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ABSTRACT

Sexual dimorphism has been of great interest fanymeears. The aim of the present study is to ptede sexual
dimorphism from the facial dimensions among ChowgRatels of Gujarat. The present study was coretiat Bhiloda
(District-Aravalli), Gujarat. The study was carriemit on Choudhary Patel with 200 samples includdajes=100 &amp;
Females=100. Age Group was 18-60 Years. Only hegadtibjects without any physical or facial abnormahvere
included in the study with their informed conseftte Present study provides a population specifihiri@ue for sex
determination from facial dimensions to establish tdentity among Choudhary Patels of Gujarat. Mwer, our study
can predict 82% males and 91% females accuratetiyauerall 87% for prediction of sex. Thereforetle present study,
among Twenty four measurements, MHB, MFB, BAB, MiBl. and BCA have been found best predictors fou&lex
dimorphism in Choudhary Patels of Gujarat. Amonigtla variables, MHL showed the highest Accuradgsdor males
(79%) and MHB for females (88%). Discrimination atjon can be derived for Sexual dimorphism fronigfladimensios
for Choudhary Patels of Gujarat. These findingsvitle a Model for sexual dimorphism through faciethénsions among

Choudhary Patels of Gujarat which can be useddentification dynamics for anthropo-forensic purpss
KEY WORDS: Identification, Sexual Dimorphism, Facial Dimensio
INTRODUCTION

Various methods can be used to establish the tgleotian individual, including fingerprints, denteg¢cords,
DNA analysis and anthropological measurements. JEwer often, it may be necessary to apply newer amasual
techniques (Murgod et al, 2013). For forensic itigasions, it is important to establish better nogkh of determining sex
from the various elements more likely to survivel dve recovered. Sex estimation can be accomplisked) either
morphological or metric methodologies (Mahfouz,aét2007). Sexual dimorphism has been of greardstein many
years. Such data has been used to analyze sieeedifes between males and females and the sogidations thereof
(Iscan, 2005). Indian population shows spectraetétogeneous and homogenous subpopulations a@assis/regions
and there is scarcity of forensic data onto fagi@rameters on Indian population (Naikmasur et &102.
Studies conducted on two different populations oftN India suggested that cephalo-facial dimensgupplemented by
facial morphological features can be employed inemining age, sex, stature and race in Indian |abipn
(Krishan and Kumar, 2007, 2008). Jahanshahi 2@&) studied face shapes of different parts of &mad stated that the

geographical factor, similar to ethical factor, edfect the form of the face. Normally, variousiéddypes are encountered

| I mpact Factor(JCC): 3.6586 - This article can be downloaded from www.impactjournals.us |




| 368 Vijeta Choudhary & A. K. Kapoor |

with every population so that a certain numberedgle have thin, broad or small faces. The ainhefresent study is to

predict the sexual dimorphism from the facial disiens among Choudhary Patels of Gujarat.
MATERIALS AND METHODS

The present study was conducted in Bhiloda (Dis&ki@avalli), Gujarat. Bhiloda is a municipality artdluka
headquarters situated in Aravalli District in thats of Gujarat in India. It is situated on the ksof the Hathmati River
among the Aravalli Hills. As of the 2011 censusjl@ta had a population of 16,074 and 2867kdansity. The study was
carried out on Choudhary Patel with 200 samplelsidticg Males=100 & Females=100. The Age Group wa$Q Years.
Only healthy subjects without any physical or fheilnormality were included in the study with thiiformed consent.
Instruments Used: To carry out the measurementbyrapometer, sliding caliper (with blunt ends), eguting caliper
(with blunt ends), skin marker and steel tape ha@en used. A total of 24 measurements were takethesubjects.
All the measurements were recorded using the stdnmdathods of Martin and Saller adopted by SingBlgasin (1968).

