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Micturition

INTRODUCTION

Micturitionisaprocessbywhichurineisvoidedfrom theurinarybladder.Itisareflexprocess.

However,ingrownupchildrenandadults,itcanbecontrolledvoluntarilytosomeextent.The

functionalanatomyandnervesupplyofurinarybladderareessentialfortheprocessof

micturition.

FUNCTIONALANATOMYOFURINARYBLADDERANDURETHRA

URINARYBLADDER

Urinarybladderisatriangularholloworganlocatedinlowerabdomen.Itconsistsofabodyand

neck.Wallofthebladderisformedbysmoothmuscle.Itconsistsofthreeill-definedlayersof

musclefiberscalleddetrusormuscle,viz.theinnerlongitudinallayer,middlecircularlayerand

outerlongitudinallayer.Innersurfaceofurinarybladderislinedbymucusmembrane.Inempty

bladder,themucosafallsintomanyfoldscalledrugae.Attheposteriorsurfaceofthebladder

wall,thereisatriangularareacalledtrigone.Attheupperanglesofthistrigone,twoureters

enterthebladder.Lowerpartofthebladderisnarrowandformstheneck.Itopensintourethra

viainternalurethralsphincter.

URETHRA

Maleurethrahasbothurinaryfunctionandreproductivefunction.Itcarriesurineandsemen.

Femaleurethrahasonlyurinaryfunctionanditcarriesonlyurine.So,maleurethraisstructurally

differentfrom femaleurethra.

MaleUrethra

Maleurethraisabout20cm long.Afteroriginfrom bladderittraversestheprostategland,

whichliesbelowthebladderandthenrunsthroughthepenis.Throughoutitslength,theurethra

hasmucusglandscalledglandsofLittre.Maleurethraisdividedintothreeparts:

1.Prostaticurethra

2.Membranousurethra



3.Spongyurethra.

Prostaticurethra

Prostaticurethrais3cm longanditrunsthroughprostategland.Theprostaticfluidisemptied

intothispartofurethrathroughprostaticsinuses.Spermsfrom vasdeferensandthefluidfrom

seminalvesiclesarealsoemptiedintoprostaticurethraviaejaculatoryducts

Partoftheurethraaftertakingoriginfrom neckofbladderbeforeenteringtheprostateglandis

knownaspreprostaticurethra.Itslengthisabout0.5to1.5cm.Thispartofurethrais

consideredaspartofprostaticurethra.

2.Membranousurethra

Membranousurethraisabout1to2cm long.Itrunsfrom baseoftheprostateglandthrough

urogenitaldiaphragm uptothebulbofurethra.

3.Spongyurethra

Spongyurethraisalsoknownascavernousurethraanditslengthisabout15cm.Spongy

urethraissurroundedbycorpusspongiosum ofpenis.Itisdividedintoaproximalbulbar

urethraandadistalpenilurethra.Penileurethraisnarrowwithalengthofabout6cm.Itends

withexternalurethralmeatusororifice,whichislocatedattheendofpenis.Thebilateral

bulbourethralglandsopenintospongyurethra.BulbourethralglandsarealsocalledCowper

glands.

FemaleUrethra

Femaleurethraisnarrowerandshorterthanmaleurethra.Itisabout3.5to4cm long.After

originfrom bladderittraversesthroughurogenitaldiaphragm andrunsalonganteriorwallof

vagina.Thenitterminatesatexternalorificeofurethra,whichislocatedbetweenclitorisand

vaginalopening.

URETHRALSPHINCTERS

Therearetwourethralsphinctersinurinarytract:

1.Internalurethralsphincter

2.Externalurethralsphincter.

InternalUrethralsphincter



Thissphincterissituatedbetweenneckofthebladderandupperendofurethra.Itismadeup

ofsmoothmusclefibersandformedbythickeningofdetrusormuscle.Itisinnervatedby

autonomicnervefibers.Thissphincterclosestheurethrawhenbladderisemptied.2.External

Urethralsphincterfibers.

