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 Age iis ione iof ithe iessential ifactors, iwhich iplay ian iimportant irole iin ievery iaspect iof 

ilife. iPerson irecognition iis ian iimportant ifeature iof iforensic imedicine iand identistry. 

iAge, igender, irace, iand iso ion iis iused ifor iidentification iof ia iperson. iChronological 

iage, ias irecorded iby iregistration iof ibirth idate, iis iused ithroughout ian iindividual‟s ilife. 

iAge iestimation iis iof iwider iimportance iin iForensic imedicine, inot ionly ifor ithe ipurpose 

iof iidentifying ideceased ivictims, ibut ialso iin iconnection iwith icrime iand iaccidents. 

iMethods iof iage iestimation iin iforensic iodontology igenerally iuse identition iand 

icraniofacial iskeleton. iThe istages iof idevelopment iof iteeth iare iamong ithe imost 

ireliable itools iin ithe iprocess iof iidentification iof iage, iespecially iin ithe ifirst iand isecond 

idecades. iLater iit idepends ion icertain iphysical, ichemical iand ibiological ichanges, iwhich 

iaffect ithe iteeth iand ithe icraniofacial iskeleton. iThe ipresent iarticle iprovides ian 

ioverview iof ithe imost icommonly iused idental iage iestimation itechniques iin ichildren 

iand iin iadults idescribed iin ithe iliterature iof iForensic identistry ilike iTeeth icalcification, 

iDemirjian‟s iformula, iGustafson‟s imethod, iKvaal‟s imethod. 
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1. Introduction 

Many ianthropologists ihave istudied ithe iage isystems, 

iwhere iage iis ioften ia imajor iorganizing iprinciple. iAge 

isystems iinclude iformal iage iclasses iof iindividuals iof 

isimilar inumerical iage, iage igrades ior idevelopmental istages 

ibased ion isocial iand ibiological idevelopment, iand irelative 

iages iof iindividuals. iBody idevelopment iis inot icompletely 

iassociated iwith ibiological iand ichronological iage. iIn imany 

icases, ichronological iage iand ibiological iage imay inot ibe 

ithe isame, idue ito ithe idevelopmental ivariations. iHence, 

idifferent iparameters isuch ias idental iage, ibone iage, imental 

iage, iand iother ifactors isuch ias imenarche, ivoice ichange, 

iheight, iand iweight iare iconsidered ias iproxy iindicator ifor 

ibiological iage iand ibody idevelopment. iThe iterm 

iphysiologic iage iis ia imeasure ifor idescribing ithe igrowth 

istatus iof ian iindividual ichild, iwhereas ichronologic iage 

iconveys ionly ia irough iapproximation iof ithis istatus ibecause 

iof ithe irange iin idevelopment iobserved ifor iany igiven 

iage.
1 iThe ichronological iage iis ithe iage imeasured iby ithe 

icalendar; ithe iskeletal iage iis idetermined iby ireference ito 

istages iof iskeletal idevelopment iknown ito ioccur iat 

iparticular itimes iin ithe iaverage iindividual. iDental 

idevelopment iis imore ireliable ias ian iindicator iof ibiological 

imaturity iin ichildren. iDental imaturity iis imore irelevant ias iit 

iis iless iaffected iby inutritional iand iendocrine istatus. iThe 

idental iage iis idetermined iby ireference ito ithe iever-growing 

ivolume iof istatistical iinformation iconcerning ieach istage iof 

idevelopment iof ithe ihuman ideciduous iand ipermanent 

identitions iand ithe ichanges iin ithe ilatter iwhich iresult ifrom 

iits iuse ithroughout ilife.
2 iThis ipaper ireviews idifferent idental 

iage iestimation imethods ithat iare iused- iMorphological 

imethod, ibiochemical imethod, iand iradiological imethod. 

 

2. Understanding iDental iAge: i 

The iterms ichronologic iage iand idental iage iare 

isynchronous iin ithe inormal ipatient, iin iearly ior ilate 

idevelopers ia idifference iof i±2 iyears ifrom ithe iaverage 

ivalue iis iseen.
3 iThe ichronological iage iand idevelopmental 

istages iof ideciduous iand ipermanent iteeth ihave ibeen iwell 

idocumented iby iWheeler.
4 i iLater, iKrogman iillustrated ihow 

ithe iaging iprocess iis ireflected iin ithe ibones iand iteeth ifrom 

ibirth ito iold iage i(80 iyears); ithus ilinking ithe itiming iof 

igeneral igrowth iwith ithat iof ithe identition.
5 i i i 

 

