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Nursing

ThePhysiologyof Balance.

Thevestibularsystemisthesensoryapparatusoftheinnerear thathelpsthebodymaintainits
postural equilibrium.Theinformationfurnishedbythevestibularsystemisalsoessentialfor
coordinatingthepositionofthehead andthemovementoftheeyes.Therearetwosetsofend
organsintheinnerear,orlabyrinth:thesemicircularcanals,whichrespondto
rotational movements(angularacceleration);andtheutricle and saccule withinthe vestibule,
whichrespondtochangesinthepositionoftheheadwithrespecttogravity(linearacceleration).
Theinformationtheseorgansdeliverisproprioceptiveincharacter,dealingwitheventswithin
thebodyitself,ratherthanexteroceptive,dealingwitheventsoutsidethebody,asinthecaseof
theresponsesofthecochleato sound.Functionallytheseorgansarecloselyrelatedtothe
cerebellumandtothereflexcentresofthe spinalcord and brainstem thatgovernthemovements
oftheeyes,neck,andlimbs.Detectionofangularacceleration:dynamicequilibrium

Duetothethree semicircularcanalssuperior,posterior,andhorizontal—arepositionedatright
anglestooneanother;theyareabletodetectmovementsinthree-dimensionalspace.Whenthe
headbeginsto rotate inanydirection,theinertiaoftheendolymphcausesittolagbehind,
exertingpressurethatdeflectsthe cupula intheoppositedirection.Thisdeflectionstimulates
the haircells bybendingtheirstereociliaintheoppositedirection.Germanphysiologist Friedrich
Goltz formulatedthe“hydrostaticconcept”in1870toexplaintheworkingofthesemicircular
canals.Hepostulatedthatthecanalsarestimulatedbytheweightofthefluidtheycontain,the
pressureitexertsvaryingwiththeheadposition.In1873Austrianscientists Ernst
Mach and JosefBreuer andScottishchemist CrumBrown,workingindependently,proposedthe
“hydrodynamicconcept,”whichheldthatheadmovementscauseaflowofendolymphinthe
canalsandthatthecanalsarethenstimulatedbythefluidmovementsorpressurechanges.
Germanphysiologist J.R.Ewaldshowedthatthecompressionofthehorizontalcanalinapigeon
byasmallpneumatichammercausesendolymphmovementtowardthecristaandturningofthe
headandeyestowardtheoppositeside.Decompressionreversesboththedirectionofendolymph
movementandtheturningoftheheadandeyes.The hydrodynamicconcept wasprovedcorrect
bylaterinvestigatorswhofollowedthepathofadropletofoilthatwasinjectedintothe
semicircularcanalofalivefish.Atthestartofrotationintheplaneofthecanal,thecupulawas
deflectedinthedirectionoppositetothatofthemovementandthenreturnedslowlytoitsresting
position.Attheendofrotationitwasdeflectedagain,thistimeinthesamedirectionasthe
rotation,andthenreturnedoncemoretoitsuprightstationaryposition.Thesedeflections
resultedfromtheinertiaoftheendolymph,whichlagsbehindatthestartofrotationand
continuesitsmotionaftertheheadhasceasedtorotate.Theslowreturnisafunctionofthe
elasticityofthecupulaitself.



Theseopposingdeflectionsofthecupulaaffectthevestibularnerveindifferentways,which
havebeendemonstratedinexperimentsinvolvingthelabyrinthremovedfroma cartilaginous
fish.Thelabyrinth,whichremainedactiveforsometimeafteritsremovalfromtheanimal,was
usedtorecordvestibularnerveimpulsesarisingfromoneofthe ampullarcristae.Whenthe
labyrinthwasatresttherewasaslow,continuous,spontaneousdischargeofnerveimpulses,
whichwasincreasedbyrotationinonedirectionanddecreasedbyrotationintheother.Inother
words,thelevelofexcitationroseorfelldependingonthedirectionofrotation.