NERVESUPPLYTOURINARYBLADDERANDSPHINCTERS

Urinarybladderandtheinternalsphincteraresuppliedbysympatheticandparasympathetic

divisionsofautonomicnervoussystem whereas,theexternalsphincterissuppliedbythe

somaticnervefibers.

SYMPATHETICNERVESUPPLY

Preganglionicfibersofsympatheticnervearisefrom firsttwolumbarsegments(L1andL2)of

spinalcord.

FunctionofPudendalNerve

Pudendalnervemaintainsthetoniccontractionoftheskeletalmusclefibersoftheexternal

sphincterandkeepstheexternalsphincterconstrictedalways.Duringmicturition,thisnerveis

inhibited.Itcausesrelaxationofexternalsphincterleadingtovoidingofurine.Thus,the

pudendalnerveisresponsibleforvoluntarycontrolofmicturition.

FILLINGOFURINARYBLADDER

PROCESSOFFILLING

Urineiscontinuouslyformedbynephronsanditflowsintourinarybladderdropbydropthrough

ureters.Whenurinecollectsinthepelvisofureter,thecontractionsetsupinpelvis.This

contractionistransmittedthroughrestoftheureterintheform ofperistalticwaveuptotrigone

oftheurinarybladder.Peristalticwaveusuallytravelsatavelocityof3cm/second.Itdevelops

atafrequencyof1to5perminute.Theperistalticwavemovestheurineintothebladder.After

leavingthekidney,thedirectionoftheureterisinitiallydownwardandoutward.Then,itturns

horizontallybeforeenteringthebladder.Attheentranceofuretersintourinarybladder,a

valvulararrangementispresent.Whenperistalticwavepushestheurinetowardsbladder,this

valveopenstowardsthebladder.Thepositionofureterandthevalvulararrangementattheend

ofureterpreventthebackflowofurinefrom bladderintotheureterwhenthedetrusormuscle

contracts.Thus,urineiscollectedinbladderdropbydrop.Afterleavingspinalcord,thefibers

passthroughlateralsympatheticchainwithoutanysynapseinthesympatheticgangliaand

finallyterminateinhypogastricganglion.Thepostganglionicfibersarisingfrom thisganglion

form thehypogastricnerve,whichsuppliesthedetrusormuscleandinternalsphincter.

FunctionofSympatheticNerve

Thestimulationofsympathetic(hypogastric)nerve



causesrelaxationofdetrusormuscleandconstrictionoftheinternalsphincter.Itresultsin

fillingofurinarybladderandso,thesympatheticnerveiscallednerveoffilling.

PARASYMPATHETICNERVESUPPLY

Preganglionicfibersofparasympatheticnerveform thepelvicnerveornervuserigens.Pelvic

nervefibersarisefrom second,thirdandfourthsacralsegments(S1,S2andS3)ofspinalcord.

Thesefibersrunthroughhypogastricganglionandsynapsewithpostganglionicneurons

situatedincloserelationtourinarybladderandinternalsphincter.

FunctionofParasympatheticNerve

Stimulationofparasympathetic(pelvic)nervecausescontractionofdetrusormuscleand

relaxationoftheinternalsphincterleadingtoemptyingofurinarybladder.So,parasympathetic

nerveiscalledthenerveofemptyingornerveofmicturition.Pelvicnervehasalsothesensory

fibers,whichcarryimpulsesfrom stretchreceptorspresentonthewalloftheurinarybladder

andurethratothecentralnervoussystem.

SOMATICNERVESUPPLY

Externalsphincterisinnervatedbythesomaticnervecalledpudendalnerve.Itarisesfrom

second,thirdandfourthsacralsegmentsofthespinalcord.Areasonablevolumeofurinecan

bestoredinurinarybladderwithoutanydiscomfortandwithoutmuchincreaseinpressure

insidethebladder(intravesicalpressure).Itisduetotheadaptationofdetrusormuscle.This

canbeexplainedbycystometrogram.

