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Abstract

Back�round:

Introduction��Radiographs�have�been�widely�used�to�determine�morphological�traits�among�genders�in�forensic�
odontology.�

Ai����he�study�aims�to�determine�the�gender�using�an�occlusal�radiograph.

�b�ectives��Assessing�the�reliability�of�linear�and�angular�measurement�in�the�occlusal�radiograph.�

�aterials����et�ods���he�study�was�conducted�in�the�Department�of��ral�Medicine���Radiology�in��amakkal�
District,�after�obtained�approval�from�the�institutional�ethical�committee�with�total�sample�si�e�of��40�dentate�subjects�
using� an� occlusal� radiograph.� After� obtaining� informed� consent� from�patients,� the� study� has� been� conducted.�
�opographic� occlusal� radiographs� were� taken� with� help� of� an� intraoral� �-ray� machine� with� ideal� exposure�
parameters�and�all�radiation�protective�precautions�were�carried�out.�Linear���angular�measurement�are�measured�
attributing�capital�letters�to�the�maxillary�arch���small�letters�to�the�mandibular�arch.�

�tatistical�Anal�sis���he�obtained�data�were�analy�ed�using�student�t-test���Spss�software�version�22.0.�

Results�� In�the�present� study�among� linear�measurement�molar� (MM)�is�highly�significant� (p�0.012.)�Among�
Angular�measurements�max�CIA�R�(p�0.001),�max�PI��R�(p�0.001),�max�MIC�R�(p�0.00�),�man�pib�r�(p�0.01�),�man�
mic�r�(p�0.0�1),�man�pib�l�(p�0.028)�are�highly�significant.

�onclusion���ender�can�be�determined�by�occlusal�radiographs�with�greater�reliability�when�linear�measurement�
��angular�measurements�are�performed.

�ey�ords:�Dental�arch;�Forensic�dentistry;��cclusal�radiograph;�Sex�determination.
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Introduction

Radiology� plays� an� indispensable� role� in� human�
gender� determination.� Radiological� images� are�
utili�ed�in�the�process�of�age�and�gender,�which�is�

one�of�the�essential�tools�in�identi��cation�in�forensic�
science.

�he� identi��cation� of� remains� gains� utmost�
importance� in� cases� of� mass� fatality� like� in�
earth�uakes,� tsunami,� cyclones,� and� ��oods,� etc.,�
where�the�bodies�are�damaged�beyond�recognition.�
In�such��situations,�where�only�fragments�of�skeletal�
remains�are�found�for�e.g.�fragment�of�the�jaws,��only�
the�odontometric� features�will�help�in�recognition�
of�the�individual�from�the�remains,�particularly�the�
teeth�in�the�fragment.1

�uman� identi��cation� can� be� done� by� different�
methods� like� ��ngerprint� analysis,� � which� is�
the� most� used� when� soft� tissues� are� preserved.�
Although�situations�in�which�the�corpse�is�charred�
or� skeletoni�ed,� an� anthropological� and� dental�
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analysis�may�be�necessary�in�order�to�determine�the�
person�s�identity.2

Radiographic� and� tomographic� images� have�
become�an�essential�aid�for�human�identi��cation�in�
forensic�dentistry.��Various�methods�are�employed�
in�forensic�odontology�to�determine�the�age�and�sex�
of�an�individual.��he�methods�include�rugoscopy,�
cheiloscopy,�bite�marks,�tooth�prints,�radiographs,�
a� photographic� study,� and� molecular� method.�
Although� teeth� are� excellent� study� material,�
variation� in� the� crown� si�e� has� been� reported�
among� different� populations.� �umerous� factors�
can� contribute� to� variation� in� tooth� si�e� and�may�
be� described� broadly� as� genetic,� epigenetic,� and�
environmental�in��uences.4

�he� features� depicted� on� radiographs� must�
comply� with� two� re�uirements� in� order� to� be� of�
forensic� identi��cation�value;�on� the�one�hand,� the�
feature� has� to� be� uni�ue� to� each� individual,� and�
on� the� other� hand,� it� has� to� remain� stable� over�
time� despite� ongoing� life� processes� and� aging.�
�sually,� one� to� four� uni�ue� analogous� features�
and� no� discrepancies� are� considered� enough� for�
positive�identi��cation.��Males�exhibit�larger�stature,�
more� robust� cranial� and� facial� features,� greater�
muscularity,� strength,� and� speed� as� compared�
to� females.��Variability� in�arch�width� in�male�and�
female�Aboriginals�was�observed.�

�ence,� the� aim� of� this� study� is� to� determine��
gender�using�an�occlusal�radiograph�by��assessing�
the�reliability�of�angular�and�linear�measurement�in�
the�occlusal�radiograph.

