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There are many models of motor control
and many theories of motor learning

On them different therapeutical models
and approaches are based



ModelsModels ofof motor motor controlcontrol

ReflexReflex
HierarchicalHierarchical
EngineeringEngineering
SystemsSystems
NeurophysiologicalNeurophysiological//informationinformation processingprocessing
BiomechanicalBiomechanical
NeuroplasticityNeuroplasticity (?)(?)
EcologicalEcological
EtcEtc..



TherapeuticalTherapeutical approachesapproaches//modelsmodels

MuscleMuscle reeducationreeducation
FacilitationFacilitation
TaskTask--orientedoriented



Neurofacilitation approach

Task-oriented approach

in neurophysiotherapy/rehabilitation



NeurofacilitationNeurofacilitation approachapproach

BasedBased on on reflex reflex andand hierarchicalhierarchical modelsmodels ofof motor motor controlcontrol



Reflex model of motor control



Reflex model Reflex model ofof motor motor controlcontrol

ItIt isis basedbased on on thethe classicclassic experimentsexperiments ofof SherringtonSherrington (1906, (1906, 
1947) 1947) andand MagnusMagnus (1925, 1926)(1925, 1926)
ReflexesReflexes -- stereotypedstereotyped responsesresponses to to sensorysensory inputinput
TheyThey are are consideredconsidered thethe basis basis forfor allall movementsmovements
TheThe unit unit reactionreaction ofof nervousnervous integrationintegration isis thethe reflexreflex
CoordinationCoordination isis thethe compoundingcompounding ofof reflexesreflexes
ChainChain ofof reflexesreflexes ((atat spinal, spinal, brainbrain stem stem andand corticalcortical areasareas) ) 
resultresult in in normalnormal movementmovement

MovementMovement –– summationsummation ofof reflexesreflexes
ReflexesReflexes reflectreflect motor motor controlcontrol



Reflex model od motor Reflex model od motor controlcontrol ((HorakHorak, F.B.,1991), F.B.,1991)



Reflex model Reflex model ofof motor motor controlcontrol

AfferentAfferent sensorysensory inputsinputs are are necessarynecessary prerequisiteprerequisite forfor efferentefferent
motor motor outputsoutputs
SensorySensory inputsinputs controlcontrol motor motor outputsoutputs
Motor Motor controlcontrol comescomes fromfrom peripheralperipheral partsparts ofof NSNS
NS NS isis a a passivepassive recipient recipient ofof sensorysensory stimulistimuli thatthat triggerstriggers, , 
coordinatescoordinates andand activatesactivates musclesmuscles thatthat exciteexcite more more sensorysensory
systemssystems thatthat in in turnturn activateactivate more more musclesmuscles

„„PeripheralistPeripheralist““ viewview ofof motor motor controlcontrol



Reflex model Reflex model ofof motor motor controlcontrol –– clinicalclinical 
implicationsimplications

By By identificationidentification thethe entireentire set set ofof reflexesreflexes actingacting in a in a patientpatient
PT PT examinesexamines//evaluatesevaluates patientpatient´́s motor s motor controlcontrol andand predictspredicts 
thethe qualityquality ofof his motor his motor functionfunction
By By appropriateappropriate stimulationstimulation PT PT elicitselicits stereotypedstereotyped andand „„properproper““
reflex reflex responsesresponses ((turningturning thethe headhead –– elicitselicits neckneck reflex reflex 
response, by response, by tippingtipping a a tilttilt boardboard ––rightingrighting rrrr.)).))
In In therapytherapy PTPT stimulatesstimulates „„goodgood““ reflexesreflexes ((thatthat cause cause normalnormal
movementmovement) ) andand inhibitisinhibitis „„badbad““ reflexesreflexes ((thatthat interfereinterfere withwith
normalnormal movementmovement))
((childchild proneprone overover thethe ballball –– inhibitioninhibition ofof tonictonic extensor extensor andand 
neckneck rrrr, , facilitationfacilitation ofof normalnormal rightingrighting andand equilibriumequilibrium rrrr))



TheThe limitationslimitations ofof thethe reflex model reflex model 

DeafferentedDeafferented animalsanimals show show coordinatedcoordinated movementsmovements
((experimentsexperiments))
2 2 importantimportant conceptsconcepts werewere not not incorporatedincorporated –– feedbackfeedback andand
feedforwardfeedforward systemsystem//controlcontrol

DescribedDescribed//explainedexplained in in engineeringengineering modelmodel



EngineeringEngineering model model ofof motor motor controlcontrol

WellWell describeddescribed by by MiallMiall (1995) (1995) whowho explainsexplains::

Motor Motor systemsystem has to has to solvesolve problemsproblems in response to in response to changingchanging
sensorysensory inputsinputs, , internalinternal goalsgoals oror errorserrors in performancein performance

Motor Motor systemsystem needsneeds to:to:
selectselect anan appropriateappropriate actionaction, , 
transformtransform controlcontrol signalssignals fromfrom sensorysensory to motor to motor frameworksframeworks,,
coordinatecoordinate thethe selectedselected movementmovement withwith otherother ongoingongoing
behavioursbehaviours andand posturalpostural activityactivity, , 
thenthen monitor monitor thethe movementmovement to to ensureensure itsits accuracyaccuracy andand efficacyefficacy



EngineeringEngineering model model ofof motor motor controlcontrol

UsefulUseful forfor understandingunderstanding howhow thethe NS NS cancan bebe bothboth proactiveproactive
andand reactivereactive
ProactiveProactive –– NS NS producesproduces activityactivity on on thethe basis basis ofof past past 
performance performance andand knowledgeknowledge ofof outcomeoutcome ((most most movementsmovements are are 
iniciatediniciated beforebefore anyany sensorysensory stimulus, e.g. stimulus, e.g. posturalpostural musclemuscle
activationactivation))
ReactiveReactive –– NSNS ensuresensures thatthat thethe tasktask isis executedexecuted as as requiredrequired in in 
thethe contextcontext ofof thethe changingchanging internalinternal andand externalexternal environmentsenvironments
((cancan correctcorrect performance by performance by comparingcomparing thethe expectedexpected andand
actualactual outcomeoutcome ofof a a movemetmovemet strategystrategy))

AssumesAssumes thatthat thethe CNS CNS actsacts in a in a linearlinear wayway

ThereThere are are somesome limitationslimitations whenwhen appliedapplied to to brainbrain lesionslesions
FeedbackFeedback systemssystems ((necessarynecessary forfor skillskill learninglearning) are ) are slowslow



Engineering model (Horak, 1991)



Hierarchical model 
of motor control



HierarchicalHierarchical model model ofof motor motor controlcontrol

FirstFirst articulatedarticulated by Sir by Sir JacksonJackson (1932)(1932)

