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ABSTRACT

Dentalimpressionsareanimportantpartofroutinediagnosticandtherapeuticdentalprocedures.Using
conventionalimpressionmaterials,thedentistcapturesintraoraldetails,andthedentaltechnicianuses
impressionfordentalcastspouring.Intraoralscanners(IOS)arefast,accurate,andmorepleasantfor
apatientthanconventionalimpressiontechniquesandbecameavalidalternativetothoseprocedures.
Thirty-fourdentalstudentsperformedalginateanddigitalimpressionsoneachotherandfilledtwo
2-partquestionnairestorevealtheirpreferencesandexpectationsfrombothtechniques.Theresults
showedastatisticallysignificantdifferenceintimeneededfordigitalandconventionalimpressions,
withdigitalbeingfaster.Fromthepatient’sperspective,thedigitalscanwasmorepleasantthanthe
conventionalimpression.Themajorityofparticipantsthoughtdigitaltechniqueswouldcompletely
replace conventional techniques during their lifetime and find it necessary to implement new
technologiesindentalschools’curricula.
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INTRoDUCTIoN

Dentalimpressionsareusedforcapturingdetailsoforalanddentaltissuesusingstandardimpression
techniquesandmaterials(Rudolphetal.,2015).Theyareessentialandwidelyusedforplasterstudy
modelsmanufacturing,used fordiagnosticand treatmentplanningpurposes.However, technical
innovationsinthedentalfieldgaverisetonew,fasterandmorepleasantsolutionsforbothpatient
anddoctor.

Theconceptofintraoraldigitalimpressionswasintroducedindentistryintheearly1980sand
hadbeencontinuouslyevolvingeversince.Digitalworkflowallowsomittingafewproceduralphases,
makingtheprocessfasterandmoreaccurate.Astandarddigitalprocedureincludesdigitalintraoral
scan, appliance design, 3D printing, and appliance delivery. Virtual systems have changed both
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theeverydaydentalpracticeanddentaleducation.Itsconstantandrapiddevelopmentandendless
possibilitiesforitselegantapplicationandworkoptimizationinalldentalfieldscannotbeignored,
andthereisagreatneedforitsimplementationinDentalSchools’curriculawhichrequiresaprior
assessmentofstudents’attitudesandpreferencesaswellasthestateoftheknowledgeregardingthe
impressiontechniques.

Severalproblemsareconnectedwiththeuseofconventionalimpressiontechniquesthatcould
beeliminatedbydigital scanning, including ‘pull’, tears,bubbles,voidsandmaterial shrinkage.
Moreover,becausemodelsarecast inplasterorstone, theyhavesomedrawbacksinstorageand
retrieval,diagnosticversatility,transferabilityanddurability(Joffe,2004).Thelegalaspectsofdental
recordsarealsofundamentalsincefederallawsmandatethepractitionertokeepandretainrecords,
usuallyfortenyearsfromthedateofthelastservicetothepatient,sothereisagreatneedforrational
spacemanagementsinceconventionaldentalcastsrequireasubstantialamountofstoragespace.

Withdigitalmodels,datastorageismademoreefficient,eliminatingtheneedforphysicalstorage
space,whilealsoavoidingstorageissuesofplasterchippingorbreakage(Martinetal.,2015).

Orthodontists andother dentalmedicine specialists are rapidly accepting digital technology
andnewmaterialsineverydaywork.Facialanddentalscanners,cone-beamcomputedtomography,
3Dprinting,andothermoderntechnologiesallowprofessionalsmoreaccuratepatientassessment,
virtualmodelstoring,treatmentplanningandappliancemanufacturing.Proceduralmistakesduring
conventional impression taking, castingandmeasuringareminimizedusingdigital impressions,
and virtual treatment planning allows fast and straightforward communication between lab and
orthodontist’spracticeandquickandstraightforwardapplianceproduction(Flemingetal.,2011;
Fluggeetal.,2013;Grunheidetal.,2014;Hayashietal.,2013;Wirantoetal.,2013).

Thearticleaimedtoassess4th,5thand6th-yearstudents’perceptionofcontemporaryimpression
techniquesandpreferencestowardsconventionalordigitalimpressiontechniqueandtheneedfor
implementationinDentalSchools’curricula.Thispaperisanextensionofapilotstudypresented
initiallyinthe4thInternationalConferenceonSmartandSustainableTechnologies(SpliTech),Bol,
Croatia,2019,whichresultedinimpressiveyetexpectedresultsandtheneedfornewresearchwith
moreparticipantsincluded(KalibovicGovorkoetal.,2019).

Thepaperisorganizedinfollowingsections:inIntroduction,wewillreviewthecurrentwork
ondigitalandconventionalimpressionsandcomparisonbetweenthem,inMaterialsandMethods,
wewillpresentourstudydesign,inResults,wewillshowtheresultsofourstudy,inDiscussion,
wewilldiscussourresultsandcompareourdatawithcurrentworkandpresentconclusionsinthe
Conclusionssection.

BACKGRoUND
TherecentsystematicreviewofBohneretal.showedthatthecurrentdigitaltechnologiesareaccurate
forspecificapplications.However, thescanningofedentulousarchesstill representsachallenge
(Bohneretal.,2019).

