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Abstract

This study examined the correlation between
age and pulp/tooth area ratio in maxillary canines
in a Thai population, to develop an equation for age
estimation and to test the accuracy of the equation.
Sample of 544 periapical radiographs of maxillary
canines were collected. The AutoCAD 2017 pro-
gram was used in drawing the outline of pulp and
tooth area and in measurement of the radiographs.
Then, the pulp/tooth area ratio was calculated. A
correlation coefficient (r) -0.475 (p<0.05) with
linear regression was found using the Pearson

correlation. The formula for age estimation was:
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Age =78.895-270.614(AR), when AR is the pulp/
tooth area ratio of the maxillary canines. The coef-
ficient of determination (R?) 0.225 and the standard
error of estimation (SEE) was 13.664 years. Then,
when the equation was tested in a test group (88
periapical radiographs) the mean error (ME) was
-4.40 years and the mean absolute error (MAE)
was 13.06 years. This is the first study using the
pulp/tooth area ratio of maxillary canines for age
estimation in Thailand. The equation developed
in this study should be useful for age estimation
in forensic anthropological and forensic science

cases, particularly in Thai people over 20 years.

Keywords: age estimation, pulp/tooth area ratio,
periapical radiograph, maxillary canines, Thai pop-

ulation
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Figure 1 Radiographic image of right maxillary canine (Tooth

13) (A), Measure processing tooth area (dashed
line) (B) and pulp cavity area (dotted line) (C) by
AutoCAD 2017 program with polyline tool
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Figure 2 The graph of correlation of age and pulp/tooth area

ratio of maxillary canines
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SPSS 17.0 (SPSS Inc., Chicago, IL)
Table 1
17.0 software program (SPSS Inc., Chicago, IL)

Statistic analysis of Intra rater reliability and Inter rater reliability by Pearson correlation and Pair t-test using SPSS

L. 1 2nd Pearson correlation Pair t-test
Statistic n
mean(SD) mean(SD) r p-value t p-value
Intra rater reliability | 50 | 0.1118(0.0229) | 0.1174(0.0247) | 0.899 <0.001 | 3.651 | 0.001
Inter rater reliability | 50 | 0.1103(0.0215) | 0.1209(0.0193) | 0.580 0.000 3.990 | 0.000




P, AT U7 40 QUi 1 W.A.-1.8. 2562

TuszauiAenfuuazsziuiasninmsanmil laun Ang

17) = v o P
(17) ﬂaﬁiamﬂmaoﬂﬂmmw

Anw1zey Babshet unzmeuz
sufumsnwluiuderiildnmssRuuuioadu mg
fumso7i Babshet wazAms AnwvoduidoIunuazas
wenanigsluadefunsinuiliawsdmoniingu

(8 8z Sakhdari uazaauz'" Tnasis

Yo Star LRTAM
AldnSoRTAududR (mMwsifuuuauilif) uazawsod
wnlugan (MwseRuuudesili) musiau
Tnedefvesmsfinmil fie msnaseusums wud
slﬁﬁhmmﬂmmﬂﬁauﬁmuizﬂmﬁﬂ (MAE) uwinfiu 13.06
U uazmanuamaAiouads (ME) whiu -4.40 T G
namsAnwduldimamAianuanadouduysal
iy (MAE) 1ageusun1s uanuninisfnean
anuAmIAARoUAY (ME) ﬁﬁﬁhagﬂuﬂdw 2.80-8.00

~(4,7-9,14 LA 4 a vy
U( ) uE]ﬂﬁ]’lﬂuu&l\ﬂm‘ﬂ’lﬂﬁ'ﬁmﬁ'}ﬁ]f\fﬂUﬂ’J’lﬂJL‘U'E]ﬂﬁ]vl,(ﬂ

