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ABSTRACT
The traditional concept that brain damage is caused during 
birth or early neonatal period has been challenged. This is sup
ported by the fact that the incidence of cerebral palsy stayed 
unchanged despite the global increase of cesarean sections. 
Consequently, the medicolegal importance of fetal neuro
logical research is essential and needed. Years of research 
have provided us with important knowledge about asso ciation 
of fetal movements with brain development. The basic studies 
were done by twodimensional ultrasound. The implementation 
of fourdimensional ultrasound in evaluation of fetal behavior 
has opened new and unexplored possibilities of evaluating the 
quality of fetal movements and a detailed assessment of fetal 
facial expressions. It is known that early postnatal neurological 
assessment, regarding future prediction of neurological opti
mality, has great limitations do to wonderful brain plasticity. 
Taking this very important limitation in to the account we could 
conclude that the preliminary studies comparing prenatal and 
postnatal neurological assessment are comparable. More 
importantly they emphasize the fact that the study of fetal 
behavior is most probably the right path in the study of fetal 
neurological development.
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INTROduCTION

The traditional concept that brain damage is caused dur
ing birth or early neonatal period has been challenged, 
antenatalandunclassifiablefactorsarenowconsideredas
themostimportantetiologicalfactors.1 The best example 
is cerebral palsy the most common chronic motor dis
abilityofchildhood.Theworldwideprevalenceranges
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from2to2.5per1000livebirthsand the incidence has 
notchangedsincemid-20thcentury.2Thefactthatthe
incidenceofcerebralpalsystayedunchangeddespitethe
globalincreaseofcesareansectionssupportstheprevi
ouslymentionedremarks.3 This uncertainty regarding 
causationvitalizesplaintiff’sattorneysthroughout the
worldwhoattempt to relate theseneurologicalabnor-
malitiesexclusivelytointrapartumevents,suchasuse
of forcepsdeliveries or failure toperforma cesarean
delivery.Consequently, themedicolegal importanceof
fetalneurologicalresearchisessentialandneeded.2

Asbasicneurodevelopmental studieshaveundou-
btedly concluded that fetal behavior is a reflectionof
morphological braindevelopment, therefore it canbe
speculatedthatbystuddingthefetalbehaviorwecan
study theoptimalityof fetal braindevelopment.4 The 
studyoffetalbehaviorstartedlongtimeago,firstscienti-
ficpaperswerewrittenattheendof18thcentury.5 From 
today’sstandpointitishardtobelievethatin1985.Preyer
wroteawholechapteraboutfetalbehaviorinthebook
‘PhysiologiedesEmbrio’.6 

With the implementationofultrasound in todaily
obstetrical practice a newwindow in to intrauterine
environmentwasopened.Wecouldfinallyseethebeha-
viorofafetusinitsnaturalenvironment.Firststudies
of fetal behavior using two-dimensional ultrasound
described the fetalmovements from the very first
trimester to the endof the third trimester.7-9 All the 
movementsweredescribedindetail,theirfirstoccurrence
adetaileddescriptionofhowtheyareperformedand
how to recognize them.7-9 Itwasamazing todiscover
thatalmostallofthemovementswerepresentinthefirst
trimesterwithfirstspontaneousmovementsappearing
atabout7.5gestationalweeks.7-9Theseareslowflexion
andextensionmovementsof fetal trunkaccompanied
bypassivechangeinpositionoffetalextremities.They
appearinunregularlytimeintervalsandtheirultrasonic
impressionisthatof‘wormlikemovements’.10Between
eighthandninthweekthesemovementsarereplacedby
moreenergeticmovementscalled’startlemovements’.10 
Atthisgestationalageaveryimportantandaspecific
movement calledGeneralmovements (GM) start to
appearaswell.10Thesemovementswerefirstdescribed
byanAustrianneuroscientistPrechtl.10 The importance 
ofthesemovementswillbediscussedlater.
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Withthecontinuationofthepregnancyalltheindi-
vidualmovements become more complex and conso
lidatedespeciallywiththebeginningofthethirdtrimes
ter.10,11Thischangeinfetalbehaviorcoincideswiththe
basicneurodevelopmental studieswhich indicate that
thistimeperiodispreciselythestartingpointwhenthe
upperneurologicalcontrolcentersstarttotakecontrolof
thefetalbehavior.Thisconsolidationoffetalmovements
was recognizedbyNijhuisandheclearlypointedout
thatfromabout36thgestationalweekonwardnormal
fetusesdevelopclearlydefinedfetalstates(Fetalstates1
through4).10Hehasshownthatadisorganizationofthese
fetalstatescoincideswithdisruptedfetalbraindevelop
ment.12Thereforewe can see that thedevelopmentof
fetalbehaviorisaprocessthatdirectlydependsonthe
developmentofthecentralnervoussystem.Ifthereisa
changeoradisruptioninthedevelopmentofcentralnerv
oussystemwhetheritisamorphologicalorafunctional
disruptionitwillreflectitselfonthedevelopmentoffetal
behavior.12Averygoodandapracticalexampleforthis
shiftofneurologicalcontrolfromlowertouppercontrol
centeranditseffectonfetalbehaviorisexcellentlyshown
inthebehaviorofanencephalicfetuses.13,14 