The measurements with their definition includedhia study are as follows:-

Table 1

Variables Definition
It measures the circumference from glabella (gppsthocranium (op) to glabella (g) when the

head is oriented in eye-ear plane. Glabella (gk the point between the eye brow ridges above
nasal root. Opisthocranium (op): It is the most tposrly placed point on the posteripr
protuberance of the head in the mid-Sagittal plane.
It measures the maximum straight distance betweetvio eurya (eu) when the head is orierted
MHB (eu-eu) | in eye- ear plane.Euryon (eu): It is the most HEtgiplaced point on the sides of the head and is
only determined by measuring maximum head breadth.
It measures the minimum distance between the twatdtemporalia (ft) when the head |is
oriented in eye-ear plane. Frontotemporale (ftjs the most anterior and inner point on the linea
temporalis on the frontal bone. It usually liegktly higher than the tangent drawn on the highest
elevation of the upper margins of the eye broweslg
It measures the straight distance between the riagpat (t). Tragion (t): It is a point on the upper
BAB (t-t) margin of tragus where tangents drawn to the antend upper margin of this cartilage cut each
other. This point lies 1-2 mm below the helix.
It measures the straight distance between two g@ua when the head is oriented in eye-gar

MHC (g-op-g)

MFB (ft-)

BB (go-go) plane. Gonion (go): It is the most posterio-latgalaced lowest point on the angle of the lower
jaw.
EBB It measures the straight distance between caetlouter corners of the eye.
I0B It measures the straight distance betweenrteerial canthus of the eye, with the eye-lids open.
It measures the straight distance between the latestlly placed zygia (zy) when the head is
BB(zy-zy) oriented in eye-ear plane. Zygion (zy): It is thestlaterally placed point on Zygomatic arch and

is determined by taking bizygomatic breadth
It measures the straight distance of the two matgrdl points on the posterior margin of the

EB helix, i.e. postaurale (pa) when taken at right@mg the ear length.

NB (al-al) It measures the straight distance between the &terdlly placed alaria (al) when the head is
oriented in eye-ear plane.

MHL (g-op) It measures the maximum straight distance fromedlal(g) to opisthocranium (op) when the

head is oriented in eye- ear plane.
It is the distance between superaurale to subalBalgeraurale (sa): It is the highest point on|the
EL (sa-sba) margin of the helix when the head of the subjectiented in eye-ear plane. Subaurale (sba): |It is
the lowest point on the lower margin of the eaelob
It measures the straight distance between nasjoto (mronasale (prn) when the head is oriented

NL (n-prn) in eye-ear plane. Pro-nasale (prn): It is the nawgeriorly placed point on the tip of the ngse
when the head is oriented in mid-sagittal plane.
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Table 1 Contd.,

LL (ch-ch)

It measures the straight distances between twdochéth) i.e., corners of the mouth. Chelipn

(ch): It is the meeting point of upper and lowedetal margins of the lip (Corners of the mouth)

LH(Is-1i)

It measures the straight distance between labugler®r (Is) to labrale inferior. Labrale Super

or

(Is): It is the point on the upper margin of théegumental lip intersected by mid-sagittal plane.

Labrale Inferior (li):It is the point on the lowanargin of the integumental lip intersected by m
sagittal plane.

PFH (tr-gn)

id-

It measures the straight distance between tricfidrio gnathion (gn) when the head is oriented

in eye-ear plane. Trichion (tr): It is the pointevk the anterior border of the hair on the foreh
cut by the mid-sagittal plane. Gnathion (gn): Ithe lowest point on the lower margin of t
lower jaw intersected by mid sagittal plane whea ktead of the subject is oriented in eye-
plane.

MFH (n-gn)

It measures the straight distance between nasjoto @nathion (gn) when the head is orientec
eye-ear plane. Nasion (n): It is the point on tlasah root intersected by mid-sagittal pla
Gnathion (gn): It is the lowest point on the lowsargin of the lower jaw intersected by mi
sagittal plane when the head of the subject isitetkin eye-ear plane.

PUFH (n-sto)

It measures the straight distance between nasido(stpomion (sto) when the head is oriented
eye-ear plane.Stomion (sto): It is the point whbeeslit of the mouth with close lips cuts the m
sagittal point.