Anotherreviewindicatesthatwhilealltheintraoralscanner(IOS)systemscangeneratevirtual
models of acceptable accuracy in specific applications, they share similar limitations. However,
differentstudieshavereportedvariableoutcomesfromotherIOSsystems(Abduo&Elseyoufi,2018).
Currentevidencesuggeststhatpatientsaremorelikelytopreferdigitalworkflowthanconventional
techniques(Gallardoetal.,2018).Digitalimpressionscomparedtotraditionalmethodsinyoung
orthodonticpatientswereratedmorecomfortable,butdatashowednodifferenceinanxietyandstress;
however,patientspreferreddigitalimpressionsystemsinsteadofconventionalimpressiontechniques.
Alginateimpressionsresultedasfastasdigitalimpressions(Manganoetal.,2018).

Burhardtshowedthatyoungorthodonticpatientspreferredthedigitalimpressiontechniquesover
thealginatemethod,althoughalginateimpressionsrequiredtheshortestchairsidetime(Burhardt
etal.,2016).
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The conventional impression was more time-effective than digital impressions. In terms of
patient comfort, no differences were found between traditional and digital techniques. From the
clinician’spointofview,theconventionalimpressionandthedigitalimpressionwithiTeroIOSwas
lessdemandingthanthedigitalimpressionwithLavaIOS(Benicetal.,2016).

Thequadrant-likeintraoralscanningwasmoretime-efficientforsingle-implantsitesthanthe
conventional full-arch impression technique in a phantom head simulating standardized optimal
conditions.AhighacceptanceofIOSwasobservedamongstudentsanddentists(Jodaetal.,2017).

Zitzmannstudieddentalstudents’perceptionsofdigitalandconventionalimpressiontechniques.
Fiftyundergraduatedentalstudentstookdigitalimpressionsinastandardizedphantommodelandthen
traditionalimpressionsandcompletedaVASquestionnaireonthelevelofdifficultyandapplicability
(user/patient-friendliness)ofbothtechniquesandfoundthatmoststudentsperceivedIOSasmore
straightforwardthantheconventionalprocess.Most(72%)preferredthedigitalapproachusingIOS
totaketheimplantimpressiontothetraditionalmethod(12%)orhadnopreference(12%).Inthis
study,dentalstudentswithnoclinicalexperiencecouldacquiredigitaltools,indicatingthatdigital
impressiontechniquescanbeincludedearlyinthedentalcurriculumtohelpthemcatchupwiththe
ongoingdevelopmentincomputer-assistedtechnologiesusedinoralrehabilitation(Zitzmannetal.,
2017).

Anotherpaperinvestigatedtheperspectiveofthirty-one4th-yearstudentsontheuser-friendliness
ofintraoralscannerscomparedtoaconventionalimpressiontechniquethroughfourquestionnaires.
Participantstookdigitalandtraditionalalginateimpressionsofbothjawsoneachother,andresults
showedthatthemajorityofstudents(77%)wereoverall“very”or“rather”satisfiedwiththehandlingof
theintraoralscanningmethod,and58%preferreddigitaltoalginateimpressionsfromthepractitioner’s
perspective.Fromthepatient’sperspective,thestudentsdidnotreportanysignificantdifferences
betweenthetwomethods.However,theimpressiontrayinconventionalimpressionsreducedpatient
comfortsignificantlymorethanthecameraindigitalimpressions(Schottetal.,2019).

Final-yeardentalstudentswithnopriorexperienceofintraoralscanningparticipatedinastudy
toassesstheaveragefull-archscanningtime,perceptionandlikelihoodoffuturetechnologyadoption
usingthreedifferentComputer-AidedDesign/Computer-AidedManufacturing(CAD/CAM)intraoral
scanningsystemsonmannequinhead-mountedmodelundersupervision.Theirscanningperformance
variedsignificantlyandwasdependentonthescanningsystemused.TheoverallIOSexperiencewas
positive,andtheperceptionoftime-saving,whenusingIOSversusconventionalimpressionmethods,
determinedthelikelihoodoffutureadoptionofthetechnology(Ahmedetal.,2019).

Martietal.comparedthetimedifferencesbetweeninstructingdentalstudentsondigitalscanning
andaconventionalimpressiontechniqueonmannequinandtypodontwithafull-coveragemetalcrown
preparationandcomparedstudents’attitudesandbeliefstowardsbothmethods.Thetimespentteaching
studentswasmoresignificantforscanthantheconventionalimpression.Beforetheinstructionand
practice,studentsconsideredthemselvesmorefamiliarwithtraditionalthanwithdigitalimpression.
Aftereducationandtraining,theconventionaltechniqueprovedsignificantlyeasierthanexpected.
96%ofparticipantsstatedthatthedigitalscanwouldbecometheirpredominantimpressiontechnique
duringtheircareers(Martietal.,2017).

Sabalicconductedananonymouspaper-basedandonlinesurveytoassessknowledge,attitudeand
practiceonvirtualreality-basedtechnology(VRBT)amongdentalstudentsanddentists.Theresults
showedthatsubjectshadpositiveattitudestowardsVRBTbutveryfewusedVRBTineducationand
practice.TeachingaboutVRBTaspartofundergraduateandcontinuingeducationprogramscould
affectfuturedentalpractitioners’willingnesstoimplementnewtechnologiesinpracticeandenhance
criticalassessmentoftherecentdentistrytrends(Sabalic&Schoener,2017).

