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2�����DO���W�FO� ,QGLDQ�-RXUQDO�RI�)RUHQVLF�2GRQWRORJ�
9ROXPH����1XPEHU����-DQXDU����-XQH�����

'2,��KWWS���G[�GRL�RUJ����������LMIR������������������

(VWLPDWLRQ�RI��HQWDO�DJH�LQ�&KLOGUHQ�XVLQJ�0RGLILHG��
�HPLUMLDQ�V�0HWKRG�LQ�0DKH�5HJLRQ

�DMDUD�0&���5HQD�(SKUDLP����PELOL���LOOLDWK���5DPQHVK�3����
0ULGKXO�08���6UHHODNVKPL�5DMHQGUDQ�

�EVWUDFW

�DFN��R��G���JH�HVWLPDWLRQ� LV�RQH�RI�PRVW� LPSRUWDQW� IDFWRUV�HPSOR�HG� LQ�HVWDEOLVKLQJ� WKH�
LGHQWLW��RI�DQ�LQGLYLGXDO�DQG�LQ�GHQWLVWU��LW�LV�SHUIRUPHG�WR�GHWHUPLQH�GHQWDO�DJH�RI�FKLOG�SDWLHQW�
ZKLFK�LQ�PDQ��LQVWDQFHV�LV�GHOD�HG�RU�DGYDQFHG�LQ�UHODWLRQ�WR�WKHLU�FKURQRORJLFDO�DJH��2UWKRGRQWLF�
DQG�0�RIXQFWLRQDO� WUHDWPHQWV�DUH�SODQQHG�DV�SHU�GHQWDO�DJH�UDWKHU� WKDQ�FKURQRORJLFDO�DJH�RI�
FKLOG�� 'HPLUMLDQ�V�PHWKRG�RI� DJH� HVWLPDWLRQ�ZDV� IRXQG� WR� GLIIHU� LQ� GLIIHUHQW� UHJLRQV� DOO� RYHU�
ZRUOG�

��P��(YDOXDWH�WKH�DFFXUDF��RI�GHQWDO�DJH�HVWLPDWLRQ��LQ�FKLOGUHQ�DJHG�������HDUV��XVLQJ�PRGLILHG�
'HPLUMLDQ�V�0HWKRG�LQ�UHJLRQ�RI�0DKH�DQG�WR�GHWHUPLQH�LWV�DSSOLFDELOLW��LQ�0DKH�UHJLRQ�

0DW���DO����0�W�RGROR�����6WXG��VDPSOH�FRQVLVWHG�RI�RUWKRSDQWRPRJUDPV�RI�����VXEMHFWV�����
ER�V�DQG����JLUOV���8VLQJ�'HPLUMLDQ�V�PHWKRG��PRGLILHG�E���FKDU�D��DOO�23*V�ZHUH�DQDO�VHG��LQ�
ZKLFK�HDFK�WRRWK�VWDJH�ZDV�UDWHG�WR�REWDLQ�D�WRWDO�GHQWDO�PDWXULW��VFRUH�ZKLFK�ZDV�VXEVWLWXWHG�
LQWR�UHJUHVVLRQ�IRUPXOD�WR�JHW�GHQWDO�DJH�RI�HDFK�SDWLHQW��5HVXOW�ZDV�WDEXODWHG�DQG�VWDWLVWLFDOO��
DQDO�VHG��7KH�GLIIHUHQFHV�EHWZHHQ�&��DQG�'��ZHUH�DQDO�VHG�E��WKH�SDLUHG�VDPSOH�W�WHVW�DQG�
3HDUVRQ�V�FRUUHODWLRQ�DQDO�VLV�

����OW���7KH�UHVXOWV�RI�VWXG��VKRZHG�WKDW�'HPLUMLDQ�V�WHFKQLTXH�RYHUHVWLPDWHG�&��E������“�����
�HDUV� DQG� ����“����� �HDUV� LQ� JLUOV� DQG� ER�V� UHVSHFWLYHO��� LQ� FKLOGUHQ� RI� 0DKH�� 0DKH�VSHFLILF�
UHJUHVVLRQ�IRUPXOD�ZDV�GHULYHG�DV�D�FRUUHFWLRQ�IDFWRU�

&R�FO���R���0RGLILHG�'HPLUMLDQ�V�PHWKRG�LV�DQ�DUHD�VSHFLILF�PHWKRG�RI�GHQWDO�DJH�GHWHUPLQDWLRQ�
DQG�ZLOO�EH�DSSOLFDEOH�WR�FKLOGUHQ�RI�0DKH�RQO��E��XVLQJ�D�0DKH�VSHFLILF�UHJUHVVLRQ�IRUPXOD�

.H��RUGV��Modified�Demirjian’s�Method;�Chronological�age;�Dental�age.

�R��WR�FLWH�WKLV�DUWLFOH�
+DMDUD�0&��5HQD�(SKUDLP���PELOL���LOOLDWK�H��DO��Estimation�of�Dental�age�in�Children�using�Modi�ed�Demirjian’s�Method�in�

0DKH�5HJLRQ��,QG�-�)RUHQVLF�2GRQWRO�2024;17(1):07–13.