Thisconditionisusuallydiagnosedinthefirsttrimes-
terandmostof these fetusesareabortedbut in some
casesdotoreligiousorpersonalreasonstheparentshave
decidedtocontinuethepregnancy.Theseinstanceswere
perfectforthestudyoffetalbehavior.Whenlongitudinal
studieswereperformed itwas a surprise todiscover
howabundant the fetal behaviorwas in thefirst and
earlysecondtrimester,atimewhenthecontroloffetal
behaviorismainlyduetolowercontrolcenters.13,14 As the 
pregnancycontinuedattheendofsecondandespecially
in the third trimester theontological shift ofmotoric
controlfromlowertouppercontrolcenterhappensand
thesamewasreflectedonthefetalbehavior.13,14Thefetal
movement’srepertoirechanged,themovementsbecome
jerkyandsimple,facialmovementsrareorabsent.13,14

This simple clinical and research setting clearly 
implieshowcomplextheneurodevelopmentis!Theright
pathtostudytheneurodevelopmentismostprobablya
combinationofmorphologicalandfunctionalstudiesin
bothfetusesandinfants.

Study of Fetal Behavior

Asmentionedintheintroductionthestudyoffetalbeha-
viorstartedalongtimeagobutitgainedasubstantial
momentumwith the introductionof two-dimensional
ultrasound.Thefetalmovementswerestudiedlongitu
dinallyinbothlow-andhigh-riskpregnancies.7-9,15 Due 
to technicallimitationsoftwo-dimensionalultrasound

Fig. 1: Fetal face with opened eyes

Fig. 2: Fetal face with opened mouth

Fig. 3: A fetus smiling

these studieswerebasedmainlyonquantificationof
specificmovements.Asparametersofnormalitywere
set for all individualmovements, in timeauthors lost
interest in the studyof fetal behaviorbecause a limit
was reachedand the technical limitationsofavailable
technologycouldnotbesurpassed.
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Withtheadvanceofcomputertechnologywhichin
turnwasimplementedintoultrasoundtechnologythe
dawnof volumeultrasound started and anewpers-
pectiveforstudyoffetalbehaviorwasopened.Three-
andfour-dimensionalultrasoundofferedsomethingthat
wasnotpossibleintheplainB-mod.Forthefirsttime
we couldobserve fetal face in three-dimensions,first
staticallyinthree-dimensionsandinjustalitewhilea
newdimensionoftimewasaddedandwecouldseefetal
facialexpressionsinalmostrealtime(Figs1to3).16 This 
technicalpossibilityopenedacompletelynewaspectin
thestudyoffetalbehaviorthestudyoffetalawareness,
anditsvalueneedstobeyetexplored.17