The isomatic idevelopment iis igenerally irelated ito 

ichronological iage iand, ias ia iresult, imeasurements iof 

isomatic imaturity, ifor iexample ibone iage, imenarche iand 

iheight, ihave ibeen iused ito iestimate ichronological iage iin 

ithe iabsence iof iaccurate iage idata.
6 i

 iGleiser iand iHunt 

i(1955) ifirst istated ithat i„the icalcification iof ia itooth imay ibe 

imore imeaningful iindication iof isomatic imaturation ithan iis 

iits iclinical iemergence‟.
7 i

 iClinical iemergence iis ioften 

ierroneously icalled ieruption, iand imay ibe iinfluenced iby 

ilocal ifactors ias iAnkylosis, iearly ior idelayed iextraction iof 

ithe ideciduous iteeth, iimpaction iand icrowding iof ithe 

ipermanent iteeth. iThe iformation iof ithe ipermanent iteeth iis 

inot iaffected iby ithese ilocal ifactors. iIf iclinical iemergence iis 

iused ias ithe icriterion ifor idental iage iassessment, iit icould 

ibe iapplied ionly iup ito ithe iage iof i30 imonths iand iafter ithe 

iage iof i6 iyears. i 

 

In igeneral iteeth iare iused icorroboratively irather ithan 

idiagnostically ifor ithe idetermination iof iage, isex, iand irace. 

iFor iage, ithere iare itwo isequential idevelopmental ifactors: 

icalcification iand ieruption.
5 i i

Krogman iin i1968 istated ithat 

i“Radiography iwas ithe ione iray iof ihope ifor istandardization 

iof itooth iformation ii.e. iits icalcification iand ieruption”.
8 

i
Reports iby iwestern iworkers iserved ito ibe ithe istepping 

istones iin ithe iultimate iand icomplete iunderstanding iof ithe 
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iphenomenon iof igrowth iand imaturation iof ithe idental 

isystem. 

 

The iearliest idocumented ireports irelated ito ithe 

icalcification istatus iof iformative istages iof ipermanent iteeth 

iof iIndian ichildren iare ithose iby iPowell iA i(1902).
9 i

He 

iattempted ito idefine ithe irange iof ivariation iin ithe 

idevelopment iof iteeth iso ias ito iascertain ithe ichronologic 

iage, iin ia icase iof irape. iIn i1956, iDemisch iand 

iWartmann10 i ireported ion i81 imales iand i70 ifemales ifrom 

iBoston, istudied iover ian i8-16 iyear iperiod. iA iseven istage 

icalcification ischedule iwas iused ito istudy ithe imandibular 

ithird imolar i(M3) ialongside ihand-wrist ix-rays ifor iskeletal 

iage. iAt iabout ithe isame itime iGarn iSM, iLewis iAB iand 

iShoemaker iDW11 ipresented inew idata ion ithe isequence iof 

icalcification iof ithe imandibular ipremolar i(P1, iP2) i iand imolar 

iteeth i(M1, iM2), iin icontemporary iAmerican iwhite ichildren. 

iTheir ifindings ireported ithat iM1, iP1 iand iM3 iinvariably 

ishowed iinitial icalcification ifirst, isecond iand ilast 

irespectively. iP2 iand iM2 icalcification ivaried iin ithe iorder iof 

iappearance iand ioften icalcified iat ithe isame itime. i 

 

In i1958, iGarn iS.M., iLewis iA.B., iKoski iand iPolacheck 

iD12 ireported ion ithe isex idifferences iin itooth icalcification, 

ieruption iand iosseous idevelopment. iThey ifound ithe igirls 

ito ibe iapproximately i3% iahead iof ithe iboys iin itooth 

icalcification, i5% iahead iin itooth ieruption iand i10% i- i25% 

iahead iin iosseous idevelopment. iNolla i(1960)
13 iproposed 

ia isystem iof i10 istages iof icalcification ifor iall ipermanent 

iteeth imoving ifrom istage i1 i(no isign iof icalcification) ito 

istage i10 i(apical iend icompleted), ibesides ia i0 istage iwhich 

ipoints iout ithe iabsence iof idental igerms. iIn i1962, iGron 

iAnna iMarie14 ireported ithat imajority iof iteeth ihad iat ileast 

ithree ifourth iof iroot ilength iat ithe itime iof iclinical 

iappearance. iHe iconcluded ithat itooth iemergence iappeared 

ito ibe imore iclosely irelated iwith ithe istage iof iroot iformation 

ithan iwith ithe ichronological ior iskeletal iage iof ithe ichild. 

iTwo iof ithe imost ithorough istudies iof itooth iformation 

istages iare ithose iby iMoorrees iC. iF. iA., iFanning iE i.A. 

iand iHunt iE. iE.(Jr) i(1963),
1 i ifor ilower iCanine, ilower iM1 

iand ilower iM2 iand iby ithe isame iauthors ifor ilower iI1-2, 

ilower iC, iP1, iP2, iM1, iM2 iand iM3. iThe istudy ioffered itwo 

iinteresting iconceptual idefinitions: i 

 Physiological iage iis iestimated iby ithe imaturation 

iof ione ior imore itissue isystems iexpressed iin 

iterms iof ithe ispecific itissue istudied. 

 Maturation iis iscaled iby ithe ioccurrence iof ione ior 

ithe isequence iof imultiple ievents ithat iare 

iirreversible. 

