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초록

한국인집단에 대한 Kvaal과 Paewinsky방법의 적용성:

한국인 특화된 추정식 개발

노 병 윤

지도교수:윤 창 륙

조선대학교 대학원 치의학과

살아있는 사람에 있어서 치과적 연령감정은 매우 제한되어 있는데,치과 방

사선사진에서 2차 상아질의 침착에 따른 치수의 크기를 계측하여 연령을 추

정하는 연구가 보고되어 왔으며,Kvaal의 연구가 대표적이다.이번 연구는 한

국인의 digitalpanoramic radiograph에 Kvaal의 방법을 적용하였을 때,

validity를 평가하고,한국인에게 적용할 수 있는 회귀식을 확인하는 것이다.

조선대학교 치과병원에 내원한 21-69세 사이의 266명 환자의 digital

panoramicradiogrpah를 대상으로 연구가 이루어졌다.Kvaal의 연구에서 이

루어진 것과 같이 상악 중절치,측절치,제2소구치,하악 측절치,견치,제소구

치 6개의 치아에 대한 치아,치수의 길이와 폭에 대한 계측이 이루어졌다.계

측값들이 재현성을 갖는지 inter-/intra-observerreliability를 측정하여 보았

으며,각 계측비들과 연령간의 상관관계를 통계적으로 분석하여 보았다.

Kvaal의 방법과 이를 수정한 Paewinsky의 방법으로 추정한 연령과 실제 연

령간의 차이를 분석하여 보았으며,이 연구를 바탕으로한 연령 추정식을 도

출하여 보았다.Kvaal의 연구에서 측정된 계측비들은 Kvaal의 연구보다는 낮

았지만,실제 연령과 어느정도 연관성을 나타냈으며,특히 6개의 모든 치아를

적용하였을 경우 연관성이 높게 나타났다.하지만 Kvaal의 추정식을 그대로

적용할 경우 실제 연령과 차이는 많이 나타났으며,이번 연구를 바탕으로 한
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국인에게 적용할 수 있는 수정된 Kvaal의 공식을 도출해보았다.이는 추후

연구를 통하여 검증되어야 할 것으로 사료된다.한편 Paewinsky의 방법은 오

차가 커 한국인에게 적용은 어려울 것으로 판단된다.

Keywords:Dentalageestimation,Panoramicradiographs,dentalpulp,

secondarydentin
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Ⅰ.Introduction

Age estimation plays an importantrole foridentification in forensic

science.Especially,estimationwithteethhasbeenactivelystudiedsofar.

TheRomansarebelievedtohistoricallyhaveutilizederuptionofsecond

molartoothtodecidedraftage,butageestimationhasbeenscientifically

researchedandappliedfrom earlythe19thcentury.
1)
In1836,Thomson,a

forensicdoctor,reportedthateruptiontimeoffirstmolarteethwasused

toidentify7yearsoldchildren.And,Sounderssuggestedageestimation

for1000childrentoapplyFactoryActin1837.Lacassagneestimatedage

withadultteethfrom adeadbodyin1889.
2)
In1950,Gustafsonreported

age estimation method with age-related 6 different structural

changes(secondary dentin apposition,attrition,periodontitis,cementum

apposition,rootresorption and roottransparency).3) In 1971,Johanson

subdivided the Gustafson’method and brought a new equation for

estimation,and ithas been widely used for age estimation ofthe

deceased.

Somestudies utilized roottransparency,secondary dentin formation,

periodontalrecession and tooth attrition for age estimation ofadult

respectively.In1970,BandandRam introducedanageestimationmethod

using roottransparencyonly.Itisknownthatintratubularcalcification

increasesanddiameterofdentinaltubuledecreasesinaccordancewithits

aging.Asaresult,arootincreasestransparencyinthedirectionofthe

tip ofrootto coronal.They introduced an ageestimation method by

measuring thelength ofroottranslucency from theapex ofan intact

toothandlongitudinalsectionedteeth.4)

Maplereportedanageestimationmethodusing roottransparencyand

secondarydentinformationin1978.Henotedthatitcoulddecreasean

observererrorwithreductionofvariablesandbeusedonotherpopulation
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withsomeconfidence.
5)

In 1992,Lamendin et al.
6)
reported an age estimation using root

transparency and periodontalrecession.Thismethod can beperformed

withouttoothsectioning,andhastheadvantageofnotrequiringspecial

equipmentortraining.