StillStill formsforms thethe basis basis ofof clinicalclinical neurologyneurology todaytoday
ControlControl ofof movementmovement isis organizedorganized hierarchicallyhierarchically
FromFrom thethe lowestlowest levelslevels in in thethe spinal spinal cordcord, to , to intermediateintermediate
levelslevels in in thethe brainbrain stem, to stem, to highesthighest levelslevels in in thethe cortexcortex
„„centralistcentralist““ viewview in in whichwhich normalnormal movementsmovements are are drivendriven by by 
motor motor programmesprogrammes thatthat specifyspecify musclemuscle activationactivation patternspatterns
ReflexiveReflexive movementsmovements onlyonly dominatedominate afterafter injuryinjury to to higherhigher
centrescentres as a as a resultresult ofof lacklack ofof higherhigher--levellevel controlcontrol ontoonto lowerlower--
levellevel (primitive (primitive reflexesreflexes))



HierarchicalHierarchical model model ofof motor motor controlcontrol ((adaptedadapted fromfrom PhillipsPhillips, Porter, 1977), Porter, 1977)



HierarchicalHierarchical model model ofof motor motor controlcontrol

ClearlyClearly separatesseparates highhigh--levellevel, (, (voluntaryvoluntary controlcontrol) ) andand lowlow--levellevel
((reflexivereflexive, , automaticautomatic controlcontrol))
VoluntaryVoluntary movementsmovements initiatedinitiated by by thethe willwill,, withwith specificspecific goalsgoals
in in mindmind, , manifestedmanifested in in anan infiniteinfinite variety variety ofof formsforms
Reflex Reflex movementsmovements initiatedinitiated by by sensorysensory stimulistimuli in a in a fixedfixed
relationrelation betweenbetween thethe intensity intensity andand formform ofof thethe stimulistimuli andand thethe
intensity intensity andand formform ofof thethe responseresponse

More More recentrecent viewview ofof hierarchicalhierarchical modelmodel
Many Many levelslevels ofof controlcontrol –– fromfrom thethe most most automaticautomatic ((atat thethe
lowestlowest levellevel) ) to to thethe leastleast automaticautomatic ((atat thethe highesthighest levelslevels))
ComplexComplex motor motor controlcontrol –– informationinformation fromfrom lowerlower levelslevels cancan
affectaffect higherhigher levelslevels



ClinicalClinical implicationsimplications ofof hierarchicalhierarchical model model 

In In NS NS lesionslesions –– highhigh--levellevel controlcontrol ofof lowerlower--levellevel isis disrupteddisrupted
=>=> primitive primitive reflexesreflexes thenthen dominatedominate movementsmovements
WhenWhen primitive primitive reflexesreflexes are are releasedreleased, , higherhigher--levellevel coordinatedcoordinated
movementmovement patternspatterns are are „„blockedblocked““,, thethe normalnormal differentiationdifferentiation ofof
thethe movementmovement isis disturbeddisturbed

ReasonableReasonable goalgoal forfor therapeutictherapeutic interventionintervention isis ::
to to idetifyidetify andand to to preventprevent primitive primitive reflexesreflexes to to taketake overover (e.g. to (e.g. to 
eliminateeliminate dominance by dominance by tonictonic reflexesreflexes soso thatthat higherhigher--levellevel, , 
equilibriumequilibrium reactionsreactions cancan bebe in in controlcontrol))
andand to to reducereduce hyperactivehyperactive stretchstretch reflexesreflexes soso thatthat thethe higherhigher--
levellevel coordinatedcoordinated movementsmovements are are allowedallowed



ClinicalClinical implicationsimplications ofof hierarchicalhierarchical modelmodel

TheThe stepwisestepwise levelslevels ofof controlcontrol in a hierarchy in a hierarchy implyimply a a stepwisestepwise
sequencesequence ofof motor motor recoveryrecovery andand motor motor developmentdevelopment fromfrom
lowerlower levelslevels to to higherhigher levelslevels

DuringDuring maturationmaturation thethe infant infant beginsbegins to to inhibitinhibit primitive primitive 
reflexesreflexes ((thethe most most immaturateimmaturate responsesresponses) ) andand to to developdevelop
rightingrighting andand laterlater on on equilibriumequilibrium reactionsreactions

TheThe developmentdevelopment ofof bothboth musclemuscle tone tone andand posturalpostural
equilibriumequilibrium describeddescribed as as steplikesteplike stagesstages fromfrom primitive, spinal primitive, spinal 
levellevel controlcontrol to to maturemature, , corticalcortical controlcontrol



StepwiseStepwise levelslevels ofof controlcontrol ofof musclemuscle tone tone andand equilibriumequilibrium ((hierarchicalhierarchical model) model) 
HorakHorak 19911991



ClinicalClinical implicationsimplications ofof hierarchicalhierarchical modelmodel

TreatmentTreatment progressesprogresses fromfrom thethe most most automaticautomatic, , lowerlower levelslevels
controledcontroled by by therapeutictherapeutic sensorysensory stimulationstimulation
To To thethe leastleast automaticautomatic, , higherhigher levelslevels voluntarilyvoluntarily controlledcontrolled, , 
such as such as skilledskilled taskstasks
PT PT aimsaims to help to help patientspatients movemove outout ofof lowlow--levellevel, , stereotypedstereotyped
patternspatterns to to highhigh--levellevel controlcontrol ofof individualindividual jointsjoints nad nad musclesmuscles

Model Model isis usefuluseful in in identificationidentification ofof thethe locationlocation ofof neuralneural
lesionslesions andand helpshelps thethe predictionprediction ofof recoveryrecovery



LimitationsLimitations ofof thethe hierarchicalhierarchical modelmodel

Motor Motor developmentdevelopment doesdoes not not followfollow a a stepwisestepwise progressionprogression
VeryVery sophisticatedsophisticated, , coordinatedcoordinated locomotorlocomotor movementmovement patternspatterns
((walkingwalking) do ) do not not requirerequire controlcontrol fromfrom thethe top top downdown
ThereThere isis no no clearclear distinctiondistinction betweenbetween voluntaryvoluntary andand
reflex/reflex/automaticautomatic controlcontrol
EveryEvery volitionalvolitional movementmovement isis associatedassociated withwith automaticautomatic
synergisticsynergistic activityactivity andand posturalpostural adjustmentsadjustments
Many Many volitionalvolitional actionsactions are are adjustedadjusted automaticallyautomatically by by sensorysensory
feedbackfeedback andand volitionvolition cancan influenceinfluence reflex reflex responsesresponses to to stimulistimuli
MuscleMuscle activatonactivaton patternspatterns are not are not alwaysalways correlatedcorrelated withwith
characteristiccharacteristic kinematickinematic patternspatterns ofof movementmovement
TheThe brainbrain isis not not ableable to to specifyspecify in in thethe NS NS everyevery uniqueunique musclemuscle
activationactivation patternpattern forfor everyevery movementmovement a a personperson willwill everever
generategenerate