Tumsin Mneamsihanudedoldnaludfide uaz
szviudidelaelumafnwmi liRansanldafiing 2 ufin
Ao afAANNFNRUSINeTEY LRzaTANMINAFBUNITTIR
th wudh Anuduiusmeluiidide fanuduiusiu
luszAuAoutogs wazANUFURUSI0RIve SAnw
Fuiusauluszduunaomueieusos Cohen®”
fummaseumsiatwismeluidideuazszniedide
WU MITAT00TSEBIATILANAIIAY ﬁi:ﬁuﬁﬂﬁwﬁm
MesdR 0.05 uandlifiuiiimsiniuiinessnaisiu
doideludofuzesudsiuulunmiddodinnuunn
molumsiausazass odolsAinmu dolddmsAnule
finmamameuanudodeldlumsinionaludadide
s eIsememslisaRANuTuRUSIRE ST uaz
adfmImagounsind1 deanmiAnuuesdidenou

v

wihil fimadenlfiamzainnuduiedelanelusiag

1Y

AFUNEIANAYT ALY N1SANWIYRY Cameriere WA

(2,7-10
ALY

) ldndRdudszAvsavduiusanusenados
(concordance correlation coefficient) WoTiAng
nasauanudaielduosminmeluiiidauassznig
FAdenlimuanmoiu e1afismainananuuansily
msmuuagauumnsETlfiolumsnatuand wald
Alumanesnsol e lidanuuanmeiulunsin

wAnzAso wazunnssAuluszniesmgIde dolumsfin

CM Dent J Vol. 40 No. 1 January-April 2019

fiflsmhmaaalomaanuamaaiiouiionaafinnndsy
358 TaelidaserionasimafnmnneazBonuazinia
flomdosineq veolusunTn uasimaiisumnsgu
szwhudidenouinsfinwmde sieinmsedvionunii
1Y MIANY LAKIUMINTIIREUMIAINUAIAIINTIR
yununngd demannam uaziladefiddndalszns
Ni109191191nMINTUTUATE AutoCAD 2017 vhms
TufinfanuazdenlumyinfioganAtion 4 Munis ua
IndmwsoRvosmafnunduldnwemeiin fou ns
infishorudntiosvzuanowaidumanuuanmomosiia
fimnn odwlsAmuidonldTusunsumsin AutoCAD

dndesnadulusunsundanuudugunnlunsiniun

I '
= =

odoluuazity weasthinmeaeasslunisuszna
818 9INMIANY Basoya wazAsiz vinmsAnsdeu
Weumslilusunsumeuiimes 3 vila loaua Tusunsy
ImageJ 1Usunsy AutoCAD uazlUsunsu Adobe
Photoshop®” soriu Tumsiiamsiniuiifiedeluua:
Ay AmsHamsuesiveunmAulgsey watuaULn
deadely uazilndvuagauuinseuiuiidonaliiie
ANuTIgY wazealdmsmvuagauinndl 20 9a lu
ogpouil Ao1atisanAnuLAnmslumMIIALARzAIIRg
16 aeholsfimu lumsAnwseluieanmuaaianasy
gaomsinfimnaunndoiuluszviyaas Joiguainnis
fimsesnuuulusunsumasiznisin Tnsenaldnisase
lUsunsuuenANuuAnsuasdalnunTy (histogram) il
trelumsmnunveuaiedoluasiy Tumsmaui
wazmamunAsaTauiuiiiedsluseiuresnin
Sodseuumeniu (deodii) Tuguuuudnlusifvesnqu
Uznnsing azhivszlewd wazanmszoulunsingg
luagsun