Since, fetal behavior is considered a reflection of
fetalbraindevelopmentauthorspointedoutitsclinical
andresearchvaluebutthesestudymethodswerenever 
widelyimplementedforfetalneurologicalassessment.18,19 
Severaldifferenttestsforevaluationoffetalneurobeha-
viorwereproposedbutdototheirconcept,complexity
and timeconsuming theywerenotpractical fordaily
use.20,21Generalmovementscouldbesingledoutasthey
showa continuity fromprenatal topostnatal period
andtheirprognosticvaluewasstudiedextensivelyboth
prenatallyandpostnatally.22-25Inareviewarticleabout
postnatalassessmentofGMduring thefidgetymove
ments’ period they conclude thatGMcouldbeused
as aprognostic tool to identify infantswithneurode
velopmentaldisabilities.26 Another author implies that 
impairedfidgetyGMscouldbeusedfordetectionofhigh-
risklatepreterminfantswhoneedearlyintervention.27 
SimilarconclusionwasreachedbyDeVriesinherreview
articleaboutfetalbehavior.28 She notices the problems 
regardingstudiesoffetalbehaviorandemphasizedthe
importanceofGMandproposestheirassessmentasa
partofroutinesonographiccare.IncaseofabnormalGM
findingsheadvocatesadvancedsonographicexamination
wherespecialattentionshouldbefocusedonthehead,
includingeyesandjaw,torsoandlimbs.28DeVriesalso
notedtheadvantagesoffour-dimensionalultrasoundfor
thefutureresearchoffetalbehavior.28

Kurjak Antenatal Neurodevelopmental Test

Thetestisbasedontheevaluationoffetalbehaviorusing
four-dimensionalultrasound.Since,therewerenostudies
offetalbehaviordonebyfour-dimensionalultrasound,
first the standards of normality for all individual
movementshadtobemade.29Thenextinlinewasthe
selectionofparameters tobe included in theKANET.
Thechoicewasbasedondevelopmentalapproachtothe
neurologicalassessmentandonthetheoryofemergence
ofGMfromcentralpatterngenerators.30Generalmove-
mentsarepartofthespontaneousmovementrepertoire

andarepresentfromearlyfetallifeonwardsuntilabout 
5month’spostnataly.26Thesemovements involve the
wholebodyinavariablesequenceofarm,leg,neckand
trunkmovements.26Theywaxandwane in intensity,
forceandspeedandtheyhaveagradualbeginningand
end.Ifthenervoussystemisimpaired,GMslosetheir
complexandvariablecharacterandbecomemonotonous
andpoor.26

ThereforetheKANETscoringsystemisacombina
tionofsomeparametersfromthefetalGMassessment
andparameters frompostnatalATNAT assessment,
whichcanbeprenatallyvisualizedbyfour-dimensional
ultrasound.30,31OnsuggestionofAmielTisontwovery
importantneurologicalsignsthatarevisiblewithfour-
dimensionalultrasoundwereincludedinthetest:over
lappingsuturesandneurologicalthumb.30,31

Themain twoadvantagesof the four-dimensional
ultrasound in comparison to two-dimensional ultra
sound, incorporated inKANET, are thepossibilityof
evaluationoffetalfacemovementsandbetterevaluation
ofqualityof fetalmovements.32 Ina two-dimensional
sonographic image the investigator can see themove
menthecancountthenumberofmovementsandjust
sometimeshecanseethecombinationofseveralmove
mentsaswell.Whatfour-dimensionalultrasoundaddsis
theassessmentofqualityofthemovement.Ahanddoes
notjustmoveorflexasintwo-dimensionalimagenow
wecanassesssimultaneouslytherotation,supination,
pronation,individualfingermovementsanddirectionof
themovementandasmentionedmostimportantlythe
impressionofqualityandcomplexityofthemovement.

In thefirst versionofKANET the followingpara-
meterswereincorporated:isolatedheadflexion,overlap
pingcranialsuturesandheadcircumference,isolatedeye
blinking,facialalteration,mouthopening(yawningor
mouthing), isolatedhandandlegmovements,handto
facemovements,fingermovementsandthumbposition,
Gestaltperceptionofgeneralmovements(overallpercep
tionofthebodyandlimbmovementswiththeirqualita
tiveassessment).Intotaltendifferentparameters.30