�XWKRU�V� �IILOLDWLRQV�� �3RVWJUDGXDWH� 6WXGHQW�� �3URIHVVRU�
�� +2'�� ���3URIHVVRU�� ��VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI�
3HGLDWULF�DQG�3UHYHQWLYH�'HQWLVWU���0DKH�,QVWLWXWH�RI�'HQWDO�
6FLHQFHV�DQG�+RVSLWDO��0DKH���������.HUDOD��,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� 5DPQHVK� 3�� � 3URIHVVRU��
'HSDUWPHQW� RI� 3HGLDWULF� DQG� 3UHYHQWLYH� 'HQWLVWU��� 0DKH�
,QVWLWXWH� RI� 'HQWDO� 6FLHQFHV� DQG� +RVSLWDO�� 0DKH� ��������
.HUDOD��,QGLD�

(�PDLO��UDPQHVK���#JPDLO�FRP

5HFHLYHG�RQ������������� �FFHSWHG�RQ������������

,1752�8&7,21

�JH� HVWLPDWLRQ� LV� RQH� RI� WKH�PRVW� LPSRUWDQW�
IDFWRUV�HPSOR�HG�LQ�HVWDEOLVKLQJ�WKH�LGHQWLW��

RI� DQ� LQGLYLGXDO� DQG� LW� LV�SHUIRUPHG� IRU�YDULRXV�
reasons�such�as�mass�disasters�like��re�accidents�
DQG� FUDVKHV��� ,Q� GHQWLVWU�� DV� LW� LV� SHUIRUPHG� WR�
GHWHUPLQH� WKH� GHQWDO� DJH� RI� WKH� FKLOG� SDWLHQW��
ZKLFK�LQ�PDQ��LQVWDQFHV�LV�GHOD�HG�RU�DGYDQFHG�
LQ� UHODWLRQ� WR� WKHLU� FKURQRORJLFDO� DJH�� 7KH�
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2UWKRGRQWLF� DQG� 0�RIXQFWLRQDO� WUHDWPHQWV�
DUH� SODQQHG� DV� SHU� WKH� GHQWDO� DJH� UDWKHU� WKDQ�
FKURQRORJLFDO�DJH�RI�WKH�FKLOG��%HVLGHV�WKLV�LQ�OLYLQJ�
SHUVRQV��GHWHUPLQLQJ�WKH�DJH�LV�YLWDO�LQ�LQGLYLGXDOV�
without�birth�certi�cate,�who�are�getting�married,�
DWWHQGLQJ� VFKRRO�� MRLQLQJ� WKH� DUP��� DQG� DOVR� LQ�
WKH� GHWHUPLQDWLRQ� RI� FULPLQDO� OLDELOLW�� VXFK� DV�
IRUHQVLF�SXUSRVHV��LOOHJDO�LPPLJUDWLRQ��SUHPDWXUH�
ELUWKV��GHYHORSLQJ�PDORFFOXVLRQV��DQG�SDHGLDWULF�
HQGRFULQRSDWK�������PRQJ�WKH�YDULRXV�SDUWV�RI�WKH�
ERG��� WHHWK� DUH� PRVW� FRPPRQO�� XVHG� DQG� PRVW�
UHOLDEOH� LQGLFDWRU� LQ� DJH� GHWHUPLQDWLRQ�� DV� WHHWK�
DUH� PRUH� UHVLVWDQW� WR� WDSKRQRPLF� SURFHVV� DIWHU�
GHDWK�

Mayyazhi,� increasingly�spelled�Mahe� is�a�small�
town� at� the�mouth� of� the�Mayyazhi� River� and� is�
D� UXUDO� DUHD� VLWXDWHG� DZD�� IURP� WKH� SDUHQW� VWDWH��
)RUPHUO�� SDUW� RI� )UHQFK� ,QGLD�� 0DKH� QRZ� IRUPV�
D� PXQLFLSDOLW�� LQ� 0DKH� GLVWULFW�� RQH� RI� WKH� IRXU�
GLVWULFWV�RI�WKH�8QLRQ�7HUULWRU��RI�3XGXFKHUU����V�
DQ� LQFUHDVHG� SUHYDOHQFH� RI� PDORFFOXVLRQ� LV� EHLQJ�
QRWHG� LQ� FKLOGUHQ� RI� WKLV� DUHD�� DFFXUDWH� GHQWDO�
DJH� HVWLPDWLRQ� LV� PXFK� UHTXLUHG� VR� DV� WR� VWDUW�
LQWHUYHQLQJ� WKH� GHYHORSPHQW� RI� PDORFFOXVLRQ�
DW� WKH� DSSURSULDWH� WLPH�� 6HYHUDO� PHWKRGV� KDYH�
EHHQ�XVHG�WR�HVWLPDWH�WKH�GHQWDO�DJH��'���VXFK�DV�
&DPHULHUH�V��:LOOHP�V��DQG�'HPLUMLDQ�V�PHWKRG�IRU�
FKLOGUHQ� DQG� DGROHVFHQWV�� DQG� .YDOO�V� WHFKQLTXH�
IRU� HOGHUO�� SHRSOH�� '�� HVWLPDWLRQ� XVLQJ� GHQWDO�
calci�cation�and�maturity�is�better�than�eruption�of�
WHHWK��EHFDXVH�LW�LV�QRW�DIIHFWHG�E��ORFDO�IDFWRUV��VXFK�
DV� LPSDFWLRQ� DQG� FURZGLQJ� RI� SHUPDQHQW� WHHWK��
LQIHFWLRQV�� ODFN�RI� VSDFH�� DQN�ORVLV��DQG� HDUO��DQG�
GHOD�HG�H[WUDFWLRQ�RI�GHFLGXRXV�WHHWK��

,Q� ������ 'HPLUMLDQ�� 7DQQHU�� DQG� *ROGVWHLQ�
SXEOLVKHG� WKH� 'HPLUMLDQ�V� PHWKRG� RI� DJH�
HVWLPDWLRQ�� DQG� LW� LV� RQH� RI� WKH� PRVW� IUHTXHQWO��
XVHG�PHWKRGV�IRU�DJH�HVWLPDWLRQ����FFRUGLQJ�WR�WKH�
study,� a� common� �nding� was� overestimation� of�
'��ZKHQ�FRPSDUHG�WR�FKURQRORJLFDO�DJH��&���DQG�
XQGHUHVWLPDWLRQ�ZDV� DOVR� QRWHG�� 6HYHUDO� DXWKRUV�
subsequently� modi�ed� the� original� Demirjian’s�
PHWKRG�WR�EULQJ�LQ�PRUH�DFFXUDF��IRU�WKHLU�UHJLRQV��
7KH�QHHG�IRU�WKH�SUHVHQW�VWXG��ZDV�WR�HYDOXDWH�WKH�
relationship�between�DA�and�CA�using�modi�ed�
'HPLUMLDQ�V�PHWKRG�DQG� LWV�DSSOLFDELOLW�� LQ�0DKH�
UHJLRQ�

�,0�2)�7�(�678��

7R� DVVHVV� WKH� GHQWDO� DJH� LQ� FKLOGUHQ� DJHG� �����
years� using� Modi�ed� Demirjian’s� method� in� a�
3HGLDWULF� GHQWDO� GHSDUWPHQWDQG� WR� GHWHUPLQH� LWV�
DSSOLFDELOLW��LQ�WKH�UHJLRQ�RI�0DKH�

2%-(&7,9(6

��� 7R� GHWHUPLQH� WKH� GHQWDO� DJH� LQ� ����� �HDU�
old� children� using� Modi�ed� Demirjian’s�
0HWKRG�

��� 7R� FRUUHODWH� WKH� GHQWDO� DJH� ZLWK� WKH�
chronological� age� using� Modi�ed�
'HPLUMLDQ�V� PHWKRG� LQ� FKLOGUHQ� DJHG� �����
�HDUV�

0�7(5,�/6��1��0(7�2�6

�IWHU� REWDLQLQJ� HWKLFDO� FOHDUDQFH� IURP� WKH�
,QVWLWXWLRQDO� (WKLFV� &RPPLWWHH�� WKH� VWXG�� ZDV�
FDUULHG� RXW� RQ� ���� FKLOGUHQ� RI� DJH� JURXS� �����
�HDUV�� &KLOGUHQ� UHSRUWLQJ� WR� WKH� GHSDUWPHQW�
IRU� LQWHUFHSWLYH� SURFHGXUHV� ZHUH� VHOHFWHG� IRU�
VWXG��� 3DUHQWDO� FRQVHQW� ZDV� REWDLQHG� WR� LQFOXGH�
WKHLU� FKLOGUHQ� LQ� WKH� VWXG��� 'LJLWDO� SDQRUDPLF�
UDGLRJUDSKV� WDNHQ� IRU� LQWHUFHSWLYH� WUHDWPHQW�
purpose� with� standardized� procedures� were�
VHOHFWHG� IRU� VWXG��� &KURQRORJLFDO� DJH� ZDV� WDNHQ�
IURP�SDWLHQW�UHFRUGV�DQG�'HQWDO�DJH�ZDV�HVWLPDWHG�
using� modi�ed� Demirjian’s� method� by� Acharya.�
Using�Demirjian’s�method,�modi�ed� by�Acharya,�
DOO�23*V�ZHUH�DQDO�VHG��LQ�ZKLFK�HDFK�WRRWK�VWDJH�
ZDV� UDWHG� WR� REWDLQ� D� WRWDO� GHQWDO� PDWXULW�� VFRUH�
ZKLFK�ZDV�VXEVWLWXWHG�LQWR�WKH�UHJUHVVLRQ�IRUPXOD�
WR� JHW� WKH� GHQWDO� DJH� RI� HDFK� SDWLHQW�� 5HVXOW�ZDV�
WDEXODWHG�DQG�VWDWLVWLFDOO��DQDO�VHG��7KH�GLIIHUHQFHV�
EHWZHHQ�&��DQG�'��ZHUH�DQDO�VHG�E��WKH�SDLUHG�
VDPSOH�W�WHVW�DQG�3HDUVRQ�V�FRUUHODWLRQ�DQDO�VLV�

0(7�2�2/2��

Total� sample� size� of� 160� (L�H��� 1 ����� VXEMHFWV�
ZDV� HVWDEOLVKHG�ZLWK�*�� 3RZHU� 6RIWZDUH� YHUVLRQ�
��������� XVLQJ� D�SDLUHG� W�WHVW�PRGHO�ZLWK� DQ� HIIHFW�
size�of�0.34,�alpha�error�of�0.05,�power�of�90%,�and�
a�two-tailed�signi�cance�level�(α)�of�0.05.�The�effect�
size�was�hypothesized�based�on�prior�related�work.

Dental� age� estimation� using� modi�ed�
��P��M�D����P�W�RG

,Q�ZKLFK� HDFK� WRRWK� VWDJH� ZDV� UDWHG� EDVHG� RQ�
D� ���VWDJH� VFDOH� IURP��� WR� ��� 6WDJHV� RI� HDFK� WRRWK�
ZHUH� FRQYHUWHG� LQWR� VFRUHV� E�� XVLQJ� FRQYHUVLRQ�
table� speci�ed� by� Chaillet� &� Demirjian,� for� both�
JLUOV� DQG� ER�V�� 6FRUHV� RI� OHIW� HLJKW� PDQGLEXODU�
WHHWK�ZDV�VXPPHG�WR�REWDLQ�D�WRWDO�GHQWDO�PDWXULW��
VFRUH��ZKLFK�LV�GHVLJQDWHG�DV�6��,Q�FDVH�RI�XQLODWHUDO�
H[WUDFWLRQ�DQG�UDGLRJUDSKLF�HUURUV��VDPH�WRRWK�IURP�
RSSRVLWH�VLGH�ZDV�WDNHQ�LQWR�FRQVLGHUDWLRQ��7KH��6��

+DMDUD�0&��5HQD�(SKUDLP���PELOL���LOOLDWK�H��DO��(VWLPDWLRQ�RI�'HQWDO�DJH�LQ�&KLOGUHQ�XVLQJ�0RGLILHG�
'HPLUMLDQ�V�0HWKRG�LQ�0DKH�5HJLRQ
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�+DMDUD�0&��5HQD�(SKUDLP���PELOL���LOOLDWK�H��DO��(VWLPDWLRQ�RI�'HQWDO�DJH�LQ�&KLOGUHQ�XVLQJ�0RGLILHG�
'HPLUMLDQ�V�0HWKRG�LQ�0DKH�5HJLRQ

YDOXH�ZDV�VXEVWLWXWHG�LQ�WKH�UHJUHVVLRQ�IRUPXOD�WR�
JHW�WKH�'��IRU�ERWK�JLUOV�DQG�ER�V�

Males�=�27.4351−(0.0097�×�S�)�+�(0.000089�×�S��

Females�=�23.7288−(0.0088�×�S�)+(0.000085�×�S��

:KHUH�6�LV�WKH�VXP�RI�HLJKW�OHIW�PDQGLEXODU�WHHWK�
PDWXULW��VFRUHV�

��FO���R��F��W���D

‡� &KLOGUHQ� ZLWK� DYDLODELOLW�� RI� FRPSOHWH�
SDWLHQW� UHFRUGV� �GDWH� RI� ELUWK� DQG� GDWH� RI�
([SRVXUH�

‡� &KLOGUHQ�RI�DJH�JURXS�������HDUV

‡� &KLOGUHQ�ZLWK�QR�V�VWHPLF�GLVHDVHV�DIIHFWLQJ�
JURZWK

(�FO���R��F��W���D

‡� &KLOGUHQ�ZLWK�VHYHUH�PDORFFOXVLRQ

‡� &KLOGUHQ� ZLWK� KLVWRU�� RI� SUHYLRXV�
RUWKRGRQWLF�WUHDWPHQW

‡� &KLOGUHQ�ZLWK�KLVWRU��RI�ELODWHUDO�H[WUDFWLRQV

‡� &KLOGUHQ�ZLWK�KLVWRU��RI�WUDXPD

‡� &KLOGUHQ�ZLWK�GHYHORSPHQWDO�DEQRUPDOLWLHV

‡� &KLOGUHQ�ZLWK�VSHFLDO�KHDOWK�FDUH�QHHGV

�WDW��W�FDO���DO����

7KH�FROOHFWHG�GDWD�ZDV�WDEXODWHG�LQ�D�VSUHDGVKHHW�
XVLQJ� 0LFURVRIW� ([FHO� ����� DQG� WKHQ� VWDWLVWLFDO�
DQDO�VLV�ZDV�FDUULHG�RXW�XVLQJ�,%0�6366�6WDWLVWLFV�
IRU� :LQGRZV�� 9HUVLRQ� ������ ��UPRQN�� 1<�� ,%0�
&RUS��� *UDSKV�� %R[� SORWV�� DQG� 3LH� GLDJUDPV�
ZHUH� FRQVWUXFWHG� XVLQJ� WKH�*UDSK� 3DG� 3ULVP� IRU�
:LQGRZV�� 9HUVLRQ� ���� �*UDSK� 3DG� 6RIWZDUH�� /D�
-ROOD�&DOLIRUQLD�86������6KDSLUR�:LON�V�WHVW�DQG�D�
YLVXDO� LQVSHFWLRQ� RI� WKH� KLVWRJUDPV�� QRUPDO� 4�4�

SORWV��DQG�ER[�SORWV�VKRZHG�WKDW�WKH�FROOHFWHG�GDWD�
ZHUH�DSSUR[LPDWHO��QRUPDOO��GLVWULEXWHG�IRU�DOO�WKH�
JURXSV�� 'HVFULSWLYH� VWDWLVWLFV�ZHUH� XVHG� WR� UHSRUW�
TXDQWLWDWLYH� YDULDEOHV� LQ� WHUPV� RI� PHDQ�PHGLDQ�
�FHQWUDO� WHQGHQF��� DQG� 6WDQGDUG� GHYLDWLRQ� �6'���
5DQJH��PHDVXUHV�RI� GLVSHUVLRQ��DORQJ�ZLWK� D�����
con�dence�interval�of�the�mean.�The�paired�samples�
W�WHVW� ZDV� XVHG� WR� FRPSDUH� WKH� &��ZLWK� WKH� '��
calculated�by�Modi�ed�Demirjian’s�method�in�boys�
DQG� JLUOV� UHVSHFWLYHO��� 3HDUVRQ�V� FRUUHODWLRQ� WHVW�
ZDV�XVHG�WR�FRUUHODWH�WKH�&��ZLWK�GHQWDO�PDWXULW��
scores�calculated�by�Demirjian’s�method�modi�ed�
by�Acharya.�Mahe-speci�c�regression�formula�was�
DOVR�GHULYHG�DV�D�FRUUHFWLRQ�IDFWRU��7KH���YDOXH�RI�
0.05�was�considered�as�the�level�of�signi�cance.