Thedeflectionofthe cupula excitesthehaircellsbybendingtheciliaatopthem:deflectionin
onedirectiondepolarizesthecells;deflectionintheotherdirectionhyperpolarizesthem.
Electron-microscopicstudieshaveshownhowthispolarizationoccurs.Thehairbundlesinthe
cristaeareorientedalongtheaxisofeachcanal.Forexample,eachhaircellofthehorizontal
canalshasits kinocilium facingtowardtheutricle,whereaseachhaircellofthesuperiorcanals
hasitskinociliumfacingawayfromtheutricle.Inthehorizontalcanals,deflectionofthecupula
towardtheutricle—i.e.,bendingofthe stereocilia towardthekinocilium—depolarizesthehair
cellsandincreasestherateofdischarge.Deflectionawayfromtheutriclecauses
hyperpolarizationanddecreasestherateofdischarge.Insuperiorcanalstheseeffectsare
reversed.

Disturbancesofthe vestibularsystem

Therelationbetweenthevestibularapparatusofthetwoearsis reciprocal.Whentheheadis
turnedtotheleft,thedischargefromthelefthorizontalcanalisdecreased,andviceversa.
Normalpostureistheresultoftheiractingincooperationandinopposition.Whenthevestibular
systemofoneearisdamaged,theunrestrainedactivityoftheothercausesacontinuousfalse
senseofturning(vertigo)andrhythmical,jerkymovementsoftheeyes(nystagmus),bothtoward
theuninjuredside.Whenthevestibularhaircellsofbothinnerearsareinjuredordestroyed,as
canoccurduring treatment withthe antibiotics gentamicinor streptomycin,theremaybea
seriousdisturbanceofpostureandgait(ataxia)aswellasseverevertigoanddisorientation.In
youngerpersonsthedisturbancetendstosubsideasrelianceisplacedonvisionandon
proprioceptiveimpulsesfromthemusclesandjointsaswellasoncutaneousimpulsesfromthe
solesofthefeettocompensateforthelossofinformationfromthesemicircularcanals.Recovery
ofsomeinjuredhaircellsmayoccur.

Routinetestsofvestibularfunctiontraditionallyhaveinvolvedstimulationofthesemicircular
canalstoelicitnystagmusandothervestibularocularreflexes.Rotation,whichcancausevertigo
andnystagmus,aswellastemporarydisorientationandatendencytofall,stimulatesthe
vestibularapparatusofbothearssimultaneously.Becauseotoneurologistsareusuallymore
interestedinexaminingtherightandleftearsseparately,theyusuallyemploytemperature
changeasastimulant.Syringingtheearcanalwithwarmwaterat44°C(111°F)orwithcool
waterat30°C(86°F)elicitsnystagmusbysettingupconvectioncurrentsinthehorizontalcanal.
Thedurationofthenystagmusmaybetimedwithastopwatch,ortherateand amplitude ofthe
movementsoftheeyescanbeaccuratelyrecordedbypickinguptheresultingrhythmical
variationsinthecorneoretinal directcurrent potentials,usingelectrodespastedtotheskinofthe
temples—adiagnosticprocesscalled electronystagmography.Anabnormalvestibularapparatus
usuallyyieldsareducedresponseornoresponseatall.



Thevestibularsystemmayreacttounaccustomedstimulationfromthemotionofanaircraft,
a ship,oralandvehicletoproduceasenseofunsteadiness,abdominaldiscomfort, nausea,
and vomiting.Effectsnotunlike motionsickness,withvertigoandnystagmus,canbeobserved
inthelaterstagesof acute alcoholicintoxication.Vertigoaccompaniedby hearingloss isa
prominentfeatureoftheperiodicattacksexperiencedbypatientswith Ménièredisease,which,
untilthelate19thcentury,wasconfusedwith epilepsy.Itwasreferredtoas
apoplectiform cerebral congestionandwastreatedbypurgingandbleeding.Otherformsof
vertigomaypresenttheotoneurologistwithmoredifficultdiagnosticproblems.

Sincetheadventof spaceexploration,interestinexperimentalandclinicalstudiesofthe
vestibularsystemhasgreatlyincreased.Investigatorsareconcernedparticularlyaboutits
performancewhenpersonsareexposedtothe microgravity of spaceflight,ascomparedwith
the Earth’sgravitationalfieldforwhichitevolved.Investigationsincludethegrowinguse
of centrifuges largeenoughtorotate human subjects,aswellasingeniouslyautomatedtestsof
posturalequilibriumforevaluatingthevestibulospinalreflexes.Some astronauts have
experiencedrelativelyminorvestibularsymptomsonreturningfromspaceflight.Someofthese
disturbanceshavelastedforseveraldays,butnonehavebecomepermanent.