 

Nanda iR.S. iand iChawla iT.N. i(1966)
15 istudied iIntra-

oral iperiapical ifull imouth iradiographs iof ischool ichildren iin 

iLucknow ito idetermine ithe ilevel iof idevelopment iof ieach iof 

ithe ipermanent iteeth. iThey ireported ithat iat inearly iall iage 

ilevels, iroot iformation iof iIndian ichildren iwas ialways ilesser 

iand islower ithan ithat iof iAmerican ichildren; iperhaps irelated 

ito ithe idifference iin ithe inutritional istatus iof iIndian ichildren. 

iNoble iin i1974 ipublished ia icomprehensive ireview ion ithe 

iestimation iof iage ifrom identition, iright ifrom iGleiser iand 

iHunt i1955 i(a icombination iof iradiographical iand 

ihistological itechniques), iKrauss iand iJordan i1965 i(the 

icommencement iof imineralization), ito i i iCalonius iet ial 

i1970 i(examination iof ihistological ipreparations iof ifetal iand 

iperinatal ispecimens).
2 i

 i
 

 

3. Age iEstimation iMethods: i 

Dental iage iestimation iuses imorphologic, iradiographic, 

ihistologic iand ibiological imethods iand icould ibe iclassified 

ias ifollows:
 i16 

1. Visual ior iclinical i/ imorphological imethod 

a. Clinical ieruption iof ideciduous iand ipermanent iteeth 

iin ioral icavity. 

b. Foti iB iet ial imultiple iregression iequations. 

c. Kvaal iet ial imethod 

2. Radiographic imethod 

a. Changes iin ithe iorientation iof imental iforamen iand 

iinferior ialveolar icanal i 

b. Eruption iand iformation iof imandibular ithird imolar i 

c. Trabecular ipattern iin ijaws i 

d. Pulp/tooth iarea iratio iof iteeth i 

e. Pattern iof ilamina idura i 

f. Eruption isequence i i 

g. Schour iand iMassler ichart i(20 istages iof idental 

idevelopment ifrom i4 imonths ito i21 iyears) 

h. Demirjian's imethod iusing idental imaturation ichart i 

i. Nolla's icalcification istages 

3. Histological iand iBiochemical imethods 

a. Gustafson's itechnique i 

b. Incremental ilines iof iRetzius i 

c. Prenatal iand ipostnatal iline iformation i 

d. Racemization iof icollagen iin identin i 

e. Cemental iincremental ilines i 

f. Translucency iof identin 

 

4. Estimation iof iAge iin iChildren iand iAdolescents: 

 

Radiographic iMethods: 

Demirjian iand icoworkers i(1973)
17 ideveloped ia imethod 

iof iage iestimation iwhich iover ithe iyears ihas ibecome ithe 

imost iwidely iused itechnique ito iassess iage ifrom ithe 

identition iof ichildren iand iadolescents. i iInitially ithe imethod 

iwas iconsisting iof iseven iteeth i(central iincisor itill i2
nd

 imolar) 

iand i8 istages i(A ito iH). iIn i2004, iChaillet iand iDemirjian 

iincorporated ithird imolar iallowing iits iapplication ito ijust iover 

i18 iyears iof iage ii.e. ithe iage iwith ilegal iimplication.
18 iFor 

igreater iaccuracy, ithe iauthors iincluded ithe istage i0 i(no 

icalcification) iand ithe istage i1 i(initial icalcification). iThus ifor 

ieach iOrthopantomogram ithere iwere iten istages ifrom i0 ito 

i9 ifor ieach itooth. iThe iauthors iconcluded ithat iDemirjian‟s 

i7-teeth imethod ihad ia ihigh iaccuracy i(± i1.2 iyears) ibut 

ipoor ireliability, iby iadding ithe ithird imolar, ithe iauthors ihad 

iincreased ithe ipossibility iof iprediction iuntil i18 iyears iof iage 

iand ithe i8-teeth imethod ioffered igreater ireliability. iEach 

itooth iwas irated iaccording ito ithe idevelopmental istage iand 

iwas igiven ia inumerical iscoring i(Table i1, i2). iThese ieight 

imaturity iscores iwere ithen iadded ito iget ia i„total imaturity 

iscore‟ i(S), iwhich iwas isubstituted iin ithe ifollowing 

iregression iformulas ito iget ithe ichronological iage iof ieach 

isubject. i 

 

Age i(Males) i= i(0.0000615 ix iS
3
) i– i(0.0106 ix iS

2
) i+ 

i(0.6997 ix iS) i– i9.3178 
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Age i(Females) i= i(0.000055 ix iS
3
) i– i(0.0095 ix iS

2
) i+ 

i(0.6479 ix iS) i– i8.4583 

 

The iDemirjian‟s imethod ihas icertain ishortcomings ias, 

1) In icase iof imissing itooth ithe iformula icannot ibe 

iapplied, iunless ithe itooth iis ipresent ion ithe iother 

iside. 

2) Various idevelopmental istages iof ithe itooth imay 

inot ibe iexpressed iin ithe igiven iten idevelopmental 

istages. 

3) The iappreciation iof idevelopmental istage imay 

ibecome idifficult ias ithe ichoice iof ithe itooth 

idevelopmental istage iis iquite isubjective. 