Toothwearaccordingtoaginghasbeenstudiedforageestimation.Yun

etal.
7)
reported age estimation method using a new scoring method

evaluatingtoothwearforKoreanpopulationsin2007.

Ontheotherhand,anbiochemicalmethodusingaminoacidracemization

of tooth has been reported.L-form of amino acids are gradually

convergedtoD-form ofaminoacids.Someageestimationmethodshave

beenstudiedusingracemizationconversionratesofasparticacidindentin,

andthesemethodhadquitehighaccuracy.
8,9)

However,they demandextraction oftheteeth exceptforthemethod

usingtoothattrition,anditisimpossibleforalivingperson.Therefore,

non-invasivemethodsusingdentalradiographshavebeentriedforage

estimation,and they utilizethedecreasein pulp cavity by continuous

secondarydentinapposition.

In1995,Kvaaletalhadreportedanew ageestimationmethodusing

Norwegiansamplewithperiapicalradiographs.Kvaaletalmeasuredthe

lengthandwidthoftoothandpulp,investigatedcorrelationbetweenage

andthevalues,andderivedaregressionequation.
4)

Since then some studies have been applied Kvaaletal's study to

parnoramic radiographs, but they reported confliction results.5) -9)

Particularly,Paewinskyreportedanew ageestimationequationusingthe

widthofpulpcavitybymodifying Kvaal'sstudy.Thepurposeofthis

study istoevaluatethevalidity ofKvaal'sandPaewinsky'smethods

withKoreandigitalpanoramicradiographandassurearegressionequation

whichcanbeappliedtoKorean.
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Ⅱ.Methods& materials

Thesubjectswere266patientswhovisitedinDentalhospitalChosun

University,andtheywererandomlyselectedaccordingtotheiragesevery

10yearsold.Thisstudy received approvalfrom InstitutionalReview

BoardoftheChosunUniversitydentalHospital(No.CDMDIRB153).

AsKvaal'sstudy,6kindsofteeth(maxillary incisor,maxillary lateral

incisor,second premolar,mandibularlateralincisor,canine,and second

premolar)weremeasured,butthecaseshavingseverecaries,pathological

lesion on jawbone,malposition,superimposition,treated by rootcanal

therapyandrestoration,and impossibletomeasureduetolow sharpness.

AccordingtoKvaaletal,therewasnodifferencebetweenleftandright

side,so6kindsofteethwereselectedbytheirsharpness.

ImageswereconvertedintoJPG onPiViewSTAR (INFINITT,Korea),

Pacsprogram,andmeasuredwithAdobePhotoshopcs5(AdobeSystems

Incorporated,SanJose,CA,USA).Measuringpointsweredeterminedon

200% magnifiedimages,andthenumberofpixelbetweenpointswere

calculated.Incasesofinclinedtoothwithmesio-distodirection,images

wereadjustedCEJlinetobehorizontal,thenthelengthandwidthofthe

teethweremeasured.

Intermsoftoothlength,maximum toothlength(T),maximum pulp

length(P),androotlengthonthemesialsurfacefrom theCEJto the

rootapex(R)havebeenmeasured.Intermsoftoothwidth,therootand

toothwidthbothattheCEJ(levelA),atthemidrootlevel(levelC)and

atmidpointbetween the ECJand midrootlevel(levelB)have been

measured.(Fig.1)
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Fig.1measurementsontheradiographsaccordingtoKvaaletal.(1995):

T maximum tooth length,R rootlength on the mesialsurface,P

maximum pulplength;A rootandpulpwidthattheCEJ,Brootandpulp

widthmidway betweenmeasurementlevelsA andC,C rootandpulp

widthmidwaybetweenapexandECJ

Tocompensateformeasurementerrorsinmagnificationandangulation

onpanoramicradiographs, thefollowingratioswerecalculated:pulp/root

length(P),pulp/toothlength(R),tooth/rootlength(T)andpulp/rootwidth

atthethreelevels(A,BandC).