CYSTOMETROGRAM

Cystometryisthetechniqueusedtostudytherelationshipbetweenintravesicalpressureand

volumeofurineinthebladder.Cystometrogram isthegraphicalregistration(recording)of

pressurechangesinurinarybladderinrelationtovolumeofurinecollectedinit.

MethodofRecordingCystometrogram

Adoublelumencatheterisintroducedintotheurinarybladder.Oneofthelumenisusedto

infusefluidintothebladderandtheotheroneisusedtorecordthepressurechangesby

connectingittoasuitablerecordinginstrument.First,thebladderisemptiedcompletely.Then,

aknownquantityoffluidisintroducedintothebladderatregularintervals.Theintravesical

pressuredevelopedbythefluidisrecordedcontinuously.Agraphisobtainedbyplottingallthe

valuesofvolumeandthepressure.

Initially,whentheurinarybladderisempty,theintravesicalpressureis0.Whenabout100mLof

fluidiscollected,thepressurerisessharplytoabout10cm H2O.



SegmentII

SegmentIIshowstheplateau,i.e.nochangeinintravesicalpressure.Itremainsat10cm

H2Oevenafterintroducing300to400mLoffluid.Itisbecauseofadaptationofurinarybladder

byrelaxation.ItisinaccordancewithlawofLaplace.

LawofLaplace

Accordingtothislaw,thepressureinasphericalorganisinverselyproportionaltoitsradius,the

toneremainingconstant.Thatis,ifradiusismore,thepressureislessandifradiusislessthe

pressureismore,providedthetoneremainsconstant.

TP=R

Where,P=Pressure

T=Tension

R=Radius

Accordinglyinthebladder,thetensionincreasesastheurineisfilled.Atthesametime,the

radiusalsoincreasesduetorelaxationofdetrusormuscle.Becauseofthis,thepressuredoes

notchangeandplateauappearsinthegraph.With100mLofurineand10cm H2Oof

intravesicalpressure,thedesireformicturitionoccurs.Desireformicturitionisassociatedwith

avaguefeelingintheperineum.Butitcanbecontrolledvoluntarily.Anadditionalvolumeof

about200to300mLofurinecanbecollectedinbladderwithoutmuchincreaseinpressure.

However,whentotalvolumerisesbeyond400mL,thepressurestartsrisingsharply.

SegmentIII

Asthepressureincreaseswithcollectionof300to400mLoffluid,thecontractionofdetrusor

musclebecomesintense,increasingtheconsciousnessandtheurgeformicturition.Still,

voluntarycontrolispossibleuptovolumeof600to700mLatwhichthepressurerisestoabout

35to40cm H2O.

Whentheintravesicalpressurerisesabove40cm water,thecontractionofdetrusormuscle

becomesstillmoreintense.And,voluntarycontrolofmicturitionisnotpossible.Now,pain

sensationdevelopsandmicturitionisamustatthisstage.

MICTURITIONREFLEX

Micturitionreflexisthereflexbywhichmicturitionoccurs.Thisreflexiselicitedbythe

stimulationofstretchreceptorssituatedonthewallofurinarybladderandurethra.Whenabout

300to400mLofurineiscollectedinthebladder,intravesicalpressureincreases.This

stretchesthewallofbladderresultinginstimulationofstretchreceptorsandgenerationof

sensoryimpulses.



PathwayforMicturitionReflex

Sensory(afferent)impulsesfrom thereceptorsreachthesacralsegmentsofspinalcordviathe

sensoryfibersofpelvic(parasympathetic)nerve.Motor(efferent)impulsesproducedinspinal

cord,travelthroughmotorfibersofpelvicnervetowardsbladderandinternalsphincter.Motor

impulsescausecontractionofdetrusormuscleandrelaxationofinternalsphinctersothat,

urineenterstheurethrafrom thebladder.Onceurineentersurethra,thestretchreceptorsinthe

urethraarestimulatedandsendafferentimpulsestospinalcordviapelvicnervefibers.Nowthe