5(68/76

7KH� FKURQRORJLFDO� DJH� �&��� RI� SDUWLFLSDQWV�
UDQJHG� IURP� ����� �HDUV�� ,Q� WKHVH� FKLOGUHQ� WKH�
'HQWDO� DJH� �'���ZDV� IRXQG� WR�EH� KDYLQJ�D�PHDQ�
RI� ����“������ IRU� JLUOV� DQG� �����“������ IRU� ER�V��
with�modi�ed�Demirjian’s�method.�That�means�the�
GHQWDO�DJH�ZDV�KLJKHU�WKDQ�WKHLU�FKURQRORJLF�DJH�LQ�
WKH�FKLOGUHQ�RI�0DKH�

,Q� JLUOVDJH� GLIIHUHQFH� RI� '�� ZDV� VHHQ� WR� EH�
����“����� �HDUV�� PRUH� WKDQ� WKHLU� FKURQRORJLF� DJH��
DQG�����“�����HDUV�PRUH� LQ�ER�V��ZKHQ�FRPSDUHG�
to� their� chronological� age� while� using� modi�ed�
'HPLUMLDQ�V� PHWKRG�� 2Q� FRPSDUDWLYH� HYDOXDWLRQ�
VWDWLVWLFDOO��� HVWLPDWHG� '�� ZDV� IRXQG� WR� EH�
signi�cantly� higher� than� CA.� (�������� 3HDUVRQ�
FRUUHODWLRQ� WHVW�ZDV� HPSOR�HG� WR� WHVW� � DVVRFLDWLRQ�
EHWZHHQ�&��DQG�'��HVWLPDWHG�E��WKLV�PHWKRG�DQG�
QR�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WZR�YDULDEOHV�IRU�
JLUOV� �U ������ DQG� � ER�V� �U �������� DQG� WKH� RYHUDOO�
VXEMHFWV��U �������7DEOH���

7DEOH����'HVFULSWLYH�VWDWLVWLFV�RI�WKH�&KURQRORJLFDO��JH��&���DQG�WKH�'HQWDO��JH��'���HVWLPDWHG�E��'HPLUMLDQ�V�PHWKRG�PRGLILHG�
E���FKDU�D�IRU�IHPDOHV��PDOHV��DQG�DOO�WKH�VXEMHFWV

�JH��
�LQ��HDUV�

0HDQ���6� ����&, 0HGLDQ 0LQ�0D� �LIIHUHQFH�RI�
���&���LQ��HDUV�

&RUUHODWLRQ�
����D

)HPDOHV��Q ��� '� ����“����� ����������� �� ���2FW
����“����� ����QV

&� �����“����� ����������� � ���-XQ

0DOHV��Q ��� '� �����“����� ����������� �� ���2FW
����“���� �����QV

&� ����“����� ����������� � ���-XQ

�=sample�size�per�gender;�N:total�sample�size

DA:�Dental�age�estimated�by�Demirjian’s�method�modi�ed�by�Acharya

&���&KURQRORJLFDO�DJH

SD:�Standard�Deviation;�CI:�Con�dence�Intervals;�Min-minimum;�Max-Maximum

���3HDUVRQ�V�FRUUHODWLRQ�EHWZHHQ�&��DQG�WKH�'HQWDO�PDWXULW��VFRUHV

ns:�not�signi�cant�(P>0.05),*:�highly�statistically�signi�cant�(P<0.01)
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7KH� �HDU�ZLVH� GLIIHUHQFHV�ZHUH� DOVR� FDOFXODWHG�
DFFRUGLQJ� WR� WKH� GLIIHUHQFH� EHWZHHQ� WKH� '�� DQG�
WKH�&���,W�ZDV�VHHQ�WKDW�����RI�IHPDOHV�DQG�������
RI� PDOHV� H[DPLQHG�� KDG� D� GLVFUHSDQF�� RI� PRUH�
WKDQ� �� �HDUV� ZKHQ� GHQWDO� DJH� ZDV� HVWLPDWHG� E��
the�Modi�ed�method.�A�difference�of�1�to�2�years�
ZDV�IRXQG�LQ�����RI�WKH�JLUOV�DQG�����RI�WKH�ER�V�

H[DPLQHG�� �� GLIIHUHQFH� RI� OHVV� WKDQ� �� �HDU� ZDV�
IRXQG�LQ�RQO����WR����RI�JLUOV�DQG�ER�V�UHVSHFWLYHO����
�7DEOH� �� �� )LJ�� ��� *HQGHU� ZLVH� GLIIHUHQFH� ZDV��
DOPRVW� HTXDO� LQ� DOO� WKH� RWKHU� DJHV� RI� ����� �HDUV��
H[FHSW� LQ� �� �HDU� DJH� JURXS�ZKHUH� WKH� GLIIHUHQFH�
ZDV�IRXQG�WR�EH�H[WUHPHO��ODUJH�

7DEOH����)UHTXHQF��GLVWULEXWLRQ�RI�WKH�GLIIHUHQFH�LQ�'��DQG�WKH�&��HVWLPDWHG�E��'HPLUMLDQ�V�PHWKRG�PRGLILHG�E���FKDU�D�IRU�
IHPDOHV��PDOHV��DQG�DOO�WKH�VXEMHFWV

�LIIHUHQFH��LQ��HDUV� )HPDOHV��Q ��� 0DOHV��Q ��� 7RWDO��1 ����

����HDU ��������� ������� ����������

�����HDUV ���������� ���������� ����������

>2�years �������� ���������� ����������

n=sample�size�per�gender;�N:�total�sample�size

)LJ�����*HQGHU�ZLVH�'LIIHUHQFHV�LQ�WKH�0HDQ�&KURQRORJLFDO��JH��&���DQG�WKH�'HQWDO��JH��'����
HVWLPDWHG�E��'HPLUMLDQ�V�PHWKRG�PRGLILHG�E���FKDU�D