FemduuszRnimviine (R?) vesmsdnwiles

b}

71 0.225 uazAIANUARIALARDUIUANTUT IR

13.664 1 Tpeadulszansasvinmnelndidsediunig

Anw1vey Yang uazaniz?! De Angelis uazAni: 2

23) = = 1 = 5 o o
) ﬂdﬂ??ﬁﬂﬂ?ﬂ\if\ﬁiﬂﬂ?iﬂﬂ“l:J’ﬂ‘Elﬂ’lWii\ﬂf\f

uas Ge Zhi—pu(
wusmndd (3D) wamAnuAmaAReulumMIUszna
nmsAnwtdmunaaiinulumsAnwau g delu

mafnwdu g fddsmanuaaiapfounIgulung



Y. Vumss 37 40 aUUT 1 w.A.-18. 2562
Uszinoigi 2.89-10.698 179 11181017.2129)
foudnanseRlandudi (AwSeduuuaudn) u
mMyiafigniasmuaionniian fon1sfnwiues Jagan-
natha uazAz N1 AWIRLUUENARTAMANLTE
feunanmuSeRaesia waliAmanuuduelunsin
meimazesiu® wlumaihlulfouadenwsodsou
Yaesn Aguivszlen] Tuwsvesanudelumssnm
LSRR WemunwsoRseuUmesn Josunsn
uensliingnuar uaseasdonrosmAuiidalay
limsusoiwiedolusazdiuldgndas diae

28) ~ =1 v
( )J\JﬂWiU[ﬂLUEJ’J"UE]GﬂTWUGEJ

1asusofveos TmUsven
wazifumafiafildlumansamondiinegudi detlaqguu
FoTLAT00NTLITUUUNANT Lﬁ@lﬁluﬂﬂiﬂﬁﬂﬁmuu@ﬂ
ao1un® ilvdesenisldon Tnaamsdseuume
510 wazunlusan iWumussduvudesiia (2D) uams
funsedl amsodunlusan aslinmsoFvesituriotin
Felvianuandonvesnmluiuuia:diesninniniod
souUmenn wazmnvmsuensawiodunlunuiieg
Audiing  azBovhlirnuazBenvasnmiignuens weg
winlidaau endemahluiaiuiifiodoluuasiiiy
Azt Mdulszivsmevihmefidmladidssdunsfnm
Aldamnsofuvuaudia dusmvsuenfoanudululé
sshwamsfneil Wlifssiuanudedielussiunis
faudodrAnuesmafnwmil lduA Saundusieig
luwsnzdisenguesnguoeslivnAy wud e1g 50-
69 U Adaunnfiganioteowa uaze1y 70-76 7 wu
mMwsedseuumennvosiudeiuuiesiian e1adles
mnadudiiefifeisnn wazldidumiendludos
nudndudinlng uazmsinvevndedoly dowy
11 mameamitldiu azldaudariAunmsofoesitud
femnnnnzivandsws (dry skull) vieneuilusenin
fannlagnse Ao sAnwIIes Babshet uazAaz NaY
T ameRuaoiuiichennlasonszgn asliamsodves
Auidaauniammisdiaennuued osnndiuues
Wedleflegseu g My uazndudevinaluvi 4
gailiawilafianudadesniinmsdiesedaniy

(17)

Tnamss' " FemsAnwnsUsznaegansnsdiunud

Watdeluiuneduludusnwiannsslnsuuludszanns

CM Dent J Vol. 40 No. 1 January-April 2019

Ineues Poommouang uazmauz dauwﬁwﬁﬁwuqﬂmm
TuBesiiduiy wasioandamnsdniuin uassnity
azae Soldandaduifsaiummaveuuurenilodoly
fuoen uazdenldianzdiumislumuvessiunsesnans
gosnniulumamaumsmamuaey lnswansfne

wun A lumsving g

unesul
MNAIANBIAITUTIII DI EATIH TUH LT
diodeludedueasiudeivunnawisfseulans
ity Tungduimedousznnslng wud sandiuiud
dadoludeiuiinnuduiusiuluiiamonsuiiudiy
01y TnefimdudszAvsandunusivnu - 0.475 Ay
VadAnoadn 0.05 waziflediaTzinisannesuuy
WoldunseansainnauaNmInIUsziIMey e
Uszmnslneg Fdoil 01y = 78.895-270.614 (AR)
idle AR e sandunuililodeludoduresituiien
v GofiemdulszAnimaviiung whdu 0.225 uazilan
anuamaadoulumIUszinmely wiiAy 13.664 1
uazilathaumslunnaseuanudefadungunageu
wut fifAnuananReuduysaliafe Ay 13.06 T
uazAANUARIAARBARE WAy - 4.40 T oty
sunsildnnmsfnunil wihesdidanueaiaaien
TumstszinamgAouinonn uiidiothaumsnldluld
UsznamgAuiudenvosusznnslneilinnuog i
AutaynaInilu vienszpatudusande Ammsain
liuszmnmegvesUsznnslneld wazdosunsmhluld
lugrumemuiifuyseineua:ifiimemanila lne