impulsesgeneratedfrom spinalcentersinhibitpudendalnerve.So,theexternalsphincter

relaxesandmicturitionoccurs.Onceamicturitionreflexbegins,itisself-regenerative,i.e.the

initialcontractionofbladderfurtheractivatesthereceptorstocausestillfurtherincreasein

sensoryimpulsesfrom thebladderandurethra.Theseimpulses,inturncausefurtherincrease

inreflexcontractionofbladder.Thecyclecontinuesrepeatedlyuntiltheforceofcontractionof

bladderreachesthemaximum andtheurineisvoidedoutcompletely.Duringmicturition,the

flowofurineisfacilitatedbytheincreaseintheabdominalpressureduetothevoluntary

contractionofabdominalmuscles.

HigherCentersforMicturition

Spinalcentersformicturitionarepresentinsacralandlumbarsegments.But,thesespinal

centersareregulatedbyhighercenters.Thehighercenters,whichcontrolmicturitionareoftwo

types,inhibitorycentersandfacilitatorycenters.

Inhibitorycentersformicturition

Centersinmidbrainandcerebralcortexinhibitthemicturitionbysuppressingspinalmicturition

centers.FacilitatorycentersformicturitionCentersinponsfacilitatemicturitionviaspinal

centers.Somecentersincerebralcortexalsofacilitatemicturition.losesthetoneandbecomes

flaccid.Sothebladderiscompletelyfilledwithurinewithoutanymicturition.Now,urine

overflowsindropsasandwhenitentersthebladder.Itiscalledoverflowincontinenceor

overflowdribbling.

ConditionsofDestructionofSensoryNerveFibers

1.Spinalinjury:Duringthefirststage(stageofspinalshock)afterinjurytosacralsegmentsof

spinalcordthebladderbecomesatonic

2.Syphilis:Syphilisresultsinthedegenerativenervous

disordercalledtabesdorsalis,whichischaracterizedbythedegenerationofdorsal(sensory)

nerveroots.Degenerationofsensorynerverootsofsacralregiondevelopsatonicbladder.The

atonicbladderintabesdorsalisiscalledtabeticbladder.



AUTOMATICBLADDER

Automaticbladderistheurinarybladdercharacterizedbyhyperactivemicturitionreflexwith

lossofvoluntarycontrol.So,evenasmallamountofurinecollectedinthebladderelicitsthe

micturitionreflexresultinginemptyingofbladder.Thisoccursduringthesecondstage(stage

ofrecovery)aftercompletetransectionofspinalcordabovethesacralsegments.Duringthe

firststage(stageofspinalshock)aftercompletetransectionofspinalcordabovesacral

segments,theurinarybladderlosesthetoneandbecomesatonicresultinginoverflow

incontinence.Duringthesecondstageaftershockperiod,themicturitionreflexreturns.

However,thevoluntarycontrolislackingbecauseofabsenceofinhibitionorfacilitationof

micturitionbyhighercenters.Thereishypertrophyofdetrusormusclessothatthecapacityof

bladderreduces.Somepatientsdevelophyperactivemicturitionreflex.

UNINHIBITEDNEUROGENICBLADDER

Uninhibitedneurogenicbladderistheurinarybladderwithfrequentanduncontrollable

micturitioncausedbylesioninmidbrain.Itisalsocalledspasticneurogenicbladderor

hyperactiveneurogenicbladder.Thelesioninmidbraincausescontinuousexcitationofspinal

micturitioncentersresultinginfrequentanduncontrollablemicturition.Evenasmallquantityof

urinecollectedinbladderwillelicitthemicturitionreflex.

NOCTURNALMICTURITION

Nocturnalmicturitionistheinvoluntaryvoidingofurineduringnight.Itisotherwiseknownas

enuresisorIfnocturnalmicturitionoccursafter3yearsofageitisconsideredabnormal.It

occursduetoneurologicaldisorderslikelumbosacralvertebraldefects.Itcanalsooccurdueto

psychologicalfactors.Lossofvoluntarycontrolofmicturitionoccursevenduringthe

impairmentofmotorareaofcerebralcortex.


