosewhich

(i) Demand asmuch activity aspossible.

(i) Based on patterns of movement which are the same as those used by the
patient for hisnormd functiona activities.

Theapproach tothepatient problem
Theproblemsarising fromlossof function aredifferent for each patient therefore
treatment must be planned according to the patient need.

Assessment of the patient’scondition

1. Functiond tedts: these are used to assessthe patient’ sneedsand abilities
withregard to functional activitiese.g. mobility, personal careetc.

2. Testof rangeof motion: itismeasured with the help of goniometer.

3. Tedsfor neuromuscular efficiency: thesemay becarried out eectrically,
manualy or mechanicaly.

Electricaly: thesemay be carried out with the hel p of el ectro-myography.

Manually: it can be donewith manua muscletesting.

Mechanicaly: theseare done with tape measurement.

Satic power test: It may berecorded by means of aspring balance capabl e of
registering upto 50 or 1001 bs.

Dynamic power test: the maximum weight which can belifted oncethrougha
prescribed rangeiscalled the onerepetition maximum (1 R.M).
Endurancetest.

Speed test.

Testsfor co-ordination.

Testsof sensation.

Measurement of vital capacity.

00 N O A
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GONIOMETRY

Theterm goniometry isderived from two greek words, gonio, meaning angle,
and metron, meaning measure. Therefore, goniometry refersto the measure-
ment of angles, in particular the measurement of anglescreated by humanjoints.

Typesof goniometry

1. Universal goniometry: These are most commonly used instrument. The
body of auniversa goniometer resemblesaprotractor and may fromfull or half
circle. Measurement scales arelocated on the body (0-180 or 0-360). It con-
sistsof two armsstationary or fixed arm and movablearm. Stationary can not
be moved. Movable armis attached to the fulcrum which isthe center of the
body and it can be moved. It contain ablack lineextend thelength of thearm for
measuringtheangle.

2. Gravity dependent goniometer s: These are sometimes called inclinom-
eters. They usegravity’seffect on pointersand fluid level sto measurejoint po-
gtionand motion.

3. Electro goniometers: These are used primarily in research to obtain dy-
namic joint measurements. Itissimilar tothat of universal goniometer.

4.Visual estimation: Although someexaminersmakevisual estimatesof joint
position and motion but it isnot arecommended position.

5. Pendulum goniometer : 1t consistsof a360 degree protractor with aweighted
pointer hanging from the center of the protractor.

6. Fluid goniometer: 1t hasfluidfilled circular chamber containing anair bubble.
Itissimilar to acarpenter’sleve, but being circular, hasa360 degree scale.
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|.UPPERLIMB

Shoulder joint rangeof motion

1. Flexion

Recommended testing position: supinelying
Norma ROM: 0-180°

Fulcrum  :acromial process
Movablearm: middlelineof humerus
Fixedarm : midaxillary lineof thorax

2. Extension

Recommended testing position: pronelying
Norma ROM: 0-60

Fulcrum  : coracoid process
Movablearm: laterd midlineof the humerus.
Fixedarm : midaxillary lineof thorax

3.Abduction and Adduction

Recommended testing position: supinelying

Norma ROM: 0-180

Fulcrum  :acromial process

Movablearm: media midlineof humerus

Fixedarm : parallé tothemidlineof the anterior aspect of the sternum.

4. Adduction
Normal ROM: 180-0
Rest issameasabduction

5.Medial rotation

Recommended testing position: supinelying, withthearm placed at 90 of ab-
duction

Norma ROM: 0-70

Fulcrum  : olecranon process

Movablearm: paralel toulna

Fixedarm : parallée or perpendicular to thefloor

6. Lateral rotation
Normal ROM: 0-90
Rest issameasmedial rotation
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ELBOW

1. Flexion and Extension

Recommended testing position: supinelying
Normal ROM: 0-135

Fulcrum  : Latera epicondyle of humerus
Movablearm: latera midlineof thehumerus
Fixedarm : midline of thehumerus

2. Extension
Normal ROM: 135-0
Restissameasflexion

FOREARM

1. Supination

Recommended testing position: sitting with upper arm at the side of the body,
elbow flexed to 90 and forearm supported

Norma ROM: 0-80

Fulcrum  :lateral totheulnar styloid process

Movablearm: ventral aspect of theforearm, proximal to styloid process
Fixedarm : anterior midlineof humerus

2. Pronation

Recommended testing position: sameassupination

Norma ROM: 0-80

Fulcrum  :lateral totheulnar styloid process

Movablearm : dorsal aspect of the forearm, proximal to styloid process of
radius

Fixedarm : anterior midline of humerus

WRIST

1. Flexion

Recommended testing position: sitting next to asupporting surface and hand
facing theground.

Normal ROM: 0-80

Fulcrum  :lateral aspect of thewrist over thetriquetrum

Movablearm: laterd midlineof thefifth metacarpal

Fixedarm : laterd midlineof theulna
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2. Extension

Recommended testing position: sameasflexion
Normal ROM: 0-70

Fulcrum  :atthelevel of capitate
Movablearm: volar midlineof thethird metacarpal
Fixedarm :volar midlineof theforearm

3. Radial deviation

Recommended testing position: sameasflexion
Norma ROM: 0-20

Fulcrum  :attheleve of capitate

Movablearm: dorsal midlineof thethird metacarpa
Fixedarm :dorsal midlineof thehumerus

4. Ulnar deviation:
Normal ROM: 0-30
Restissameasradia deviation

II.LOWERLIMB

HIPJOINT

1. Flexion

Recommended testing position: supinelying
Norma ROM: 0-120

Fulcrum  :lateral aspect of thehipjoint
Movablearm: laterd midlineof thefemur
Fixedarm :laterd midlineof thepelvis

2. Extension

Recommended testing position: pronelying
Norma ROM: 0-30
Restissameasflexion.