All measurements were carried out by one observer. To verify

reproducibility,remeasurementwas performed for25 subjects after3

months by the same observer.Another observer measured other 25

subjectstoevaluateinter-observerreliability.

CollecteddatawasstatisticallyanalysedbySPSS software(ver.20.0;

SPSS Inc.,Chicago,IL,USA).Inta-observerreliability& inter-observer

reliabilityofthemeasurementswasevaluatedwithintra-classcorrelation

coefficient.Pearsoncorrelationbetweeneachvalueandchronologicalage

wasacquired,andthedifferencebetweenestimatedagebyKvaal'sand

Paewinsky'smethodsandrealagewasstatisticallyanalyzed.

Basedonthestudy,modifiedKvaal'sandPaewinsky'sageestimation
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equation for Koreans were derived, and each coefficient of

determination(r
2
) and standard error of the estimate in years was

analyzed.
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Age(years) Male Female Total

20-29 25 27 52

30-39 25 25 50

40-49 25 28 53

50-59 28 29 57

60-69 28 26 54

total 131 135 266

Ⅲ.Results

Ageandgenderdistributionof thesubjectsstudiedisshowninTable1.

Table1.Ageandgenderdistributionofsubjects

Measurement consistency of Inter-observer was over 98%.

Intra-observerreliabilityonmaxillarylateralincisorwas90%,andthose

ofotherteethwereover99%.Thismeansthatthetechniqueondigital

panoramicradiographsishighlyreproducible.

Correlationcoefficientsbetweentheageandtheratiosofmeasurements

andtheirmeanvaluesappearedonTable2.Correlationcoefficientsofthis

studywasrelativelylessthanthatofKvaaletal'sstudy.Comparingto

correlationofeachtooth,themeanvalueofmaxillary/mandible/maxillary

and mandible teeth showed higher correlation coefficients.Correlation

betweentheageandthelengthoftoothwasnotsignificantorminor.
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11/21 12/22 15/25 32/42 33/43 34/44 Mx. Mn. Both
Jaw

P -0.04
(NS)

0.08
(NS)

0.13* 0.00(NS) 0.10
(NS)

0.20** 0.08(NS) .12(NS) 0.13*

T -0.15* -0.12* -0.28** -0.29** -0.31** -0.18** -0.25* -0.37* -0.38**

R 0.14* 0.15* 0.38** 0.28** 0.30** 0.11(NS) 0.30* 0.30* 0.37**

A -0.39** -0.37** -0.34** -0.27** -0.31** -0.30** -0.49** -0.43** -0.54**

B -0.56** -0.49** -0.50** -0.33** -0.28** -0.31** -0.66** -0.43** -0.64**

C -0.42** -0.58** -0.37** -0.29** -0.30** -0.27** -0.62** -0.43** -0.63**

M -0.47** -0.46** -0.43** -0.31** -0.31** -0.22** -0.59** -0.41** -0.58**

W -0.56** -0.58** -0.50** -0.36** -0.35** -0.34** -0.70** -0.48** -0.67**

L 0.07(NS) 0.14* 0.33** 0.15* 0.25** 0.17** 0.26** 0.28** 0.33**

W-L -0.47** -0.51** -0.55** -0.36** -0.40** -0.32** -0.68** -0.52** -0.70**

Table2.Correlationcoefficientsbetweenchronologicalageandratiosof

measurements from thedigitalpanoramic radiographsandtheirmean

valuesforeachtooth,threemaxillaryteeth,threemandibularteethandall

sixteethfrom bothjaws.(n=266)

P:ratiobetweenlengthofpulpandroot;T:ratiobetweenlengthoftooth

androot;R:ratiobetweenlengthofpulpandtooth;A:ratiobetween

widthofpulpandrootatCEJ(levelA);B:ratiobetweenwidthofpulp

androotatmidpointbetweenlevelC andA (levelB);C:ratiobetween

widthofpulpandrootatmidrootlevel(levelC);M:meanvalueofall

ratios;W:meanvalueofwidthratiosfrom levelsBandC;L:meanvalue

ofthelengthratiosPandR;W -L:differencebetweenW andL

NS:NosignificanceP>0.05.