In a pilot study by Kalibović Govorko et al., eighteen dental students and recent graduates
performed a scan and polyvinyl siloxane impression on each other. They filled two two-part
questionnairestorevealtheirpreferencesandexpectationsfrombothtechniques.Theresultsshoweda
statisticallysignificantdifferenceintimeneededfordigitalandconventionalimpression,withdigital
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beingfaster.Afterthescanning,allparticipantsansweredthatthedigitalimpressiontechniquewould
sparemoretimeintheiroffice.Themajorityofparticipantsthoughtdigitalstrategieswouldcompletely
replaceconventionalmethodsduringtheirlifetime,andthatattitudehasn’tchangedafterwards.This
pilotstudyshowedparticipants’inclinationtowardsnewimpressiontechniquesandtheneedfortheir
implementationinDentalSchool’scurriculum(KalibovicGovorkoetal.,2019).

MATERIALS AND METHoDS
Thirty-fourparticipantsincludedinthestudywererandomlyselectedamong4th,5thand6thyear’s
DentalMedicinestudentsfromtheUniversityofSplitSchoolofMedicine,14from4thand5thand
sixfrom6thyear.Participantsfromeachstudyyearwerethenrandomlygroupedinpairs.Eachpair
memberwasassignedtoperformupperjawdigitalandconventionalimpressionsoneachother.The
participant’sopinionwasevaluatedwithtwotwo-partquestionnaires;fromthepatient’sanddoctor’s
perspective,beforeandafterimpressiontaking,addressingseveraldomains.Weusedquestionnaires
fromthepaperwrittenbyMartietal.,whichwereadaptedtosuitourresearch(Martietal.,2017)
[REMOVEDHYPERLINKFIELD].Afterfillingthefirstpartofbothquestionnaires,participants
firstwatchedaninvestigator-leddemonstrationondigitalandalginatefull-archimpressiontechnique
andthenperformedbothimpressionsoneachother,digitalscanandthenconventionalimpression.
SironaPrimescanintraoralscanner(DentsplySirona,SironaDentalSystemsBensheim,Germany)was
usedfordigitalimpressionacquisition.MetalstocktraysandOrthotracealginatemixedinHurricane
mixer(allZhermackSpA,BadiaPolesine,Italy)wereusedforalginateimpression.Thedigitalscan
wastimedtwice,andalginateimpressiononceandperformeduntilaclinicallyacceptableresultwas
achieved.Afterbothimpressionsweretaken,participantsfilledthesecondpartofbothquestionnaires.

ThecollecteddatawereanalyzedusingGraphPadPrismsoftwareversion7.00forWindows
(GraphPadSoftware,LaJollaCaliforniaUSA,www.graphpad.com).

RESULTS
Inthisstudy,34participantswereincluded;fourteen4th,fourteen5thandsix6thyearstudentsofDental
Medicine,withanaverageageof22.9±1.1years(range21to26years).

Impression Execution Time
Studentsperformeddigitalimpressiontwice,andafterthat,performedalginateimpressiononce.The
analysisshowedasignificantdifferenceinthe4th-yearstudents’grouponly,betweenfirstscanand
secondscancomparedtoconventionalimpressiontime(s,pscan1=0.0031,pscan2<0.0001,uncorrected
Fisher’sLSDtest,Fig.1.).

Therewasnostatisticallysignificantdifferencebetweenthedurationofafirstandseconddigital
impressionamong4th,5thor6th-yearstudents(ns,p=0.1811,p=0.4908,p=0.8436,pairedt-test).
Still,therewasasignificantdifferencebetweenthedurationofthefirstscanbetween4thand5th(mean
diff.=-1.282,95%CI,unpairedtwithWelch’scorrection)aswellasbetween4thand6th-yearstudents
(meandiff.=-0.8024,95%CI,unpairedtwithWelch’scorrection,Fig.2.).

Therewasalsoasignificantdifferencebetweenthedurationofthesecondscanbetween4thand
5th(meandiff.=-1.361,95%CI,unpairedtwithWelch’scorrection)aswellasbetween4thand6th-year
students(meandiff.=-0.9876,95%CI,unpairedtwithWelch’scorrection,Fig.3.).

Alginateimpressiontimedecreasedsignificantlywithahigheryearofstudy(s,p=0.0109,95%
CI,testforlineartrend,Fig.4.).

Practitioner’s Perspective
Whenaskedwhethertheyhaveacquiredenoughknowledgeabouttheusageofsoftwareand/orother
digital/electronicdevicesduringtheireducation,24students(70.6%)disagreed.
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Figure 1. Scan 1, scan 2 and conventional impression time (*statistically significant)

Figure 2. Scan 1-time comparison (*statistically significant)
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Onlyninestudents(26.5%)answeredthattheyareentirelyorpartiallyfamiliarwithindependent
useofsoftwareanddifferentdigital/electronicdevices,and18students(53%)arewhollyorpartially
unfamiliarwithindependentuseofsoftwareandotherdigital/electronicdevices.

Whenaskedwhetheritisnecessarytoimplementnewtechnologiesindentalschools’curricula,
32students(94.1%)thoughtitwasultimately(67.6%)orpartiallytrue.

Themajorityofparticipantswerethoroughlyfamiliarwiththeconventionaltechnique(62%),
butonly12%werethoroughlyfamiliarwiththedigitalimpressiontechnique.