A�Mahe-speci�c�regression�formula�was�derived�
E�� DGGLQJ� WKH� LQGLYLGXDO� VFRUHV� FRUUHVSRQGLQJ� WR�
WKH�WRRWK�V�GHYHORSPHQWDO�VWDJHV��LHOGLQJ�WKH�WRWDO�
PDWXULW��VFRUH��6��RQ�WKH�[�D[LV�DQG�WKH�&��RQ�WKH�
��D[LV��

7KH� IROORZLQJ� SRO�QRPLDO� UHJUHVVLRQ� HTXDWLRQ�
ZDV�GHULYHG�

*LUOV��&�� ���������6��������

%R�V��&�� ���������6��������

)LJ�� �� LOOXVWUDWHV� D� OLQH� JUDSK� VKRZLQJ� WKH�
GLIIHUHQFHV� IURP� WKH� DFWXDO� DJH� DV� HVWLPDWHG� E��
Acharya’s� formula�and� the�Mahe-speci�c� formula�
LQ�JLUOV�DQG�ER�V�UHVSHFWLYHO���'LIIHUHQFH�LQ�WKH�&��
DQG�'��ZDV�UHGXFHG�IURP�H[FHVV�RI���WR����HDUV�RI�
DJH�WR����WR�����HDUV�RI�DJH�DIWHU�DSSO�LQJ�WKH�0DKH�
speci�c�regression�formula.

)LJ�����/LQH�JUDSK�VKRZLQJ�WKH�GLIIHUHQFHV�IURP�WKH�DFWXDO�DJH�DV�
HVWLPDWHG�E���FKDU�D�V�IRUPXOD�DQG�WKH�0DKH�VSHFLILF�IRUPXOD�LQ�
JLUOV�DQG�ER�V

+DMDUD�0&��5HQD�(SKUDLP���PELOL���LOOLDWK�H��DO��(VWLPDWLRQ�RI�'HQWDO�DJH�LQ�&KLOGUHQ�XVLQJ�0RGLILHG�
'HPLUMLDQ�V�0HWKRG�LQ�0DKH�5HJLRQ
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��+DMDUD�0&��5HQD�(SKUDLP���PELOL���LOOLDWK�H��DO��(VWLPDWLRQ�RI�'HQWDO�DJH�LQ�&KLOGUHQ�XVLQJ�0RGLILHG�
'HPLUMLDQ�V�0HWKRG�LQ�0DKH�5HJLRQ

�,6&866,21

�JH� GHWHUPLQDWLRQ� LV� RQH� RI� WKH� PRVW� FUXFLDO�
WHFKQLTXHV� XVHG� LQ� IRUHQVLF� RGRQWRORJ��� :KHQ�
a� birth� certi�cate� is� unavailable� or� records� are�
TXHVWLRQHG�GXH�WR�SRVVLEOH�PHGLFDO�OHJDO�FRQFHUQV��
DQ�HVWLPDWH�RI�GHQWDO�DJH�LV�QHFHVVDU���

�Q� LQGLYLGXDO�V� &�� VKRXOG� EH� FDOFXODWHG� IURP�
their�birthdate,�which�is�typically�veri�ed�by�birth�
certi�cate� documentation.� Biological� ages� such�
DV� VNHOHWDO� DJH��PRUSKRORJLFDO� DJH�� VHFRQGDU�� VH[�
FKDUDFWHU�� DQG�'��KDYH�EHHQ� FUHDWHG� DV�PDWXULW��
PDUNHUV� WR� HVWLPDWH� DJH� LQ� WKH� FRQWH[W� RI� DQ�
XQNQRZQ�ELUWKGDWH����

'�� HYDOXDWLRQ� LV� DFNQRZOHGJHG� DV� WKH� PRVW�
DFFXUDWH�� GHSHQGDEOH�� DQG� TXLFN� PHWKRG� RI�
HVWLPDWLQJ�DJH��SDUWLFXODUO��LQ�GHYHORSLQJ�FKLOGUHQ���

&RPSDUHG� WR� RWKHU� ELRORJLFDO�PDWXULW��PHDVXUHV��
'��KDV�WKH�VWURQJHVW�FRUUHODWLRQ�ZLWK�&��EHFDXVH�LW�
LV�WKRXJKW�WR�EH�WKH�OHDVW�LPSDFWHG�E��PDOQXWULWLRQ�

1XPHURXV� DXWKRUV� KDYH� UHSRUWHG� VHYHUDO�
PHWKRGV� IRU� HVWLPDWLQJ� GHQWDO� PDWXULW�� �'���
XVLQJ� WHHWK�� 0RVW� RI� WKHP� DUH� WLPH�FRQVXPLQJ��
FRVWO��� DQG� KDUPIXO�� DQG� WKH�� XVXDOO�� LV� D� QHHG�
IRU� H[WUDFWLRQ� DQG� WKH� IDEULFDWLRQ� RI� PLFURVFRSLF�
VHFWLRQV�� 7KH� DSSURDFK� GHVFULEHG� E�� 'HPLUMLDQ�
H�� DO���ZKLFK� FUHDWHG� D� VWDQGDUG� EDVHG� RQ� D� ODUJH�
VDPSOH� WKDW� LQFOXGHG������ER�V� DQG������ IHPDOHV�
RI� )UHQFK�&DQDGLDQ� KHULWDJH�� LV� RQH� RI� WKH� PRVW�
ZLGHO�� XVHG� UDGLRJUDSK�� EDVHG� SURFHGXUHV� IRU�
GHQWDO� DJH� HVWLPDWLRQ��� :KLOH� XVLQJ� 'HPLUMLDQ�V�
approach,�observer�agreement�is�typically�recorded;�
QHYHUWKHOHVV�� WKHUH� LV� D� FOHDU� WHQGHQF�� WRZDUGV�
RYHUHVWLPDWLRQ�RI�D�VXEMHFW�V�DJH���ZKLFK�PLJKW�EH�
DWWULEXWHG� WR� VHFXODU� WUHQGV�RYHU� WKH� ODVW� ����HDUV�
WKDW� KDYH� EHHQ� IDYRXUDEOH� DQG� HWKQLF� GLVSDULWLHV�
DPRQJVW� SRSXODWLRQV������� 'HPLUMLDQ�V� PHWKRG� KDV�
VRPH� OLPLWDWLRQV��EXW�LW� LV�QRQHWKHOHVV�ZRUWKZKLOH�
WR� FRQVLGHU� EHFDXVH� RI� LWV� PHULWV�� ZKLFK� LQFOXGH�
explicit� de�nitions� of� radiographs,� diagrams,�
DQG� ZULWWHQ� UHTXLUHPHQWV����+RZHYHU�� WKH� XVH� RI�
VWDQGDUGV� GHVLJQHG� IRU� WKH� (XURSHDQ� SRSXODWLRQ�
WR� WKH� ,QGLDQ� SRSXODWLRQ� PD�� FDXVH� UHVXOWV� WR�
EH� PLVUHSUHVHQWHG�� 7KXV�� �FKDU�D��� H[DPLQHG�
UDGLRJUDSKV� RI� D� SRSXODWLRQ� WKDW� ZDV� SULPDULO��
IURP� VRXWKZHVW� ,QGLD� WR� GHWHUPLQH� ZKHWKHU� WKH�
DIRUHPHQWLRQHG�WZR�DSSURDFKHV�ZHUH�DSSURSULDWH�
IRU�XVH�LQ�,QGLD�DQG�GHYHORSHG�DQ�,QGLDQ�UHJUHVVLRQ�
IRUPXOD�� �FFRUGLQJ� WR� UHVHDUFK�� WKLV� UHJUHVVLRQ�
PHWKRG��ZKLFK�LV�XQLTXH�WR�,QGLD��FDQ�HVWLPDWH�DJH�
LQ�D�IHZ�GLIIHUHQW�UHJLRQV�RI�WKH�FRXQWU�����������

1HYHUWKHOHVV�� D� FRPSUHKHQVLYH� UHYLHZ� RI� WKH�
OLWHUDWXUH�UHYHDOHG�GLIIHUHQFHV�LQ�GHQWDO�GHYHORSPHQW�

EHWZHHQ� DQG� ZLWKLQ� SRSXODWLRQV�� 7KXV�� WKH� ODFN�
RI� DQ�� VWXG�� RQ� WKH�0DKH� SRSXODWLRQ� IRUPHG� WKH�
SUHPLVH�IRU�VWXG�LQJ�WKH�DSSOLFDELOLW��RI�'HPLUMLDQ�V�
method�modi�ed�by�Acharya�on�the�latter.

7KH�UHVXOWV�RI� WKLV� VWXG��VKRZ� WKDW�'HPLUMLDQ�V�
WHFKQLTXH� RYHUHVWLPDWHG� &�� E�� ����“����� �HDUV�
DQG�����“������HDUV� LQ�JLUOV�DQG�ER�V��UHVSHFWLYHO���
which� was� signi�cantly� different� from� the� CA.�
7KLV� LV� FRQVLVWHQW�ZLWK� WKH�PDMRULW�� RI� VWXGLHV� RQ�
SRSXODWLRQV�DFURVV�VHYHUDO�VWDWHV�LQ�,QGLD�����������������

,Q� RXU� VWXG�� WKH� GLVFRYHU�� WKDW� WKH� IRUHFDVW�
DFFXUDF�� RI� �FKDU�D�V� DSSURDFK� JURZV� ZLWK� DJH�
was�signi�cant.�This�result�was�consistent�with�that�
RI�.KRUDWH�H��DO����ZKR�VWXGLHG�WKH�*RDQ�SRSXODWLRQ�
DQG�IRXQG�WKDW�WKH�PHDQ�DEVROXWH�HUURU�IRU�WKH�DJH�
JURXS�RI�������WR�����HDUV�ZDV�OHVV�WKDQ������HDUV�
+RZHYHU��WKH�*XMDUDWL�SRSXODWLRQ�V�DJH�ZDV�IRXQG�
WR� EH� XQGHUHVWLPDWHG� E�� WKH� �FKDU�D� PHWKRG��
GHVSLWH� WKH� DSSURDFK�V� DSSOLFDELOLW�� GXH� WR� WKH�
ORZHU�PHDQ�DEVROXWH�HUURU�YDOXH����:KLOH��FKDU�D�V�
PHWKRG�ZDV�DSSOLHG�WR�DQ�DJH�JURXS�RI�������HDUV�
LQ� WKLV� VWXG����FKDU�D�V�PHWKRG�ZDV�DSSOLHG� WR�D�
ZLGHU� DJH�JURXS�RI� ����� �HDUV� LQ� KLV�VWXG�����LQ� D�
SRSXODWLRQ� LQ� VRXWKZHVW� ,QGLD������PHDQ� DEVROXWH�
HUURU� RI� OHVV� WKDQ� D� �HDU� ZKLFK� LV� FDOFXODWHG�
E�� VXEWUDFWLQJ� WKH� &�� IURP� WKH� '��� LV� XVXDOO��
FRQVLGHUHG� ZLWKLQ� DFFHSWDEOH� OLPLWV�� KRZHYHU�� LQ�
WKLV�VWXG���������RI�WKH�FDVHV�IRXQG�D�GLVFUHSDQF��
DERYH�WZR��HDUV��DQG�������LQ� IHPDOHV�DQG�������
VKRZHG� D� GLVFUHSDQF�� RI� ���� �HDUV�� ZKLFK� LV�
LQGLFDWLYH�RI�DQ�LPSUHFLVH�DJH�HVWLPDWLRQ�XVLQJ�WKH�
DERYH�PHWKRG��RQ�0DKH�FKLOGUHQ�

%HFDXVH� PRUH� WHHWK� DUH� VWLOO� IRUPLQJ� DQG� WKH�
WLPH�EHWZHHQ�PRUSKRORJLF�SKDVHV� LV� VKRUWHU�� LW� LV�
SRVVLEOH�WR�GHWHUPLQH�GHQWDO�DJH��RXQJHU�DQG�PRUH�
DFFXUDWHO�� ZLWK� WKLV� PHWKRG���� +RZHYHU�� LQ� WKLV�
VWXG���WKH�UHVSRQGHQWV�ZKR�ZHUH�EHWZHHQ�WKH�DJHV�
RI������HDUV�VKRZHG�GUDPDWLFDOO��KLJKHU�HUURU�UDWHV��
which�signi�cantly�reduced�the�predicted�accuracy.�
7KH�DJH�DW�ZKLFK�WKH�PDQGLEXODU�WKLUG�PRODU�FU�SW�
GHYHORSPHQW�RFFXUV�LV�HVWLPDWHG�WR�EH���RU����HDUV�
on�average,�with�signi�cant�variance�ranging�from�
URXJKO�� �� WR� ��� �HDUV������0LVKUD� H�� DO�� UHSRUWHG� D�
similar� �nding� � in� a� Central� Indian� population.�
+RZHYHU��WKH�LQGLYLGXDOV�LQ�WKLV�DJH�JURXS��LQ�RXU�
VWXG���H[KLELWHG�D�GHOD�HG�UDWH�RI�FU�SW�IRUPDWLRQ��
ZKLFK� VXJJHVWV� D� GHOD�HG� SDFH� RI� WKLUG� PRODU�
JURZWK�� 7KH� LQIRUPDWLRQ� RQ� GHQWDO� DJH� FKDQJHV�
DW� WKHVH��RXQJHU� DJHV�ZDV� LQDGHTXDWH�GXH� WR� WKH�
UHODWLYH� VFDUFLW�� RI� LQGLYLGXDOV� LQ� WKLV� DJH� JURXS�
ZKLFK�DOVR�IRXQG�E��0LVKUD�HW�DO�DOVR���

*HQGHU� GLVWULEXWLRQ� ZDV� WDNHQ� LQWR� DFFRXQW� LQ�
WKH� FXUUHQW� VWXG�� DOVR�� RZLQJ� WR� WKH� H[LVWHQFH� RI�
VH[XDO�GLPRUSKLVPV��*LUOV�PDWXUH� DW� D� IDVWHU� UDWH�
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WKDQ�ER�V�IRU�WKH�PDMRULW��RI�PDWXUDWLRQDO�HYHQWV����

This�is�consistent�with�our�study’s��ndings,�which�
VKRZ� WKDW�JLUOV��GHQWDO� DJHV� DUH�KLJKHUDW�����“�����
�HDUV�DJDLQVW�����“������HDUV�LQ�ER�V��LQ�FRPSDULVRQ�
WR�WKH�FKURQRORJLF�DJH�

Demirjian’s� approach� modi�ed� by� Acharya�
DSSHDUV�WR�EH�WKHUDSHXWLFDOO��LQDSSOLFDEOH�JLYHQ�WKH�
GHJUHH� RI�GLVFUHSDQFLHV� EHWZHHQ� HVWLPDWHG�GHQWDO�
DQG� FKURQRORJLFDO� DJH� LQ� WKLV� VWXG�� DV�ZH� IRXQG�
QR�FRUUHODWLRQ�EHWZHHQ�WKH�&��DQG�'��HVWLPDWHG�
E��WKH�DERYH�PHQWLRQHG�PHWKRG��U=0.0017);�hence,�
D�QHZ� IRUPXOD�ZDV�GHYHORSHG� IRU� DJH� HVWLPDWLRQ�
LQ� 0DKH� FKLOGUHQ�� 6LPLODU� VWXG�� FRQGXFWHG� E��
6KLYDNXPDU� H�� DO�� LQ� %HQJDOXUX� SRSXODWLRQ� DOVR�
IRXQG�WKDW�XVLQJ�UHYLVHG�'HPLUMLDQ�V�,QGLD�IRUPXOD�
UHGXFHG�WKH�PHDQ�DEVROXWH�HUURU�LQ�DJH�HVWLPDWLRQ�
FRPSDUHG� WR� WKH� DJH� HVWLPDWLRQ� E�� 'HPLUMLDQ�V�
IRUPXOD�DORQH���

&21&/86,21

Modi�ed�Demirjian’s�method�is�an�area�speci�c�
PHWKRG�RI�GHQWDO�DJH�GHWHUPLQDWLRQ�DQG�ZDV�IRXQG�
WR� EH� DSSOLFDEOH� WR� WKH� FKLOGUHQ� RI�0DKH� RQO�� E��
using�a�Mahe�speci�c�regression�formula.

A�Mahe�speci�c�regression�formula�of�dental�age�
HVWLPDWLRQ�IRU�JLUOV�ZDV�VHHQ�WR�EH�&�� ���������6�
��������DQG�IRU�%R�V�LW�LV�&�� ���������6�����������
larger� sample� size�and�analysis� of� alternative�age�
GHWHUPLQDWLRQ�PHWKRGV��SDUWLFXODUO��IRU�D�ZLGHU�DJH�
UDQJH�VKRXOG�EH�WKH�PDLQ�JRDOV�RI�IXWXUH�UHVHDUFK�
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