HierarchicalHierarchical modelmodel

IsIs consideredconsidered outdatedoutdated
ItIt isis not not usefuluseful to to thinkthink ofof higherhigher centrescentres controllingcontrolling lowerlower
centrescentres
ButBut itit stillstill has has somesome valuevalue –– thethe effecteffect ofof thethe cortexcortex on on thethe
controlcontrol ofof movementmovement

ThereThere isis a a considerableconsiderable controlcontrol ofof thethe cortexcortex overover thethe spinal spinal 
cordcord andand itsits actionaction withwith subcorticalsubcortical areasareas in in thethe selectionselection, , 
planningplanning andand executionexecution ofof motor motor commandscommands ((WinsteinWinstein 1997)1997)



CorticalCortical controlcontrol -- departuredeparture fromfrom thethe 
traditionaltraditional viewview

TheThe cortexcortex, , traditionallytraditionally associatedassociated withwith thethe controlcontrol ofof skilledskilled
voluntaryvoluntary movementsmovements
ButBut isis alsoalso activeactive duringduring more more automaticautomatic activitiesactivities such as such as 
swallowingswallowing ((HamdyHamdy etet alal 1998) 1998) andand locomotionlocomotion ((CapadayCapaday etet alal
1999)1999)
Spinal Spinal cordcord isis capablecapable ofof producingproducing motor motor activityactivity withoutwithout anyany
inputsinputs fromfrom supraspinalsupraspinal centrescentres ((GrillnerGrillner 1985, 1985, RossignolRossignol etet alal
1988, 1988, centralcentral patternpattern generatorsgenerators))
CortexCortex cancan generategenerate commandcommand withoutwithout feedbackfeedback fromfrom thethe
peripheryperiphery

On On thethe otherother handhand finefine fingerfinger movementsmovements ofof thethe handhand are are 
largelylargely underunder corticalcortical controlcontrol



Facilitation model in physiotherapy

basedbased on on hierarchicalhierarchical andand reflex model reflex model ofof motor motor controlcontrol



FacilitationFacilitation model/model/approachapproach

In In thethe 19401940--50s 50s developeddeveloped by by KabatKabat, , KnottKnott andand VossVoss, , 
BrunnstromBrunnstrom, , RoodRood, , PetPetöö, , BobathsBobaths
NS NS lesionslesions resultresult in a in a lacklack ofof higherhigher--levellevel controlcontrol overover
movementsmovements andand a a releaserelease ofof primitive primitive andand abnormalabnormal reflexesreflexes atat
lowerlower levelslevels
E.g. E.g. in in cerebralcerebral palsypalsy thethe lesionlesion resultsresults in in lacklack ofof inhibitioninhibition, in , in 
primitive primitive totaltotal patternspatterns, in , in insufficientlyinsufficiently developeddeveloped posturalpostural
reflex reflex mechanismsmechanisms
AbnormalAbnormal movementmovement patternspatterns are are thethe directdirect resultresult ofof thethe neuralneural
lesionslesions



FacilitationFacilitation model/model/approachapproach

NS NS cancan controlcontrol movementsmovements more more effectivelyeffectively ifif itit experiencesexperiences
normalnormal movementmovement patternspatterns guidedguided by by skilledskilled therapisttherapist

NS NS cancan learnlearn abnormalabnormal as as wellwell as as normalnormal movementmovement patternspatterns
=>=> do not do not beginbegin functionalfunctional activitiesactivities to to earlyearly
=>=> abnormalabnormal, , compensatorycompensatory patternspatterns maymay becomebecome fixedfixed



FacilitationFacilitation model/model/approachapproach

TheThe aimaim ofof thethe therapytherapy isis::
InhibitionInhibition ofof abnormalabnormal tonetone andand primitive primitive reflexesreflexes
FacilitationFacilitation ofof normalnormal movementmovement patternspatterns
ProvisionProvision ofof anan appropriateappropriate proprioceptiveproprioceptive feedbackfeedback withwith
handshands -- on on approachapproach ofof guidingguiding movementmovement patternspatterns ((handlinghandling))
AlsoAlso cutaneuscutaneus, , vestibularvestibular, , vibratoryvibratory, , temperaturetemperature stimulistimuli are are 
usedused
TherapeuticTherapeutic interventionintervention startsstarts atat thethe lowestlowest levellevel by by 
stimulatingstimulating reflex reflex responsesresponses
andand progressesprogresses to to automaticautomatic responsesresponses andand thenthen to to voluntaryvoluntary
isolatedisolated ((selectedselected) ) movementsmovements



LimitationsLimitations ofof thethe facilitationfacilitation approachapproach

1. 1. TheThe lacklack ofof carrycarry overover ofof thethe facilitatedfacilitated normalnormal movementmovement patternspatterns intointo
functionalfunctional activitiesactivities ofof dailydaily livingliving
DifficultyDifficulty to to convinceconvince patientspatients to to workwork on on movementmovement patternspatterns isolatedisolated fromfrom
thethe functionalfunctional taskstasks ((humanhuman beingsbeings are are motivatedmotivated by by functionalfunctional, , tasktask goalsgoals))

2. 2. PatientsPatients are are oftenoften passivepassive recipientsrecipients ofof thethe therapytherapy
NS NS isis passivelypassively awaitingawaiting modificationmodification by by thethe therapisttherapist insteadinstead ofof activeactive
workingworking to to determinedetermine itsits ownown preceptionspreceptions andand actionsactions
((passivepassive experienceexperience isis not not equivalentequivalent to to activelyactively drivendriven sensorysensory experienceexperience
forfor neuralneural plasticity)plasticity)

Motor Motor learninglearning: : skillsskills betterbetter accomplishedaccomplished by by practisingpractising thethe veryvery goalgoal--directeddirected tasktask withwith
regularregular cognitivecognitive informationinformation regardingregarding knowledgeknowledge ofof resultresult
ratherrather thanthan by by passivelypassively observingobserving othersothers oror by by practisingpractising smallsmall componentscomponents ofof thethe movementmovement
patternpattern in in isolationisolation fromfrom thethe tasktask itselfitself



LimitationsLimitations ofof thethe facilitationfacilitation approachapproach

3. 3. DoesnDoesn´́t not t not taketake intointo accountaccount thethe musculoskeletalmusculoskeletal
conditionsconditions thatthat influenceinfluence thethe motor performance (limited motor performance (limited 
ROM, ROM, decreasedecrease ofof musclemuscle strengthstrength, , posturalpostural alignmentalignment, , painpain))
as as wellwell as as environmentenvironment conditionsconditions; ; patientspatients needneed to to controlcontrol
theirtheir movementsmovements alsoalso in in nonclinicalnonclinical environmentsenvironments andand withoutwithout
therapisttherapist´́s s handshands
=>=> doesndoesn´́t not t not considerconsider thethe combinedcombined effectseffects ofof neuralneural andand 

nonneuralnonneural limitationslimitations andand thethe patientpatient´́s s abilityability to to compensatecompensate 
forfor thethe lesionlesion
4. 4. normalnormal movementmovement patternspatterns are not are not automaticallyautomatically releasedreleased as as 
a a resultresult ofof thethe inhibitioninhibition ofof abnormalabnormal tone tone andand primitive reflexprimitive reflex
patternspatterns



ContinuationContinuation ofof outdatedoutdated ideasideas in in practicepractice

((MaystonMayston, 2001), 2001)

EmphasisEmphasis on reflex on reflex activityactivity as a basis as a basis ofof tone tone andand posturalpostural
activityactivity
EmphasisEmphasis on on thethe inhibitioninhibition ofof spasticityspasticity
OveremphasisOveremphasis on on thethe significancesignificance ofof rightingrighting andand equilibriumequilibrium
reactionsreactions



SystemsSystems model model ofof motor motor controlcontrol



SystemsSystems model model ofof motor motor controlcontrol

ItIt has has itsits originorigin in in thethe workwork ofof N. N. BernsteinBernstein (1932, 1967 (1932, 1967 transltransl.).)

