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Abstract:
Objective:Thisreviewwasintendedtolookattheaccuracyofthepalatalrugaeinthe
proccesofhumanidentification.MaterialandMethods:Datacolllectioninthispaper
wasdonebygatheringvariousscientificliteraturesinthelasttenyears.Results:The
methodeusedinhumanidentificationconsistofvisualidentification,fingerprint,DNA
anddentalanalysis.However,thesemethodshadlimitationsincertainconditions,
especiallywhenmassdisastersoccur.Visualidentificationandfingerprintwerelimited
bypost-mortem changesrelatedtotime,temperatureandhumidity.DNAidentification
waslessefficientifitwasusedinmassdisastercasesbecauseitrequiredalong
identificationtimeandalargeamountofcost.Dentalanalisysisbecamemorelimitedto
victimswhowerefoundtobefullyedentulousorhadpoordentalrecords.Rescarchers
hadfoundanothermethodnamelyrugoscopy,wasapalatalrugaeexamination,asone
method thatcould be used in the process ofhuman identification because the
uniquenessoftheindividualmorphologyconsistsofpatternsthatwerenotthesame
foreachpersonanditsresistancetochemicals,heat,diseaseandtrauma,madethe
rugaestableandunchangedthroughoutlife.Itwasknownthatthepalatalrugaepattern
doesnotchangeafteradolescence.Conclusion:Theprocessofhumanidentification
stilloneofthebiggestchallengesintheforensicworld,yettherugoscopycouldbeone
ofmethodsthatsimplifythehumanidentication.
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Introduction:
Determininghumanidentityisstilladifficultchallengeintheforensicworld,especially

in cases oftraffic accidents,terrorism,ormass disastersituations.The human
identificationprocessisbasedoncomparisonsbetweenante-mortem andpost-mortem
datafrom theperson.Visualidentification,fingerprints,DNAcomparisons,andtheuse
ofdentalrecordsarethemostcommonlyusedtechniquesbecausetheyallowfastand
reliableidentification.However,thesetechniqueshavelimitationsinvarioussituations.
Visualidentificationanduseoffingerprintsislimitedbypostmortem changesrelatedto
time,temperature,andhumidity.DNAcomparisonteststhathavenodoubtingiving
accurateresults,requirelargecostsandtakealotoftimeifdoneformanyvictims.
Identificationthroughdentalrecordsisusuallyanothereffectivealternativeanddoes



notrequirealotofcosts,buthaslimitationsinsuchsituationsasiftherecordingofthe
conditionoftheteethandthetreatmentisincompleteorevennon-existent,orthe
victim isinfulledentulouscondition.Researchershavefoundanothermethodnamely
rugoscopy,isapalatalrugaeexamination,asonemethodthatcanbeusedinthe
processofhumanidentificationbecausetheuniquenessoftheindividualmorphology
consistsofpatternsthatarenotthesameforeachpersonanditsresistanceto
chemicals,heat,disease,and trauma,making the rugae stable and unchanged
throughoutlife.Itisknown thatthepalatalrugaepattern doesnotchangeafter
adolescence.1,2,3

HistoricalReview
Theapplicationofpalatalrugaepatternstopersonalidentificationwasfirstsuggested

byAllenin1889.Palatalrugae(rugaepalatinaeorplicaepalatinaetransversae)are
asymmetricalandirregularelevationsofthemucosalocatedintheanteriorthirdofthe
palate,madefrom thelateralmembraneoftheincisivepapillaandarrangedina
transversedirectionfrom thepalatineraphelocatedinthemidsagittalplane.Therugae
areanatomicalgrooves,folds,orwrinkleswithirregular,asymmetricridgesextending
laterallyfrom theincisivepapilla(IP)andtheanteriorpartofthemedianpalatalraphe.
Theirnumber,shape,length,width,prominence,andorientationvaryoneachsideofthe
midlineandamongdifferentindividuals.Thepalatalrugaenevercrossthemidlineand
arenumberedseparatelyfrom anteriortoposterioroneachsideofthepalate.4,5,6