Materials�&�Methods

�he� study� was� conducted� in� the� Department� of�
�ral� Medicine� �� Radiology� in� Vivekanandha�
Dental� College� �� �ospital,� �amakkal� District.�
�his��radiographic�study�was�done��after�obtained�
approval� from�the� institutional�ethical�committee.���
Inclusion�criteria�was�patients�with�the�age�limit�of�
20-2��years,�Class�-1�molar�relation�with�impacted�
third� molars.� All� the� teeth� should� be� present.�
�xclusion�criteria�comprised�of�dental�caries,��ooth�
extraction/missing� tooth,�Restoration,�Attrition���
Congenitally�missing�tooth.

�he�sample�si�e�is�40�dentate�subjects�with�same�
race�are� conformed�by� their�demographic� details.�
An��occlusal�radiograph�were�taken�for�the�subjects.��
�linding�was�done� for� the� total� sample� then� it� is�
divided�into�2�groups�(group�1�consist�of�20�subject�
and�same�as�in�group�2��20�subject�).�After�obtaining�
informed�consent�from�patients,�the�study�has�been�
conducted.

Ideal� �opographic� maxillary� and� mandibular�
occlusal� radiograph� were� taken� on� an� intraoral�
�-ray� machine� with� ideal� exposure� parameters�
such�as� -�F��� speed���lm,� 0.40� sec,� �0�kvp,�1��mA�
with� minimal� errors� using� lead� apron� with� a�
thyroid� collar� for� the� patient� and� lead� apron� for�
the�investigator�were�used�following�Position-and�
distance�rule�with�all�radiation�precautions.

�he� radiograph� was� carefully� processed� ��
the� image� was� obtained.� �btained� images� were�
traced� using� the� tracing� sheet.� Linear� �� angular�
measurements� were� measured� attributing� capital�
letters�to�the�maxillary�arch���small� letters� to� the�
mandibular�arch.��he�letter�L�indicates�the�left�side�
��R�indicates�the�right�side�(Fig.�1).�

Fi����:��ccusal�Radiograph�representing�right���left�side.

Linear�measurements�were�measured�using�a�scale�
in�mm.��he�maxillary�and�mandibular�dental�arch's�
width�was�made�in�three�portions.��he�line�is�drawn�
from� the�most� vestibular� portions� of� the� left� and�
right� canines,� second�premolars,� and���rst�molars.�
Similarly,� the� lines� are� drawn� for� mandibular�
arches.��amed�as�CC,�PP,�MM�for�maxillary�arch�
and�cc,�pp,�and�mm�for�mandibular�arch�(Fig.�2).�

Fi��� �:� Linear� measurement� in� Maxillary� (CC,� PP,� MM)� ��
Mandibular�arch�(cc,�pp,�mm).

Angular�measurement�were��measured�by�a�median�
line� and� a� line� touching� the� vestibular� portions�
of�the�projections�of� the�maxillary�central� incisors�
were�drawn.��he� intersection�of� these�points�was�
called� the�point��I�.�From�this�point,�another� line�
was� drawn� towards� the� most� vestibular� portion�
of� the� canine� tooth� (�C��point),� and� this� line�was�
named�linear�measure��IC�.��he�angle� formed�by�
these� two� points� and� �A�� point,� locating� in� the�
line� that� coincides� with� the� union� of� the� palatal�
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processes� of� the�maxillary�bone,�medial� line,�was�
named��CIA�R,�CIA�L�.�Same�way�for�the�premolar�
��1�st�molar�tooth�and�named�as�PI��R�PI��L,�MIC��
R.MIC�L.�For�maxillary�arch.�Furthermore� for� the�
mandibular�arch�also�and� it� is�named�cia� r,�pib�r,��
mic�r�cia�l,�pib�l,�mic�l.�(Fig.��)

Fi����:�Angular�measurements�in�maxillary�(CIA�R,�PI��R,�MIC�
R,�CIA�L,�PI��L,�MIC�L)���Mandibular�arch�(cia�r,�pib�r,�mic�r,�
cia�l,�pib�l,�mic�l)

Statistical�Analysis

�he�obtained�data�were�analy�ed�by�using�student�
-t-test���SPSS��software�version�22.0�with�p�0.0��

�esult

Linear�measurement�of�group�1���group�2�are�given��
in�(�able:�1���2�).

Table��:�Linear�measurement�in�group�1.

�roup� CC PP MM cc pp mm

Mean� 40.4� �4.1� �9.80 �2.4� 4�.40 ��.��

Std.deviation �.�48 �.489 �.��8 2.892 4.89� �.0�4

Table��:�Linear�measurement�in�group�2.