3.Abduction

Recommended testing position: supinelying

Norma ROM : 0-45

Fulcrum  : anterior superior iliac sping(ASIS) of the extremity being mea-
sured
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Movablearm : anterior midlineof thefemur
Fixedarm : horizontal lineextending fromoneASISto other ASIS

4. Adduction
Normal ROM: 0-30
Rest issameasabduction

5.Medial rotation and L ateral rotation

Recommended testing position: sitting on asupporting surface
Norma ROM: 0-45

Fulcrum  :anterior of the patella

Movablearm: anterior midlineof lower leg

Fixedarm :parallel toleg

KNEE JOINT

1. Flexion

Recommended testing position: pronelying
Norma ROM: 0-145

Fulcrum  : Lateral epicondyleof thefemur
Movablearm: latera midlineof thefemur
Fixedarm :lateral midlineof thefibula

2. Extension
Normal ROM:145-0
Restissameasflexion.

ANKLE JOINT

1. Dorsi flexion

Recommended testing position: Sitting or supine
Norma ROM: 0-20

Fulcrum  :lateral aspect of lateral malleolus
Movablearm: laterd aspect of fifth metatarsa
Fixedarm :lateral midlineof thefibula

2. Plantar flexion
Norma ROM: 0-50
Restissameasdors flexion
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3.Inversion

Recommended testing position: sitting with kneeflexed to 90 and thelower leg
over theedge of supporting surface

Norma ROM: 0-35

Fulcrum  :anterior aspect of the ankle midway between the malleoli
Movablearm: anterior midlineof the second metatarsal

Fixedarm : anterior midlineof thelower leg

4. Eversion
Norma ROM: 0-15
Restissameasinversion.



CHAPTER 5
STARTING POSITIONS

Sherrington stated that every moment beginsin posture and endsin posture. The
posturesfromwhich movement isinitiated areknown asstarting positions. There
arefivefundamenta starting positionsthey are STANDING KNEELING SIT-
TING LYING and HANGING. Equilibrium and stability ismaintained inthese
positions by balance of forcesacting upon the body.

FUNDAMENTAL POSITIONS

1. STANDING
Thisisthemost difficult of al thefundamental positionsto maintain as
thewholebody must be balanced on asmall base of support and by the coordi-
nated work of many muscles. The position may bedescribed asfollows.
0] Thehedlsaretogether and onthesameline.
(i) Thekneesaretogether and straight.
(i) Thehipsareextended and laterally rotated dightly.
(iv)  Thepelvisishaanced onthefemoral heads.
v) The spineisstretched toitsmaximum length.
(Vi)  Thevertex isthrust upwards, the ears are levels and the eyes ook
sraight forwards.
(vii)  Theshouldersaredown and back.
(vii)  Thearmshangloosaly to the sides, palmsfacing inwardstowardsthe

body.

Musclework: themusclework required to maintain the position varieswith the

circumstances. It isreduced considerably when the body segmentsarein good

aignment and perfectly balanced.

1. Theintrinsc musclesof thefeet working to stabilizethefeet.

2. Theplantar flexorsand dorsiflexorsof theankleworking to keep theankle
inneutra.

3. Theevertors, working to counterbal ancethe action of theinvertors.

4. Theextensorsof thekneemay work dightly.

5. Theextensorsof thehip, working to maintain hip extensonandto pelvison
thefemoral heads.

6. Theextensorsand flexorsof the spine areworking to keep thetrunk up-
right.

7. Thepre-vertebral neck muscles, working to control excessive extension of
the neck.
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8. Theflexorsand extensorsof atlanto-occipital joint, working reciprocally to
ba ancethe head.

9. Theretractorsof the scapul ae, working to draw the scapulabackwards.

10. Thearmsrelaxed by the side of the bodly.

Effects and uses:

Asthebase of supportissmall and centre of gravity high standing isadifficult
posture so this position should be given only to thosewho can maintainit. By
practicein attaining and holding standing posture reducesfatigue. Itisapposition
of dertness, joy and efficiency.
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2. KNEELING

Thebody issupported on the kneeswhich may betogether or dightly apart. The
lower leg restson thefloor with feet plantar-flexed. Therest of thebody isheld
asinstanding.

Musclework:
Thelower legisrelaxed; the body must be stabilized on the knees.
1. Thereisinterplay betweentheflexorsand extensorsof theknee, to
balancethefemoravertically ontheknees.
2. Theextensorsof the hip and theflexors of thelumbar spinework
morestrongly to maintain the correct angleof pelvictilt.
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Knedling

3.SITTING

Thepositionistaken onachair or stoal, thethighsarefully supported, thehips
and kneesto beflexed to aright angleand feet rest on thefloor.

Musclework:

Theflexorsof the hipswork to maintain aright angleat thesejoints. Themuscle
work of rest of thebody issameasin standing.

Effectsand uses.

Thisisacomfortable, natural and very stable position. Many non-weight bearing
kneeand foot exercisesand lateral and rotatory movements of the spine can be
performedinthisposition.

4
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4.LYING
Itiseasiest of the fundamental positions asthe body can be completely sup-
ported in the supine position.
MuscleWork:
Thereisminima musclework inthispostion. Whenthelying positionisused as
thestarting positionfor exerciseitisusually taken on aform surface.
1. Headrotatorsof both the sideswork reciprocally to stabilize
the position of the head.
2. Theextensorsof thehipsand flexorsof thelumbar spinework
to counter balance the hallowing of the back.
3. Themedial rotators of the hipswork to keep the legsin the
neutra position.
Effectsand Uses:
Thisisan easy position oitisasuitable position for many exercises. Thespine
isrelieved of theweight of the head and shouldersthereforeit tendsto €l ongate
and straighten, henceitisused intreatment of spinal deformities. Breathingis
impeded dlightly by pressure on the thorax and abdomen, so this positionis
unsuitablefor those suffering from respiratory or heart diseases.

N @:Qi
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Lying

5.HANGING
The body is suspended by grasping over ahorizontal bar, the forearm being
pronated, thearm straight. Thehead isheld high. Thetrunk and legshang straight
with the hed stogether and ankle plantarflexed.
MuscleWork:
1. Theflexorsof thefingerswork strongly to grasp the bar.
2. All themusclesaround thewrist and elbowswork to reducethe
srainonthejoints.
3. Theadductorsof theshoulderswork strongly to lift thebody on
thearms.
4. Theprevertebra and posterior neck muscleswork reciprocally
to maintain the position of the head and neck.
5. Theflexorsof thelumbar spineand extensorsof the hipswork
to correct thetendency to arch the back.
6. Theadductorsof the hipswork to keep thelegstogether.
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Effectsand Uses:

Astheweight of the shouldersistaken onthe spineand weight of thelegsexerts
traction uponit, itisstraightened and el ongated. Breathingisdifficultin thispo-
sition. Thereforethe positionisunsuitablefor respiratory or cardiac connec-
tions. Thispositionisenjoyed especially by children.
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CHAPTER 6

PASSIVE MOVEMENT

Thesemovementsare produced by an external force during muscular inactivity
or when muscular activity isvoluntarily reduced asmuch aspossibleto permit
movement.

Classification

a. Relaxed Passive Movements, i ncluding accessory movements.
b. Passve Manua M ohilization Techniques

(i) Mohilizationsof joints

(i) Manipulationsof joints

(iii) Controlled sustai ned stretching of tightened structures

Specific Definitions
a. (i) Relaxed Passive Movements

Theseare movements performed accurately and smoothly by the Physiothera-
pist. A knowledge of theanatomy of jointsisrequired. The movementsare per-
formed inthe samerange and direction asactive movements. Thejointismoved
through theexisting freerange and withinthelimitsof pain.