HeHe suggestedsuggested thatthat::
TheThe controlcontrol ofof movementsmovements waswas distributeddistributed throughoutthroughout severalseveral
cooperativecooperative andand interactiveinteractive systemssystems, , eacheach ofof themthem contributescontributes
to to differentdifferent aspectsaspects ofof motor motor controlcontrol
((MovementsMovements are not are not peripherallyperipherally oror centrallycentrally drivendriven, , therethere are no are no levelslevels ofof
lowerlower andand higherhigher controlcontrol))
WeWe havehave many many degreesdegrees ofof freedomfreedom (many (many jointsjoints andand
movementsmovements))
=>=>iin n orderorder forfor coordinatedcoordinated movementmovement to to occuroccur musclesmuscles are are 
activatedactivated togethertogether in in synergiessynergies such as such as locomotorlocomotor, , posturalpostural, , 
respiratoryrespiratory



SystemsSystems model model ofof motor motor controlcontrol

MovementsMovements are are organizedorganized aroundaround a a functionalfunctional goalgoal

MovementsMovements are are achievedachieved by by thethe interactioninteraction ofof multiplemultiple
systemssystems such as such as thethe senzorimotorsenzorimotor andand musculoskeletalmusculoskeletal systemssystems
andand thethe systemsystem ofof environmentenvironment

TheThe importanceimportance ofof thethe interactioninteraction betweenbetween thethe individualindividual andand
thethe environmentenvironment isis emphasisedemphasised



SystemsSystems model model ofof motor motor controlcontrol (F. (F. HorakHorak 19911991))



SystemsSystems model model ofof motor motor controlcontrol

NormalNormal movementsmovements are are coordinatedcoordinated throughthrough strategiesstrategies whichwhich
emergeemerge fromfrom interactioninteraction ofof differentdifferent systemssystems (X (X throughthrough
musclemuscle activationactivation patternspatterns oror by by centralcentral programmesprogrammes))

AbnormalAbnormal motor motor controlcontrol resultsresults fromfrom impairmentsimpairments in in oneone oror
more more ofof thethe systemssystems whichwhich controlcontrol thethe movementmovement

FunctionalFunctional goalsgoals are are achievedachieved by by activityactivity ofof thethe remainingremaining
systemssystems,, whichwhich are are doingdoing thethe bestbest theythey cancan

TheThe role role ofof sensationsensation isis importantimportant not not onlyonly forfor adaptiveadaptive controlcontrol
ofof movementmovement butbut alsoalso forfor thethe predictivepredictive oneone



SystemsSystems model model ofof motor motor controlcontrol

NS NS isis organizedorganized to to controlcontrol thethe accomplishmentaccomplishment ofof tasktask goalsgoals

NS NS adaptsadapts to to andand predictspredicts constraintsconstraints placedplaced on on thethe movementmovement
by by musculoskeletalmusculoskeletal systemsystem andand environmentenvironment

NS by NS by continuallycontinually comparingcomparing anticipatedanticipated andand actualactual
interactionsinteractions withwith thethe worldworld constantlyconstantly modifiesmodifies itsits model to model to 
realizerealize thethe most most effectiveeffective andand efficientefficient meansmeans to to accomplishaccomplish
tasktask goalsgoals

CNS CNS operatesoperates in a in a tasktask//goalgoal directeddirected wayway usingusing aa motor motor 
learninglearning approachapproach ((CarrCarr&&ShepherdShepherd 1998)1998)



LimitationsLimitations ofof thethe systemssystems modelmodel

ThereThere are are otherother modelsmodels thatthat includeinclude assumptionsassumptions ofof thethe
systemssystems model (model (ecologicalecological approachapproach, , dynamicdynamic actionaction theorytheory,..),..)

ThereThere isis no no consensusconsensus on terminology on terminology andand definitionsdefinitions ofof termsterms

BecauseBecause thethe model model isis abstractabstract andand motor motor controlcontrol isis soso
distributeddistributed –– itit isis difficultdifficult to to relaterelate individualindividual theoreticaltheoretical
componentcomponent systemssystems to to neuroanatomyneuroanatomy

ThusThus itit isis difficultdifficult to test to test thethe model model withwith thethe traditionaltraditional
approachapproach ((experimentsexperiments on on animalsanimals))



Task-oriented approach

basedbased on reflex, on reflex, hierarchicalhierarchical
andand
systemssystems model model ofof motor motor controlcontrol



TaskTask –– orientedoriented approachapproach

ItIt targetstargets bothboth peripheralperipheral ((musculoskeletalmusculoskeletal, , environmentalenvironmental
systemssystems) ) andand centralcentral systemsystem

BothBoth functionalfunctional goalsgoals nad nad environmentalenvironmental
conditionsconditions//constraintsconstraints playplay a major role in a major role in determiningdetermining
movementmovement

A A clinicalclinical advantageadvantage ofof thisthis model model –– itit cancan accountaccount forfor thethe
flexibility flexibility andand adaptabilityadaptability ofof motor motor behaviourbehaviour in a in a variety variety ofof
environmentalenvironmental conditionsconditions



TaskTask -- orientedoriented approachapproach

GivenGiven thethe assumptionassumption thatthat movementsmovements are are organizedorganized aroundaround
behavioralbehavioral goalsgoals ((goalgoal--directeddirected, , functionalfunctional behaviourbehaviour))
=>=> oonene ofof thethe major major aimsaims isis to to accomplishaccomplish goalsgoals forfor functionalfunctional 
taskstasks
=>=> to to workwork on on specificspecific functionalfunctional taskstasks (x on (x on elicitingeliciting reflexesreflexes 
oror motor motor patternspatterns))



TaskTask -- orientedoriented approachapproach

GivenGiven thethe assumptionassumption

thatthat NS NS isis adaptingadapting continuallycontinually andand dynamicallydynamically to to itsits
environmentenvironment andand musculoskleletalmusculoskleletal systemsystem
thatthat normalnormal movementmovement strategiesstrategies representrepresent appropriateappropriate
interactioninteraction withwith musculoskeletalmusculoskeletal andand environmentalenvironmental conditionsconditions