MUFH (n-pr)

It measures the straight distance between nasido(mosthion (pr) when the head is oriented
eye-ear plane.Prosthion (pr):It is the most dowlyaplaced point on the lower margin of t
gums of upper jaw between the middle incisors id-g#gittal plane.

HLF

It measures the projective distance between chih mouth i.e between stomion (sto) a
gnathion (gn). Stomion (sto): It is the point whée slit of the mouth with close lips cuts t
mid-sagittal point. Gnathion (gn): It is the lowgstint on the lower margin of the lower ja
intersected by mid-sagittal plane when the heati®@tubject is oriented in eye-ear plane.

NH

It measures the straight distance between nasjaio Gubnasale (sn)when the head is oriente
eye-ear plane.Nasion (n): It is the point on theahaoot intersected by mid-sagittal plar
Subnasale (sn): It is the point where lower magfimasal septum meets the integument of
upper lip in mid-sagittal plane.

BCA

It measures with a tape between the right aftdlragion across the anterior point of the chin.
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BFA

It measures with a tape between the right andTedgion across the forehead just above
supraorbital ridges.

the

BSA

It measures with a tape between the right aftdlragion across the subnasale on the face.

Variables:- MHC-Maximum Head Circumference; MHB- ¥taum Head Breadth; MFB-Minimum Frontal
Breadth; BAB-Bi Auricular Breadth; BB- Bigonial Badth; EBB-External Biocular Breadth; IOB- Inter GauBreadth;
BZB- Biozygomatic Breadth; EB- Ear Breadth; NB- Mh8readth; MHL- Maximum Head Length; EL- Ear Lengt
NL- Nasal Length; LL- Lip Length; LH- Lip Height; FH- Physiognomic Facial Height; MFH- Morphologidahcial
Height; PUFH- Physiognomic Upper Facial Height; M}Morphological Upper Facial Height; HLF- Height bbwer
Face; NH- Nasal Height; BCA- Bitragion Chin Archi-B- Bitragion Frontal Arch; BSA-Bitragion Subnasalech.
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Figure 1: Landmarks for the Measurements

Statistical Analysis: The data was analyzed on SPES Sex-wise normality test (Shapiro-Wilk) forcial
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measurements was calculated. All the facial measemés have been found normally distributes withi§igant p-value
(p<0.05). Mean, standard deviation, t-test andrafisnant function analysis (Univariate and multiizde) was applied to

all the facial dimensions separately using the ¥/ilambda minimization procedure.

RESULTS

Assessment of Sexual Dimorphism
Table 2 shows the results for the assessment ofkeimorphism and represents the mean, standaviiia

and t-test for various facial measurements andirgta&tmong males and females of Choudhary PateBujafrat. All the

facial measurements along with stature have baamdfbigher in males than females and differences foaind statically
significant (p<0.001) but for Inter ocular breadifizygomatic breadth, ear length and lip heigho diave been found
higher in males than females and differences wawad statically significant (p<0.05) with higher amevalue 2.95+0.79,

11.18+1.08, 6.18+0.54 & 1.82+0.62 respectively gtdip length.

Table 2: Mean, S.D. and t-test Among Patels (Choudiny) of Gujarat

Name of the Measurements (cm) Mean = S.D t-test
Male Female

Maximum Head Circumference 55.52 +1.88 53.55+1.53 .068"**
Maximum Head Breadth 12.17 #1.71  11.89+0.73 8.810*"
Minimum Frontal Breadth 10.90+1.09 9.85+0.64 8.309*
Bi Auricular Breadth 13.2540.75 12.41+1.11 6.201*F
Bigonial Breadth 10.9940.85 10.18+0.8b 6.57 1%
External Biocular Breadth 9.88+0.61 9.38+0.5p 57985
Inter Ocular Breadth 2.95+0.79 2.71+0.29 2.9147
Biozygomatic Breadth 11.23+1.08 10.53+0.86 5.162*1
Ear Breadth 3.3040.33 3.19+0.42 2.110%
Nasal Breadth 3.86+1.07 3.38+0.28 4.250**
Maximum Head Length 18.54+1.03 17.41+0.93 8.101*f*
Ear Length 6.18+0.54 5.99+0.60 2.184*
Nasal Length 4.77+0.46 4.53+0.44 3.606**t
Lip Length 5.13+0.75 5.14+0.63 0.133
Lip Height 1.82+0.62 1.59+0.47 2.858*
Physiognomic Facial Height 17.45+0.88 16.73+1.42 272%*
Morphological Facial Height 9.85+0.69 8.74+1.21 S i
Physiognomic Upper Facial Height 6.57+0.5) 6.2580.5 4.234***
Morphological Upper Facial Height 6.44+0.44 6.146D. | 4.447**
Height of Lower Face 4.85+0.51 4.57+0.4% 4.059**
Nasal Height 4.82+0.56 4.5840.43 3.426**7
Bitragion Chin Arch 29.52+1.92 27.62+1.25 8.323**F
Bitragion Frontal Arch 30.66+1.18 29.31+1.35 7511
Bitragion Subnasale Arch 27.79+1.50 26.35+1.19 748