(i) Accessory movements

These occur aspart of any normal joint movement but may belimited or. absent
inabnorma joint conditions. They consist of gliding or rotational movements
which cannot be performed inisolation as avoluntary movement but can be
isolated by the physiotherapist.

b. Passve Manual M obilization Techniques
(1) Mobilizationsof joints

Theseareusualy smdll repetitiverhythmicd oscillatory, localized accessory, or
functiona movements performed by the physiotherapist in variousamplitudes
within the availablerange, and under the patient’s control. These can be done
very gently or quite strongly, and are graded according to the part of theavail-
ablerangeinwhichthey areperformed.
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(if) Manipulationsof jointsperformed by
a. Physiotherapists

Theseareaccuratdy localized, Sngle, quick decisive movementsof smal ampli-
tude and high vel ocity completed beforethe patient can stop it.

b. Surgeon/Physician

Themovementsare performed under anesthesiaby asurgeon, or physicianto
gainfurther range. Theincreasein movement must be maintained by thephysio-
therapist.

(iii) Controlled sustained stretching of tightened structures

Passive stretching of muscles and other soft tissues can be given to increase
range of movement. Movement can be gained by stretching adhesionsinthese
structuresor by lengthening of muscle dueto inhibition of thetendon protective
reflex.

PRINCIPLESOF GIVING RELAXED PASSIVE MOVEMENTS

Relaxation. A brief explanation of what isto happenisgiven to the patient, who
isthentaught to relax voluntarily, except in casesof flaccid paraysiswhenthisis
unnecessary. The selection of asuitable starting position ensures comfort and
support, and the bearing of the physiotherapist will do muchto inspire confi-
denceand co-operation in maintaining relaxation through the movement.

Fixation. Where movement isto belimited to aspecificjoint, the bonewhich
lies proximal to it isfixed by the physiotherapist as closeto thejoint line as
possibleto ensure that the movement islocalized to that joint; otherwise any
decreaseinthe normal rangeisreadily masked by compensatory movements
occurring at other jointsinthevicinity.

Support. Full and comfortable support isgivento the part to be moved, so that
the patient has confidenceand will remain relaxed. The physiotherapist grasps
the part firmly but comfortably in her hand, or it may be supported by axial
suspensonindings. Thelatter method isparticularly useful for thetrunk or heavy
limbs, asit freesthe phys otherapist’shandsto assist fixation and to performthe
movement. The physi otherapist’s stance must befirm and comfortable. When
standing, her feet are apart and placed intheline of the movement.

Traction. Many jointsallow thearticular surfacesto bedrawn apart by traction,
whichisawaysgiveninthelong axisof ajoint, thefixation of the bone proximal
to thejoint providing an opposing force to asustained pull onthedistal bone.
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Tractionisthought tofacilitate the movement by reducing interarticular friction.

Range. Therange of movement isasfull asthe condition of thejoints permits
without eliciting pain or gpasmin the surrounding muscles. Innormal jointsdight
over pressure can begivento ensurefull range, butinflail jointscareisneeded to
avoid taking the movement beyond the normal anatomical limit.

Asonereasonfor giving full-range movement isto maintain theextensbility of
muscleswhich passover thejoint, specia consideration must begivento muscles
which passover two or morejoints. These musclesmust be progressively ex-
tended over eachjoint until they arefinally extended to their normal length over
all thejointssmultaneoudy, e.g. the Quadricepsisfully extended whenthehip
joint isextended with the kneeflexed.

Foeed and Duration. Asitisessentia that rel axation be maintained throughout
the movement, the speed must beuniform, fairly dow and rhythmica. Thenum-
ber of timesthe movement isperformed dependson the purposefor whichitis
used.

Effects and Uses of Relaxed Passive Movements

(i) Adhesion formation is prevented and the present free range of movement
maintained. One passive movement, well givenand at frequent intervals, issuffi-
cient for thispurpose, but theusua practiceisto put thejoint through two move-
mentstwicedally.

(i) Whenactivemovement isimpossible, because of muscular inefficiency, these
movementsmay help to preservethe memory of movement patternsby stimulat-
ing thereceptorsof kinesthetic sense.

(iif) Whenfull-rangeactive movement isimpossiblethe extensibility of muscleis
maintai ned, and adaptive shortening prevented.

(iv) Thevenous and lymphatic return may be assisted dlightly by mechanical
pressureand by stretching of thethin-walled vessel swhich passacrossthejoint
moved. Relatively quick rhythmical and continued passive movementsarere-
quired to producethiseffect. They areused in conjunction with eevation of the
part to relieve oedemawhen the patient isunable or unwilling, to perform suffi-
cient activeexercise.

(V) Therhythm of continued passive movements can have asoothing effect and
inducefurther relaxation and deep. They may betriedintraining relaxation and,
if successful the movement ismadeimperceptibly and progressively dower as
the patient relaxes.

.S
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PRINCIPLESOF GIVINGACCESSORY MOVEMENTS

Thebasic principlesof relaxation and fixation apply to accessory movementsas
to relaxed passive movements. Full and comfortable support isgiven and the
range of themovement isasfull asthe condition of thejoint permits. They are
comparaively small movements.

Effects and Uses of Accessory Movements

Accessory movements contributeto the normal function of thejointinwhich
they take place or that of adjacent joints.

Inabnormal joint conditionstheremay belimitation of these movementsdueto
loss of full active range caused by stiffness of jointsfrom contracture of soft
tissue, adhesion formation or muscular inefficiency. Accessory movementsare
performed by the Physiotherapist to increase lost range of movement and to
maintain joint mobility. Hencethey form an important part of thetreatment of a
patient who isunableto perform normal active movement.

PRINCIPLESOF PASSIVE MANUAL MOBILISATIONSAND
MANIPULATIONS

Thesetechniques, together with their effectsand uses, cover avery widefield
whichisbeyond the scope of thisbook. Specific referenceto booksby Maitland,
Grieve, Katenborn and other authoritieson thesubjectisgiveninthebibliogra-

phy.

M ani pulations performed by asurgeon or physician are usually given under a
general or local anesthetic which eliminates pain and protective spasm, and al-
lowsthe use of greater force. Even well-established adhesions can be broken
down; but whenthesearenumerous, itisusua toregainfull rangeprogressively,
by aseriesof manipulations, to avoid excessive traumaand marked exudation.
Maximum effort onthe part of the patient and the physi otherapist must be ex-
erted after manipulation to maintain therange of movement gained at each ses-
sion, otherwisefibrousdepositsfrom theinevitable exudation will form new ad-
hesions.

PRINCIPLESOFGIVING CONTROLLED SUSTAINED STRETCH-
ING OF TIGHTENED STRUCTURES

The patient iscomfortably supported and asrelaxed as possiblein an appropri-
ate position. With suitablefixation the part isgrasped by the physiotherapist and
moved in such away that asustained stretch can be applied to the contracted.
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structuresfor aperiod of timewithin afunctional pattern of movement. Me-
chanica meanscan beused, e.g. turnbuckle plaster.