wwzeeedeiudszenslineeny 20 Vauly

naAnssulsenA

YDUYBUANAMTUALWEAERS UnTINeqeiTeolng
uazil  Wmihiilsziaainsfinendectn wazusin-
Falaiden Alinnueyanzilumsliinieoiious:
gunsallumstivdeya uazveveunszaaideyannid
5UUMBTNTBIRLIINTULTAITIUANTIN AMYTIUA-

wnnerans wnineaedeslndvnying



P, AT U7 40 QUi 1 W.A.-1.8. 2562

19Nd15919949

1.

Pongpitak P. Age estimation by using cranial
sutures and epiphyseal plate. J Forensic Med
Department of Anatomy. Faculty of Medical
Sciences. Naresuan University 2013; 4(3): 1-13.
(in Thai)

Cameriere R, De Luca S, Aleman I, Ferrante
L, Cingolani M. Age estimation by pulp/tooth
ratio in lower premolar by orthopantomography.
Forensic Sci Int 2012; 214: 105-112.
Priyadarshini C, Puranik MP, Uma SR. Den-
tal age estimation method: A review. Int J Adv
Health Sc 2015; 12(1): 19-25.

Cameriere R, De Luca S, Egidi N, et al. Automat-
ic age estimation in adults by analysis of canine
pulp/tooth ratio: Preliminary results. J Forensic
Radio and Image 2015; 3: 61-66.

Kvaal SI, Kolltveit KM, Thomsen IO, Solheim T.
Age estimation of adults from dental radiographs.
Forensic Sci Int 1995; 74(1): 75-85.

Cameriere R, Ferrante L, Cingolani M. Variation
in plup/tooth area ratio as an indicator of age: A
preliminary study. J Forensic Sci 2004; 49(2):
317-319.

Cameriere R, Cunha E, Sassaroli E, Nuzzolese
E, Ferrante L. Age estimation by pulp/tooth area
ratio in canines: Study of a portuguese sample to
test Cameriere’s method. Forensic Sci Int 2009;
193: 1281-1286.

Cameriere R, Ferrante L, Belcastro MG, Bonfi-
glioli B, Rastelli E, Cingolani M. Age estimation
by pulp/tooth ratio in canines by mesial and
vestibular peri-apical x-ray. J Forensic Sci 2007;
52(5): 1151-1155.

Cameriere R, Ferrante L, Belcastro MG, Bonfi-
glioli B, Rastelli E, Cingolani M. Age estimation
by pulp/tooth ratio in canines by peri-apical x-ray.
J Forensic Sci 2007; 51(1): 166-170.

10.

11.

12.

13.

14.

15.

16.

17.

CM Dent J Vol. 40 No. 1 January-April 2019

Cameriere R, Cunha E, Wasterlain S, et al. Age
estimation by pulp/tooth ratio in lateral and cen-
tral incisor by peri-apical x-ray. J Forensic Sci
2013; 20(5): 530-536.

Jeevan MB, Kale AD, Angadi PV, Hallikerimath
S. Age estimation by pulp/tooth area ratio in ca-
nines: Cameriere's method assessed in an Indian
sample using radiovisiography. J Forensic Sci
2011; 204(1-3): 209.e1-209.e5.

Juneja M, Devi YBK, Rakesh N, Juneja S. Age
estimation using pulp/tooth area ratio in maxil-
lary canines-A digital image analysis. J Dent Sci
2014; 6(3): 160-165.