*+p<0.001; *p<0.05

Univariate Analysis

Table 3 shows the accuracies and demarcation paststing from the univariate analysis. These {mare the
average of the means of the both sexes for eadhblear A measured value higher than the demarkaigt lassifies an
individual as male and a lower value than the d&mgrpoint classify individuals as male and a lowafue indicates

female. A univariate analysis provides a demaroapoint from which it is possible to determine deam a single
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numeric value. For, the original group, MHL showtbé highest accuracy rates for males (79%) and MétBemales
(88%). Accuracy percentages for cross-validatedigneere observed similar for the males and fematesbserved in
original accuracy percentage.

Table 3: Accuracies and Demarcation Points Resultedlom Univariate Discriminant Function Analysis for
Choudhary Patels of Gujarat

Variables Original Accuracy (%) Cross Validation Accuracy (%) Demarcation Points
Male Female | Avg. | Male | Female Avg.
MHC 77.0 76.0 76.5 77.0 76.0 76.5 F<54.54<M
MHB 58.0 88.0 73.0 58.0 88.0 73.0 F<9.92<M
MFB 68.0 85.0 76.5 68.0 85.0 76.5 F<10.38<M
BAB 68.0 67.0 67.5 68.0 67.0 67.5 F<12.83<M
BB 67.0 67.0 67.0 67.0 67.0 67.0 F<10.58<M
EBB 61.0 74.0 67.5 61.0 74.0 67.5 F<9.63<M
I0B 49.0 73.0 61.0 49.0 73.0 61.0 F<2.83<M
BZB 61.0 72.0 66.5 61.0 72.0 66.5 F<10.83<M
EB 60.0 50.0 55.0 60.0 50.0 55.0 F<3.25<M
NB 68.0 85.0 76.5 68.0 85.0 76.5 F<3.62<M
MHL 79.0 85.0 82.0 79.0 85.0 82.0 F<17.98<M
EL 58.0 56.0 57.0 58.0 56.0 57.0 F<6.09<M
NL 62.0 60.0 61.0 62.0 60.0 61.0 F<4.65<M
LL 40.0 52.0 46.0 40.0 52.0 46.0 F<5.14<M
LH 56.0 66.0 61.0 56.0 66.0 61.0 F<1.71<M
PFH 72.0 55.0 63.5 72.0 55.0 63.5 F<17.09<M
MFH 75.0 73.0 74.0 75.0 73.0 74.0 F<10.52<M
PUFH 62.0 65.0 63.5 62.0 65.0 63.5 F<6.41<M
MUFH 69.0 61.0 65.0 69.0 61.0 65.0 F<6.29<M
HLF 59.0 68.0 63.5 59.0 68.0 63.5 F<4.71<M
NH 63.0 53.0 58.0 63.0 53.0 58.0 F<4.69<M
BCA 75.0 80.0 77.5 75.0 80.0 77.5 F<28.57<M
BFA 69.0 71.0 70.0 69.0 71.0 70.0 F<29.98<M
BSA 66.0 68.0 67.0 66.0 68.0 67.0 F<27.07<M

