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국문초록

한한한국국국인인인과과과 스스스웨웨웨덴덴덴인인인에에에서서서 mmmooodddiiifffiiieeedddDDDeeemmmiiirrrjjjiiiaaannn
방방방법법법에에에 의의의한한한 치치치아아아성성성숙숙숙도도도 비비비교교교

안 복 훈
지도교수 윤 창 륙
조선대학교 대학원 치의학과
구강내과학 전공

Dermijian방법은 북유럽을 중심으로 널리 사용하는 아동 및 청소년기에
대한 연령감정법이다.특히 이 방법은 치아가 성숙되기 시작하는 유아로
부터 치아의 성숙이 완료되는 청년기까지 치아성숙도를 계측화함으로써
연령감정을 객관화 시킨다는 장점이 있어 유럽에서는 감정실무에 자주 인
용되고 있으나 국내에서는 거의 사용되지 않는 방법이다.본 논문에서는
Dermijian방법을 한국인과 스웨덴인을 대상으로 적용하여 한국인에서 적
용가능성을 모색하고 한국인과 유전적 거리가 상당히 먼 스웨덴인간의 치
아성숙도의 인종 차이를 비교분석하였다.
Dermijian방법에 의한 한국인과 스웨덴인의 치아성숙도 비교결과 성장양
상에는 큰 차이가 없었으나 성장속도에서는 통계적으로 유의할 만한 차이
를 보였다.남자에서는 거의 모든 연령층에서 한국인의 치아 성숙도가 스
웨덴인보다 1내지 2개월 정도 늦었으며.반면에 여자에서는 모든 연령층
에서 한국인이 스웨덴인보다 약 6개월 정도 치아성숙이 늦었고 특히 6세
에서 12세 사이에 뚜렷한 차이를 보였다.이 결과는 양 인종간의 치아성
숙도에 있어서 차이가 있음을 말해주고 한국인의 치아성숙도에 의한 연령



추정시 핀란드아동 성숙표준표를 적용한다면 이 차이를 고려하여 추정연
령을 산출해야 함을 의미한다.

핵심어 :연령추정,Demirjian방법,치아성숙,인종차
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ⅠⅠⅠ...IIInnntttrrroooddduuuccctttiiiooonnn

Thewishtoimprovethemethodsforestimationofchronologicalageof
childrenbyaidoftheirtoothdevelopmenthasinitiatedseveralstudies.
Thecommonaim hasbeentodevelopamethodwithashighareliability
andvalidityaspossible.Themostusedmethodoverthelastyearsin
Europe is the one developed by Demirjian and coworkers      .
Chronologicalageistheprimarymeasureinassessingthedevelopmentof
achild.Skeletalage,secondarymeasures,usedtobringmaturationinto
sharper focus.Demirjian et al. have a described application of a
modification of skeletal age assessment in relation to dentition .

ImproveddentalmaturityassessmentmethodofDemirjianandGoldstein
iswidelyusedinternationally . This



methodoffersthepossibilityto
accessachronologicalageand todescribetheuncertainty around the
estimate.Itisbasedonsubjectivelyestimatedscoresofdevelopmentof
mandibularteeth,andthesubsequenttranslationoftheobtainedmaturity
scoreintoanage.Themethodrequiresthepresenceofeitheralllower
teethorparticularsubsetofthem.Theoriginalmethodseemstogivean
over-estimateofup tooneyearwhen used Scandinavian population .
The maturity score is a measure of the dental development and
correspondingchronologicalagecanbeusedtoestimatetheageofchild
with missing or uncertain birth data.As populations may differ in
maturityrate,theusefulnessofthemethodinpopulationsotherthanthe
French-Canadianonedependsontheavailabilityoftablesspecificforthe
populationinquestion.
Several studies have examined variations in the rate of dental
developmentin children from differentpopulationsusing theDemirjian
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methodforageestimationinchildren .Mostofthesestudieshaveshown
a more of less consistence difference between the French-Canadian
population,used to constructthe originalDemirjian method,and the
population underinvestigation.In moststudiestheCanadian population
waslaggingbehindinthedentaldevelopment,varyingfrom afew months
uptoaboutayear,especiallysobetweentheagesof6and10years.
Thereasonforthisdifferenceisdifficulttounderstand.A genuinegenetic
differenceisunlikely,sincethegeneticdistancebetweenforexamplethe
Scandinavian and the French-Canadian populations is otherwise not
especiallypronounced.
In earlierstudies on age estimation ofchildren itappeared thatthe
descriptionoftheoriginalmethodwasnotdetailedenoughtoallow exact
reproducibility   ,and the shape ofthe curves thatdescribed the
relationshipbetween ageand dentalmaturation differed considerably at
certainages.Theoriginalmethodwasthereforemodifiedbyintroducinga
mathematicalmodeltobeusedinsteadoftheoriginal,manually fitted,
modeltocorrelatedentaldevelopmentwithchronologicalage .Itwas
found thata cubic function gave a highly acceptable modelofthe
relationship,which,forthefirsttime,alsomakesitpossibletocompare
differencesintherateofdentaldevelopment,withstatisticalmethod.
Theaim ofthestudywastocomparetherateofdentaldevelopmentin
twogeographydifferentpopulations,thatinKoreansandSwedes,using
themodifiedDemirjianmethod.
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ⅡⅡⅡ...MMMaaattteeerrriiiaaalllsssaaannndddmmmeeettthhhooodddsss