=>=> PTsPTs assessassess andand manipulatemanipulate thosethose systemssystems//conditionsconditions
theythey practicepractice taskstasks in a variety in a variety ofof posturespostures, , underunder varyingvarying
surfacesurface, , visualvisual andand biomechanicalbiomechanical situationssituations

to to achieveachieve efficientefficient, , purposefulpurposeful motor motor behaviorsbehaviors



TaskTask--orientedoriented approachapproach

VoluntaryVoluntary motionmotion usesuses many many differentdifferent synergiessynergies accordingaccording to to 
changingchanging environmentalenvironmental situationssituations
=>=> PTsPTs teachteach thethe NS/NS/patientpatient howhow to to solvesolve differentdifferent motor motor 
problemsproblems by by practicingpracticing taskstasks in a in a widewide variety variety ofof environmentsenvironments

TheThe NS NS seeksseeks to to accomplishaccomplish importantimportant behavioralbehavioral goalsgoals withwith
whateverwhatever systemssystems remainremain
=>=> PTPT´́ss tasktask isis toto identifyidentify, , improveimprove andand developdevelop usefuluseful 
compensatorycompensatory strategiesstrategies ((andand discarddiscard lessless usefuluseful, , lessless efficientefficient))



TaskTask--orientedoriented approachapproach

NS NS isis not a not a passivepassive recipient recipient ofof thethe stimulistimuli ((activelyactively seeksseeks itsits
ownown perceptionsperceptions andand actionsactions))
=>=>thethe patientpatient mustmust activelyactively andand voluntarilyvoluntarily practicepractice motor motor 
performance performance motivatedmotivated by by thethe goalgoal to to accomplishaccomplish specificspecific
taskstasks

PTsPTs provideprovide verbalverbal infomationinfomation ((inclincl. info . info aboutabout resultsresults))
SensorySensory feedbackfeedback isis providedprovided fromfrom everyevery possiblepossible sourcesource, , inclincl. . 
proprioceptiveproprioceptive, , cutaneouscutaneous, auditory , auditory andand visualvisual sourcessources



TaskTask –– orientedoriented approachapproach

TherapeuticTherapeutic aimsaims ((HorakHorak 1992, 1992, MaystonMayston 2002))2002))

PracticePractice abilityability to to achieveachieve tasktask goalsgoals
TeachTeach motor motor problemproblem solvingsolving ((ieie. adaptability to . adaptability to contextscontexts))
LearnLearn strategiesstrategies to to coordinatecoordinate efficientefficient andand effectiveeffective behaviorsbehaviors, , 
effectivelyeffectively performperform functionalfunctional taskstasks
DevelopDevelop effectiveeffective andand efficientefficient compensatorycompensatory strategiesstrategies
Use Use musculoskeletalmusculoskeletal andand environmentalenvironmental constrainsconstrains
=>=>
PT PT helpshelps thethe neurologicalyneurologicaly impairedimpaired personperson to to problemproblem--solvesolve
thethe achievementachievement ofof a a tasktask goalgoal ratherrather thanthan to to learnlearn movementmovement
patternspatterns



ClinicalClinical limitationslimitations ofof ttaskask--orientedoriented approachapproach

ForFor many many PTsPTs –– reducedreduced emphasisemphasis on on handshands--on on approachapproach andand
thethe increasedincreased emphasisemphasis on on cognitivecognitive informationinformation providedprovided to to 
patientpatient
PatientsPatients withwith severe severe neurologicalneurological impairmentimpairment ((especiallyespecially
cognitivecognitive) ) willwill not not bebe ableable to to makemake goodgood use use ofof cognitivecognitive infoinfo
X X thethe greatgreat psychologicalpsychological powerpower//effecteffect ofof a a „„healerhealer´́ss““ touchtouch

DifficultDifficult::
to to identifyidentify andand evaluateevaluate thethe contributioncontribution ofof eacheach systemsystem
to to quantifyquantify effectiveeffective, , efficientefficient compensationscompensations
to to provideprovide timetime--consumingconsuming practicepractice ofof skillsskills

Major Major limitationlimitation –– thethe approachapproach identifiesidentifies many more motor many more motor 
controlcontrol problemsproblems thanthan therethere are are specificspecific therapeutictherapeutic
„„excercisesexcercises““ developeddeveloped to to treattreat thosethose problemsproblems



TherapeuticTherapeutic approachapproach to to musclemuscle tone tone ((HorakHorak 2002)2002)

A.A. NeurotherapeuticNeurotherapeutic FacilitationFacilitation ModelModel
B.B. TaskTask--orientedoriented ModelModel



FacilitationFacilitation approachapproach to to musclemuscle tonetone

ExccesiveExccesive musclemuscle tone /tone /spasticityspasticity isis duedue to to lacklack ofof inhibitioninhibition ofof
higherhigher centrescentres on on thethe nownow overover--responsiveresponsive stretchstretch reflexreflex

ThisThis excessiveexcessive tone tone blocksblocks normalnormal coordinatedcoordinated movementmovement

HowHow cancan I I bestbest reducereduce tone in my tone in my patientpatient??

OnceOnce thethe patternpattern ofof abnormalabnormal tone tone isis identifiedidentified therapeuticaltherapeutical
interventionintervention involvesinvolves usingusing thethe proprioceptiveproprioceptive systemsystem to to 
reducereduce tone tone andand facilitatefacilitate normalnormal movementsmovements



TaskTask--orientedoriented approachapproach to to musclemuscle tonetone

ViewsViews spasticityspasticity as a as a set set ofof motor motor behaviorsbehaviors thatthat resultsresults as as anan
emergentemergent propertyproperty ofof many many inreactinginreacting systemssystems, , anyany ofof whichwhich
maymay bebe disordereddisordered
WhichWhich combinationcombination ofof systemssystems ((musclemuscle activationactivation patternspatterns, , 
kinematickinematic patternspatterns, response to , response to stretchstretch, , consciousconscious controlcontrol ofof
musclemuscle activatonactivaton, , musclemuscle fiberfiber propertiesproperties, , passivepassive elasticelastic
elementselements) ) are are abnormalabnormal andand limit limit optimaloptimal motor performance?motor performance?
IsIs thethe spasticityspasticity a a primaryprimary resultresult ofof neuralneural lesionlesion oror a a 
secondarysecondary compensatorycompensatory strategystrategy thatthat allowsallows cetraincetrain functionalfunctional
behaviorbehavior??
AfterAfter thisthis problemproblem solvingsolving processprocess PT PT decidesdecides whichwhich
disordereddisordered componentscomponents cancan bebe changedchanged by by therapeuticaltherapeutical
interventionintervention andand howhow theythey cancan help help thethe patientpatient to to findfind efficientefficient, , 
effectiveeffective movementmovement strategiesstrategies