Variables:- MHC-Maximum Head Circumference; MHB- dffmaum Head Breadth; MFB-Minimum Frontal
Breadth; BAB-Bi Auricular Breadth; BB- Bigonial Badth; EBB-External Biocular Breadth; IOB- Inter GauBreadth;
BZB- Biozygomatic Breadth; EB- Ear Breadth; NB- Wh8readth; MHL- Maximum Head Length; EL- Ear Lengt
NL- Nasal Length; LL- Lip Length; LH- Lip Height; FH- Physiognomic Facial Height; MFH- Morphologidahcial
Height; PUFH- Physiognomic Upper Facial Height; M#Morphological Upper Facial Height; HLF- Height bbwer
Face; NH- Nasal Height; BCA- Bitragion Chin Archi=B- Bitragion Frontal Arch; BSA-Bitragion Subnasaech

Direct Multivariate Discriminant Function Analysis

Table 4 presents the direct multivariate discriminfunction analysis for five functions i.e. facibfeadths,
facial lengths, facial heights, facial archs, am@d circumference. The analysis shows the unstdizédr coefficients,
constants and centroids that were used to formtiateliscriminant function equation. For the oraigroup, the tested
accuracy of sex determination by these combinatidnariables ranged from 69% to 80% for males aR% to 90% for
females. Function-1 (facial breadths) being thet loesnbination from all of the rest of the functiogave the best
accuracies for the cross validated group (83%J)hénoriginal group, the breadth (83.5%) and thgterf81.5%) variables
show higher degrees of accuracy for sexual dimsrphthan the height (70.5%), arch (75%) and circuenfee

| I mpact Factor(JCC): 3.6586 - This article can be downloaded from www.impactjournals.us |




[ 372 Vijeta Choudhary & A. K. Kapoor |

(76.5%) variables respectively. In the cross vadidagroup, the breadth (83%) and the length (818ipkles show higher
degrees of accuracy for sexual dimorphism thanhdbight (67%), arch (75%) and circumference (76.53%ables

respectively.

Table 4: Direct Multivariate Discriminant Function Analysis

- Cross Validated
Eimatimnal [ rimhics) [ st Eaethient | e i [DEentreis D s e O D ey a ey (%)
MJ[F Avg. M| F [ Ave.
MHE 0351
MFE 0.560
BAB 0518
BE 0.182
EEE 0.143 U M=09045 | __ < -
1. o8 IS 0526 0045 o0 833 6 | 90 | 830
BZE 0.169
EB 0.301
NE 0327
Constant 10668
MHL 0.907
EL 0387
2. NL 0.758 D.70g*** I;fggjg 80 | 83 813 80 | 82| 210
LL 0.163
Constant 21347
PFH 0.059
MFH 0.604
PUFH 0276
MUFH 0311 - M=0517 I -
3 T F 5180 0.78g**= o517 |69 |72 | 705 64 67.0
LH 1.063
NH 0.226
Constant 14744
BCA 0377
BFA 0311 - M=0637 | . o - .
4 BSA 5007 0.700%*=* F—0 637 ™o 80 |75 0|80 |75
Constant 22690
R MHC 0.582 s M=05T1 [ [-c |-fs N R
- Constant 31.739 0733 Fmo571 | |70 789 61783

Functions: 1- Facial Breadths; 2-Facial Lengthgr&cial Heights; 4-Facial Archs; 5- Circumference
***Significant (p<0.0001)

Variables:- MHC-Maximum Head Circumference; MHB- ¥aum Head Breadth; MFB-Minimum Frontal
Breadth; BAB-Bi Auricular Breadth; BB- Bigonial Badth; EBB-External Biocular Breadth; I0OB- Inter QauBreadth;
BZB- Biozygomatic Breadth; EB- Ear Breadth; NB- Mh8readth; MHL- Maximum Head Length; EL- Ear Lengt
NL- Nasal Length; LL- Lip Length; LH- Lip Height; FH- Physiognomic Facial Height; MFH- Morphologidahcial
Height; PUFH- Physiognomic Upper Facial Height; M#Morphological Upper Facial Height; HLF- Height bbwer
Face; NH- Nasal Height; BCA- Bitragion Chin ArchEB- Bitragion Frontal Arch; BSA-Bitragion Subnas#@ech

