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DISCUSSTHEPHYSIOLOGYOFBALANCE

Thephysiologyofbalance:vestibularfunction

Thevestibularsystem isthesensoryapparatusoftheinnerearthathelpsthebody
maintainitsposturalequilibrum.Theinformationfurnishedbythevestibularsystem is
alsoessentialforcoordinatingthepositionoftheheadandthemovementoftheeyes.
Therearetwosetsofendorgansintheinnerear,orlabyrinth:thesemicircularcanals,
whichrespondtorotationalmovements(angularacceleration);andtheutricleand
sacculewithinthevestibule,whichrespondtochangesinthepositionoftheheadwith
respecttogravity(linearacceleration).Theinformationtheseorgansdeliveris
proprioceptiveincharacter,dealingwitheventswithinthebodyitself,ratherthan
exteroceptive,dealingwitheventsoutsidethebody,asinthecaseoftheresponsesof
thecochleatosound.Functionallytheseorgansarecloselyrelatedtothecerebellum
andtothereflexcentresofthespinalcordandbrainstem thatgovernthemovements
oftheeyes,neck,andlimbs.

 Disturbancesofthevestibularsystem
Therelationbetweenthevestibularapparatusofthetwoearsisreciprocal.Whenthe
headisturnedtotheleft,thedischargefrom thelefthorizontalcanalisdecreased,and
viceversa.Normalpostureistheresultoftheiractingincooperationandinopposition.
Whenthevestibularsystem ofoneearisdamaged,theunrestrainedactivityoftheother
causesacontinuousfalsesenseofturning(vertigo)andrhythmical,jerkymovements
oftheeyes(nystagmus),bothtowardtheuninjuredside.Whenthevestibularhaircells
ofbothinnerearsareinjuredordestroyed,ascanoccurduringtreatmentwiththe
antibioticsgentamicinorstreptomycin,theremaybeaseriousdisturbanceofposture
andgait(ataxia)aswellasseverevertigoanddisorientation.Inyoungerpersonsthe



disturbancetendstosubsideasrelianceisplacedonvisionandonproprioceptive
impulsesfrom themusclesandjointsaswellasoncutaneousimpulsesfrom thesoles
ofthefeettocompensateforthelossofinformationfrom thesemicircularcanals.

Recoveryofsomeinjuredhaircells
mayoccur.

Invertebratestheurticularmaculeintheinnerearcontainanotolithicmembraneand

otoconia(particlesofcalcium carbonate)thatbendshaircellsinthedirectionofgravity.

Thisresponsetogravitationalpullshelpsanimalsmaintaintheirsenseofbalance.

Althoughthevestibularorgansandthecochleaarederivedembryologicallyfrom the

sameformation,theoticvesicle,theirassociationintheinnerearseemstobeamatter

moreofconveniencethanofnecessity.From boththedevelopmentalandthestructural

pointofview,thekinshipofthevestibularorganswiththelaterallinesystem ofthefish

isreadilyapparent.Thelaterallinesystem ismadeupofaseriesofsmallsenseorgans

locatedintheskinoftheheadandalongthesidesofthebodyoffishes.Eachorgan

containsacrista,sensoryhaircells,andacupula,asfoundintheampullaeofthe

semicircularducts.Thecristaerespond to waterbornevibrationsand to pressure

changes.

Theanatomistsofthe17thand18thcenturiesassumedthattheentireinnerear,

includingthevestibularapparatus,isdevotedtohearing.Theywereimpressedbythe

orientation ofthe semicircularcanals,which lie in three planes more orless

perpendicularto oneanother,and believed thatthecanalsmustbedesigned for

localizingasourceofsoundinspace.Thefirstinvestigatortopresentevidencethatthe

vestibularlabyrinthistheorganofequilibrium wasFrenchexperimentalneurologist

Marie-Jean-PierreFlourens,whoin1824reportedaseriesofexperimentsinwhichhe

hadobservedabnormalheadmovementsinpigeonsafterhehadcuteachofthe

semicircularcanalsinturn.Theplaneofthemovementswasalwaysthesameasthat

oftheinjuredcanal.Hearingwasnotaffectedwhenhecutthenervefibrestothese

organs,butitwasabolishedwhenhecutthosetothebasilarpapilla(thebird’suncoiled

cochlea).Itwasnotuntilalmosthalfacenturylaterthatthesignificanceofhisfindings



was appreciated and the semicircularcanals were recognized as sense organs

specificallyconcernedwiththemovementsandpositionofthehead.