Before impressiontaking,most(70.6%)thought that thedigital impressiontechniquewould
beeasiertoperform.Afterwards,itsignificantlychangedto41.2%ofparticipants(s,p=0.0145,
Chi-squaretest).

Participantsexpectedconventionalimpressiontobecomfortablebefore,andthesameanswer
prevailedafterwards(ns,p=0.5313,Wilcoxonmatched-pairssigned-ranktest).Asfordigitalscan,
beforeandafter, themajority (54%)answered itwouldbeeasy (ns,4thyearp=0.0736,5thyear
p=0.4797,6thyearp=0.0726,uncorrectedFisher’sLSDtest).

Figure 3. Scan 2-time comparison (*statistically significant)

Figure 4. Alginate impression time comparison (#statistically significant)
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Thenumberofscanstheythoughttobenecessarytotakebeforetheycouldperformitcompetently
hadn’tchangedbeforeandafterfor4thand6th-yearstudents,butitwassignificantfor5th-yearstudents
(s,p=0.0357,uncorrectedFisher’sLSDtest).

Whenaskedaboutatechniquethatwouldsavemoretimeintheiroffice,therewasasignificant
differencebetweenbeforeandafteranswersamong4th-yearstudents:before,92.9%ofstudentsthought
itwouldbeadigitalimpressionandnoneofthemthatitwouldbeaconventionalimpression,and
afterwards,itchangedto57.1%and35.7%respectively(s,p=0.0452,Chi-squaretest).

Whenaskedwhichtechniquewouldsavemoremoney,before,allanswerswereequallydistributed,
butafter,themostfrequentresponsewastheconventionaltechnique.Still,itwasnotsignificantly
different(ns,p=0.3859,Chi-squaretest).

Themajorityofparticipantsthoughttheywouldusedigitaltechniquesasaleadingimpression
techniqueatsomepointintheircareerandcompletelyreplaceconventionalmethodsduringtheir
lifetime.Thatattitudehasn’tchangedafterwards(88.2%before,91.1%after).

Whenaskedwhethergettingfamiliarwithdentalscannerschangedtheiropinionontheusefulness
ofscanningtechnology,56%saidtheiropinionimproved,remainedunchangedin38%andworsened
in6%oftheparticipants.

Patient’s Perspective
Allanswers in thisquestionnaire,beforeandafter,wereanalyzedusingWilcoxonmatched-pairs
signed-ranktest.

Themajorityofparticipantsthoughtthattheconventionalimpressionwasn’tpleasant(61,7%),but
thatchangedafterwardsto44,1%(s,p=0.0007,Fig.5.).Aftertheyexperiencedit,studentsthought
itwasmorepleasantthanbefore.

Therewasa significantdifferencebetweenbeforeandafter answers regardingconventional
impressionexecutionspeed(s,p=0.0001).Participantsthoughtthattraditionalwasquickertoperform
afterwards.

Themajoritythoughtthatitwastrueandpartiallytruethatconventionalimpressioncausesgag
reflexbefore(76,4%),butthepercentageofparticipantswiththatopinionafterwardssignificantly
changedto55,8%(s,p=0.0329).

Figure 5. Before and after opinion on the statement that conventional impression is pleasant. (*statistically significant)
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Whenaskedifaconventionalimpressionwascomfortableforthepractitionertoperform,the
mostfrequentanswerwasthatitwaspartiallytrueandafteritsignificantlyimproved(s,p=0.0061).

Whenaskedifscanningwaspleasant,most(79%)thoughtitwasentirelyandpartiallytruebefore,
andthatopinionworsenedsignificantly(s,p=0.0034,Fig.6.).

Opinionaboutscanningspeedsignificantlyworsenedafterwards(s,p=0.0047).Themajority
oftheparticipantsthoughtitwasrelativelyquickbefore(82,3%),butlater,only47%ofparticipants
feltthat.

Students thought that scanningcausedneithergag reflexnorbreathingdifficulties,and that
opinionstayedthesameafter.

Whenaskedwhetherscanningwaseasyforthepractitioner,themajoritythoughtitwaswhollyand
partiallytrue(70,5%),andafterwards,itworsenedto56%,butitwasnotsignificant(ns,p=0.1743).

DISCUSSIoN
Digitizationofmedicineanddentalmedicineisinfluencingpractitioners’workflowdaily.Ithasstarted
fortyyearsagoandisrapidlyandcontinuouslyimproving.Thedevelopmentofcomputertechnology
andaccompanyingequipmentresultsinsignificantclinicalworkchanges.Thereisagreatneedfor
theirimplementationindentalschools’curriculaandthedevelopmentofnewtrainingmethods.

Thisstudyisanextensionofapilotstudy(KalibovicGovorkoetal.,2019)whichassessed5th
and6th-year studentsandyoungdentists’perceptionofcontemporary impression techniquesand
preferences towards conventional or digital impression technique. This research engaged bigger
groupsofstudentsthantheoriginalpilotstudy,whichincludedyoungerstudentswithnoimpression
experience.Also,weuseddifferentimpressionmaterial,alginate,insteadofpolyvinylsiloxane.The
reasonforusingdifferentmaterialwastheimprovedqualityandstabilityofalginate,itslowerprice
comparedtopolyvinylsiloxaneandmoresimpleimpressiontechniqueandhandling.