Effectsand Usesof Controlled Sustained Stretching

(i) Steady and sustained stretching may be used to overcome spasticity patterns
of limbs, e.g. ahemiplegic patient. The slow stretch producesarel axation and
lengthening of themuscle.

(i) A steedy and prol onged passive stretch can overcometheresistance of short-
ened ligaments, fasciaand fibrous sheaths of musclesas, for example, in con-
trolled stretching and progressive spintage of talipesequino varus.
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ACTIVE MOVEMENTS
Definition
Movement performed or controlled by thevoluntary action of muscles, working
inoppositionto an externd force.

Classification:

Free exercise: theworking musclesare subject only to forcesof gravity acting
upon the part moved or stabilized.

Assisted exercise: when muscle strength or co-ordination isinadequateto per-
formamovement an externa forceisapplied to compensatefor deficiency.
Assisted-resi sted exercises: musclesmay be strong enough towork against re-
sstancein part of therangeand not in others. External forcesapplied are adapted
inevery part of therangeto theabilities of the muscles.

Resisted exercises: resistanceisapplied to theworking musclesareartificialy
and systematically increased to devel op the power and endurance of muscle.

FREE EXERCISE

Free exercises are those which are performed by the patient’s own muscul ar
effortswithout the assistance or resistance of any external force, other that of
gravity.

Advantage: hel psin maintaining range of motion by the patient itself without
relying on othersfor thispurpose.

Disadvantage: they frequently makeinsufficient demandson neuromuscular sys-
temtodicit themaximal responserequired for redevel opment of weak muscles.

Classfication

1. Locdized: Theseexercisesare designed primarily to produce someloca and
specific effect, for exampleto mobilizeaparticular joint or to strengthen particu-
lar musclegroups.

2. Generd: Theseexercisesusudly involvetheuseof many jointsand musclesal
over the body and the effect iswide spread.
Thetechniqueof freeexercises
1. Thedtarting positionisselected and taught to the patient with care.
2. Ingtructionisgiveninamanner whichwill gaintheinterest and co-op-
eration of the patient.
3. Thespeed at which exerciseisgiven dependson the effect required.
4. Theduration of the exercise dependsvery largely on the patient’s ca-

pacity.



ACTIVE MOVEMENTS 37

Theeffect and uses of free exercises

1. Reaxation: rhythmica swinging movementsassi st inrelaxation of hyper-
tonicmuscles.

2. Joint mobility: norma ROM ismaintained by exercisesperformedinfull
range.

3. Musclepower andtone: itisincreased by tension created by themuscles.

4. Neuromuscular coordination: it isimproved by repetition of exercises.

5. Improvesconfidenceof patient.

Assisted exercises

When theforce exerted on one of the body leversby muscular actionisinsuffi-
cient for the production or control of movement, an externa force may be added
to augment it. Asthe power of muscleincreases, the assistance given must de-
crease.

Technique

1. Starting position and pattern of movement: thismust bewell known and un-
derstood by the patient.

2. Fixation: adequatefixation of theboneorigin of prime moversimprovestheir
efficiency.

3. Support: the part of the body moved is supported throughout to reducethe
load on weakened muscles.

4. Antagonistic muscles: every effort must be made to reduce tension in the
antagonisticmuscles.

5. Traction: preliminary stretching of theweak musclestodicit thestretchreflex.
6. Assisting force: theforce used to augment the action of the musclesisapplied
inthedirection of the movement.

7. The character of the movement: the movement should be smooth.

8. Repetitions: the number of timesthe movement isrepeated dependson the
condition of the patient.

9. The cooperation of the patient isessential duringthisexercise.

Effectsand usesof assisted exercise
1. Therewill beproduction of movement whichthey areincgpableof achiev-
ing.
2. Thememory of the pattern of co-coordinated movement isstimulated
by the correct performance.
3. Patient’sconfidenceisincreased.
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Assisted-resisted exercise
Thistypeof exercise constitutesacombination of assistance and resistance dur-
ingasinglemovemen.

Resisted exercise
The external force may be applied to the body |leversto oppose the force of
muscular contraction and therewill beincreasein muscle power and hypertro-

phy.

Technique

1. Starting position and pattern of movement: thismust bewell known and un-
derstood by the patient.

2. Fixation: adequatefixation of theboneorigin of prime moversimprovestheir
efficiency.

3. Support: the part of the body moved is supported throughout to reducethe
load on weakened muscles.

5. Traction: preliminary stretching of theweak musclestodicit thestretchreflex.
6. Ressting force: avariety of meansmay be employed to supply theforceused
to resist the contraction of theworking muscles, e.g. manual pressure, weights
(S(

7. Thecharacter of the movement: the movement should be smooth and con-
trolled.

8. Repetitions. the number of timesthemusclesarethrowninto action against a
resistance variesaccording to the condition of the patient.

9. Thecooperation of the patient isessential duringthisexercise.

Resistances: aresisting force other than that provided by gravity and friction
may be provided by

1. Physiotherapist 2. The patient 3.weights4. Pulleys5. springs

6. Water 7. Substanceswhich aremalleable

Effectsand usesof resisted exercises
1. Musclepower can only be maintained or increased by contraction.
2. Thebloodflow to theworking musclesisincreased.
3. Therewill beagenerad riseinblood pressure.
4. Heat, whichisproduced astheresult of strenuousmuscular activity.
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RELAXATION

MUSCLESwhich arerelatively freefrom tension and at rest aresaid to bere-
laxed. Tension developsin musclesasthey work during contraction and thisten-
sonisreduced to avariable degree asthe musclescometo rest during rel axation.

Muscle Tone

Under ordinary circumstancesliving musclesare never completely freefromten-
sion, asthey retain aquality of firmnessknown asmuscletoneeven whenthey are
asrelaxed aspossible.

Muscletone, which representsastate of preparednessin resting muscles, isnow
thought to be maintained through the activity of the muscle spindlecircuit. The
efferent fibresof thissmall fibre nervousreflex pathway transmit impulseswhich
produceasustained contraction of thesmall intrafusal musclefibresof themuscle
spindles, whilethelargeextrafusa fibresconcerned inthe production of voluntary
movement remainrelaxed.

Postural Tone

The contractionwhich persistsin the muscles concerned with the mai ntenance of
posture (chiefly theanti-gravity muscles) iscalled postural tone. Posturd toneis
maintained and regul ated by areflex mechanism, thefundamentd bassof whichis
themyotatic or stretch reflex, although the higher centersal so exert acontrolling
influence, Any stretching of the musclesby an external force, such astheforce of
gravity, stimulates sensory receptors situated within the musclesthemselvesand
so givesriseto adischarge of motor impul sesto the same muscles. These motor
impulses bring about acontraction of asufficient number of the muscles motor
unitstoincrease thetension sufficiently to enablethe effects of theforcewhich
produced the stretching to be counterbal anced.