4) Maturity iscores iare inot igiven ifor istage i1 ito istage 

i4 iin icase iof i1
st
 imolar, icentral iand ilateral iincisor; 

ithus iexcluding ithe iindividuals ibelow ithe i iage iof i4 

ito i4.5 iyears. i 

 

The istudies iby iDemirjian iet ial iwere ibased ion idata 

iderived ifrom ipanoramic ix-rays iof i4756 iFrench-Canadians 

ichildren. iHowever, iseveral istudies ihave ishown ithat iresults 

iare iless iaccurate iif ianother ipopulation iis icompared ito 

iDemirjian‟s istandards iand ihighlight ithe inecessity ito icreate 

idatabases irepresentative ifor ieach ipopulation. iIn ithis 

iscenario, iKoshy.S iand iTandon.S i(1998)
19 icompiled ia inew 

imaturity iscore ifor iSouth iIndian iPopulation ithus
 i
providing ia 

isignificant icontribution itowards idata ion idental iage 

iassessment ifrom iIndia. iChaillet iN. iet ial i(2004)
20 icame 

iup iwith ipopulation ispecific iscore iand ithe icubic iequations 

ifor ithe iBelgian ichildren iaged ibetween i2 ito i16 iyears. iThe 

isame iauthors iChaillet iN iet ial iin i2004,
21 i

derived idental 

imaturity icurves ifor iFinnish ichildren iusing iDental 

iPanoramic iradiographs. iIn ithe ifollowing iyear i(2005) 

iChaillet iN iet ial
22 icompared ithe idental imaturity iin ichildren 

iof idifferent iethnic iorigins. iThe iaim iwas ito igive idental 

imaturity istandards iwhen ithe iethnic iorigin iwas iunknown 

iand ito icompare ithe iefficiency iand iapplicability iof ithis 

imethod ito iforensic isciences iand idental iclinicians. iMulti-

ethnic itiming ianalysis iof idental imaturity ishowed ithree 

imajor igroups: iAustralia i(with ithe ifastest idental imaturity), 

iFrance iand iFinland iwere ithe ifirst, iBelgium iand iSweden 

iwere ithe isecond; iand iFrench-Canadians iand iKoreans ihad 

ithe ilowest idental imaturity. i 

 

Acharya iAB i(2011)
23 ideveloped ian iIndian-specific 

iregression iformula, iby iapplying ithe iDemirjian‟s iformula ion 

ian iIndian isample iand icompared ithe iage iprediction 

isuccess ito ithat iin ithe ioriginal istudy. i 

Age i(Males) i= i27.4351 i– i(0.0097 ix iS
2
) i+ i(0.000089 ix iS

3
) 

Age i(females) i= i23.7288 i– i(0.0088 ix iS
2
) i+ i(0.000085 ix 

iS
3
) 

 

The isample iconsisted iof iOrthopantomograph iof i547 

iIndians i(348 ifemales, i199 imales) iaged i7–25 iyears. 

iDemirjian‟s iformulas iresulted iin iinferior iage iprediction iin 

iIndians i(9.2% imisclassification iat i99% iconfidence iinterval 

ivs. i0% imisclassification iin ithe ioriginal istudy); itherefore, 

iIndia-specific iregression iformulas iwere ideveloped, iwhich 

igave ibetter iage iestimates i(mean iabsolute ierror, iMAE i= 

i0.87 iyears) ithan ithe ioriginal iformulas i(MAE i= i1.29 iyears). 

iThus iit iwas iconcluded ithat iDemirjian‟s i8-teeth imethod 

ialso ineeds iadaptation iprior ito iuse iin idiverse ipopulations. 

iIn i2011, iKumar iVJ iand iGopal iKS24 icompared ithe 

ireliability iof iage iestimation iusing iDemirjian‟s i8 iteeth 

imethod ifollowing ithe iFrench imaturity iscores iand iIndian 

ispecific iformula. iThey ireported ithat ithe iage iestimation 

iusing iIndian ispecific iformula inarrowed idown ithe ierror irate 

ito ijust iover ione iyear ithus imaking ithis imethod ireliable. i i 

 

iIn i1994, iStaaf iV iet ial
25 i

tested iwhether imetric 

imeasurements iof icrown iheight, iapex iwidth, iand iroot 

ilength iduring itooth idevelopment icould ibe ia ibetter ibasis 

ifor icorrelation iwith iage ithan ithe iclassical imethods ibased 

ion isubjective iestimations iof ivarious istages iof itooth 

idevelopment. iThe istudy iwas ibased ion ipanoramic 

iradiographs iof i541 ichildren ifrom ian iarea iof ihomogenous 

ipopulation. iThe iparameters imeasured iwere ithe icrown 

iheight, ilength iof idistal iand imesial iroots iin imolars, ilength 

iof isingle irooted iteeth, iwidth iof iapex iat idistal iand imesial 

iroot iapices, iwidth iof iapex iof isingle-rooted iteeth. iThe 

ivariables iwere iintroduced iinto ia imultiple iregression imodel 

iby ia istepwise iprocedure. i iA icomparison ibetween ithe ireal 

iage iand ithe iage iestimated ifrom ithe imathematic imodels 

ifor ithe iwhole imaterial ishowed ia imean idifference iof i0.12 

iday i(S.D i= i326 idays) ifor iboys iand i0.44 idays i(S.D i= i290 

idays) ifor igirls. iThey ialso ipointed iout ithat ithe inormal 

idifferences ibetween itrue iand iestimated iage iindicated ithat 

imost iof ithe ivariability iin itheir istudy iwas icaused iby 

iindividual ivariation iand inot isystematic ierror. i 

 