Tone and techniques of handling (Mayston 2002)



TherapeuticTherapeutic approachapproach to to equilibriumequilibrium/balance/balance ((HorakHorak 2002)2002)

A. A. NeurotherapeuticNeurotherapeutic FacilitationFacilitation Model Model 
B. B. TaskTask--orientedoriented Model Model 



FacilitationFacilitation approachapproach to balanceto balance

PosturalPostural equilibriumequilibrium isis maintainedmaintained by by reflex reflex mechanismsmechanisms
organisedorganised hierarchicallyhierarchically withinwithin thethe NSNS
PoorPoor balance balance isis thoughtthought to to resultresult fromfrom anan abnormalabnormal posturalpostural
reflex reflex mechanismmechanism in in whichwhich lowerlower levellevel primitive primitive posturalpostural
reflexesreflexes ((stretchstretch reflex, reflex, tonictonic neckneck reflexesreflexes) ) dominatedominate andand
blockblock higherhigher--levellevel equilibriumequilibrium reactionsreactions
TherapistTherapist asksasks whichwhich posturalpostural reflexesreflexes are are presentpresent oror absentabsent
TreatmentTreatment isis aimedaimed atat inhibitinginhibiting inappropriateinappropriate, primitive , primitive 
posturalpostural reflexesreflexes andand facilitatingfacilitating normalnormal equilibriumequilibrium reactionsreactions
IfIf appropriateappropriate responsesresponses are not are not observedobserved –– waswas thethe stimulus stimulus 
inadequateinadequate, , thethe sensorysensory systemsystem insensitiveinsensitive, , reflexesreflexes
inappropriatelyinappropriately integratedintegrated??



TaskTask--orientedoriented approachapproach to balanceto balance

NormalNormal posturalpostural motor motor behaviorbehavior isis a a productproduct ofof anan interactioninteraction ofof manymany
componentscomponents organisedorganised aroundaround a a fundamentalfundamental behavioralbehavioral goalgoal –– to to maintainmaintain
equilibriumequilibrium andand orientationorientation in in thethe environmentenvironment
TherapistTherapist asksasks whatwhat are are thethe primaryprimary constraintsconstraints limitinglimiting adequateadequate controlcontrol ofof
balancebalance
DisordersDisorders ofof posturalpostural controlcontrol resultresult fromfrom constraintsconstraints placedplaced on on thethe systemsystem
fromfrom a a multitudemultitude ofof sourcessources
TherapistTherapist asksasks –– whichwhich combinationcombination ofof systemssystems ((sensorysensory organisationorganisation, , 
environmentalenvironmental adaptationadaptation, , perceptionperception ofof orientationorientation, motor , motor coordinationcoordination,..) ,..) 
are are abnormalabnormal andand limit limit posturalpostural behaviorbehavior
TheThe therapytherapy isis directeddirected atat reducingreducing oror eliminatingeliminating thosethose constraintsconstraints
oror helpinghelping patientpatient to to findfind effectiveeffective strategiesstrategies forfor posturalpostural controlcontrol



There are some other models of motor control such as

Biomechanical

Neurophysiological

Neuroplasticity – the way forward



BiomechanicalBiomechanical model model ofof motor motor controlcontrol

BasedBased on on biomechanicsbiomechanics, , biomechanicalbiomechanical principlesprinciples

StressingStressing thethe importanceimportance ofof musclemuscle musclemuscle strengthstrength, , forceforce
productionproduction, , movementmovement velocityvelocity andand musclemuscle lengthlength

ThereThere isis a a goodgood evidenceevidence to support to support thisthis model model =>=>

lacklack od od forceforce generationgeneration by by pareticparetic agonistsagonists as as thethe major cause major cause 
ofof reducedreduced torquetorque generationgeneration ((DavisDavis etet alal 1996)1996)
biomechanicalbiomechanical propertiesproperties ofof musclemuscle as as anan importantimportant aspectaspect ofof
forceforce productionproduction
changeschanges in in thethe distributiondistribution ofof musclemuscle fibrefibre typestypes alsoalso
contributecontribute to to problemsproblems ofof forceforce generationgeneration ((ItoIto etet alal 1996)1996)



BiomechanicalBiomechanical model model ofof motor motor controlcontrol

A A musclemuscle willwill produceproduce optimaloptimal forceforce atat midmid--rangerange ((maximalmaximal
overlapoverlap ofof crosscross bridgesbridges cancan occuroccur))
ChangesChanges in in musclemuscle lengthlength affectaffect thethe abilityability to to generategenerate
sufficientsufficient forceforce to to achieveachieve anan efficientefficient movementmovement strategystrategy
ChangesChanges in in musclemuscle lengthlength alsoalso alter alter jointjoint alignmentalignment whichwhich
affectaffect thethe abilityability to to generategenerate sufficientsufficient torquetorque andand efficientefficient
musclemuscle activationactivation patternspatterns
PossiblyPossibly thethe inappropriateinappropriate coco--contractioncontraction ofof agonistsagonists andand
antagonistsantagonists resultsresults fromfrom alteredaltered biomechanicalbiomechanical alignmentalignment in in 
additionaddition to to abnormalabnormal neuralneural controlcontrol ofof thethe reciprocalreciprocal inhibitory inhibitory 
circuitscircuits betweenbetween thethe musclemuscle pairpair ((WoolacottWoolacott&&BurtnerBurtner 1996)1996)



BiomechanicalBiomechanical approachapproach in in physiotherapyphysiotherapy

CarrCarr andand ShepherdShepherd
PrimarilyPrimarily basedbased theirtheir therapytherapy on on principlesprinciples ofof motor motor learninglearning
andand biomechanicsbiomechanics
StressingStressing thethe importanceimportance ofof musclemuscle lengthlength, , musclemuscle strengthstrength, , 
ROMROM
ActivationActivation ofof appropriateappropriate musclemuscle strategiesstrategies in a in a tasktask--specificspecific
contextcontext

AlsoAlso BobathBobath conceptconcept



NeurophysiologicalNeurophysiological model model ofof motor motor controlcontrol

HelpsHelps to to understandunderstand thethe interactionsinteractions betweenbetween variousvarious neuralneural
mechanismsmechanisms, , bothboth centralcentral andand peripheralperipheral

IndicatesIndicates in in particularparticular thethe importanceimportance ofof supraspinalsupraspinal
mechanismsmechanisms forfor thethe modulationmodulation ofof spinal spinal systemssystems
to to produceproduce thethe requiredrequired controlcontrol ofof movementmovement



Wiring – up diagram gives the idea how different parts of NS interact (Kandel et al 
1991)



WhatWhat shouldshould wewe knowknow aboutabout 
neurophysiologicalneurophysiological controlcontrol ofof movementmovement??