*P<0.05,**P<0.01

With Kvaal'and Paewinsky'sequation,themean,SD,and Standard

erroroftheestimateappearedon Table3and 4.Therewasahuge

differencebetweenrealageandestimatedageonbothmethods.
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Model Difference Standard error
oftheestimate

mean SD Min Max

All 66.70 10.67 43.50 91.44 67.8

Mx 57.21 11.08 28.73 85.06 58.49

Mn 70.91 12.17 37.58 101.33 72.21

11/21 43.26 12.43 9.94 70.39 45.17

12/22 48.83 11.93 15.99 75.46 50.45

15/25 66.86 12.62 34.65 101.63 68.3

32/42 54.99 13.34 21.01 92.51 56.8

33/43 46.10 14.00 11.90 86.47 48.35

34/44 61.50 14.18 24.62 93.35 63.35

Model Difference Standarderrorof
theestimatemean SD Min Max

11/21A -7.48 14.70 -50.69 41.12 16.53

B -8.60 12.49 -41.71 25.81 15.20

C -10.60 13.96 -49.10 35.72 17.57

12/22A -0.03 18.58 -45.53 54.70 18.62

B -4.46 16.43 -58.19 48.07 17.06

C -10.70 14.70 -51.15 27.10 18.23

15/25A -7.73 18.23 -56.82 47.47 19.85

B -12.8 16.51 -51.73 30.88 20.97

C -16.03 18.10 -69.12 34.05 24.25

32/42A -3.05 20.23 -58.46 78.91 20.50

B -11.75 19.99 -71.17 49.99 23.24

C -22.32 20.90 -70.89 41.71 30.67

33/43A -6.15 14.96 -41.85 25.50 16.21

B -5.02 16.60 -48.47 40.74 17.38

C -9.89 17.48 -50.42 126.23 20.14

34/44A -13.53 17.47 -64.91 35.65 22.15

B -12.00 17.84 -61.09 36.49 21.55

C -17.14 18.50 -63.83 29.03 25.29

Table3.Differencebetweenrealage& estimatedage,andstandarderror

oftheestimationbyregressionequationofKvaal’smethod

Table4.Differencebetweenrealage& estimatedage,andstandarderror

oftheestimationbyregressionequationofPaewinsky’smethod

Regressionequationthroughmultiplelinearregressionanalysisfrom the

samplesofthestudywasobtained.Regressionequationwasderivedusing

eachvariable,anditshowedonTable5.Regressionequationsforeach

genderwereobtained.(Table6& Table7)
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Regressionfomula r r
2

SEE
All Age=78.81-100.55(W-L)-415.74(M)+141.8(P) 0.758 0.569 9.60
Mx Age=42.73-221.91(W)+ 66.65(R)-49.04(A) 0.731 0.534 10.04
Mn Age=137.11+70.26(WL)-609.35(M)+255.05(P)

+89.31(R)
0.665 0.442 11.00

11/21 Age=78.74-156.66(W)-46.66(A) 0.596 0.355 11.79
12/22 Age=50.40-51.73(W)-42.29(A)-75.58(C)

-31.93(WL)
0.627 0.393 11.99

15/25 Age=22.48-141.96(WL)-148.33(M)+64.01(C) 0.301 0.361 12.28
32/42 Age=69.66-92.64(W-L)-150.69(M) 0.488 0.239 13.38
33/43 Age=50.22-64.25(W-L)-83.31(A)-29.26(T) 0.505 0.255 13.26
34/44 Age=97.53+180.81(P)-291.58(M)-47.30(T) 0.557 0.310 12.76

Regressionfomula r r2 SEE
All Age=74.50-94.08(W-L)-44.99(L)+165.76(P) 0.740 0.547 10.00
Mx Age=25.06-157.40(W)-74.80(W-L)-49.84(A) 0.687 0.472 10.80
Mn Age=131.01-93.83(W-L)-142.41(A)-100.44(T)