Stepwise Discriminant Function Equation

Table- 5 shows the unstandardized coefficients,stemts and centroids that were used to formulage th
discriminant function equation. All the twenty foareasurements were entered into the stepwise misemt function
analysis. The function-6 included all the variabtewl predicted 82% males and 92% females for tiggnat groups.
While, cross validated group determined the 80%emahd 87% females. The stepwise method seleatduesit variables
from the twenty four measurements: MHB, MFB, BAEBB/\MHL and BCA.

| NAAS Rating: 3.10- Articles can be sent to editor @ mpactjournals.us |




| Sexual Dimorphism from the Facial Dimensions: An | dentification Perspective 373 |

y= (0.241*MHB) + (0.410*MFB) + (0.396*BAB) + (0.30%IB) + (0.325*MHL) + (0.259*BCA) -26.092
Where y= Discriminant Function Score

A y-value greater than the sectioning point wilicate a male while a y-value less than the seictippoint will
indicate a female. For the original group, whenasand females were combined, the tested accufaexaetermination
from the facial measurements (MHB, MFB, BAB, NB, Mtdnd BCA) by stepwise discriminant function an&ywas
85%. When males and females were analysed separateluracy rates were higher in females (91%) th@nmales

(79%) for the original & cross-validated group restively.

Table 5: Stepwise Discriminant Function Equation

Functian = Cress Vahidated
(Al Variables | Unstand. Coefficient | Wilks’ lambda | Centroids | OTiEmalAccuracy (8) |~y ey (36)
combined } M F Avg, A F | Avg. |
MHC 089

MHE® 766

MEB: 394

BAD: 300

BB 040

EBE 007

0B 147

B7E 171

EB 137

NE" 771

NHL 303

EL 040 i

NL &3 pagess | TR0 2 | o 7 | s0 | 87| 833
I 136 :

FFH 317

MFH 037

FUFH 133

MUFH 003

il 186

H 087

NH 455

BCAS 703

BFA 094

BSA 046

(Constant) _24 244

Function-7 Stepwise Multivariate Discriminant Function Equations

B 241

B 310

BAB 396 S

B 300 pasg=s | 2L e | o 85 79 | o] 8
MHL 333 S

BCA 758

Constant -26.002

***n<0.001; *p<0.05; ns=Non-Significant; M=Male; FFemale

#variables included in Analysis; A discriminant fiion score greater than 0.000 indicates male asesl tlean

0.000 indicates females. All sectioning points ze.

Variables:- MHC-Maximum Head Circumference; MHB- dffmaum Head Breadth; MFB-Minimum Frontal
Breadth; BAB-Bi Auricular Breadth; BB- Bigonial Badth; EBB-External Biocular Breadth; I0B- Inter QauBreadth;
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BZB- Biozygomatic Breadth; EB- Ear Breadth; NB- Mh8readth; MHL- Maximum Head Length; EL- Ear Lengt
NL- Nasal Length; LL- Lip Length; LH- Lip Height; FH- Physiognomic Facial Height; MFH- Morphologidahcial
Height; PUFH- Physiognomic Upper Facial Height; M}Morphological Upper Facial Height; HLF- Height bbwer
Face; NH- Nasal Height; ST-Stature; BCA- Bitragiohin Arch; BFA- Bitragion Frontal Arch; BSA-Bitragih Subnasale
Arch

Multivariate Discriminant Function Equations

Table 6 presents the multivariate discriminant fiomcequations for all the six functions. The fuaotequations
were derived for sexual dimorphism through the amdardized coefficients multiplied by the faciatishle and adding

the constant.