TheThe presence presence ofof brainbrain activityactivity whenwhen simplysimply imaginingimagining thethe
movementmovement
TheThe NS NS isis largelylargely proactiveproactive andand not not simplysimply reactivereactive (in (in 
response to response to sensorysensory feedbackfeedback))
CentralCentral ((feedforwardfeedforward) ) mechanismsmechanisms are are basedbased on on innateinnate andand
ongoingongoing experiencesexperiences ofof thethe individualindividual andand cancan taketake placeplace
withoutwithout anyany kindkind ofof sensorysensory feedbackfeedback
Motor Motor controlcontrol isis programmeprogramme –– basedbased
CentralCentral programmingprogramming requiresrequires thethe integrationintegration ofof many many neuralneural
structuresstructures, , bothboth supraspinalsupraspinal andand peripheralperipheral



WhatWhat shouldshould wewe knowknow aboutabout 
neurophysiologicalneurophysiological controlcontrol ofof movementmovement??

MaystonMayston, 2002, 2002
CerebellumCerebellum isis mostlymostly concernedconcerned withwith processingprocessing ofof sensorysensory
informationinformation duringduring anan ongoingongoing tasktask
BasalBasal gangliaganglia are more are more concernedconcerned withwith organisationorganisation ofof wellwell--
learnedlearned taskstasks
CNS CNS organisesorganises thethe requiredrequired neuralneural activityactivity to to performperform a a tasktask
on on thethe basis basis ofof thethe past past experienceexperience
ButBut, , ifif prior prior knowledgeknowledge isis lackinglacking, , feedbackfeedback systemssystems willwill playplay
a a greatergreater rolerole ((takestakes longerlonger to to effecteffect a response)a response)



WhatWhat shouldshould wewe knowknow aboutabout 
neurophysiologicalneurophysiological controlcontrol ofof movementmovement??

SeveralSeveral stagesstages in in thethe processprocess ofof drinkingdrinking fromfrom a a cupcup
Stimulus Stimulus generatedgenerated ((internallyinternally, , externallyexternally))
On On thethe basis basis ofof past past experienceexperience CNS CNS organisesorganises thethe requiredrequired
strategystrategy to to achieveachieve a a goalgoal
EssentialEssential are are perceptualperceptual aspectsaspects ((weightweight, , shapeshape, , texturetexture ofof thethe
cupcup) ) –– thethe correctcorrect gripgrip andand loadload forcesforces havehave to to bebe computedcomputed by by 
CNSCNS
SpatialSpatial aspectsaspects are are importantimportant forfor thethe gradinggrading andand timingtiming ofof
posturalpostural adjustmentsadjustments andand movementsmovements ofof thethe actualactual limblimb
Oral Oral andand swallovingswalloving musculaturemusculature needneed to to bebe coordinatedcoordinated withwith
breathingbreathing
DecisionDecision alsoalso needsneeds to to bebe mademade whenwhen sufficientsufficient liquidliquid has has 
beenbeen ingestedingested



Model Model ofof humanhuman motor motor controlcontrol//behaviorbehavior andand learninglearning (T. (T. MulderMulder 1991)1991)



WhatWhat shouldshould wewe knowknow aboutabout 
neurophysiologicalneurophysiological controlcontrol ofof movementmovement??

AlthoughAlthough sensorysensory informationinformation isis not not necessarynecessary forfor taskstasks to to 
occuroccur
ItIt isis importantimportant forfor thethe finefine--tuningtuning andand learninglearning ofof anyany
motor/motor/posturalpostural tasktask
„„DeafferentedDeafferented manman““ cancan performperform thethe taskstasks previouslypreviously
experiencedexperienced, in , in thethe samesame wayway
butbut hehe needsneeds to to repeatrepeat andand isis not not ableable to to learnlearn newnew skillsskills
ImportantImportant whenwhen „„trainingtraining““ neurologicallyneurologically impairedimpaired patientspatients
withwith difficultiesdifficulties od od sensorysensory perceptionperception oror sensorysensory processingprocessing
ResultResult ofof thethe experimentsexperiments: : cortextcortext playsplays a a lesserlesser role in role in simplesimple
wellwell--practicedpracticed movementsmovements ((powerpower gripgrip X X finefine gripgrip))



WhatWhat shouldshould wewe knowknow aboutabout 
neurophysiologicalneurophysiological controlcontrol ofof movementmovement??

SurfaceSurface EMG EMG recordingsrecordings: : chchanangesges in motorin motor--unitunit
synchronisasynchronisattionion followingfollowing strokestroke ((NNadleradler atat alal 1999)1999)
LackLack ofof reciprocalreciprocal inhibitioninhibition betweenbetween antagonistsantagonists demostrateddemostrated
in in childrenchildren withwith spasticspastic cerebralcerebral palsypalsy ((GibbsGibbs atat alal 1999)1999)
ProblemsProblems withwith reciprocalreciprocal innervationinnervation in in adultsadults withwith spasticityspasticity
=>=>thethe reasonreason forfor difficultdifficult movementmovement isis not not excessiveexcessive coco--
contactioncontaction
ButBut thethe inabilityinability to to produceproduce forceforce in in thethe agonistagonist ((BurbonnaisBurbonnais, , 
Van de Noven 1989, Van de Noven 1989, DaviesDavies 1996)1996)
AbnormalitiesAbnormalities in in reciprocalreciprocal innervationinnervation ((reciprocalreciprocal inhibitioninhibition) ) 
seemseem to to bebe significantsignificant in in spasticspastic childrenchildren x x spasticspastic adultsadults



NeuroplasticityNeuroplasticity modelmodel

Plasticity Plasticity underliesunderlies allall skillskill learninglearning andand isis a part a part ofof CNS CNS 
functionfunction in in healthyhealthy andand brainbrain--damageddamaged individualsindividuals atat anyany ageage
((LeonardLeonard 1998)1998)
ImagingImaging techniquestechniques (PET, (PET, fMRIfMRI) has ) has providedprovided evidence evidence ofof thethe
plasticityplasticity ofof thethe CNSCNS
SensorySensory stimulationstimulation ((incinc. . behavioralbehavioral trainingtraining), ), ifif givengiven
effectivelyeffectively andand oftenoften enoughenough, , cancan expandexpand sensorysensory areasareas ofof thethe
cortexcortex
PlasticPlastic changeschanges are are demonstrateddemonstrated as a as a resultresult ofof motor motor trainingtraining --
trainingtraining a a handhand expandedexpanded thethe corticalcortical areasareas representedrepresented by by thethe
musclesmuscles executingexecuting thatthat tasktask
TrainingTraining ofof a a newnew motor motor skillskill in in healthyhealthy adultsadults demonstrateddemonstrated
changeschanges in in senzorimotorsenzorimotor functionfunction



SkillSkill learninglearning –– howhow to do to do itit??