-91.38(R)+75.30(P)
0.693 0.480 10.80

11/21 Age=75.83-131.58(B)-37.71(A) 0.571 0.326 12.15
12/22 Age=77.89-129.525(C)-58.61(A) 0.605 0.367 11.78
15/25 Age=-55.58-168.75(W-L)-74.52(C)-23.35(T) 0.606 0.368 11.82
32/42 Age=66.81-82.46(W-L)-133.84(M) 0.474 0.224 13.04
33/43 Age=74.90-63.90(W-L)-115.07(A)-41.50(T) 0.599 0.359 11.90
34/44 Age=72.94+206.99(P)-296.52(M)-47.62(T) 0.615 0.378 11.72

Regressionfomula r r
2

SEE
All Age=2.19-289.01(W)+118.53(R) 0.774 0.598 9.33
Mx Age=39.04-225.31(W)+72.20(R)-52.62(A) 0.782 0.612 9.21
Mn Age=0.34-174.80(W)+108.06(R)-69.09(A) 0.637 0.405 11.39
11/21 Age=159.71-129.24(W)-146.09(M) 0.637 0.405 11.35
12/22 Age=1.05-101.99(W)-83.28(W-L) 0.703 0.494 10.47
15/25 Age=35.99-152.95(W)-59.21(A)+54.71(R) 0.674 0.454 10.92
32/42 Age=10.31-189.08(W)+85.57(R) 0.561 0.315 12.19
33/43 Age=69.68-68.47(W-L)-127.13(M) 0.480 0.230 12.92
34/44 Age=57.10-181.14(W-L)-288.00(M)

+180.77(W)
0.552 0.304 12.33

Table5 Regressionformulaederivedfrom thisstudy(allsubjects)

r2:coefficientofdetermination.SEE:standarderroroftheestimatein

years

Table6Regressionformulaederived from thisstudy(Male)

Table7Regressionformulaederivedfrom thisstudy(female)

Also,Regression formulaeusing variationsofKvaal’smethod was
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Regressionfomula r r
2

SEE
All Age=54.42-230.80(M)-182.10(W-L) 0.749 0.561 9.73
Mx Age=48.18-177.98(M)-152.13(W-L) 0.720 0.519 10.19
Mn Age=75.22-210.08(M)-131.03(W-L) 0.613 0.375 11.60
11/21 Age=83.17-151.51(M)- 83.82(W-L) 0.560 0.314 12.16
12/22 Age=85.18-157.72(M)- 86.15(W-L) 0.590 0.348 12.38
15/25 Age=37.39-118.21(M)-107.96(W-L) 0.585 0.342 12.44
32/42 Age=69.66-150.69(M)- 90.64(W-L) 0.488 0.239 13.38
33/43 Age=65.13-128.43(M)- 76.24(W-L) 0.467 0.218 13.56
34/44 Age=82.71-135.40(M)- 59.56(W-L) 0.405 0.164 14.02

Regressionfomula r r
2

SEE
All Age= 52.56-230.24(M)-185.15(W-L) 0.719 0.517 10.29
Mx Age= 58.43-181.20(M)-141.97(W-L) 0.666 0.443 11.05
Mn Age= 68.96-199.31(M)-131.11(W-L) 0.588 0.346 11.98
11/21 Age= 49.34-109.11(M)- 92.35(W-L) 0.502 0.252 12.81
12/22 Age=112.84-170.84(M)- 60.97(W-L) 0.543 0.295 12.43
15/25 Age= -6.43- 61.25(M)-120.07(W-L) 0.556 0.309 12.31
32/42 Age= 66.81-133.84(M)- 82.46(W-L) 0.474 0.224 13.04
33/43 Age= 68.82-144.34(M)- 86.01(W-L) 0.505 0.255 12.78
34/44 Age= 92.48-131.17(M)- 44.77(W-L) 0.358 0.128 13.83

Regressionfomula r r
2

SEE
All Age= 62.36-239.78(M)-178.15(W-L) 0.781 0.609 9.20
Mx Age= 41.26-178.43(M)-161.01(W-L) 0.774 0.599 9.32
Mn Age= 82.24-222.17(M)-131.04(W-L) 0.639 0.408 11.32
11/21 Age=114.64-193.23(M)- 77.83(W-L) 0.624 0.389 11.51
12/22 Age= 9.79- 99.42(M)-137.79(W-L) 0.705 0.497 10.44
15/25 Age= 69.68-163.11(M)-101.45(W-L) 0.658 0.433 11.09
32/42 Age= 73.54-175.40(M)-108.74(W-L) 0.569 0.323 12.11
33/43 Age= 69.68-127.13(M)- 68.47(W-L) 0.480 0.230 12.92
34/44 Age= 53.68-131.86(M)- 93.02(W-L) 0.517 0.267 12.60

calculated(Table8),anditisseparativelyobtainedbygender.