Palatalrugae appearto possessthe featuresofan idealforensicidentification
parameter,thatis,uniqueness,postmortem resistance,andstability.Theirdesignand
structureareunchanged.Ithasbeenshownthatthetotalnumberofrugaedoesnot
changethroughoutearlychildhoodandadolescence,andchangesthatoccurinrugae
areonlyrelatedtotheirlength.Palatalrugaearealsonotalteredbychemicals,heat,
disease,ortrauma.Ifpalatalrugaearedestroyed,theyarereproducedexactlyonthe
samesite.Clinicalremovalofpalatalrugaeisnotpermanent,andthatwhenremoved,
therugaereturnedseveralmonthslater.4,8

Human rugae are formed during the third month orabout12 to 14 weeks of
intrauterinelifefrom connectivetissuethatcoversthepalatineridgeonthemaxillary
bone,with developmentand growthmutuallycontrolled byepithelial-mesenchymal
interaction by specific extracellular matrix molecules that are spatiotemporally
expressedduringdevelopment.Therugaewillgrowduringthepalataldevelopment,but
changelessinshapeandpatternandareratherwellmaintainedafteradolescence.
Physiologicallythepalatalrugaecontributeto oralswallowing,food crushing and
preventinglossoffoodfrom themouth,perceptionoftasteandtongueposition,andto
speechandsuctioninchildren.Manypopulation-specificstudieshavebeencarriedout
ontherugaepatternsinvariouspartsoftheworld,andisapparentlyparticularlypopular
inIndia.Suchstudieshavedemonstratedthatpalatalrugaeshowuniquecharacteristics
evenbetweenfamilymembers.

ClassificationofPalatalRugae5,8

In1897,Kupplerwasthefirsttostudypalatalanatomytoidentifytheappearanceof
racialanatomy.In1937,Carreadevelopedamoredetailedandmaturestudyofhowto
classifypalatalrugae.In1946,MartinsdosSantospresentedapracticalclassification



basedonrugaelocation.In1983,BrinonfollowedCarrea'sstudy,dividingthepalatal
rugae into two groups(basicand specific)in a mannersimilarto thatdone on
fingerprints.Studieshaveshownthattherearenosimilarrugaepatternsbetweentwo
individualsandthatthepalatalrugaepatternsdonotchangeevenduetogrowth.

Carreaclassification:
Dependonthedirection,Carreaclassifiedpalatalrugaeinto4maintypes.

a.TypeI: Posterior–anteriordirectedrugae
b.TypeII: Rugaeperpendiculartoraphe
c.TypeIII:Anterior–posteriordirectedrugae
d.TypeIV:Rugaedirectedinseveraldirection

Lysellclassification:
Dependonthelength,palatalrugaeclassifiedinto

a.Primaryrugae:lengthofmorethan5mm
b.Secondaryrugae:lengthbetween3-5mm,
c.Fragmentaryrugae:lengthbetween2-3mm.
d.Smallerthan2mm inlengtharediscarded

Figure1Lysellclassification

Limaclassification:
Heclassifiedrugaeinto4maintypes:

a.Punctuate
b.Straight
c.Curved
d.Composite

Troboclassification:
Heclassifiedrugaeinto2types:

a.Simple :Rugaeshapesarewelldefined,andfurthersubdividedinto
A,B,C,D,E,F

b.Compound :Rugae wereformedbyunionoftwoormoresimplerugaeand
classifiedastypeX



Figure2troboclassification

Methods
Theaim ofthissystematicreviewistolookattheaccuracyofthepalatalrugaeinthe

processofhumanidentification.Theobjectivesofthereviewwereto:
1.Identifytheuniquenessofthepalatalrugaepatternineachindividual
2.Identifyepidemiologicaldifferencesineachpalatalrugaepattern
3.Identifyingtheeaseofuseofthepalatalrugaepatternasatoolsofhuman

identification
Thisstudyisasystematicreview ofpreviouslypublisheddataandassuchdidnot

requireethicalapproval,asweusednohumansubjectsinthepreparationofthis
manuscript.Acomprehensivesearchwasundertakentoidentifypublishedreportsof
studieswhichdiscussestheuseofpalatalrugaeintheforensicworld.Studiesofall
designsincluding descriptive,observational,and experimentalmethodologieswere
includedinthereview.