In i2002 iMesotten iK iet ial
26 iobtained ithe imultiple 

iregression iformulae ito iestimate iage ifrom idental 

idevelopmental istages iof ithird imolars ievaluated ion 

iOrthopantomogram. iBut ithese iformulae iwere iapplicable 

ionly iwhen iall ifour ithird imolars iwere ipresent. iThe 

iinvestigation irevealed ithat ithe ichronological iage iof ia 

iCaucasian iindividual imay ibe iestimated ibased ion 

iregression iformulas iwith ia iS.D iof i1.52 ior i1.56 iyears ifor 

imales iand ifemales irespectively. i 

 

Radiographic iand iClinical iMethods: i 

Unlike imost iother iliterature ion idental iage iestimation, 

iFoti iB iet ial iin i2003,
27 iprovided imathematical imodels ifor 

iage icalculation ibased ion icounting ierupted iteeth, iand iif 

ipossible, igerms, iapplicable iboth iin iclinical iand iradiological 

iexaminations. iTo iimprove ithe iaccuracy iof ithe ipredicted 

iage, ia imathematical imodel iwas iset iup itaking iinto iaccount 

iseveral ivariables iin iorder ito icalculate ithe icontinuous 

ivariable, iwhich iis ireal iage, ii.e. ithey iused ia istep-wise 

iascending imultiple iregression ianalysis. iThe iage iestimates 

icalculated iwith ithe ihelp iof ithe iregressive imodels iproved 

ito ibe ireliable iestimations iof ithe ireal iage, iderived ifrom ithe 

iformulas iusing iall ivariables i(Model i1), iall ivariables iexcept 

ithose iof itooth igerms i(Model i2), iusing iall imaxillary 

ivariables iexcept ithose iof ithe igerms i(Model i3) ior iusing iall 

imandibular ivariables iexcept ithose iof ithe igerms i(Model i4). 

iThe iregressive imodel ibased ion ithe iutilization iof iall 

ivariables iresulted iin ithe inarrowest iconfidence iinterval i(± 

i3.5years). iThe iauthors iproposed ifour iregressive imodels 

iproviding i95% iconfidence iinterval iage iestimates iin iany 

isituation, ii.e. iwhether ithere iwere iavailable ipanoramic 
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iradiographs ior inot, ieven iif ithey ihad iincomplete iskeletal 

iremains. i 

 

5. Age iEstimation iin iAdults 

Gustafson’s iMethod28: i 

Age iestimations iin iexcess iof itwenty-five iyears iwere 

imade, iusing iGustafson‟s imethod iinvolving iattrition, 

isecondary identine ideposition ietc. iGustafson iG i(1947) 

idescribed ithe iage ichanges ioccurring iin ithe idental itissue 

ias iattrition iof ithe ienamel, isclerosis iof ithe identin, identicles 

iin ithe ipulp, ideposition iof icementum, ialteration iin ithe 

iperiodontal istructures, icontinuous ieruption iof ithe iteeth, 

iroot iresorption iand itransparency iof ithe iroot. iHe idesigned 

idiagrams ifrom ithe iground isections iof iadult ihuman iteeth. 

iEach isign iwas iallotted i0, i1, i2 iand i3 ipoints iaccording ito 

idegree iof idevelopment. iAn iincrease iin ipoints 

icorresponded ito iincrease iin iage. iThe ipoint ivalue iof ieach 

iage ichanges iwere iadded itogether iand isubstituted iin ithe 

iequation ias iy i= i11.43 i+ i4.56 ix, iwhere iy i= iage iand ix i= 

ipoints. iThe ierror iof iestimation ias icalculated iby iGustafson 

iwas i±3.6 iyears. i i 

But ithis imethod iwas icriticized ifor ia inumber iof 

ireasons: 

a. Can ibe iused ionly iin ipostmortem icases ias iit 

irequires iextraction iof itooth. i 

b. Time-consuming ias itoo imany iage irelated ichanges 

iare iinvolved. 

c. Attrition iis inot ialways iage irelated. 

d. Secondary identin iis ito ia igreat iextent idue ito 

ipathological iinfluences ion ipulp icells. 

e. Periodontitis iis ioften iimpossible ito idetermine idue 

ito idecomposition iof isoft itissue. 