A revision ofKANETwasdone in 2011 andwas
published asOsaka statement. Itwas concluded that
KANETshouldbeperformedinthe3rdtrimesterfrom
28th to 38thweek of gestation (a timeperiodwhen 
upper neurological controlcenterstakecontroloffetal
behavior).33 Theassessment should last from15 to 20
minutes, and the fetuses should be examinedwhen
awake. If the fetus is sleeping, theassessment should
bepostponed for 30minutesor for thenextdaybet-
ween14and16hours.33Incasesofdefinitelyabnormal
or borderline score, the test shouldbe repeatedevery 
2weekstilldelivery.NewmodifiedKANETtestshould
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beusedwith8insteadof10parameters:Facialandmouth
movementsarecombinedinonecategory,isolatedhand
movementsandhandstofacemovementsarecombined
inone category.33After four-dimensional assessment
of behavioral patterns in the fetuses fromhigh-risk
pregnancies,whichwerescoredasborderlineorabnor
mal,itisveryimportanttocontinuewithfollow-upafter 
delivery.Infantsshouldbefolloweduntiltheageofatleast
24monthswhendiagnosisofdisablingornondisabling
cerebral palsy could ultimatelybemade.33

Are Prenatal and Postnatal Neurological 
Assessments Comparable?

Thisisthemostimportantquestionwecouldaskbutthe
answerisnotasimpleone.Wemightjustdecidethatwe
are on the rightpathwithourresearch,butwecannot
andshouldnotbeboldenoughtosaywewilldiagnose
neurologicaldisordersprenatally.Theproblemisavery
complexone.Thebraincontinuestodevelopintensively
inthepostnatalperiodaswellandwecannotforgetthe
factthatthefetusgrowsinadifferentenvironmentthan
aninfant,mainlyduetothelackofgravity.34

Thebrainhasawonderfulpossibilityofsurprising
uspleasantly.Incaseswhereneurodevelopmentisvery
disturbeditispossibletopredictfutureneurologicalout-
comebutsurprisesdohappenandinsomeindividuals
withseverelyaffectedneurodevelopmentininfancyat
the ageof small childoryoungadolescent clinicians
weresurprisedwithencouragingoutcomeduetobrain
plasticity.Thisisthereasonwhydefinitionofcerebral
palsyhaschangedmanytimesinthelastseveraldecades.
Whentryingtopredictthefutureofhigh-riskbabiesin
termsofindividualneurodevelopment,thanoneshould
alwaysbearinmindthatitisonlyastatisticalcategory
without possibility to predict neurodevelopment on
individualbasis.

Wehavetoberealisticandtakeintoaccountthateven
clinicalassessmentofmuscletone,strength,andcontrol
ofvoluntarymovements for earlydetectionof infants
withtheriskforcerebralpalsyhasbeenfrustratingas
well,because43%of7-year-oldchildrenwithcerebral
palsyhadanormalnewbornneurologicalexamination.35 
Thingsbecomeevenmorecomplexwhenwetakeinto
theaccount thatneuropediatricanshave thehandson
possibilitytoevaluatetheneonateandobstetricianshave
apassivelookinsidetheuterusbutontheotherhandthe
fetusisfreeofgravityandisabletoperformmorecom
plexmotorictasksthantheneonate.Intheendisthere
anythingthatwecanorcouldconclude?Toanswerthis
questionIwillquoteourpreviouslypublishedwork.36

Personal Experience

Wecomparedfetalbehaviorlongitudinallyinhigh-risk
(N=116)andinnormalpregnancies(N=110).36 Indi
vidualKANETparameterswere comparedbutmore
importantly the results ofKANET frombothgroups
werecomparedwithpostnatalneurologicalassessment
according to AmielTison neurological assessment at term 
(ATNAT).ComparisonofKANETandATNATshowed
statistically significant,moderate correlationbetween
thetwotests,whichmeansthattheneuropediatricexam 
(ATNAT)confirmedtheprenatalfour-dimensionalfind
ing(KANET).36Eventhoughthesenumbersweresmall
theyindicatethatweareontherightpathandthatthe
studyoffetalbehaviorcouldbethebesttoolthatwehave
fordiagnosingormaybemorepreciselysaidplacinga
suspicionthattheremightbeaneurologicaldevelopmen
talproblem.Itwillbecrucialtodesignlonglastingdouble
blindedstudiesinordertoproveclinicalprognosticvalue
ofKANETtestoranyothermethodofprenatalneuro
logicalassessment.Thefinalgoalistoidentifyfetuses
at risk forneurodevelopmentaldisorders follow them
prospectivelyandintroduceearlyintervention.
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