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THEPHYSIOLOGYOFBALANCE:VestibularFunction

Thevestibularsystem isthesensoryapparatusoftheinnerearthathelpsthebodymaintainits

posturalequilibrium.Theinformationfurnishedbythevestibularsystem isalsoessentialfor

coordinatingthepositionoftheheadandthemovementoftheeyes.Therearetwosetsofend

organsintheinnerear,orlabyrinth:thesemicircularcanals,whichrespond to rotational

movements(angularacceleration);andtheutricleandsacculewithinthevestibule,which

respondtochangesinthepositionoftheheadwithrespecttogravity(linearacceleration).The

informationtheseorgansdeliverisproprioceptiveincharacter,dealingwitheventswithinthe

body itself,rather than exteroceptive,

dealingwitheventsoutsidethebody,asin

thecaseoftheresponsesofthecochlea

to sound.Functionallytheseorgansare

closelyrelatedtothecerebellum andto

thereflexcentresofthespinalcordand

brainstem thatgovernthemovementsof

theeyes,neck,andlimbs.

Invertebratestheurticularmaculeintheinnerearcontainanotolithicmembraneandotoconia

(particlesofcalcium carbonate)thatbendshaircellsinthedirectionofgravity.Thisresponse

togravitationalpullshelpsanimalsmaintaintheirsenseofbalance.



Althoughthevestibularorgansandthecochleaarederivedembryologicallyfrom thesame

formation,theoticvesicle,theirassociationintheinnerearseemstobeamattermoreof

conveniencethanofnecessity.From boththedevelopmentalandthestructuralpointofview,

thekinshipofthevestibularorganswiththelaterallinesystem ofthefishisreadilyapparent.

Thelaterallinesystem ismadeupofaseriesofsmallsenseorganslocatedintheskinofthe

headandalongthesidesofthebodyoffishes.Eachorgancontainsacrista,sensoryhaircells,

andacupula,asfoundintheampullaeofthesemicircularducts.Thecristaerespondto

waterbornevibrationsandtopressurechanges.

Theanatomistsofthe17thand18thcenturiesassumedthattheentireinnerear,includingthe

vestibularapparatus,isdevotedtohearing.Theywereimpressedbytheorientationofthe

semicircularcanals,whichlieinthreeplanesmoreorlessperpendiculartooneanother,and

believedthatthecanalsmustbedesignedforlocalizingasourceofsoundinspace.Thefirst

investigatortopresentevidencethatthevestibularlabyrinthistheorganofequilibrium was

FrenchexperimentalneurologistMarie-Jean-PierreFlourens,whoin1824reportedaseriesof

experimentsinwhichhehadobservedabnormalheadmovementsinpigeonsafterhehadcut

eachofthesemicircularcanalsinturn.Theplaneofthemovementswasalwaysthesameas

thatoftheinjuredcanal.Hearingwasnotaffectedwhenhecutthenervefibrestotheseorgans,

butitwasabolishedwhenhecutthosetothebasilarpapilla(thebird’suncoiledcochlea).Itwas

notuntilalmosthalfacenturylaterthatthesignificanceofhisfindingswasappreciatedandthe

semicircularcanals were recognized as sense organs specifically concerned with the

movementsandpositionofthehead.