Theanalysisofthetimeneededfortwoconsecutivedigitalandonealginateimpressionshowed
thatthefirstdigitalimpressiontimewaslowestinthe4th-yeargroup,followedby6thand5th-year
students.The4th-yearstudentswerealsothefastestwiththesecondscan,followedby6thand5th-year
students.

Figure 6. Before and after opinion on the statement that digital impression is pleasant. (*statistically significant)
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Theanalysisshowedasignificantdifferencebetweenthefirstscanandsecondscancomparedto
conventionalimpressiontimeinthe4th-yearstudents’grouponly,withthedigitalimpressionbeing
faster.Sincetherearenoobjectivereasonsforbetterresultsinyoungerstudents,thesimpleexplanation
ofbetterscanningresultscouldbeagreaterphysicaldexterityofthatgroupofstudents.Another
researchshowedthattheconventionalimpressionwasmoretime-effectivethandigitalimpression.
Theyusedadifferentscanner,differentimpressionmaterialandasinglecrownscaninsteadofa
full-mouthscan(Benicetal.,2016)[.Alginateimpressionsinorthodonticpatientsinanotherstudy
resultedasfastasdigitalimpressions(Manganoetal.,2018).

Asfortheconventionalimpression,thehigherthestudyyear,theshortertheimpressiontime,
which couldbe attributed to the fact that younger students are less experienced in conventional
impressiontechniqueandolderstudentshavebeenpracticingitforthepastfewyears.

Whenaskedwhether theyhaveacquiredenoughknowledgeof theusageofsoftwareand/or
otherdigital/electronicdevicesduringtheireducation,almosttwo-thirdsofthemdisagreed.That
informationisvaluablesinceitpointsoutthatregionaluniversitiesareinertwhenimplementingthe
newtechnologiesintheundergraduatecurriculum.

Itsurprisesthatonly26.5%ofparticipantsansweredthattheyareentirelyorpartiallyfamiliar
with independentuseofsoftwareanddifferentdigital/electronicdevices,and53%arewhollyor
partiallyunfamiliarwith independentuseof softwareandotherdigital/electronicdevices.These
generationsofstudentsgrewupwithdigitaltechnologies,buttheirusageislimitedandorientated
mainlytomobilephone-basedapplications.

Theresultsshowedthatstudentsareawareofthelackoftheircompetencies;whenaskedwhether
itisnecessarytoimplementnewtechnologiesindentalschools’curricula,32students(94.1%)thought
itwasentirelyorpartiallytrue.

Itisencouragingthatmostparticipantswerecompletelyfamiliarwiththeconventionaltechnique,
soitisevidentthatthetraditionalcurriculumservesitspurpose,whichisinconcordancewithMarti
etal.(Martietal.,2017).

Understandably,only12%ofparticipantswerecompletelyfamiliarwiththedigitalimpression
technique.Theconventionaltechniqueisbeingtaughtindentalschools,anddigitaltechniquesare
leftoutandusuallyavailableonlyonpaidcoursesorinourstudyprogrammeasanelective3-day
coursefor5th-yearstudentssince2018.

Beforeimpressiontaking,themajority(70.6%)thoughtthatthedigitalimpressiontechnique
wouldbeeasiertoperformthanconventional,andafterwards,resultssignificantlychanged,decreasing
to41.2%ofparticipants.Students’expectationswerehigh,andthedigitalscanningtechniqueisstill
demanding,especiallywhenscanningtheentirearch.OurresultsdifferfromZitzmann’s(Zitzmann
etal.,2017).Theyperformedimplantimpressionsonacustomizedmaxillarymodelsituationwith
abone-leveltypeimplant,andourparticipantstookbothimpressionsonpatients.

Participantsexpectedbothconventionalanddigitalimpressionstobeeasybefore,andthesame
answerprevailedafterwards.

Thenumberofscanstheythoughttobenecessarytotakebeforetheycouldperformitcompetently
hasn’tchangedbeforeandafterfor4thand6th-yearstudents.Still,itwassignificantfor5th-yearstudents,
theythoughtthattheywouldneed,onaverage,sevenattemptslessthantheyestimatedearlier.

Whenaskedaboutatechniquethatwouldsavemoretimeintheiroffice,therewasasignificant
differencebetweenbeforeandafteranswersamong4th-yearstudents:before,92.9%ofstudentsthought
itwouldbeadigitalimpressionandnoneofthemthatitwouldbeaconventionalimpression,and
afterwards,itchangedto57.1%and35.7%respectively.Theolderstudentsthoughtitwouldbea
digitalimpression,andthathasn’tchangedsignificantly.Astudywithfinal-yeardentalstudentson
full-archscanningrevealedthattheoverallIOSexperiencewaspositivewithaperceptionoftime-
savingandshowedalikelihoodoffuturetechnologyadoption(Martietal.,2017)

Whenaskedwhichtechniquewouldsavemoremoney,before,allanswerswereequallydistributed,
butafter, themostfrequentresponsewastheconventionaltechnique,butitwasnotsignificantly
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different.High-qualitydigital scanners are still quite expensive.Maybe amere contactwith the
sophisticated device during the research and the simplicity of the alginate impression stress the
apparentpricedifferencebetweenthem.