Orthopantomographs were obtained from 980 Korean and 785 Swedish
children ofboth genders,allbeing healthy and with a fullsetof
permanentmandibularteeth.
TheKoreansampleconsistedof490unrelatedgirls(meanage10.1,range
2.9-18.0years)and490unrelatedboys(meanage10.5,range3.0-17.7
years)livinginandaroundthecityofGwangjuintheRepublicofKorea.
The panoramic views were storaged in Dept. of Oromaxillofacial
Radiology,College ofDentistry,Chosun University.Age was evenly
distributed.
TheSwedishsampleconsistedof397girls(meanage9.6,range2.6-17.8
years)and388boys(meanage10.4,range2.8-17.7years)livinginvarious
partsofthecountry.Thesamplewascollectedfrom thefilesofanumber
of specialist clinics of orthodontics or predodontics. Part of the
sample(485)hasbeen used previously.Theadditionalsample,collected
from theDepartmentofOralRadiologyattheDentalSchool,Huddinge,
Sweden,Agealsowasevenlydistributed.
Theorthopantomographywasexaminedonalighttablewiththeaidofa
magnifyingglassandapairofcallipers.Thedevelopmentofeachtooth
wascomparedwith theradiographicimages,drawingsanddescriptions
givenbyDemirjianetal.,andgivenascoreofA throughH.Thisscore
was translated into a numerical "self-weighted score for dental
development"accordingtothetableintheupdatedreportbyDemirjian
andGoldstein.Thesescoresfortheseven mandibularteeth werethen
addedtogether,givingthematurityscore.



- 4 -

StageDescription

A In both uniradicular and multiradicular teeth, a beginning of
calcificationisseenatthesuperiorlevelofthecryptintheform ofan
invertedconeorcones.
BFusionofthecalcifiedpointsformsoneorseveralcuspswhichunite

togivearegularlyoutlinedocclusalsurface.
Ca.Enamelformationiscompleteattheocclusalsurface.Itsextension

andconvergencetowardsthecervicalregionisseen.
b.Thebeginningofadentaldepositisseen.
c.The outline ofthe pulp chamberhas a curved shape atthe

occlusalborder.
D a.Thecrownformationiscompleteddowntothecemento-enamel

junction.
b.Thesuperiorborderofthepulpchamberintheuniradicularteeth

hasadefinitecurvedform,being concavetowardsthecervicalregion.
Theprojectionofthepulphornsifpresent,givesanoutlineshapedlike
anumbrellatop.Inmolarsthepulpchamberhasatrapezoidalform.

c.Beginningofrootformationisseenintheform ofaspicule.
E Uniradicularteeth:
a.Thewallofthepulpchambernow form straightlines,whose

continuityisbrokenbythepresenceofthepulphorn,whichislarger
thanthecrownheight.

Molars:
a.Initionalformationoftheradicularbifurcationisseenintheform

ofeitheracalcifiedpointorasemi-lunarshape.
b.Therootlengthisstilllessthanthecrownheight.