Theinclusioncriteriaoftheliteratureisintheform of(1)literaturepublishedfrom
2014to2019whichexaminestheuniquenessofpalatalrugaeineveryindividualwhois
atleastanadolescence,(2)being,everorneverreceiveddentaltreatment,(3)research
withadifferentpopulationsamples,(4)researchthatdiscussesthedifferentpatterns
ofpalatalrugaeingenderterms.

Result
Theinitialsearchidentified657publishedstudies.Thesewerethendividedequally

betweenfourauthorswhoscreenedtheabstractsbasedontheinclusioncriteriaabove.
The251papersidentifiedintheinitialscreeningwerediscussedbytheauthorswiththe
optionsofrejection,orpossibleinclusionintothereview.Atthispoint,231paperswere
rejected,with19forpossibleinclusionandfurtherqualitativeanalysis.Afterfurther
analysisandmeetingswiththeauthorteam,only9ofthestudieswerefoundtofitthe
inclusioncriteria.Thesearchforunpublishedworks(greyliterature)didnotyieldany
studiessuitableforinclusioninthisreview.

TheuniquenessmorphologyofthepalatalrugaeisprovenbySuhartonoetal4in2015
byanalyzing100dentalcastsofpopulationinIndonesiawiththeresultthattherewere
nosimilarpalatalrugaepatternsbetweenonepersonandanother.Anotherstudywas
conductedbySyadatullahetal3in2019byanalyzing154dentalcastsfrom KingKhalid
UniversityCollegeofDentistryDentalClinicinSaudiArabiaandfoundnosimilarityin
thepatternofpalatalrugaebetweenonedentalcastandanotherdentalcast.The
uniquenessbetweenmaleandfemalegenderswasexaminedbyPangestuetal8 in
2016using18malerugaesamplesand26femalerugaesamplesandbyOberoietal9

2017withamuchlargersampleof1414dentalcasts.Bothstudieshavereceived
consistentresultsintheform ofsignificantdifferencesinmaleandfemalepalatal
rugaepatterns.DifferentresultsobtainedbyKommalapatietal10whoalsoconducted



researchin2017with200researchsubjectsconsistingof100subjectsfrom the
CoastaAndhrapopulationand100subjectsfrom theTelanganapopulation.Thisstudy
revealedthattherewerenosignificantdifferencesbetweenmaleandfemalepalatal
rugaepatternsinboththeAndhrapopulationandtheTelanganapopulation,butthe
resultsobtainedwereintheform ofsignificantpatterndifferencesbetweenthetwo
populations.

Adisaetal2in2014conductedastudyusing150dentalcasts,whichconsistedof50
pairsofdentalcastsand50othersweresingledentalcasts,tobeidentifiedby5
dentists.Theresultsofthisstudyintheform ofsuccessfulidentificationisvarious,
from 72-96%,dependingontheknowledgeandexperienceoftheevaluator.

Toascertainconcernsaboutchangesinthepatternofpalatalrugaeasaresultof
dentaltreatment,Tanevaetal6 in2015andGibellietal11 in2017conductedastudy
usingorthodonticpatientsasresearchsubjects.EachstudybyTanevaandGibelliused
69and62dentalmodels,whichbothobtainedresultsintheabsenceofsignificant
changesinthepatternofpalatalrugaebeforeandaftertreatment,sothelimitations
regardingchangesinthepatternofpalatalrugaealongwiththedentaltreatmenthave
beenindisputable.Abdallaetal12 in2017alsoconductedastudywithprostodontic
patientsassubjects,128dentalcastswereusedandtheresultswereobtainedthatthe
palatalrugaepatternwasveryuniquesothattherewasnosimilarpatternanddidnot
changeafterprosthodontictreatmentwasperformed.