 

Gustafson‟s itechnique iwas ilater iimproved iby iDalitz29 

iin i1962 iand ithen iby iJohanson30 iin i1971. iDalitz 

isuggested i5 ipoint isystem ii.e. i0-4 ipoints; iexcluded itwo 

ichanges, iroot iresorption iand isecondary identin iformation; 

iand icame iup iwith ia iregression iequation: i iE i(age) i= 

i8.691 i+ i5.146A i+ i5.338P i+ i1.866S i+ i8.411T. iJohanson 

idifferentiated iseven idifferent istages iand ievaluated iall ithe 

isix ioriginal icriteria. iHe istudied ithe iroot itransparency iin 

idetail iand istated ithat iit iis iclearer iwhen ithe ithickness iof 

ithe iground isection iof ithe itooth iwas i0.25 imm. iThe 

iformula iinferred iwas: iAge= i11.02 i+ i5.14A i+ i2.3S i+ i4.14P 

i+ i3.71C i+ i5.57R i+ i8.98T. iBang iand iRamm i(1970)
31 

i
stated ithat ithe iroot identin iappears ito ibecome itransparent 

iduring ithe ithird idecade istarting iat ithe itip iof ithe iroot iand 

iadvancing icoronally iwith iage. iMaples i(1978)
32 isuggested 

iuse iof ionly itwo icriteria ii.e. isecondary identin iformation 

iand iroot itransparency iof ithe isix iGustafson‟s icriteria iand 

ireported inew iregression iformula iAge i= i13.45 i+ i4.26x. 

iSolheim i(1993)
33 iused ifive iof ithe ichanges iexcluding iroot 

iresorption iand iadded ithree inew iage irelated ichanges, 

isurface iroughness, icolor iand isex. iIn ihis istudy iof i1000 

iteeth iexcluding imolars, ihe ifound ia igood icorrelation 

ibetween iage iand ithe iwhole inumber iof ichanges. i 

 

Radiographic iand iMorphological iMethods: 

In i1994 iKvaal iand iSolheim34 ipresented ia imethod 

iwhere iradiological iand imorphological imeasurements iwere 

icombined. iUsing iradiographs ithe ipulp ilength iand iwidth ias 

iwell ias iroot ilength iand iwidth ifrom ithe iradiographs iwere 

imeasured. iThe ilength iof iapical itranslucency iand 

iperiodontal iretraction iwere ialso iincluded iin icertain iteeth. 

iThen idifferent iratios ibetween ithe iroot iand ipulp iwere 

imeasured. iThe iresults ishowed ithe istrongest icorrelation 

iwith iage ito ibe iin ithe iratio ibetween ithe iwidth iof ithe ipulp 

iand iroot. iThus iit iindicates ithat ithe irate iof ideposition iof 

identine ion ithe imesial iand idistal iwalls iis imore iclosely 

irelated ito iage ithan ithat ion ithe iroof iof ithe ipulp icavity. 

iThe imethod iis inon-destructive iand ican ibe iapplied iin 

iliving iindividuals ias iwell ias ipostmortem icases. 

 

Using iIntra iOral iPeriapical iRadiographs: 

In i1995, iKvaal iS.I iet ial
35 iderived ia imethod ifor iage 

iestimation iof ian iadult ifrom imeasurements iof ithe isize iof 

ithe ipulp ion ifull imouth idental iradiographs, iwithout 

iextraction iand idestruction iof iteeth. iTheir imethod iused ithe 

itooth, iroot, iand ipulp isize imeasurement iof isix iteeth i i 

i(mandibular ilateral iincisors, icanines iand ifirst ipremolars 

iand imaxillary icentral iand ilateral iincisors iand isecond 

ipremolars) iobserved ion iperiapical iradiographs. iThe iresults 

iindicated ithat ithe iratio ibetween ithe ilength iof itooth iand 

iroot iwas iweakly ior inot isignificantly icorrelated iwith iage 

iand iwas iexcluded ifrom ifurther istatistical icalculations. iThe 

icorrelation ibetween iage iand imean iratios ifrom iseveral 

iteeth iwas istronger ithan ithat ifrom isingle iteeth. i 

 

Using iOrthopantomograph: 

Karaarslan iB iet ial i(2010)
36 ievaluated 

iorthopantomographs i(OPGs) iof i238 iturkish iindividuals iof 

iknown iage iranging ifrom i1-60 iyears ifor ipresence iof 

iprimary iteeth; ipresence iof imixed identition iand ithird imolar 

iteeth; iapexogenesis iand imaturation istage iof ithird imolar 

iteeth; ienamel iattrition; ilevel iof iteeth; iwidth iof ithe 

irootcanal iand ipulp icavity; iand, ilevel iof ialveolar ibone 

iresorption. iOPGs iwere ievaluated iby itwo iindependent 

identists, iand iage iestimation iwas iachieved iaccording ito 

ithe idecades. iAmong i238 iOPGs, ithe ifirst identist ipredicted 

i174 iof ithe icases i(73.1%) icorrectly iand i64 iof icases 

i(26.9%) iincorrectly. iThe isecond identist ipredicted i171 

icases i(71.8%) icorrectly iand i67 icases i(28.2%) iincorrectly. 

iThe iauthor iconcluded ithat ithe iage iestimation ithrough 

ievaluating iOPGs iwas imost iaccurate iin ithe ifirst idecade 

iand ileast iaccurate iin ithe ifourth idecade. i 

 