Themajorityofparticipantsthoughttheywouldusedigitaltechniquesasaleadingimpression
techniqueatsomepointintheircareerandcompletelyreplaceconventionalmethodsduringtheir
lifetime.Thatattitudehasn’tchangedafterwards,whichisinconcordancewithMartietal.(Marti
etal.,2017)

Themajorityofparticipantsthoughtthattheconventionalimpressionwasn’tpleasant,butafter
theyexperiencedit,itchanged.Afterwards,studentsthoughtitwasmorepleasantthantheyexpected.
Weusedvanillascentedalginatewithfastsettingtimewhichallattributedtoabetterimpression
experience. It shows the importanceof thepatient’sperspectiveandexperience inassessing the
rationaleforimplementingnewtechnologies.

Therewasa significantdifferencebetweenbefore andafter answers regarding the speedof
conventionalimpressionexecution.Participantsthoughtthatthetraditionalimpressionwasquicker
toperformafterwards.

Themajoritythoughtthatitwaspartiallytruethatconventionalimpressioncausesgagreflex
before, but that opinion significantly changed afterwards. After experiencing the conventional
technique,asmallernumberofparticipantsthoughtitwouldcauseagagreflex.

Whenaskedifaconventionalimpressionwascomfortableforthepractitionertoperform,the
mostfrequentanswerwasthatitwaspartiallytrueandafter,itwassignificantlydifferent.Itseemed
easiertoperformafterexperiencingit.

Whenaskedifscanningwaspleasant,most(79%)thoughtitwasentirelyandpartiallytruebefore,
andthatopinionworsenedsignificantlyto55%.Comparedtotheconventionalimpression,adigital
impressionwasmorepleasant,butBenic(Benicetal.,2016)foundnopatientcomfortdifferences.

Opinionaboutscanningspeedsignificantlyworsenedafterwards.Themajorityoftheparticipants
thoughtitwasratherquickbefore(82,3%),butlater,itchangedto47%.

The reason for the change inopinion is that for a full-arch scan, thepractitioner needed to
smoothlyguidearathermassivescanningheadacrossthethreesidesofthetooth-arch.Thatismuch
easierdoneonamodelthaninapatients’mouthandusuallyrequiresrepeatedscanningofthedental
arch’shard-to-reachparts.

Students thought that scanningcausedneithergag reflexnorbreathingdifficulties,and that
opinionstayedthesameafter.

Whenaskedwhetherscanningwaseasyforthepractitioner,themajority(54%)thoughtitwas
partiallyandwhollytrue,andafterwards,itworsenedslightlybutnotsignificantly.Webelievethat
thereasonforthatisthescannerhead’ssize,whichrequiressomehandlingexercises.Thestudy
conductedbySchottetal.showedthatthemajorityofstudentswereoverall“very”or“rather”satisfied
withthehandlingoftheintraoralscanningmethod(Schottetal.,2019).Althoughourstudydiffers
inmethodology,wecouldsaythatresultsareinconcordance.

All these post-exposure changes in attitudes result from direct experience with digital and
conventionalimpressionsinpatient’sandpractitioner’sroles.IOSsaregreattoolsforeverydaypractice,
buttheiruserequirestrainingandchangingtheusualworkflows.Theresultsofthisresearchremind
usoftheimportanceofclinicalexercisesfordentalstudents’education,thenecessityofconstant
contactwithnewtechnologies,andtheopportunitytolearnthroughthechangeoftheperspective,
frompractitionerstopatients.

STUDy LIMITATIoNS
Toachievehighersignificance,multicenterstudiesonthehighernumberofparticipantsareneeded.
A twice-yearlyassessmentof students’progress in termsofconventionalanddigital impression
timingfromfirstclinicalstudy-yearuntilgraduationwouldyieldvaluableinformationforfurther
curriculumdevelopment.
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CoNCLUSIoN
Withinthelimitationsofthisstudy,thefollowingconclusionsweredrawn:

• Alginateimpressiontimedecreasedsignificantlywithahigheryearofstudy.
• Almost two-thirdsof thestudents thinktheyhavenotacquiredenoughknowledgeabout the

usageofsoftwareand/orotherdigital/electronicdevicesduringtheireducation.
• Afterthedigitalimpressionexperience,themajoritythoughtitwaslesspleasantandlessquick

thanbefore.
• Aftertheconventionalimpressionexperience,themajoritythoughtitwasmorepleasantand

quickertoperformthanbefore.
• Fromapatient’sperspective,thedigitalscanwasmorepleasantthantheconventionalimpression.
• Themajorityofstudentsfinditnecessarytoimplementnewtechnologiesindentalschools’

curricula.

ACKNowLEDGMENT

WewouldliketothankMrKrešimirKostelićofSironaDentsply,whoprovideduswiththenewest
SironaPrimescanintraoralscannerforthisstudy.

CoNFLICTS oF INTERESTS
Theauthorsdeclarenoconflictofinterest.Thisresearchreceivednospecificgrantfromanyfunding
agencyinthepublic,commercial,ornot-for-profitsectors.