Thematurityscorewasthencorrelatedwiththechronologicalagewith
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theaidofacubicfunctionusingtheGraphPadPrism ver.3.0statistical
program.Comparisonbetweenmaturationratesinthetwopopulationswas
madebycomparingtheentirecurvesusinganFtest.TheFratiowas
calculatedusingthefollowingequation.
F =(SS -SS)/(DF -DF )/(SS -DF
)
WhereSS isthesum ofsquaresforthecombinedtwopopulations,
SS thetotalofthesum ofsquaresforeachofthetwopopulations,
DF thedegreeoffreedom forthecombinedtwopopulations,andDF
 thetotalofthedegreesoffreedom foreachofthetwopopulations.
TodeterminethecorrespondingpvaluestheFdistributionwasusedwith
4degreesoffreedom inthenumeratorforboysandgirlsrespectively.
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ⅢⅢⅢ...RRReeesssuuulllttt

Figs.1a-1d.show thetotalmaturityscoreplottedagainstchronologicalage
forthetwoethnicgroupsseparatedbygender. A cubicfunctiongavean
apparently good fitofthe plots in both populations,and this function
thereforeappearedjustifiableinthestudy.
Theconstantsandfactorsofthecubicfunctions,separatedofethnicgroup
andgender,areshownonTable1whereitappearsthatthesquareofthe
correlation coefficient(R) is high,and the modelexplains most of the
correlation.Thereareno differencesbetween thetwo populationsin this
respect.
InFigs.2aand2btheplotsandthecorrespondingregressioncurvesforthe
two populations are superimposed.The regression curves forthe Korean
childrenareconsistentlyshiftedtotherightofthecurvesoftheSwedish
children indicating thatthereisaslightgeneraldifferencein therateof
dentaldevelopmentbetweentheKoreanandSwedishchildren.TheSwedish
boys are1-2 months ahead theirKorean counterpartsoverallages,but
especiallysobetweentheagesof6and12years.
InFigs.3aand3btheplotshavebeenremovedtodisplaytheregression
curvestogetherwiththeir95% confidenceintervalatgroupandindividual
levels.TheF testsshowedastatisticallysignificantdifferencebetweenthe
twopopulationsatp<0.005(F=3.79)andp<0.0001(F=15.97)forboysandgirls
respectively.
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Fig.1a-1d.Scatterplotsofmaturity scoreaginstchronologicalageusing a
cubicfunction
(y=a+bx+cx +dx)
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Fig.2a and 2b.Comparison of scatterplots of maturity score against
chronologicalage forgirlsandboysrespectively.

Figs.3aand3b.Sameas2aand2b,wheretheindividualplotshavebeen
removedto displythelinesforpredictions.Innerpairoflinesdenotesmean
regression prediction and outerpairindividualregression prediction ata
confidence.
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Table1.CorrelationＴable:Dependentvariable=maturityscore,independent
variable=age

Korean girls .956 133 960.47 .000-49.04323.0579-1.0121.0095 4006
Swede girls .944 238 1336.79.000-63.63831.6849-1.9543.0396 4918
Korean boys .956 169 1235.64.000-60.31427.3991-1.5056.0261 4318
Swede boys .946 239 1401.23.000-49.48625.1161-1.3161.0204 6500
Combined
popilations

girls .942 375 10460
boys .949 412 11220
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ⅣⅣⅣ...DDDiiissscccuuussssssiiiooonnn