Astensioninthesemusclesisincreased in responseto stretching of their congtitu-
ent fibres by an external force, and in proportion to the degree of stretching to
whichthey are subjected, it followsthat the use of measurestending to reduceor
eliminatetheeffect of thisforceassstsin promoting their relaxation.

Thedegreeand location of postural tonevarieswith any dterationinposture. Itis
greater inthe upright positions, in which theforce of gravity tendsto stretch the
musclesmorestrongly, thanitisin recumbent positions, inwhichtheeffectsof the
forceof gravity upon themisadequately counterbalanced by full support of the
body. Those recumbent positionswhich providefull support for all segmentsof
thebody aretherefore most suitablefor obtaining general relaxation.
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\oluntary Movement

Specific muscles contract asthey work toinitiate or control movement, but at the
completion of themovement in question they relax and cometorest. Thereisa
recognized biologicd principlethat activity of living cellstendsto befollowed by
inhibition of that activity. Contractioninany onegroup of musclesisaccompanied
by areciprocal relaxation of the antagonistic group to allow movement to take
place smoothly. Thesefactsare of importance during consideration of methods
designed to obtain relaxation of aparticular group of muscles.

Mental Attitudes

Mental attitudessuch asfear, anger and excitement giverisetoageneral increase
in muscular tension which servesauseful purpose by preparing the musclesfor
rapid or forceful action.

Normally thistension, devel oped to serve auseful purpose, isrelaxed whenthe
need for it no longer exists, but in some casesit persists and becomes habitual
whichmay lead to dterationsin normal posture.

Recognition of agtate of tensionfollowed by voluntary rel axation of themusclesin
whichitispresent provideameansof hel ping the patient to economizein nervous
energy, and in caseswherethetension hasresulted in thereduction of thenormal
range of movement inajoint, anincreasein mobility can beachieved.

Asfear inoneformor another isthe most usual cause of persistent tension, the
physi otherapist must do her best to reassure the patient and to gain hisconfidence
and co-operation. An atmosphere conduciveto rest, both mental and physical,
contributesmuch for successin helping the patient to acquiretheart of voluntary
relaxation.

Degrees of Relaxation

The degree to which muscular tension can bereduced isvery variableand it is
better toregard theterm‘ Relaxation’ merely asan indication that somereduction
intension hastaken place. It isoften possibleto estimate the degree of relaxation
achieved by gentle passive movement or by pal pating the muscles, asfor instance
during massage, and thefact that apatient fallsto deep during treatment isample
proof that the method of obtaining genera relaxation hasbeen successful.

Pathological Tensionin Muscles

A marked, persistent increasein muscular tension or toneisafeature of many
pathological conditionswhich affect the nervoussystem. Lesionsof the higher
motor centres, and thosewhich interferewith the normal function of the nervous
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pathwayswhich connect them with the spina reflex arc, commonly resultinan
abnormal state of muscular tensionwhich variesfrom hypertonicity to spadticity or
rigidity. A temporary reductioninthistensonin the affected areacan be achieved
in some cases by suitable meanswhich promoterelaxation, and thisallowsre-
education of any functiona activity which remainsto takeplace.

TECHNIQUE
GENERAL RELAXATION

Support, comfort and arestful atmosphereare basic conditionsfor general relax-
ation and may proveeffectivewithout additional methods.

a. upport

Variousformsand modifications of thelying position are used, to achievefull
support of the body, the relative suitability of each onevarying according to the
condition of the patient and to individual preference. Theweight of thebody is
thuseffectively counterba anced by the uniform upward pressure of areciprocal
surface, or by suspension, in aposition of semi-flexion which obviatesall me-
chanical tensononmusclesor ligaments.

() Lying Supine. A firm surfaceisessentia, andif resilient dlso, asinthecaseof a
good spring mattress, itisided, asit will moulditsdlf to thebody contoursand give
even pressand comfort. At al costs plinths or bedswhich sag areto beavoided
asthey cramp thethorax and so throw additional strain ontheinspiratory muscles.
A head pillow isrequired which issufficiently soft to prevent the head fromrolling
to either side, and to be well moulded to support the neck posteriorly. A small
pillow under the kneesrelievestension on the Hamstrings and theilio-femoral
ligament, and consequently alowsthe pelvistoroll backwards so that the lumbar
spineisstraightened and supported. Thefeet are held inthe mid-position by a
sandbag or similar device, and each arm, dightly abducted at the shoulder and
flexed at theelbow, restson apillow.
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(i) Half Lying. Thisissimilar to the previous position but breathingiseasier as
thereislessweight on the back and abdominal pressure on the under surface of
the Diaphragmisreduced.

Anarmchair makes quiteagood substitutefor aplinth or bed, thethighsarefully
supported and thefeet rest on thefloor, or afootstool, or aT footrest.

(iii) Prone Lying. The head isturned to one sideand may rest onasmall pillow, if
more comfortable. A firm pillow under the hipsand the lower abdomen prevents
hollowing of the back, and for womenit should extend higher to avoid too much
pressureon thebreasts; thelower legiseevated so that thekneesaredightly bent
and thetoesfree. A degree of media rotation at the hips, causing the heelstofall
apart, still further inducesrel axation of legs. Many find thisposition comfortable
and useit for deeping; othersdidikeit because of therotated position of the head.
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(iv) SideLying. Themeasure of relaxation obtained isgoverned by theefficiency
with which the shoulder and pelvic gjrdiesare stabilized. Thearm andleg which
areuppermost may be rested on the supporting surfaceinstead of on pillows, but
some of theweight then fallson thetrunk and thisimpedesrespiration. Thehhead
pillow supportsthe neck and head in dignment with the body, and must not betoo
high. Themagjority of peopledeep ontheside, but few are conscicous of the part
suitable postioning for relaxation playsin promoting it.
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SideLying

b. comfort

In additionto support and individua preferencein positioning, for which some
suggestions have aready been made, theingredientsof comfort includefreedom
to breathe deeply, warmth, abdominal quiescence and amild degree of physica
fatigue. Remova of condtrictiveclothing, such ascorsetsand bdlts, isessentia and
any garters, buttonsor suspendersliableto cause pressuremust beremoved. The
room should bewarm, but should have afree supply of freshair; inwinter addi-
tional warmth can be supplied by light but warm blankets, acovered hot-water
bottle at thefeet, an electric blanket or by non- luminousinfra-red irradiation, but
carebeing taken to avoid over heating, asthisleadsto restlessness. For homeuse
awarm bath givesthe most even and pleasing type of heat, but its soothing effect
must not be ruined subsequently by vigorous rubbing with atowel. A light well-
balanced medl, rhythmica physical activity of short duration, such asabrisk walk
inthe open- air, and attention to emptying the bladder before treatment are all
conduciveto genera relaxation.