International Journal of Reliable and Quality E-Healthcare
Volume 11 • Issue 1

12

REFERENCES

Abduo, J., & Elseyoufi, M. (2018). Accuracy of Intraoral Scanners: A Systematic Review of Influencing
Factors. The European Journal of Prosthodontics and Restorative Dentistry, 26(3), 101–121. doi:10.1922/
EJPRD_01752Abduo21PMID:29989757

Ahmed,K.E.,Wang,T.,Li,K.Y.,Luk,W.K.,&Burrow,M.F.(2019).Performanceandperceptionofdental
studentsusingthreeintraoralCAD/CAMscannersforfull-archscanning.Journal of Prosthodontic Research,
63(2),167–172.doi:10.1016/j.jpor.2018.11.003PMID:30528397

Benic,G.I.,Muhlemann,S.,Fehmer,V.,Hammerle,C.H.,&Sailer,I.(2016).Randomizedcontrolledwithin-
subjectevaluationofdigitalandconventionalworkflowsforthefabricationoflithiumdisilicatesinglecrowns.
PartI:Digitalversusconventionalunilateralimpressions.The Journal of Prosthetic Dentistry,116(5),777–782.
doi:10.1016/j.prosdent.2016.05.007PMID:27460321

Bohner, L., Gamba, D. D., Hanisch, M., Marcio, B. S., Tortamano Neto, P., Lagana, D. C., & Sesma, N.
(2019).Accuracyofdigitaltechnologiesforthescanningoffacial,skeletal,andintraoraltissues:Asystematic
review Review. The Journal of Prosthetic Dentistry, 121(2), 246–251. doi:10.1016/j.prosdent.2018.01.015
PMID:30017156

Burhardt,L.,Livas,C.,Kerdijk,W.,vanderMeer,W.J.,&Ren,Y.(2016).Treatmentcomfort,timeperception,and
preferenceforconventionalanddigitalimpressiontechniques:Acomparativestudyinyoungpatients.American 
Journal of Orthodontics and Dentofacial Orthopedics, 150(2), 261–267. doi:10.1016/j.ajodo.2015.12.027
PMID:27476358

Fleming,P.S.,Marinho,V.,&Johal,A.(2011).Orthodonticmeasurementsondigitalstudymodelscompared
with plaster models: A systematic review Review Systematic Review Validation Studies]. Orthodontics & 
Craniofacial Research,14(1),1–16.doi:10.1111/j.1601-6343.2010.01503.xPMID:21205164

Flugge,T.V.,Schlager,S.,Nelson,K.,Nahles,S.,&Metzger,M.C. (2013).Precisionof intraoraldigital
dental impressions with iTero and extraoral digitization with the iTero and a model scanner [Comparative
Study]. American Journal of Orthodontics and Dentofacial Orthopedics, 144(3), 471–478. doi:10.1016/j.
ajodo.2013.04.017PMID:23992820

Gallardo,Y.R.,Bohner,L.,Tortamano,P.,Pigozzo,M.N.,Lagana,D.C.,&Sesma,N.(2018).Patientoutcomes
andprocedureworkingtimefordigitalversusconventionalimpressions:Asystematicreview.The Journal of 
Prosthetic Dentistry,119(2),214–219.doi:10.1016/j.prosdent.2017.07.007PMID:28967407

Grunheid,T.,McCarthy,S.D.,&Larson,B.E. (2014).Clinicaluseofadirectchairsideoral scanner:An
assessment of accuracy, time, and patient acceptance. American Journal of Orthodontics and Dentofacial 
Orthopedics,146(5),673–682.doi:10.1016/j.ajodo.2014.07.023PMID:25439218

Hayashi,K.,Sachdeva,A.U.,Saitoh,S.,Lee,S.P.,Kubota,T.,&Mizoguchi,I.(2013).Assessmentoftheaccuracy
and reliabilityofnew3-dimensional scanningdevices.American Journal of Orthodontics and Dentofacial 
Orthopedics,144(4),619–625.doi:10.1016/j.ajodo.2013.04.021PMID:24075671

Joda,T.,Lenherr,P.,Dedem,P.,Kovaltschuk, I.,Bragger,U.,&Zitzmann,N.U. (2017).Timeefficiency,
difficulty,andoperator’spreferencecomparingdigitalandconventionalimplantimpressions:Arandomized
controlledtrial.Clinical Oral Implants Research,28(10),1318–1323.doi:10.1111/clr.12982PMID:27596805

Joffe, L. (2004). OrthoCAD: Digital models for a digital era. Journal of Orthodontics, 31(4), 344–347.
doi:10.1179/146531204225026679PMID:15608352

KalibovicGovorko,D.,Benzon,B.,Jurela,A.,PaicKarega,G.,VukovicKekez,I.,Mimica,D.,Medvedec
Mikic,I.,Cigic,L.,&Vukojevic,K.(2019).Conventional vs.Digital dental impression: practitioner’s and 
patient’s perspective-a pilot studyConference:20194thInternationalConferenceonSmartandSustainable
Technologies(SpliTech),Bol,Croatia.