Shendarkar iAT iet ial
37 iin itheir istudy iof i32 imunicipal 

iemployees iattempted ito iarrive iat ia ifairly iconclusive irange 

iof iage iwith irespect ito ichanges iin iphysical ifeatures, 

iespecially igraying iof ihair, iwrinkling iof iskin iand iradiological 

ievaluations iof ifusion iof icomponents iof ithe isternum iand 

ichanges iin ithe iteeth iand imandible. iThe ichanges iin ithe 

imandible inoted iwere, inamely ithe iperpendicular idistance iof 

ithe imental iforamen ifrom ilower iborder iof ibody iof ithe 

imandible i(D1), ithe ileast iperpendicular idistance iof ithe 

imandibular icanals ifrom ithe itangents idrawn ialong ithe 

ilower iborders iof ithe ibody iof ithe imandible i(D2), iand ithe 

iangle ibetween ithe itangents idrawn ialong ithe iposterior 

iborder iof ithe irami iof ithe imandible iand ithe ilower iborders 

iof ithe ibody iof ithe imandible. iAmong ithe iage ichanges iin 

ithe imandible, ithe iright iand ileft iangles i(MRA i& iMLA) iand 

ithe ileast iperpendicular idistance ibetween ithe imandibular 
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icanal ion ithe iright iside iand ia itangent idrawn ialong ithe 

ilower iborder iof ithe ibody iof ithe imandible i(MRD2) iturned 

iout ito ibe ithe imost ireliable iparameters iin ithe iassessment 

iof iage iin ithe ilater iyears. 

 

Mohite iDP iet ial i(2011)
38 icompared iboth iradiographic 

iand ihistologic imethods iof iage iestimation ito idetermine 

itheir iaccuracy. iOrthopantomographs i(OPG) iwere itaken iof 

ithe i50 imandibles ifrom icadavers i(aged i20-69 iyears) iand 

ifollowing iparameters iwere imeasured: ilength iof iramus 

i(mm), iheight iof ibody iof imandible i(mm), idistance iof ilower 

iborder iof imandible i(LB) ito iinferior imargin iof imental 

iforamen i(IMF) i(mm) i(left iand iright), idistance iof iinferior 

imargin iof imental iforamen i(IMF) ito icrest iof ialveolar ibone 

i(CAR) i(mm) i(left iand iright), igonial iangle, iantegonial i(AG) 

iangle, iantegonial i(AG) idepth, iwidth iof ithe icortex iat ithe 

ibody iand iat ithe iantegonial iregion i(TCB iat iAG). iGround 

isections ifrom ithe iregion iof ithe ibody iof ithe imandible 

i(premolar iregion) iwere imade iand iin ieach isection ithe 

inumber iof iosteons, idiameter iof ithe iHaversian icanal, 

iaverage inumber iof iconcentric ilamellae iper iosteon, iarea iof 

ithe iHaversian icanal i(HC iarea), iarea iof iosteon i(AR iof 

iOS) iand iHaversian icanal iperimeter i(HC iperimeter) iwere 

imeasured. iOf ithe ivarious iparameters istudied, ithey 

iconcluded ithat ithe ihistologic iparameters irecorded iages, 

iwhich iwere icloser ito ithe iactual iage. i 

 

Using iCraniofacial iSkeleton: 

The itime iof iappearance iof iossification icenters, isite, 

isize iand idegree iof ifusion iwith iother ipart iof ithe ibone ican 

ibe iused ifor iage iestimation iupto i21 iyears. iAfter i21 iyears 

ithe iassessment iof iage iis ibased ion ithe ichanges iin 

iconfiguration, istart iof iclosure iof isagittal/ icoronal isutures 

i(25 iyears); icompletion iof isagittal isuture iclosure i(32-35 

iyears) iand icoronal isuture iclosure i(40 iyears); iFusion iof 

ilambdoid isuture i(45 iyears); ifusion iof isquamous iportion iof 

ithe itemporal ibone iwith iparietal ibone i(60 iyears).
39 i 

iManne iet ial ihave idescribed ia imethod iof iestimating iage 

ifrom ithe ifour imaxillary isutures iand iconcluded ithat iit ican 

ibe iused ito igive ian iage irange iif inot ithe iexact iage.
40 

 

Biochemical iMethods: 

The ibiochemical imethods iare ibased iupon ithe 

iracemization iof iamino iacids, iwhich iis ia ireversible i1
st
 

iorder ireaction iand iis irelatively irapid iin iliving itissues iin 

iwhich imetabolism iis islow. iIt ihas ibeen ireported ithat 

iAspartic iacid ihas ihighest iracemization irate iof iall iamino 

iacids iand iis inormally istored iduring iaging. iL-aspartic iacids 

iare iconversed ito iD-aspartic iacids iand ithus ithe ilevels iof 

iD-aspartic iacid iin ihuman ienamel, idnetin iand icementum 

iincrease iwith iage. iThe iD/L iratio ihas ibeen ishown ito ibe 

ihighly icorrelated iwith iage.
41 iAlkass iK iet ial i(2010)

42 

ianalyzed iforty ifour iteeth ifrom iforty ione iSwedish 

iindividuals iusing iaspartic iacid iracemization ianalysis iof 

itooth icrown identin, iand iradiocarbon ianalysis iof ienamel. 