TherapyTherapy programmesprogrammes shouldshould bebe basedbased on 3 on 3 principlesprinciples
((WinsteinWinstein etet alal 1997):1997):

PracticePractice isis fundamentalfundamental forfor motor motor learninglearning andand improvingimproving skillskill
in in bothboth healthyhealthy andand movementmovement –– impairedimpaired individualsindividuals
ActiveActive participationparticipation ++
ActiveActive workingworking are are necessarynecessary
=>=> tto o achieveachieve meaningfulmeaningful goalsgoals

CarrCarr&&ShepperdShepperd (1980, 87, 98) (1980, 87, 98) havehave proposedproposed thatthat thethe methodsmethods usedused in in 
trainingtraining ofof patientspatients withwith CNS CNS lesionslesions couldcould bebe similarsimilar to to thosethose, , alreadyalready
shownshown to to bebe effectiveeffective in in increasingincreasing motor motor skillskill in in nonnon--disableddisabled personspersons



SkillSkill learninglearning andand BobathBobath conceptconcept

These These 3 3 principlesprinciples cancan bebe enhancedenhanced by by „„preparationpreparation forfor
functionfunction““ ((fromfrom BobathBobath conceptconcept))
1.1. mobilisationmobilisation ofof tighttight connectiveconnective tissuetissue andand//oror jointsjoints
2. 2. elongatingelongating musclesmuscles to to enableenable activityactivity fromfrom a a betterbetter
biomechanicalbiomechanical advantageadvantage, to , to achieveachieve betterbetter body body alignmentalignment forfor
more more efficientefficient balance balance andand musclemuscle activationactivation
3. 3. practicepractice ofof tasktask--componentcomponent partsparts to to enableenable thethe patientpatient to to getget
thethe idea idea ofof thethe movemetmovemet requiredrequired

PracticingPracticing in a in a functionalfunctional tasktask whichwhich thethe patientpatient wantswants to to 
achieveachieve ((requiresrequires realisticrealistic goalgoal settingsetting))
HandlingHandling –– whenwhen givengiven in a proper in a proper wayway andand in a proper in a proper timetime --
facilitatesfacilitates thethe normalnormal movementmovement andand helpshelps to to achieveachieve a a normalnormal
functionfunction, , veryvery firstfirst step in step in treatmenttreatment



SkillSkill learninglearning andand BobathBobath conceptconcept ((handlinghandling, , qualityquality 
ofof thethe movementmovement ?)?)

PreparationPreparation givengiven as a as a treatmenttreatment isis ofof no no valuevalue ofof itsits ownown
MustMust bebe incorporatedincorporated intointo usefuluseful activityactivity
WhatWhat thethe neurologicalyneurologicaly impairedimpaired personperson cancan do do withwith somesome
assistanceassistance –– thatthat isis theirtheir potentialpotential
ItIt isis ofof littlelittle use to use to thethe patientpatient ifif these these potentiallypotentially achievableachievable
skillsskills cancan onlyonly bebe practicedpracticed withwith thethe therapisttherapist´́s helps help
ButBut whenwhen requiredrequired itit isis appropriateappropriate andand importantimportant to to givegive helphelp
–– to to enableenable thethe personperson to to practicepractice activitiesactivities whichwhich are are possiblepossible, , 
withwith a a littlelittle help, to help, to achieveachieve independentlyindependently
ItIt isis ofof no use to no use to thethe patientpatient to to bebe preventedprevented fromfrom tryingtrying to to 
practicepractice activitiesactivities becausebecause therethere isis a a dangerdanger ofof increasingincreasing
spasticityspasticity
EarlyEarly trainingtraining willwill enableenable lessless secondarysecondary lossloss ofof corticalcortical tissuetissue
andand thusthus enableenable greatergreater possibilitiespossibilities forfor recoveryrecovery (Nudo (Nudo etet alal
1996)1996)



ConclusionsConclusions

SuccessfulSuccessful performance performance ofof a a senzorimotorsenzorimotor tasktask requiresrequires thethe
integratedintegrated actionaction ofof thethe CNSCNS

No No oneone model model isis sufficientsufficient forfor thethe therapisttherapist to to applyapply a a problemproblem--
solvingsolving approachapproach to to thethe management management ofof thethe neurologicalyneurologicaly
impairedimpaired personperson

TheThe musculoskeletalmusculoskeletal systemsystem isis criticalcritical to to thethe executionexecution ofof thethe
motor motor commandcommand in in additionaddition to to variousvarious corticalcortical andand subcorticalsubcortical
areasareas involvedinvolved in in thethe organisationorganisation ofof thethe tasktask



ConclusionsConclusions

TheThe terapistterapist mustmust understandunderstand thethe naturenature ofof thethe movementmovement
disorderdisorder

to to employemploy effectiveeffective treatmenttreatment strategiesstrategies

andand to to set set appropriateappropriate goalsgoals forfor thosethose patientspatients

=>=> tto o maximisemaximise thethe potentialpotential forfor functionalfunctional independenceindependence
((MaystonMayston 2002, 2008)2002, 2008)



??????

WeWe use use atat leastleast somesome principlesprinciples ofof allall thethe modelsmodels ofof motor motor 
controlcontrol mentionedmentioned herehere

ButBut stillstill wewe are not are not suresure whetherwhether ourour therapytherapy isis thethe most most 
efficientefficient andand effectiveeffective oneone

WhatWhat to do?to do?



In the future

ThereThere isis a urgent a urgent needneed forfor anan integratedintegrated approachapproach toto
neurophysiotherapyneurophysiotherapy thatthat isis not not basedbased on on approachesapproaches, , butbut ratherrather
isis clientclient basedbased withwith a a soundsound theoreticaltheoretical, , andand wherewhere possiblepossible, , 
evidence base (evidence base (MaystonMayston, 2008), 2008)



Physiotherapy

ProfessionProfession ofof „„skilledskilled handshands““ andand problemproblem solverssolvers

SpecializingSpecializing in in thethe techniquestechniques andand approachesapproaches ofof
physiotherapyphysiotherapy isis not not enoughenough

WeWe havehave to to specializespecialize in in thethe problemsproblems ofof ourour patientspatients



SomeSome questionsquestions

WhichWhich therapytherapy approachapproach??
Are Are wewe managingmanaging spasticityspasticity, , hypertoniahypertonia, , stiffnessstiffness
((contracturecontracture)?)?
WhatWhat „„inhibitioninhibition““ meansmeans? Are co ? Are co calledcalled inhibitory inhibitory techniquestechniques
relevantrelevant??
WhatWhat „„facilitationfacilitation““ meansmeans??
WhatWhat isis thethe posturalpostural controlcontrol, balance? , balance? HowHow to to traintrain itit??
WhatWhat isis ment by ment by „„compensationcompensation, , compensatorycompensatory movementmovement
strategiesstrategies??
AssociatedAssociated reactionsreactions –– anotheranother exampleexample ofof confusionconfusion in in 
neurophysiotherapyneurophysiotherapy
TermsTerms whichwhich havehave differentdifferent meaningmeaning forfor therapiststherapists, , neurologistneurologist
andand scientistsscientists
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