Dar MA, Nayyar AS. A comparative analysis
between various teeth in kvaal’s and cameriere’s
method of age estimation in a specific populace
of Andhra Pradesh: an original study. J Forensic
Odontol 2016; 1 :26-35.

Hatice BD, Nihal A, Nursel A, Humeyra Ozge
Y, Goksuluk D. Applicability of Cameriere’s and
Drusini’s age estimation method to a sample of
Turkish adults. Dentomaxillofac Radiol 2017,
46: 1-7.

Nazir N, Chalkoo AH. Age estimation from
pulp/tooth ration by panoramic radiography: in
Kashmiri population. J Maxillofac img 2017,
3(4): 115-119.

Dehghani M, Shandkam E, Ahrari F, Dehghani
M. age estimation canine’s pulp/tooth ration in
an Iranian population using digital panoramic
radiography. Forensic Sci Int 2018; 285: 44-49.
Babshet M, Acharaya AB, Naikmasur VG. Age
estimation in Indians from pulp/tooth area ratio
of mandibular canines. J Forensic Sci 2010;

197(1-3): 125.e1-125.e4.



YU.

18.

19.

20.

21.

22.

23.

VURET U9 40 AUUT 1 1.A.-Le. 2562

Star H, Thevissen P, Fieuws S, Solheim T, Wil-
lems G. Human dental age estimation by cal-
culation of pulp-tooth volume ratios yielded on
clinically acquired cone beam computed tomog-
raphy images of monoradicular teeth. J Forensic
Sci 2011; 1: 77-82.

Sakhdari S, Mehralizadeh S, Zalfaghari M,
Madadi M. Age estimation from pulp/tooth ratio
using digital panoramic radiography. J Islamic
Dent Association of Iran 2015; 27(1): 19-23.
Basoya S, VC V, Nath P, Bhogte AD, Estimation
of age by pulp-tooth area ratio using three com-
puter aided software’s. Quality In Primary Care
2016; 24(4): 161-166.

Yang F, Jacobs R, Willrms G. Dental age estima-
tion through volume matching of teeth imaged
by cone-beam CT. Forensic Sci Int 2006; 159(1):
78-83.

Angelis DD, Gaudio D, Guercini N, et al. Age
estimation from canine volumes. Radiol Med
2015; 120: 731-736.

Ge ZP, Ma RH, Li G, Zhang JZ, Ma XC. Age
estimation based on pulp chamber volume of
first molars from cone-beam computed tomo-
graphy images. Forensic Sci Int 2015; 253: 133.
el-133.e7.

24,

25.

26.

27.

28.

29.

CM Dent J Vol. 40 No. 1 January-April 2019

Jagannathan N, Neelakantan P, Thriuvengadam
C, et al. Age estimation in an indian population
using pulp/tooth volume ratio of mandibular
canines obtained from cone beam computed
tomography. J Forensic Odontostomatol 2011;
29(1): 1-6.

Poommouang A, Tamaroon A, Prapayasatok S,
Prasitwattanaseree S, Nalampang S. Age esti-
mation using segmented Pulp/Tooth area ratio
method in Thai population. J Dent Assoc Thai
2018; 68(2): 165-172.

Pitiphat W. Research methodology in dentisty.
15 ed. Khonkaen: Khonkaen university printing
house; 2011:223 (in thai).

Cohen J. Statistical power analysis for the
behavioral sciences. 2" ed. 1988: 25-27.
Panyarak W. Oral radiograpy techniques for
dental assistant [monograph on the internet].
Chiang mai: Faculty of dentistry, Chiang mai
university; [cited 2017 Jan 25]. Available from:

http://www.chiangmaihealth.go.th/cmpho_web/

document/160429146191828718.pdf” (in thai).
Janhom A. Basic oral radiology. 1** ed. Chiang

mai: Trio advertising & media co.,Itd; 2560:181
(in thai).



