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Question:discussthephysiologyofbalance

Thevestibularsystemisthesensoryapparatusoftheinnerearthathelpsthebody

maintainitsposturalequilibrium.Theinformationfurnishedbythevestibularsystemis

alsoessentialforcoordinatingthepositionoftheheadandthemovementoftheeyes.

Therearetwosetsofendorgansintheinnerear,orlabyrinth:thesemicircularcanals,

whichrespondtorotationalmovements(angularacceleration);andtheutricleand

sacculewithinthevestibule,whichrespondtochangesinthepositionoftheheadwith

respecttogravity(linearacceleration).Theinformationtheseorgansdeliveris

proprioceptiveincharacter,dealingwitheventswithinthebodyitself,ratherthan

exteroceptive,dealingwitheventsoutsidethebody,asinthecaseoftheresponsesof

thecochleatosound.Functionallytheseorgansarecloselyrelatedtothecerebellum

andtothereflexcentersofthespinalcordandbrainstemthatgovernthemovementsof

theeyes,neck,andlimbs.

Althoughthevestibularorgansandthecochleaarederivedembryologicallyfromthe

sameformation,theoticvesicle,theirassociationintheinnerearseemstobeamatter

moreofconveniencethanofnecessity.Fromboththedevelopmentalandthestructural

pointofview,thekinshipofthevestibularorganswiththelaterallinesystemofthefish

isreadilyapparent.Thelaterallinesystemismadeupofaseriesofsmallsenseorgans



locatedintheskinoftheheadandalongthesidesofthebodyoffishes.Eachorgan

containsacrista,sensoryhaircells,andacupula,asfoundintheampullaeofthe

semicircularducts.Thecristaerespondtowaterbornevibrationsandtopressure

changes.

Thesemicircularcanalsarethreering-likeextensionsofthevestibule.Oneisorientedin

thehorizontalplane,whereastheothertwoareorientedintheverticalplane.The

anteriorandposteriorverticalcanalsareorientedatapproximately45degreesrelative

tothesagittalplane.Thebaseofeachsemicircularcanal,whereitmeetswiththe

vestibule,connectstoanenlargedregionknownastheampulla.Theampullacontains

thehaircellsthatrespondtorotationalmovement,suchasturningtheheadwhile

saying“no.”Thestereociliaofthesehaircellsextendintothecupula,amembranethat

attachestothetopoftheampulla.Astheheadrotatesinaplaneparalleltothe

semicircularcanal,thefluidlags,deflectingthecupulainthedirectionoppositetothe

headmovement.Thesemicircularcanalscontainseveralampullae,withsomeoriented

horizontallyandothersorientedvertically.Bycomparingtherelativemovementsof

boththehorizontalandverticalampullae,thevestibularsystemcandetectthe

directionofmostheadmovementswithinthree-dimensional(3-D)space.

CentralProcessingofVestibularInformation

Balanceiscoordinatedthroughthevestibularsystem,thenervesofwhichare

composedofaxonsfromthevestibularganglionthatcarriesinformationfromthe

utricle,saccule,andsemicircularcanals.Thesystemcontributestocontrollingheadand

neckmovementsinresponsetovestibularsignals.Animportantfunctionofthe

vestibularsystemiscoordinatingeyeandheadmovementstomaintainvisualattention.

Mostoftheaxonsterminateinthevestibularnucleiofthemedulla.Someaxonsproject

fromthevestibulargangliondirectlytothecerebellum,withnointerveningsynapsein

thevestibularnuclei.Thecerebellumisprimarilyresponsibleforinitiatingmovements

onthebasisofequilibriuminformation.Neuronsinthevestibularnucleiprojecttheir

axonstotargetsinthebrainstem.Onetargetisthereticularformation,which

influencesrespiratoryandcardiovascularfunctionsinrelationtobodymovements.A

secondtargetoftheaxonsofneuronsinthevestibularnucleiisthespinalcord,which



initiatesthespinalreflexesinvolvedwithpostureandbalance.Toassistthevisual

system,fibersofthevestibularnucleiprojecttotheoculomotor,trochlear,andabducen

nucleitoinfluencesignalssentalongthecranialnerves.Theseconnectionsconstitute

thepathwayofthevestibulo-ocularreflex(VOR),whichcompensatesforheadandbody

movementbystabilizingimagesontheretina.Thevestibularnucleiprojecttothe

thalamustojointheproprioceptivepathwayofthedorsalcolumnsystem,allowing

consciousperceptionofequilibrium.

Disturbancesofthevestibularsystem

Therelationbetweenthevestibularapparatusofthetwoearsisreciprocal.Whenthe

headisturnedtotheleft,thedischargefromthelefthorizontalcanalisdecreased,and

viceversa.Normalpostureistheresultoftheiractingincooperationandinopposition.

Whenthevestibularsystemofoneearisdamaged,theunrestrainedactivityofthe

othercausesacontinuousfalsesenseofturning(vertigo)andrhythmical,jerky

movementsoftheeyes(nystagmus),bothtowardtheuninjuredside.Whenthe

vestibularhaircellsofbothinnerearsareinjuredordestroyed,ascanoccurduring

treatmentwiththeantibioticsgentamicinorstreptomycin,theremaybeaserious

disturbanceofpostureandgait(ataxia)aswellasseverevertigoanddisorientation.In

youngerpersonsthedisturbancetendstosubsideasrelianceisplacedonvisionandon

proprioceptiveimpulsesfromthemusclesandjointsaswellasoncutaneousimpulses

fromthesolesofthefeettocompensateforthelossofinformationfromthe

semicircularcanals.Recoveryofsomeinjuredhaircellsmayoccur.



Routinetestsofvestibularfunctiontraditionallyhaveinvolvedstimulationofthe

semicircularcanalstoelicitnystagmusandothervestibularocularreflexes.Rotation,

whichcancausevertigoandnystagmus,aswellastemporarydisorientationanda

tendencytofall,stimulatesthevestibularapparatusofbothearssimultaneously.

Becauseotoneurologistsareusuallymoreinterestedinexaminingtherightandleft

earsseparately,theyusuallyemploytemperaturechangeasastimulant.Syringingthe

earcanalwithwarmwaterat44°C(111°F)orwithcoolwaterat30°C(86°F)elicits

nystagmusbysettingupconvectioncurrentsinthehorizontalcanal.Thedurationofthe

nystagmusmaybetimedwithastopwatch,ortherateandamplitudeofthemovements

oftheeyescanbeaccuratelyrecordedbypickinguptheresultingrhythmicalvariations

inthecorneoretinaldirectcurrentpotentials,usingelectrodespastedtotheskinofthe

temples—adiagnosticprocesscalledelectronystagmography.Anabnormalvestibular

apparatususuallyyieldsareducedresponseornoresponseatall.

Thevestibularsystemmayreacttounaccustomedstimulationfromthemotionofan

aircraft,aship,oralandvehicletoproduceasenseofunsteadiness,abdominal

discomfort,nausea,andvomiting.Effectsnotunlikemotionsickness,withvertigoand

nystagmus,canbeobservedinthelaterstagesofacutealcoholicintoxication.


