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DiscussthePhysiologyofBalance

●balanceismediatedbythevestibularnucleiinthebrainstem.

●thelabyrinth(apartoftheinnerear),isamajororganofourvestibular(balance)system.

●thethreesemicircularcanalsofthelabyrinthisassociatedwithsensingrotarymotion.

●thebrainsensesthedirectionandspeedofrotationoftheheadbythemovementoffluidin

thesemicircularcanals.

●balanceismaintainedbytheinteractionsbetweenthelabyrinthandothersystemsinthebody,

suchasthevisualandskeletalsystems.

●themaininputsintothebalancesystem arethe:

a.vestibularlabyrinths

b.visualsystem (eyes)

c.somatosensorysystem,especiallyproprioception

●themainoutputsfrom thevestibularnucleiare:

a.vestibulo-ocular:

-permittingreflexeyemovementsrelatedtoposture

b.vestibulo-spinalwhichsupply:

-anti-gravitymusclesinthelowerlimbs

-reflexarcswhichcontrolgait

Posturalbalanceiscontrolledbyintricateconnectionsbetweenthevestibular,visualand

proprioceptionsystem.Amongthese,thevestibularsystem isoneofthekeyfactorsin

coordinatingandmaintainingbalance.Theperipheralapparatusforthevestibularsystem

consistsofthesemicircularcanals,whichsenseheadrotation;andtheotoliths,whichsense

gravityandlinearacceleration.Thecentralvestibularpathwaysform alargenetworkfrom the



vestibularnuclei,ocularmotornuclei,integrationcentersintheponsandrostralmidbrain,

vestibulocerebellum,thalamus,tothemultisensoryvestibularcortexareasinthe

temporoparietalcortex.Themostimportantstructuresforthecentralvestibularpathwaysare

thosemediatingthevestibulo-ocularreflex(VOR),andthedescendingpathwaysintothespinal

cordalongthemedialandlateralvestibulospinaltractwhichmediateposturalcontrol.The

corticalstructuresinvolvedinvestibularfunctionaretheparietoinsularvestibularcortex,the

retroinsularcortex,thesuperiortemporalgyrusandtheinferiorparietallobule.Activationofthe

corticalnetworkduringvestibularstimulationisnotsymmetrical;dominanceisstrongerinthe

nondominanthemisphere,inthehemisphereipsilateraltothestimulatedearandinthe

hemisphereipsilateraltotheslowphaseofthevestibularcaloricnystagmus.Disorderofthe

vestibularpathway,anywayalongitsvarioustracts,mayresultinbalanceandcoordination

impairmentsandleadtomisperceptionofmotion.

Balanceisachoreographedarrangementthattakessensoryinformationfrom avarietyof

organsandintegratesittotellthebodywhereitisinrelatedtogravityandtheearth.

Informationfrom thevestibularsystem oftheinnerear(semicircularcanals,thesacculeand

theutricle)issenttothebrainstem,cerebellum,andspinalcord.Potentialbalance

abnormalitiesdonotrequireconsciousinputfrom thecerebrum ofthebrain.Abnormal

vestibularsignalscausethebodytotrytocompensatebymakingadjustmentsinpostureofthe

trunkandlimbsaswellasmakingchangesineyemovementtoadjustsightinputintothebrain.

Therearethreesemicircularcanalsintheinnerearpositionedatrightanglestoeachotherlike

agyroscope.Theyareabletosensechangesinmovementofthebody.Withsuchchanges,

endolymphwaveswithinthecanalscausehaircellslocatedwithintheirbasetomove.Position

oftheheadissensedbyhaircellsoftheutricleandsacculewhichisstimulatedwhenthehead

movesandtherelationshiptogravitychanges.

Thereisasmalldenseareaofnervefiberscalledthemaculelocatedineachofthesacculeand

utricle.Themaculeofthesacculeisorientedverticallywhiletheutriclemaculeishorizontal.

Eachmaculeconsistsoffinehairbundleswhicharecoveredbyanotolithicmembranethatis

jelly-likeandcoveredbyablanketofcalcium crystals.Thecalcium crystalsarethestructures

thatultimatelystimulatethepositionhairsandprovokenerveimpulsescreatedbytheposition

changesandtransmitthatinformationtothebrainstem andcerebellum.

Abnormalitiesofthevestibularsystem maycause:

a.vertigo(thesensationthattheroom isspinning);

b.benignparoxysmalpositionalvertigo;

c.labyrinthitis,and

d.Meniere'sDisease