�roup�� CC PP MM cc pp mm

Mean 41.�� �1.90 ��.9� �4.40 4�.2� ��.40

Std.deviation �.829 �.8�� �.2�8 �.9�9 �.��0 �.4��

�raph:�1�Represents�the� � linear�measurement� � for�

the��both�groups.�Maxillary�molar�(MM)�are�highly�

significant�p��0.012

�raph��:�Linear�measurement�of�maxillary�molar(MM)�

are�highly�significant�p��0.012

�able���Angular�measurement��of��roup��1�shows��
max� CIA� R� (p� �� 0.001)max� PI�� R� (p�0.001)max�
MICR�(p���0.00�)�are�highly�significant.

Table��:�Angular��measurement�in�group�1.

�roup1 CIA�R PI��R MIC�R CIA�L PI��L MIC�L cia�r pibr micr cial pibl micl

Mean �2.�� 4�.�� 49.2� �4.20 �4.20 �4.20 28.80 41.1� 4�.2� 29.9� 42.�0 48.4�

Std.�Deviation� 4.01� �.4�� 4.0�4 �.942 �.912 �.��2 �.�48 2.110 2.110 4.8�1 4.904 4.9�8

�able�4�Angular�measurement�of��roup�2:���shows� man�PI��R(��p���0.01�),man�MIC�R(p��0.0�1)man�PI��L�
(p��0.�028)�are�highly��significant.

�raph���&��:�Represents�angular�measurements�in�both�
the�group�for�maxillary���mandibular�arch.

�� max�CIA�R�(p���0.001)
�� max�PI��R�(p��0.001)
�� max�MICR�(p���0.00�)�are�highly�signi��cant.

Table��:�Angular�measurement�in�group�2.

�roup�� CIA�� PIB� MIC� CIA� PIB� MIC� cia�r pibr micr cial pibl micl

Mean ��.�� 48.0� �2.40 ��.�� 4�.�0 �0.10 28.�0 4�.2� 49.4� �1.�0 4�.�� 49.8�

Std.�Deviation� 2.92� 4.110 2.�80 �.��4 �.�20 �.8�1 4.2�2 �.110 �.�49 �.��1 2.��0 2.1�9

man�PI��R(p��0.01�)

man�MIC�R(p��0.0�1)

man�PI��L(p��0.�028)�are�highly��significant.
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�iscussion

Sex� determination� from� human� remains� � the�
primitive� step� in� the� establishment� of� biological�
demands� of� the� deceased� individuals� in� anthro�
pology�and�forensic�science,�go�after�age�and�stature�
appraisal�as�both�are�sex�dependent.8

� Inter� molar� arch� width� may� be� useful� in�
determining� the� gender� of� dental� remains�
accurately,� of� individuals� with� missing� canine�
teeth,�and�also� it�may�be�more�accurate� in�gender�
determination� than� inter-canine� arch�width,� with�
maxillary� inter� molar� arch� width� being� more�
speci��c.1�Maloth� et� al.2019�Conducted� a� study�on�
�0�patients�in��elangana�Population�using�occlusal�
radiograph�for�gender�determination.9�In�his�study,�
he�concluded�that�all�the�linear�measurements�are�
highly� signi��cant� �� angular� measurements� are�
maxillary�right�canine�(CIA�R),�maxillary�left�canine�
(CIA� L),� maxillary� left� molar� (MIC� L),� maxillary�
right�molar(MIC�R�)�is�significant.

Santos� LF� et� al� 201�� conducted� a� study� on� �0�
�ra�ilian� people� to� analy�e� the� dental� arches�
by� occlusal� radiograph� concluded� that� linear�
measurement�shows�high�reliability.10��he�present�
study�concluded�that�linear�maxillary�molar�(MM)�
statistically�significant.

Sathawane� RS� et� al� 201�� a� study� �0� Indian�
population� to� determine� gender.11� In� that,� they�
concluded�that�all�linear�measurements�are�definite�
key� measurements� for� gender� determination�
whereas� only� 2� angular� measurements� maxillary�
left� canine� (CIA� L),�maxillary� left�molar� (MIC� L)�
are� useful.� �he� limitation� of� our� study� is� smaller�
sample�si�e�with�single�race�.

Conclusion

�ence� the� present� study� concluded� that� gender�
can� be� identi��ed� with� the� guidance� of� occlusal�
radiographic� measurements� (odontometry).�
�he�main� advantages� of� this� method� are� � it� is� a�
simple,� �uick,� and� accurate� techni�ue� for� gender�
determination.�Future�studies�on�varied�population�
groups� with� higher� sample� si�e� might� further�

useful�in�gender�determination.
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