Discussion
Palatalrugaehasbeen widelyregarded asuniqueto theindividualin termsof

combinedpatternsofshape,length,width,elevation,number,andorientation.Many
studiesthatarespecifictoseveralpopulationshavebeenconductedtolookatpatterns
ofpalatinalrugaeinvariouspartsoftheworld.Thesestudieshaveproventhatrugae
hasuniquecharacteristicsevenamongfamilymembers.Evenamongtwins,thestudy
foundthatthepatternofthepalatalrugaewassimilarbutnotidentical.4,7

TheuseofrugaepatternstoidentifyindividualswasfirstproposedbyAllenin1989.
Rugaepalatinusappearstohaveanidealforensicidentificationparameterfeature,
whichisunique,resistanttopostmortem changes,andstable.Thepatternandstructure
do notchange.Ithas been learned thatthe numberofrugae has notchanged
throughoutearlychildhoodandadolescence,andthechangesthatoccurinrugaeonly
includechangesinlength.Palatalrugaealsodoesnotchangeduetochemicals,heat,
disease,ortrauma.Ifthepalatalrugaeisdamaged,theywillregenerateintheexact
sameplace.Clinicalremovalofthepalatalrugaeisalsonotpermanent,andtherugae
thatisremovedwillre-form severalmonthslater.5,7

Concernsaboutpossiblechangesinthepatternofpalatalrugaeasaresultofgrowth,
orthodontictreatment,palatalexpansion,andextractionofadjacentteethhavebeen
widelydiscussedinpreviousstudies.However,differentstudieshavefoundthatthe
medialandlateralpointsofthethirdrugaearestableinbothorthodonticandnon-
extractionorthodonticcases.Thus,thispointcanbeusedasananatomicalreferencein
theanalysisofdentalimpressions.Asforthecaseofpalatalexpansion,thepatternof
palatalrugaeremainsthesamebeforeoraftertheexpansioniscarriedout,thereareno
signsofmorphologicalchanges.7

Overtime,severalstudieshavedevelopeddifferentapproachestoassesstheunique



anatomyofthepalatalrugae.Someresearchersconsidertheclassificationofrugae
morphologythroughdeterminingtheshapeandcodingsystem.Theaccuracyofthe
proceduresreportedbydifferentresearchersissimilar,rangingbetween72-96% by
Adisa etal.,And 76-97.7% byBansode and Kulkarni.Anothermethod takes the
superimpositionofpalatalrugaesilhouettesintootherconsiderationstoverifythe
possibilityofcorrespondence.Thepercentageofcorrectidentificationseemstobe
higherthan the results given by mere comparison,the accuracy reaches 100%.
Observers'experienceprovestobeanimportantfactorintheaccuracyofidentification,
becausemoreexperiencedoperatorshaveahigherlevelofidentificationaccuracy.2,11

Theliteraturealsoshowsthataresearchprotocolisbeingdevelopedtodetermine
whethertherearestatisticallysignificantdifferencesintheuseofdigitalphotographsof
the palatalrugae foridentification purposes.Palatalrugae can be photographed
digitallyandstoredinadatabankasusedfordigitalfingerprintanalysis.Identification
canbedonebymatchingdigitalphotosofthevictim'srugaewithphotosinthedata
bank.Infact,unlikelipprints,thisrugaedataismorelikelytoobtainantemortem data,
suchasdatastoredindentist'spracticeindifferentforms(dentalprints,intraoral
photographs,anddentures).1,6

Conclusion
Rugaepalatinusisaveryimportantstructureinthepracticeofdentistryandforensics.
Palatalrugaehasuniquecharacteristicsineachpersonthatisstablethroughoutlife.
Thismethodneedstobesocializedmoresothateachindividualhasajaw printthat
canbeusedasante-mortem data.Ithasbeenproventhatthereisnosimilarpatternof
palatalrugaebetweenonepersonandanother.Therefore,thepalatalrugaecanbeused
asreliableguidetotheforensicidentification.
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