Table8.RegressionformulaeusingvariationsofKvaal’smethod

(Allsubject)

Table9.RegressionformulaeusingvariationsofKvaal’smethod(Male)

Table10.RegressionformulaeusingvariationsofKvaal’smethod

(Female)



-11-

Model Regressionfomula r r
2

SEE

11/21A Y=60.83+(-79.44)x 0.385 0.148 13.52

B Y=70.27+(-148.15)x 0.555 0.308 12.19

C Y=62.82+(-130.66)x 0.418 0.175 13.31

12/22A Y=61.89+(-86.33)x 0.368 0.136 14.23

B Y=066.97+(-124.92)x 0.485 0.235 13.38

C Y=69.97+(-165.23)x 0.575 0.330 12.52

15/25A Y=60.00+(-91.81)x 0.335 0.112 14.42

B Y=63.86+(-134.66)x 0.496 0.246 13.29

C Y=57.83+(-105.49)x 0.368 0.136 14.23

32/42A Y=57.82+(-73.94)x 0.270 0.073 14.74

B Y=61.52+(-111.09)x 0.329 0.108 14.45

C Y=56.13+(-94.76)x 0.289 0.083 14.65

33/43A Y=62.06+(-107.23)x 0.314 0.099 14.53

B Y=57.75+(-85.06)x 0.284 0.081 14.67

C Y=53.70+(-71.59)x 0.296 0.088 14.62

34/44A Y=59.56+(-99.22)x 0.303 0.092 14.58

B Y=58.60+(-93.35)x 0.308 0.095 14.56

C Y=54.64+(-79.37)x 0.273 0.074 14.72

Coefficientofdetermination from regression fomula using Paewinsky's

variationswas0.073-0.330,andstandarderrorofestimate(SEE)wasa

rangeof12.1~14.74(Table11).

Table11Paewinsky’smodel을 이용한 회귀식
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Ⅳ.Discussion

 

Dentalageestimationisusuallycarriedouttoidentifythedead,butitis

alsodonewithalivingperson.Ageestimationforthelivingismostly

performedbyreasonofsocialbenefit,contractlaw,criminalprosecution,

andundocumentedimmigration,
1)
andthedemandhasbeenincreasedin

KoreaduetotheexpansionofNationalPensionService.
16)
However,its

methodsare limitedcomparedtothatforthedead.   

Age estimation with dentalradiographs is non-invasive and can be

simplyusedforboththelivinganddead.Thedecreaseinpulpcavityby

agingisusedinmostageestimationwithdentalradiographs,andthe

studybyKvaaletal10
)
usingperiapicalradiograph(1995)iswell-known.

Manystudiesontheprecision(accuracy)ofKvaal'smethodhavebeen

tried,andsomeofthem usingpanoramicradiographreportedconflicting

results.Bosmansetal
11)
had reported thatageestimation with digital

panoramicradiographscouldgetsimilarresultswithoriginalmethodfrom

theirstudysubjecting197Belgiansin2005.Paewinskyetal.
12)
broughta

new regression equation with the width ofonly tooth and pulp on

panoramicradiographsof168Germans,andtheyinsistedithadhigher

accuracythanKvaal'smethod.Ontheotherhand,Meinletal13)reported

Kvaal'smethodhadahugedifferencefrom realageontheirstudywith

44Austrianyoungadultsin2007.In2008,Landaetal.
14)
reportedthat

therewasasignificantdifferencebetween estimatedageandrealage

from thestudywith100Spanishpeople.Erbudaketal.15)reportedin2012

thatbothKvaal'sandpaewinsky'smehtodsweredifficulttobeapplied

becausetheyhadahugedifferencewithpanoramicradiographsfrom their

studywith123Turkishpeople.