iRadiocarbon ianalysis ishowed ian iexcellent iprecision iwith 

ian ioverall iabsolute ierror iof i1.0 i± i0.6 iyears. iAspartic iacid 

iracemization ialso ishowed ia igood iprecision iwith ian ioverall 

iabsolute ierror iof i5.4 i± i4.2 iyears. iRadiocarbon ianalysis 

igives ian iestimated iyear iof ibirth iwhereas iaspartic iacid 

iracemization ianalysis iindicates ithe ichronological iage iof ian 

iindividual iat ithe itime iof ideath. iThe iauthors iclaimed ithat 

ithe icombination iof ithese imethodologies ican ihelp ithe 

iforensic ipeople ito idetermine ithe iidentity iand itime iof ideath 

iof iunidentified iindividuals. i 

 

In iyet ianother istudy, iBuchholz iBA, iSpalding iKL 

i(2010)
43 iisolated ienamel ifrom ihuman iteeth iand 

iprocessed ito iform igraphite iand icarbon14 i(
14

C) ilevels 

iwhich iwere imeasured iusing iaccelerator imass 

ispectrometry. iAs ithere iis ino iturnover iof ithe ienamel iafter 

iit iis iformed, i
14

C ilevel iin ithe ienamel irepresents i
14

C ilevels 

iin ithe iatmosphere iat ithe itime iof iits iformation. 

iRadiocarbon idating iis itypically ian iarcheological itool irather 

ithan iforensic ione. iFor iradiocarbon ianalysis iof itooth iage, 

ithe iupper ilimit iof ithe ienamel iformation iis iused, ithat iis 

ithe itime iof ienamel ilay idown icompletion iwhich ibalances 

ilag iperiods iof i
14

C iincorporation ifrom ithe iatmosphere ito 

ithe ibody. iThe itechnique ireports iaccurate idetermination iof 

iage iwith iprecision i± i1.5 iyears. iBirth iinformation 

isignificantly ihelps iinvestigators iin iidentifying ideceased 

iindividual. 

 

6. Conclusion 

The iaccuracy iof ithe idental iaging iis inot iuniform 

iamong ithe idifferent ipopulation iand idifferent imethods. 

iResearch iin iforensic iodontology iis iongoing iand idifferent 

itechniques iand inumerous istudies iare ibeing ipublished iwith 

ieither inew imethodology ior inewer iformulae idemonstrating 

ivarious iaccuracy, iprecision iand ireliability. iTraditional 

imethods isuch ias iradiographic iexamination iof idental iand 

iskeletal idevelopment ito idetermine iage iare ibeing ireplaced 

iby imicrofocused icomputer itomography44 iand icone-beam 

iCT iscan-3D iimages,
45 iin iorder ito iminimize ithe 

imagnification ierror. iAs ialso isophisticated imethods isuch ias 

ichemical ianalysis iof itooth identin iby iaspartic iacid 

iracemization iand iradiocarbon ianalysis iare ibecoming imore 

iaccessible. iWith iso imany ioptions iavailable imore ithan ione 

itechnique imay ibe iappropriate ifor ia iparticular icase. iFor 

ithis ireason iwhen iinvestigating ia icase ithe iForensic 

iodontologist ishould iapply idifferent itechniques iavailable 

iand iperform irepetitive imeasurements iand icalculations iin 

iorder ito iachieve ia ireliable iconclusion. 
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TABLES 

 

TABLE i1- iIndividual imaturity iscore iassigned ifor ieach itooth ias iper itheir idevelopmental istage ifor iBoys. 

Stage 

0 1 2 3 4 5 6 7 8 9 Tooth 

M3 6.19 7.64 8.28 8.86 9.89 11.17 12.25 13.66 14.07 15.32 

M2 1.7 2.98 3.41 4.74 4.88 6.69 7.89 9.08 11.13 13.63 

M1  i  i  i  i  i 2.13 3.73 4.94 7 11.22 

PM2  i 1.69 2.2 3.41 3.41 5.59 6.96 8.68 10.64 13.11 

PM1  i  i 1.7 1.98 3.52 5.19 6.47 8.18 9.84 12.57 

C  i  i  i 1.7 2.67 4.34 6.47 7.59 9.52 12.56 

I2  i  i  i  i  i 2.55 4.71 5.75 6.97 10.91 

I1  i  i  i  i  i 2.31 4.35 5.16 6.56 10.68 

 

 

 

TABLE i2- iIndividual imaturity iscore iassigned ifor ieach itooth ias iper itheir idevelopmental istage ifor iGirls. 

Stage 

0 1 2 3 4 5 6 7 8 9 Tooth 

M3 6.4 7.74 8.92 9.31 10.22 11.04 12.65 13.77 14.45 16.65 

M2  i 2.57  i 2.65 4.1 6.51 8 9.13 11 13.84 

M1  i  i  i  i  i 2.58 3.25 4.25 6.88 10.94 

PM2  i  i 2.43 3.43 3.83 5.75 6.81 8.7 10.8 12.79 

PM1  i  i  i 2.56 3.54 5.09 6.31 8.09 9.82 12.29 

C  i  i  i  i 2.55 3.15 5.4 7.19 9.22 11.99 

I2  i  i  i  i  i 2.65 4.54 5.4 7.02 10.89 

I1  i  i  i  i  i 2.58 3.1 5.02 6.66 10.61 

 

 

 

 

 

 

 

 

 

 

 