Mangano,A.,Beretta,M.,Luongo,G.,Mangano,C.,&Mangano,F.(2018).ConventionalVsDigitalImpressions:
Acceptability,TreatmentComfortandStressAmongYoungOrthodonticPatients.The Open Dentistry Journal,
12(1),118–124.doi:10.2174/1874210601812010118PMID:29492177

http://dx.doi.org/10.1922/EJPRD_01752Abduo21
http://dx.doi.org/10.1922/EJPRD_01752Abduo21
http://www.ncbi.nlm.nih.gov/pubmed/29989757
http://dx.doi.org/10.1016/j.jpor.2018.11.003
http://www.ncbi.nlm.nih.gov/pubmed/30528397
http://dx.doi.org/10.1016/j.prosdent.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/27460321
http://dx.doi.org/10.1016/j.prosdent.2018.01.015
http://www.ncbi.nlm.nih.gov/pubmed/30017156
http://dx.doi.org/10.1016/j.ajodo.2015.12.027
http://www.ncbi.nlm.nih.gov/pubmed/27476358
http://dx.doi.org/10.1111/j.1601-6343.2010.01503.x
http://www.ncbi.nlm.nih.gov/pubmed/21205164
http://dx.doi.org/10.1016/j.ajodo.2013.04.017
http://dx.doi.org/10.1016/j.ajodo.2013.04.017
http://www.ncbi.nlm.nih.gov/pubmed/23992820
http://dx.doi.org/10.1016/j.prosdent.2017.07.007
http://www.ncbi.nlm.nih.gov/pubmed/28967407
http://dx.doi.org/10.1016/j.ajodo.2014.07.023
http://www.ncbi.nlm.nih.gov/pubmed/25439218
http://dx.doi.org/10.1016/j.ajodo.2013.04.021
http://www.ncbi.nlm.nih.gov/pubmed/24075671
http://dx.doi.org/10.1111/clr.12982
http://www.ncbi.nlm.nih.gov/pubmed/27596805
http://dx.doi.org/10.1179/146531204225026679
http://www.ncbi.nlm.nih.gov/pubmed/15608352
http://dx.doi.org/10.2174/1874210601812010118
http://www.ncbi.nlm.nih.gov/pubmed/29492177


International Journal of Reliable and Quality E-Healthcare
Volume 11 • Issue 1

13

Marti,A.M.,Harris,B.T.,Metz,M.J.,Morton,D.,Scarfe,W.C.,Metz,C.J.,&Lin,W.S.(2017).Comparison
ofdigitalscanningandpolyvinylsiloxaneimpressiontechniquesbydentalstudents:Instructionalefficiencyand
attitudestowardstechnology.European Journal of Dental Education,21(3),200–205.doi:10.1111/eje.12201
PMID:26960967

Martin,C.B.,Chalmers,E.V.,McIntyre,G.T.,Cochrane,H.,&Mossey,P.A.(2015).Orthodonticscanners:
What’s available? Journal of Orthodontics, 42(2), 136–143. doi:10.1179/1465313315Y.0000000001
PMID:25939980

Rudolph,H.,Graf,M.R.,Kuhn,K.,Rupf-Kohler,S.,Eirich,A.,Edelmann,C.,Quaas,S.,&Luthardt,R.
G.(2015).Performanceofdentalimpressionmaterials:Benchmarkingofmaterialsandtechniquesbythree-
dimensionalanalysis.Dental Materials Journal,34(5),572–584.doi:10.4012/dmj.2014-197PMID:25948142

Sabalic,M.,&Schoener,J.D.(2017).VirtualReality-BasedTechnologiesinDentalMedicine:Knowledge,
AttitudesandPracticeAmongStudentsandPractitioners.Technology.Knowledge and Learning,22(2),199–207.
doi:10.1007/s10758-017-9305-4

Schott,T.C.,Arsalan,R.,&Weimer,K.(2019).Students’perspectivesontheuseofdigitalversusconventional
dentalimpressiontechniquesinorthodontics.BMC Medical Education,19(1),81.doi:10.1186/s12909-019-
1512-3PMID:30866910

Wiranto,M.G.,Engelbrecht,W.P.,TuteinNolthenius,H.E.,vanderMeer,W.J.,&Ren,Y.(2013).Validity,
reliability, and reproducibilityof linearmeasurementsondigitalmodelsobtained from intraoral andcone-
beamcomputedtomographyscansofalginateimpressions.American Journal of Orthodontics and Dentofacial 
Orthopedics,143(1),140–147.doi:10.1016/j.ajodo.2012.06.018PMID:23273370

Zitzmann,N.U.,Kovaltschuk,I.,Lenherr,P.,Dedem,P.,&Joda,T.(2017).DentalStudents’Perceptionsof
DigitalandConventionalImpressionTechniques:ARandomizedControlledTrial.Journal of Dental Education,
81(10),1227–1232.doi:10.21815/JDE.017.081PMID:28966188

http://dx.doi.org/10.1111/eje.12201
http://www.ncbi.nlm.nih.gov/pubmed/26960967
http://dx.doi.org/10.1179/1465313315Y.0000000001
http://www.ncbi.nlm.nih.gov/pubmed/25939980
http://dx.doi.org/10.4012/dmj.2014-197
http://www.ncbi.nlm.nih.gov/pubmed/25948142
http://dx.doi.org/10.1007/s10758-017-9305-4
http://dx.doi.org/10.1186/s12909-019-1512-3
http://dx.doi.org/10.1186/s12909-019-1512-3
http://www.ncbi.nlm.nih.gov/pubmed/30866910
http://dx.doi.org/10.1016/j.ajodo.2012.06.018
http://www.ncbi.nlm.nih.gov/pubmed/23273370
http://dx.doi.org/10.21815/JDE.017.081
http://www.ncbi.nlm.nih.gov/pubmed/28966188