TheevaluationontheaccuracyofageestimationofKvaal'smethodfor

Koreanshasnotbeen studiedyet,therefore,validation ofKvaal'sand

Paewinsky'smethodwereperformedtoevaluateavailabilityforKoreans
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with digitalpanoramic radiographs.Panoramic radiograph is generally

takenatadentalclinicandcanacquireallimagesof6kindsofteethat

once. In this study, correlation between the calculated ratios and

chronologicalagewerelowerthanthoseofKvaal'soriginalstudy,but

theyhadsignificantcorrelationcoefficientingeneral.However,therewas

a huge differencebetween estimated age and chronologicalagewhen

Kvaal's originalmethod was applied to Koreans.Estimated age by

Kvaal'sequationwasconsistentlyunderestimatedcomparedtorealage,

henceby Paewinsky'sequation wasoverestimated.Thistendency was

similartotheresultsfrom thestudiesofMeinletalin2007andErbudak

etal.in2012.
13,14)

Basedontheresultsofthestudy,estimationequationforKoreanwas

derived.From regressionequationbyKvaal'soriginalmethod,coefficient

ofdetermination(r
2
)was0.164~0.561,andstandarderroroftheequation

was9.73~14.02.Themean valueof6kindsofteeth provided more

accurate results. Regression equations for male and female were

separativelyacquired becausetherecouldbedifferencebygender.(Table

9& Table10)Therewasnosignificantdifferencefrom thevaluesby

stepwisemethodusingallmeasurementratios.Thisstudysuggestedthat

Kvaal'smethodshouldbemodifiedinageestimationforKoreanasTable

8-10.

On theotherhand,from regression equation by Paewinsky'smethod,

coefficientofdetermination was0.073~0.330,and standard errorofthe

equatewas12.19~14.72.Itisconsideredthatthismethodcannotbeused

inpracticalageestimation.

ThedifferencesbetweentheresultsofpreviousKvaal'smethodandthis

studycouldbeaffectedbyvariousfactors.Itisthoughtthatpopulation

differencehadmajoreffecton theresults.Itisknown thatthereare

differencesintoothdevelopment,toothsize,andpulpalshapebyhuman

population,anditaffectsthesizeofpulpcavityaswell.
17-19)

Dietcould

influencethesecondarydentinapposition.Forthisreason,thisstudyhad
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a huge difference from the studies on Norwegian, German, and

Belgian.
10-12)

Panoramicradiographwasusedinthisstudywhereasstandardapical

radiograph wasused in Kvaal'sstudy.Thiscan beareason making

differences.Panoramicradiographgenerallyhaslessfineanatomicdetail

than intraoralperiapicalradiograph,typicaloverlap on premolararea,

unequalmagnification,and distortion.
20)
Itisconsideredthatthesefactors

causeeachparametertohavelesscorrelationwithrealage. Thewayof

measurementcouldhaveinfluenceontheresults.Somestudiesreported

thatdigitalmeasurementislessaccuratethanmanualmeasurement,
21,22)

but recent studies have reported digital measurement has high

reproducibility.11, 14, 15) Thisstudy also had high levelofintra-/inter-

observerreliability.
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Ⅴ.Conclusion

From theresultofthestudy,eachparametermeasuredbyKvaal'sstudy

onKoreandigitalpanoramicradiographhaslesscorrelationthanKvaal's

study,butitindicatedacertaincorrelationwithrealages.Especially,it

hadhighercorrelationwhenall6kindsofteethwereapplied.However,

therewassignificantdifferencewhenKvaal'soriginalregressionformulae

was applied intactly for Koreans.So regression formulae modifying

Kvaal'smethodforKoreanswasbroughtbasedonthisstudy.

ItisconsideredthatKvaal;smethodcan beappliedforKoreansbut,

Peawinsky's method modified from this study stillhad a huge error

betweenrealageandestimatedage,soitcannotbeusedinpractical

ageestimation.

Kvaal'sregressionequationforKoreansderivedfrom thestudyshould

beverifiedbyfurtherindependentstudy.
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