C. Restful Atmosphere

Asphysica and mental relaxationsareinterdependent, an effort must be
madeto secureastate of mental rest. Thetreatment-room should beasquiet as-
possible, asmany peoplefor whom training in relaxation isprescribed are highly
susceptibleto the disturbing influence of noise. A few areworried by complete
slence, but ingeneral it isthe high-pitched intermittent sound produced close at
hand whichisto be avoided; the continuouslow-pitched ‘ hum’ of distant traffic
tends to be soothing. Bright lights and strong colours, such as red and bright
ydlow, aresaid to bestimulating, whereasaroomwith low well-diffused light with
for instance green and peach furnishings givesasoft and warm glow and provides
anideal setting for relaxation. Thisisindeed acounsd of perfection, but much can
be done with screens and shades used with alittleimagination, evenin abusy
department.
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Themost difficult and important factor in the creation of arestful atmo-
sphere, and onewhich determinesthe ultimate successor failure of thetreatment,
isthemanner and bearing of the physiotherapist. She must inspire confidence, as
fear, inoneform or another, isat theroot of much of the tension which shecan
helpto relieve. Her appearance must betidy and her dress suitable; shemust be
punctual and move camly without hurry or hesitation. Her manner must be cour-
teous, pleasant and understanding and her voicelow-pitched and. clear. A smple
explanation of theroutineand any instructionsrequired aregiventothe patientin
language and termswhich he can understand, so that any anxiety or fear of the
unknownisremoved.

It must be remembered that situationsand routineswith which one be-
comesvery familiar often gppear strange and terrifying when encountered for the
first time. Conversation, apart from theseinstructions, should direct the patient’s
thoughtsto contempl ation of restful and pleasant topics.

Confidenceinthe physiotherapist and thetreatment isgradually built up over a
period of time; immediate resultsare not to be expected and arerarely achieved,
often because of psychological factorsbeyond the control of the physi otherapist
or patient. In successful casesahabit of relaxationisbuilt up in place of ahabit of
tension, but theformation of new habitstakestime. Regular and frequent practice
onthepart of thepatient isessentia, until finaly hebecomes, anexpertintheart of
‘letting go’ or relaxing, and the normal rhythm of life, inwhich activity aternates
with relaxation, can bere-established.

d. Additional Methods of promoting Relaxation

Tenson may persstin spiteof the provision of conditionsconduciveto relaxation,
inwhich case additional methodsto help the patient may beemployed. Very little
should be attempted at first, the period of time being extended asthe ability to
relax improves.

Consciousness of Breathing. Under conditions of quiet and comfort thepatient’s
mind may remain activeand turn to mundane problemsand anxieties, with associ-
ated physical tengion; inthiscaseit may help himto concentrate on hisownrhythm
of breathing, which must be deep with aslight pause at the end of expiration.
Expiration isaphase of relaxation and should be accompanied by afeeling of
‘letting go’ inthewhol e body.

Progressive Relaxation, A method by which relaxation may be achieved pro-
gressively wasdevised and practiced by Jacobson of Chicago, and something
smilar pearsin modern literature on the Yoga System asthe‘ Savasana or * Still
Pose'.
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Savasana- The Sill Pose

Contrast Method. Difficulty in appreciating the sensation of relaxationisnot
uncommon; the patient does not know that the musclesaretense or what to do
inorder torelax them. Thiscan often betaught by demonstrating the contrast
between maxima contraction and the degree of relaxation which followsit, the
patient being told to contract any group or seriesof musclesasstrongly as
possibleandthento‘let go' and‘ continuetolet go'.

Successmay be achieved by another method by which the patient isurged to step
up thispreliminary contraction until heissotired that he hasto et go; thereisa
large eement of suggestion about thisasit isunlikely and undesirablethat astate
of fatigue should actualy be produced. Thismethod followsthebiologica prin-
ciplethat activity of living cellstendsto befollowed by inhibition of that activity.

Routine contraction followed by relaxationiscarried out in each areaof the bodly,
theattention traveling inlogica sequencefromlimbto limbandto thetrunk and
head including the neck and face musclesuntil al areascan remainrelaxed at one
and the sametime. Much practice may be necessary beforethisisaccomplished,
anditisnot unusud for themusclesof theleg, for instance, to again becometense
while attention has been focused on rel axation of the face muscles. Beforethe
routine hasbeen compl eted, the patient frequently drops off to deep and genera
relaxation isobtained. When possible he should be allowed to wake naturally;
dternatively, hemust bewakened gently in sufficient timefor getting up and dress-
ing to beunhurried. Later, the patient learnsto relax the musclesat will fromthe
state of tensoninwhichthey arenormally maintained, and without previousvol-
untary contraction.

Physiological Relaxation. Thismethod of relieving tensonwasdevised by Laura
Mitchell, MC.S.P, Dip.T.P, in1957. Itisbased on the physiological principleof
reciproca relaxation.

Theposition of tension of thewholebody isdefined in detail, viz. raised shoulders,
bent-up elbows and hands, head and trunk flexed, etc. The patient changesthe
position of every jointinturn, by exact voluntary orderswhich heistaught to give
to hisown body, e.g., * Stretch thefingersout long’, * Stop’, ‘ Fedl the straight-
ened-out fingersand thefingerti pstouching the support’.
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Inthisway, the patient induces, firstly, reciproca relaxationin the musclesthat had
been working to maintain thetense positions, and then in the oppositegroup which
he used to changethat position. Heregistersthe new position of thejointsand skin
pressures associ ated with them because these two sensesreach the cortex. Inthis
wal, he changesthe pattern of tension of thewhol e body to one of easeby means
of amethod which he can use by himself at any time, and so can stop mounting
tenson.

Passive Movement. Rhythmical passive movementsof the limbsand head may
assist thedegree of genera relaxationin some cases. Thesemovementsare
generadly given asasequel to massage.Group movementsof joints, e.g. flexion
and extension of hip, kneeand ankle, are preferable, but avery high standard of
performanceon the part of the physiotherapist isrequired to obtain results. The
rhythm of small pendular movements pleases some patients.

Theability to promote astate of relaxation dependsvery largely ontheindividual
physiotherapist and the particular patient with whom sheisdealing, and detail sof
successful methodsemployed vary widely. Ided conditionsarerarely obtainable
and, indeed, arehardly desirable, for many patientsmust eventually learnto relax
whereand when they opportunity presentsitself, e.g. inthetrain or onamountain
top after astrenuous climb. General relaxation can sometimes be carried out ef-
fectively ingroups, asinthe case of pregnant women, whotendtorelax easily, and
with some asthmatic and bronchitic suffererswho have had previousindividual
ingruction.