Themethodby Demirjian andco-workersforageestimation in children
wasanimportantdevelopmentwhenpublishedmorethan30yearsago.It
has been used world-wide since then,buta series ofstudies  has
demonstratedthattheagesoftheindividualsinthetestedpopulationswillbe
regularly over-estimated,which would mean thatofthe French-Canadian
children on which the method was originally constructed.These findings,
togetherwith thefactthatthedescription oftheoriginalmethod isnot
detailed enough to allow exactreproducibility,made itimportantto look
furtherintotherelationshipbetweenthedentaldevelopment(heredescribedas
maturityscore)andchronologicalage.Mörnstad foundthatacubicfunction
couldbeusedasamodelforthisrelationshipandthereforecouldbesuitable
forthecomparisonofdifferentpopulations.ButLiversidgeetal reported
thattherewasnodifferencebetweenLondonchildrenofBangladeshiand
whiteCaucasian(English,WelshandScottish)originagedbetween4and
9years.Differencesindentalmaturationbetweenthetwoethnicgroups
werenotsignificant.Britishchildrenasagroupweredentallyadvanced
comparedtotheCanadianstandards.Thestandardsofdentalmaturation
describedby Demirjian etal.may notbesuitableforBritish children.
Apex closure ofthe firstmolarwas significantly laterin children from
Quebecandthismightexplaindifferencesfoundinthedentalmaturityscore.
Theseresultssuggestnomajordifferencesinthetimingoftoothformation
stages between these children.This fails to explain previous findings of
differencesusingDemirjian'sdentalmaturitymethod .
A modelbased on a mathematicalfunction also has the advantage of
describing confidence intervals around an estimate,and thus comparing
different populations with established statistical methods. International
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Demirjian'smethodishighefficientforforensicpurposes.Nevertheless,this
method islessaccuratethan Demirjian'smethod developed foraspecific
country, because of the inter-ethnic variability.There are inter-ethnic
differencesclassifiedinthreemajorgroups.
Itseemsthatthepresentresults,usingthecubicfunction,arescientifically
betterfoundedthanaremostoftheresultsofearlierstudies  usingthe
originalDermirjianmethod.Forthefirsttimedifferencescanbeexamined
overthewholeagescale,andnotonlyasameanvalueoverseveralyears,
oronlyatcertainages.WhencomparingtheKoreanandSwedishpopulations
withthemodifiesmethoditwasfoundthatbothSwedishboysandgirlsare
earlierin theirdevelopmentthan theirKorean counterparts.Thedifference
wasonly 2-3monthsforboys,butuptohalf-a-yearforgirls,especially
betweentheagesof6and12years.
Furtherstudieshavetoconfirm whetheritispossibletodemonstratethe
differencebetweentheFrench-Canadianchildrenandmostotherpopulations
withthismodifiedmethod.Itispossiblethattheshapeofthematuritycurve
differsbetweenpopulations,inwhichcaseothermodelshavetobesearched
for.UnfortunatelytheFrench-Canadianpopulationusedintheoriginalstudy
cannotbetestedsincetheraw datahaveneverbeenpublished.
Itseemslikeunlikely thatthedifference,although statistically significant,
betweenpopulationswouldbeparticularlyimportantatindividuallevel,since
the individualvariation is so large that it may mask smaller ethnic
differences.Ithasbeenshown10thatthereareindividualvariationsofupto
two yearsaround a certain stageofdevelopmentalstage(on thescaleA
thoughH)ofanindividualtoothmayvaryuptofivestagesatacertainage.
In conclusion,using acubicfunction to describetherelationship between
dentaldevelopmentandchronologicalage,itseemsthatthereareonlyminor,
although statistically highly significant,differences in the rate ofdental
developmentbetweenKoreanandSwedishchildren.TheKoreangirlsseem to
be,onaverage,sixmonthslateroftheSwedishgirlsbetweentheagesof6
and12years,andtheboysacoupleofmonthslater.However,theseethnic
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differences are much smaller than the individualvariations within the
populations.Sowhen Demirjian methodisappliedtoKorean children,this
differenceshouldbeconsidered..
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  본인이 저작한 위의 저작물에 대하여 다음과 같은 조건아래 조선대학교가 저작물을 

이용할 수 있도록 허락하고 동의합니다.

- 다         음 -

1. 저작물의 DB구축 및 인터넷을 포함한 정보통신망에의 공개를 위한 저작물의 복제,

   기억장치에의 저장, 전송 등을 허락함

2. 위의 목적을 위하여 필요한 범위 내에서의 편집ㆍ형식상의 변경을 허락함.

   다만, 저작물의 내용변경은 금지함.

3. 배포ㆍ전송된 저작물의 영리적 목적을 위한 복제, 저장, 전송 등은 금지함.

4. 저작물에 대한 이용기간은 5년으로 하고, 기간종료 3개월 이내에 별도의 의사 

표시가

   없을 경우에는 저작물의 이용기간을 계속 연장함.

5. 해당 저작물의 저작권을 타인에게 양도하거나 또는 출판을 허락을 하였을 경우에는

   1개월 이내에 대학에 이를 통보함.

6. 조선대학교는 저작물의 이용허락 이후 해당 저작물로 인하여 발생하는 타인에 의한

   권리 침해에 대하여 일체의 법적 책임을 지지 않음

7. 소속대학의 협정기관에 저작물의 제공 및 인터넷 등 정보통신망을 이용한 저작물의

   전송ㆍ출력을 허락함.

동의여부 : 동의( v )   반대(     ) 
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