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ABSTRACT

Thepaperreviewscertainintegralequationapproachesandrelatednumericalmethodsusedinstudies
ofbiomedicalapplicationsofelectromagneticfieldspertainingtotranscranialmagneticstimulation
(TMS)andnervefiberstimulation.TMSisanalyzedbysolvingthesetofcoupledsurfaceintegral
equations(SIEs),whilethenumericalsolutionofgoverningequationsiscarriedoutviaMethodof
Moments(MoM)scheme.Amyelinatednervefiber,stimulatedbyacurrentsource,isrepresented
byastraightthinwireantenna.ThemodelisbasedonthecorrespondinghomogeneousPocklington
integro-differentialequationsolvedbymeansoftheGalerkinBubnovIndirectBoundaryElement
Method(GB-IBEM).SomeillustrativenumericalresultsfortheTMSinducedfieldsandintracellular
currentdistributionalongthemyelinatednervefiber(activeandpassive),respectively,arepresented
inthepaper.
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1. INTRodUCTIoN

Whilehumanexposuretoradiationfromdifferentelectromagneticinterference(EMI)sourceshas
initiatedanumberofquestionsregardingpotentialadverseeffects,particularlyforthebrainandeye
exposuretohighfrequency(HF)radiation,somebiomedicalapplicationsofelectromagneticfieldsare
ofparticularimportance,aswell.Thus,theelectromagneticfieldsareappliedinmedicaldiagnostic
andfortherapypurposesfeaturingtheuseoftechniquessuchas:transcranialmagneticstimulation
(TMS)(Cvetković&etal.,2015;Garvey&Mall,2008;Rajapakse&Kirton,2013,Yamamoto&
etal.,2016),percutaneouselectricalnervestimulation(PENS), transcutaneousnervestimulation
(TENS)(Frijnas&tenKate,1994;Rattay,1999;Zulim&etal.,2015),orintraoperationalmethods
suchastranscranialelectricalstimulation(TES)anddirectcorticalstimulation(DCS).Transcranial
magneticstimulation(TMS)isanoninvasiveandpainlesstechniqueforexcitationorinhibitionof
brainregions,andinlastfewdecadesisanimportanttoolinpreoperativeneurosurgicaldiagnostic/
evaluationofpatients(Picht&etal.,2013;Deletis&etal.,2014;Rogić&etal.,2014).TMSis
alsoused in therapeuticpurposes(i.e.depression),and issubjectof interest inneurophysiologic
research.VariousefficiencyaspectsofTMSstimulationhavebeenprimarilystressedoutprimarily
duetodifferencesinrelevantstimulationparameterssuchaspulsewaveform,frequency,intensityof
treatment,etc.ThechoiceofoptimalstimulationintensityisstillinvestigatedinmanyTMSstudies.

Thecoilorientationandpositioningappreciablyinfluencethemisalignmentfromthetargeted
brainregion, thusreducingtheTMSefficiency,althoughbyusingnavigatedTMS, thisproblem
couldbe somewhat alleviated. In addition to the stimulationparameters,beingadjustable to the
requirementsoftheTMSoperator,toacertainextent,thedifferenceinindividualbrainmorphology,
duetoage,genderorhealthstatusandthebiologicaltissueparametersappreciablyinfluencethe
distributionoftheinducedfieldsinthebrain.Mostoftheparametersareobtainedunderdifferent
measurementonexvivoanimalandhumantissues,andusuallyexhibitlargevariationsfromtheir
averagevalues.Thelevelofuncertaintyinthevaluesofthebrainconductivityandpermittivity,is
evenmorepronouncedatlowfrequencies.

ModelingandcomputersimulationofTMSphenomenacouldberatherusefulindetermining
theexactlocationofstimulation,intheinterpretationofexperimentalresultsaswellasindesigning
some more efficient stimulation setups. Realistic TMS models can also provide a more reliable
predictionofthedistributionofinternalfieldsandcurrentsbytakingintoaccountthevariabilityof
thevariousinputparameters.

Furthermore, techniques suchasPENS, electro-acupuncture,orTENSarewidelyused in a
treatmentofneurologicaldisorders.Basically,therearetwotypesofelectricpotentialoccurringin
thestimulatednervecells;theelectrotonicpotentialandtheactionpotential.Theelectrotonicpotential
existingdue to the localchanges in the ionconductivitydecaysalong the fiber, and thepassive
membranethenshowslinearnaturewhichsatisfiesOhm’slaw.Theactionpotentialisinitiatedwhen
thethresholdpotentialtowhichthemembranepotentialmustbedepolarized,isachieved.Studies
onelectricalexcitationofnerves,amongotheraspectsinvolve:nerveexcitationusingstimulating
electrodes,nerveconductionvelocitytestsornon-invasivestimulationofnerves.Theexceptional
nervoussystemcomplexity,particularlynervecellsasitsbasis,andwidespreadneurologicaldisorders
andaneedforbetterinsightintocomplexfunctioningofthenervoussystemhavebeencontinuously
motivatingresearchers(Golomolzina&etal.,2014)tocarryoutanefficientandaccuratenerve
fibermodeling.Thus,suchcomputationalmodelsofnervefiberscouldprovideastudyofthenerve
fiberresponsetodifferentstimuluswaveforms,oftenusedwithinvariouselectrotherapytechniques,
particularlyelectro-acupunctureandPENS.Suchamodelcanbebeneficialandversatiletoolfor
interpretingexperimentalresultsandanalyzingvariablesforwhichtherecouldbedifficultiesinthe
laboratoryimplementation.

Thepresentworkextendsthereview(Poljak&etal.,2016.a)ofintegralequationmethodapproach
tostudyTMSinducedfieldsandnervefiberexcitationusedintherapeuticproceduressuchaselectro-
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