LOCAL RELAXATION

General relaxation takestime and isnot awaysessential or desirable. M ethods of
obtaining local rel axation depend to some extent on the cause and distribution of
thetension.

Preparatory to Massage and Passive Movement

Massage and passive movement both presuppose rel axation of the areaunder
treatment. Relaxation isobtained of aspecific areaby theapplicationto that area
of thegenerd principlesaready described for thewholebody. A genera attitude
of rest, however, will assist the process, e.g. the abducted and flexed arm sup-
ported by atableor dingsismoreinclined to relax whenthepatient liesor reclines
inachair, than when hesitsbolt upright

For the Relief of Spasm

Spasm dueto painisprotective and ismost effectively reduced by therdief of the
painwhich causedit. However, if it persistsbecause of fear of pain, techniques



RELAXATION 47

which ensure pain-free movement are often successful. Hold-relax isapplicablein
these circumstances, or pendular movementswhich start in the freerangeand
gradualy increasein amplitude may restore confidence and achieverel axation.

Therdief of pathol ogica spasm resulting from lesionsaffecting thecentral
nervous systemisonly temporary unlesssomevoluntary control remainsand
can bere-established. Temporary relief isuseful to permit the re-devel opment
of voluntary control whichismasked by the spasm and to maintain joint range
and circulationintheaffected area. Theinitiation of reflex movementsby theuse
of the stretch reflex applied at the sametime asacommand for the patient
voluntary effort of contraction can be used for this purpose but care must be
takento ensurethat spasmwhichisuseful isnot reduced by hyperactivity of the
antagonigtic reflex unless sufficient voluntary power ispresent, e.g. extensor
gpasm of leg which makesit possiblefor the patient to stand.

In preventing and combating Adaptive Shortening

Persistent tension or hypertonicity of muscles acting upon one aspect of ajoint
producesastate of muscular imbal ance which leadsto adaptive shortening of the
tense musclesand progressive lengthening and weakening of the antagonistson
the opposing aspect of thejoint. Both agoni stic and antagonistic musclesareinef-
ficdent whenthisstuation devel ops. Rel axation techniquesfor the shortened muscles
and strengthening techniquesfor their antagonistsarefollowed by integration of
their reciprocal action to establish theincreaseinthe range of movement.



CHAPTER9
JOINT MOBILITY

Skeletal movementsoccurring at joints, type of movement, range of movement
dependson anatomical structure of joint and position of musclescontrollingiit.

Jointsareclassfiedinto synovid and nonsynovid joints.

1. Non synovial joints: aresubclassified into

a) Fibrousjoints: Bony componentsin thisjoint areunited by thin fibroustis-
sue.

Ex: corond suture

b) Cartilaginousjoints: Bony componentsin thisjoint are connected by either
hyalinecartilageor fibro cartilage.
Ex: symphysispubis, 1% sternocoastal joint.

2) Synovial joints. aresubclassifiedinto

i) Uniaxial: Movement takes place about oneaxis. Inahingejointitisflexion
and extension eg: inter-phalanged joints. Inapivot jointitisrotatory eg: atlanto-
axid joint.

ii) Bi-axial: movement takes place about two axes. Ellipsoidjoint-allow flex-
ion, extension, abduction, adduction and circumduction. Saddlejoint—such as
carpometacarpal joint of thumb.

iii) Polyaxial: Movements about many axesoccursin ball and socket joints.
They allow flexion, extens on, abduction, adduction, circumduction and rota-
tion.

LIMITATION OF JOINT RANGE OF MOTION
Thefollowingfactorsareresponsblefor limitation.

i) Tightnessof skin, superficid fascia.

i) Muscular weaknessor insufficiency.

iil) Adhesonformation.

iv) Presenceof foreign bodiesinthejoint.

V) Tearing of intracapsular fibrocartilage.

vi) Cartilaginousor bony destruction.

vii) Sometimesthe causeisunknown.
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MOBILISING METHODS

1. Relaxation: when spasm causes|imitation of movement, relaxation leadstoan
increaseinrange.

2. Relaxed passvemovementsincluding accessory movements: accessory move-
ment isnecessary to maintain or regainfull joint function.

3. Passvemanua mobilization techniques

i) Mobilization of joints

i) Manipulaions

iii) Controlled sustained stretching.

Thesetechniquesincreasethemobility injointsand arefollowed by active exer-
cisetomaintainacquired range.

4.Activeexercise

i) Assisted exercises: rhythmica movement, inwhich muscular contraction and
assistance combine at the limit of the free range against the resistance of the
limiting structures, issuccessful inincreasing range.

ii) Freeexercises: pendular movement isused with an attempt to increase the
amplitude, seriesof contractionsor pressing movementsare performed at the
limit of therange.

iil) Resisted exercises: techniques of PNF and strengthening exercisesare effec-
tivefor mohilization of iff joints.

iv) Objective, occupationd and diversiond activitiessuch asball exercises, scrub-
bing, hiking etc. Thesetechniquesincreasethecirculation, improve patient inter-
est and are useful for maintaining rangeand to increasejoint mobility.

Techniquesof joint mobilization.
|.ANKLE JOINT:

Relaxed passive movements

Half lying with the patient’s knee bent over a firm pillow or across a
physiotherapist’ sknee, leaving the hedl unsupported. The physiotherapist places
one hand abovethejoint and other hand round thefoot.
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Assisted exercises for the foot

Manual assistance can be given using the same grasp as passive movements.
Self assistance given by meansof aropeand pulley.

Free exercises
Non-weight bearing exer cisesfor anklejoint
1. Legscrossed sitting; foot dorsiflexion and plantarflexion.

1. Inclinedlonggitting; dternatefoot dorsiflexion and plantarflexion.
2. Sitting; dternate hedl andtoeraising.

Weight bearing exercises

1. Reachgrasphightoestanding; hedl raising andlowering.
2. Reachgrasp standing; foot inversionand eversion.
3. Highganding; wak upinclined form.

wlf
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L eg crosssitting Inclined long sitting Sitting
[1.KNEE JOINT

Relaxed passive movements

1. Hip and kneeflexion and extension: patient inlying position, the physio-
therapist gives support under thethigh with onehand and other hand grasps
round the ankle. The hip and knee arethen moved into flexion and exten-
son.

Assisted and assisted-resisted exercises for kneejoint

1. Kneeflexion and extension: Manual assistance may begivenfor the
flexorsor extensorsof thekneefrom sidelying with the limb supported
inthe handsor onthe surface of the plinth.



JOINT MOBILITY 51

Free exercisesfor the kneejoint
Non-weight bearing exer cises

1. Lying; onehipandflexionand extension.
2. Sidelying; onehip and kneeflexion and extension.
3. Pronelying; aternate kneeflexionand extension.

