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ABSTRACT

Good health of bones is of the utmost importance to human beings. Smart materials like lead
zirconatetitanate(PZT)patchesaresmallinsizeandcarrylessweight,whichmakesthemmostapt
forbiomedicalstructuralhealthmonitoring(BSHM).Inthepast,focusonthedevelopmentoflow-
costnon-invasivetechniquesforreal-timemonitoringofcriticalboneshasbeenundertakenasan
alternativetocurrentdiagnosistechniquessuchasdualx-rayabsorptiometry(DEXA),whichisnot
portableandemitsradiations.Thispaperpresentsastudytoevaluateapreviouslydevelopednon-
bondedpiezosensor(NBPS)-baseddiagnostictechniquefornon-invasivedetectionofosteoporosis,
intheframeworkoftheelectro-mechanicalimpedance(EMI)technique.Aspartofthestudy,the
experimentaltrialsinthepaperareperformedforcomparingDEXAandboneelectro-mechanogram
(BEMG)onhealthysubjectsaswellasthosewithosteoporosis.ItwasfoundthatBEMGidentified
structuralsystemforhealthyandosteoporoticsubjectswerequitedifferentleadingtoanewtechnique
toidentifyosteoporosis.
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1. INTRodUCTIoN

Humanhealthhasalwaysbeenaprimefactorofconcernwithrespecttoself-development,societal
needsor even thenation. In this regard,medical communityhavebeen investing tireless efforts
to study,diagnose, enhanceand improvehumanhealthby incorporatingadvanced technologies.
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TechnologiesusedfordiagnosingailmentsinhumanboneslikeX-Ray,CTScan,DEXAetc.are
someofthetechniquesinthiscategory.

DEXAorbonedensitometry,isanimprovedversionofx-raytechnologyformeasuringbone
mineraldensity.Tillnow,DEXAistheprimarytechniqueemployedfordetectingosteoporosisand
hasfulfilleditspurposetoareasonableextent.DEXAisgenerallyavailableinmajorhospitalsand
prominentscancentres.Apartfromitsadvantageousperformance,somedrawbackslikeexposure
ofX-rays,highcostandunderestimationoffractureduetosmallbonesizeandbonedegeneration
tendtolimititsutility.

Inthispaper,anattempthasbeenmadetoevaluatepiezosensorsasanalternativetoDEXAfor
detectionofminerallossinbones,knowninmedicaltermasosteoporosis,basedonelectro-mechanical
impedance(EMI)technique.Thistechniqueiscurrentlyemployedforstructuralhealthmonitoring
(SHM)ofcivilandmechanicalengineeringstructures(SHM)(BhallaandSoh,2003;Inmanetal.,
2001;Limetal.,2006;Sohetal.,2000).Inthebio-medicalfield,theenhancedapproachisaddressed
asboneelectro-mechanogram(BEMG)(Srivastava,2018;Srivastavaetal.,2017;Prakash,2020).
Advantagesof theBEMGare: low-cost,easyhandling,nofearofx-rayexposure to thehumans
anddiagnosisofdiseaselikeosteoporosis.PotentialevaluationwithrespecttoDEXAandeffective
drivepointimpedancebasedparametricanalysisformeasuringthedegreeofosteoporosisneedto
betakenup.

2. METHodoLoGy

2.1 Electro-Mechanical Impedance Technique in Bio-Medical Engineering
Liangetal.(1994)inventedtheEMItechnique.Thedynamicresponseofthestructureismeasured
usingPZTpatchesintermsofadmittancesignatures.ThePZTpatchesareheldontothestructurevia
bondingusingahighstrengthepoxyadhesive.ThePZTpatchperformsthefunctionofbothsensor
andactuatorsimultaneously.Thefundamentalprinciplebehindthistechniqueisthatthestructureis
subjectedtohighfrequencyexcitations(usually>30kHz)throughthesurfacebondedPZTpatches.
Duetoapplicationofanalternatingelectricfield,harmonicdeformationsareinducedinthePZT
patchwhichgeneratesmechanicalvibrationsinthenearbystructure.Thestructuralresponseisthen
furthertransmittedfromthepatchasanelectricsignal,namelytheadmittanceplots,consistingof
therealcomponent,conductance(G)andtheimaginarycomponent,thesusceptance(B)asshownin
Figure1.ConductanceandSusceptance,asfunctionsoffrequency,arethedistinctuniquesignatures
that convey information about the dynamic characteristics of structure. Any kind of structural
damagechangestheseandespeciallytheconductance,thusindicatingdamage.Theimaginarypart,
susceptanceisusedforsensorandbonddiagnostics.Variationinconductancesignatureofthepatch
recordedatanypointoftimeascomparedwiththebaselinemeasurementinthehealthycondition
pointstowardsoccurrenceofdamage.

Activeandpassivesignaturesaredecomposedasperruletoextractthemechanicalimpedance
of thehoststructurefromtheadmittancesignatures(seeequation1)of thesurfacebondedPZT
patches (Bhalla and Soh, 2004). In equation 1, Z  is the short-circuited ‘effective mechanical
impedance’,Z

a
themechanicalimpedanceofthePZTpatch,Y E theyoung’smodulusofPZTpatch

atconstantelectricfield,d31thepiezoelectricstraincoefficientofPZTpatchcorrespondingtoaxis
‘3’and‘1’, ε33

T complexpermittivityofPZTpatchalongaxis ‘3’atconstantstress,ĸ thewave
number, υ thePoisson’sratio,hthethicknessofthepiezopatch,lthehalflengthofthepatch,wthe
thicknessofthepatchandωtheangularfrequency.Basedonthevariationoftherealpart,x,andthe
imaginarypart,y,oftheimpedanceZ=x+yj,thehoststructurecanbeidentifiedasacombination
ofbasicelementsnamelyspring,massanddamper(Srivastavaetal.,2017;Bhallaetal.,2017).This
iscalledas“impedance-basedidentification”
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