Partial weight bearing exer cises

1. Bicyclingonfreeor stationary bicycle.
2. Rowingonrowing machine.

3. Longsditting; recelveand passball.
Weight bearing exercises

1. Crouch position; aternateleg stretching, with or without spring.
2. Pronekneding; st back onhedls.

\ bt

High sitting Pronelying

Bicycling Rowing machine
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Long sitting; receive and pass ball
[11.HIPJOINT

Relaxed passive movements

1. Hip abduction and adduction, medial and lateral rotation, flexion and exten-
sion: theleg whichisnot to be moved isfully abducted and fixed, either by a
sandbag or by bending the knee over the side of the plinth, and the patient
relaxes. With theforearm supinated, one of the phys otherapi st hands supports
under thethigh, and with the other pronated she supportsthelower leg at the
anklejoint. Tractionisgiven and theleg ismoved into abduction and adduction.
Media and latera rotation can be performed by giving traction onthe heel and
rolling the kneeinwardsand outwardswith astroking movement.

Assisted exercisesfor hip joint

Asthelimb to be moved isheavy, suspension and the use of roller skatesare
va uablemeansof assistance.

Free exercises
Non weight bearing exer cises:

1. Grasphighhalf standing; leg swinging forwardsand backwards.
2. Pronelying; legmedia and latera rotation.
Partial weight bearing exer cises

1. Heavegrasp high half standing; arm stretching and one knee bending.
2. Crouch position; step or spring to stride pronefaling.
Weight bearing exercises
1. Haf knedling; or step standing; forward pressing.
2. Stridestanding; pelvisand trunk rotation.
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Grasp highhalf standing

it}
Pronekneeling
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The prevention of musclewasting
Inflaccid pardyss

1. Theaffected muscles must be protected over stretching by adequate
support and splintage.

2. Thecirculation of areamust be maintained to ensure adequate nutrition
to the paralyzed musclesby active exercisefor other norma musclesin
thearea, contrast bathsetc.

3. Therangeof movement injointsimmobilized by the pardysisand exten-
sibility of the affected muscles must be maintained by passive move-
ments.

4. Remembranceof pattern of movement must be stimulated and kept dive
by passve movement whileactivemovement isimpossible.

5. Thestrength and use of norma musclesin theareamust bemaintained
by resisted exercise.

In spagtic paralysis. It can betreated by proprioceptive neuromuscular facilita:
tion techniques, controlled sustained passive stretching, active or passive mobi-
lization may be preceded by massage or packing withice.

Theinitiation of musclecontraction:

1. Warmth: moderatewarmth improvesthequality of contraction.

2. Stahilization: stabilization of thebonesof origin of theaffected muscles
and of jointsdistal to those over which this muscleswork, improves
thereefficiency.

3. Gripormanual contact: Thetherapist’shandsgive pressureonly inthe
direction of themovement and give sensory stimulation.

4. Stretch: simulation of themuscle spindlesdlicit reflex contraction of that
muscle provided thereflex arcisintact.

Types of exercises used to strengthen muscles

Assisted-resisted exercises. thesearerarely used to strengthen muscles except
in cases of marked weakness.

Free exercises. free exercisesare valuable asthey can be practiced at regular
and frequent intervalsand at home.

Resi sted exercises: these exercises create the tension in muscles essential for
increasein power and hypertrophy.
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STRETCHING

Stretchingisageneral term used to describeany thergpeutic maneuver designed
toincreasemobility of soft tissuesand subsequently improve ROM.

Flexibility istheability to moveasinglejoint or seriesof joints smoothly and
easly through an unrestricted, pain free ROM.

Hypomability refersto decreased mobility or restricted motion.

Contractur eisdefined asthe adaptive shortening of themuscle-tendon unit and
other soft tissuesthat crossor surround ajoint.

Indicationsfor stretching
1. When ROM islimited dueto adhesions, contracturesetc.
2. Structura deformities.
3. Whenthereismuscleweaknessand shortening of opposing tissue.
4. Musclesoreness.

Contraindications

Recent fracture.
Acuteinflammeation.

Bony blocksjoint motion.
When ahaematomaexig.
Hypermobility exigts.

abkrowbdpE

Types of stretching

Self stretching: any stretching exercisethat iscarried out independently by a
patient after instruction and supervision by atherapistisreferred to assdlf Sretch-

ing.

Saticstretching: itismost common term used to describe amethod by which
soft tissuesarelengthened just past the point of tissueresstanceandthenheldin
alengthened position for an extended period of timewith asustained stretch
force.

Satic progressive stretching: the shortened soft tissues are held in acom-
fortably lengthened position until adegree of relaxation isfelt by the patient or
therapist. Thenthe shortened structures arelengthened even further and again
heldinthenew end range position.



STRETCHING 57

Cyclic (intermittent) stretching
A relatively short-duration stretch force that isrepeatedly but gradually applied,
released, and then reapplied isdescribed asacyclic stretching.

Ballistic stretching
A rapid, forceful intermittent stretch, that is, ahigh speed and highintengity stretch
iscommonly called balistic stretching.

M echanical stretching

There are many ways to use equipment to stretch a contracture and increase
joint ROM. The equipment can be ssmple as a cuff weight or weight pulley
system or as sophisticated as some orthosi s or automated stretching machines.

Manual stretching
A therapist appliesan external forceto movetheinvolved body segment dightly
beyond the point of tissueresistance and available ROM.

Neuromuscular inhibition techniques. these proceduresreflexively relax ten-
sionin shortened musclesprior to or during stretching.

Hold -Rélax (HR)

Procedure

1. Start with therangelimiting muscleinacomfortably lengthened position.
2. Ask the patient toisometrically contract thetight muscle against resistance.
3. Then havethe patient voluntarily relax.

4. Thetherapist movestheextremity through the gained range.

5. Repeat the entire procedure.

Precautions
1. Theisometric contraction of therange should not bepainful.
2. Multiplerepetitionsof prestretch isometric contractionscanlead to an
acuteincreasein arterial blood pressure.

Hold relax with agonist contraction (HR-AC)
Procedure
1. Follow the same procedure asdonefor hold relax.
2. After the patient contractsthe range-limiting muscle, havethe patient
perform aconcentric contraction.
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Precautions
Sameasfor hold relax.

Agonist contraction (AC)
Procedure
1. Passvely lengthentherange-limiting muscleto acomfortableposition.
2. Havethe patient performaconcentric contraction of theagonist muscle.
3. Apply mildresistanceto the contracting muscle.
4. Therange-limiting musclewill relax and lengthen asaresult of reciprocal
inhibition.
Precautions
1. Donot apply excessveres stanceto the contracting muscle.
2. TheACtechniqueisleast effectiveif the patient hasalready achieved
nearly full ROM.

Joint mobilization/manipulation: these are stretching techniques specifically
appliedtojoint structuresand are used to stretch capsular restrictions.

Soft tissuemobilization and manipulation: varioustechniques, including fric-
tion massage, myofascid release