Table 6: Multivariate Discriminant Function Equatio ns

Functions: 1- Facial Breadths
y=(0.351*MHB)+(0.560*MFB)+(0.518*BAB)+(0.182*BB)+(32*I0B)+(0.169*BZB)+(0.301*EB)-19.668
Functions: 2- Facial Lengths

y=(0.907*MHL)+(0.387*EL)+(0.758*NL)+(-0.165*LL)-21347

Functions: 3- Facial Heights
y=(0.059*PFH)+(0.604*MFH)+(0.276*PUFH)+(0.311*MUFH{0.180*HLF)+(1.063*LH)+(0.226*NH)-14.744
Functions: 4- Facial Archs

y=(0.377*BCA)+(0.311*BFA)+(0.097*BSA)-22.690

Functions: 5- Circumference

y=(0.582*MHC)-317.739

Functions: 6- All Variables Combined
y=(0.089*MHC)+(.266*MHB)+(0.494*MFB)+(0.409*BAB)+@49*BB)+(0.097*EBB)+(0.142*|0B)+
(0.171*BZB)+(0.137*EB)+(0.271*NB)+(0.393MHL)+(-0.®4EL)+(0.648*NL)+(0.317PFH))+(0.037*MFH)+
(0.133*PUFH)+(0.005*MUFH)+(-0.186*HLF)+(-0.087*LH)+0.145*NH)+(0.203*BCA)+(.094*BFA)
+(0.046*BSA)-24.244

Variables:- MHC-Maximum Head Circumference; MHB- Xaum Head Breadth; MFB-Minimum Frontal
Breadth; BAB-Bi Auricular Breadth; BB- Bigonial Badth; EBB-External Biocular Breadth; I0B- Inter QauBreadth;
BZB- Biozygomatic Breadth; EB- Ear Breadth; NB- Mh8readth; MHL- Maximum Head Length; EL- Ear Lengt
NL- Nasal Length; LL- Lip Length; LH- Lip Height; FH- Physiognomic Facial Height; MFH- Morphologidahcial
Height; PUFH- Physiognomic Upper Facial Height; M#Morphological Upper Facial Height; HLF- Height bbwer
Face; NH- Nasal Height; BCA- Bitragion Chin ArchEB- Bitragion Frontal Arch; BSA-Bitragion Subnasalech.

DISCUSSION

Differentiation of sex in the anthropological resdaor forensic context is the keystone to esthtdidiological
profile of human remains. Indian population showecira of heterogeneous and homogenous subpomgatioross
various regions. Krishan and Kumar studied on tiffeent populations of North India suggest thapla@o-facial
dimensions supplemented by facial morphologicaluies can be employed in determining age, sexyrstaind race in
Indian population (Scheuer, 2002; Krishan & Kun2Q7; Krishan, 2008).

Sexual dimorphism is one of the important paramdter forensic identification. Choudhary and Kapoor
(2014, 2015) studied different population groupslimdia through Identification Marks for Personaleidification.

Although sex determination has been attempted fskeleton remains in different parts of the worldt acial
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measurements have not been used in particular gigruigroup. Sex is generally inferred from fagr@rphology which
is highly reliable. Many researchers have made afsdifferent measurements widely in the estimatafnsex from
different body segments like the skull, long boreyis, clavicle, phalanges, ribs etc. The mogytear statistical model
in sex determination is the recently developedriisnant function analysis which encouraged mamgifisic scientists to
assess their anthropometric data accordingly. Theemt study was aimed to see the sexual dimorphism the facial

dimensions among Choudhary Patels of Gujarat.

Overall twenty four variables measured on the Chaugl Patels of the Gujarat and showed significéfférénces
between males and females indicating that the I[fadimmensions are sexually dimorphic in this popioiat
Therefore, multivariate discriminant function eqaas that were derived from the variables may bedufor sex
determination (Table-6). In order to analyse effextess of the functions, a “leave-one out clasaiion” technique was
applied to the sample to measure accuracy of nauisite classification. This jackknife approach takee case aside and
develops a discriminant function formula to clagsifat case. The process continues for all casesaba time (Iscan &
Steyn, 1999).

Discriminant function analysis have been useddftermination of sex/population groups throughedéht parts of body
like sexing of fragmentary femur of South Africaladks (Asala et al, 2004), sexing of the mandibiléndigenous South
Africans through discriminant function (FranklinQ@6), morphometric study of the human mandible hia tndian

population for sex determination (Sharma et el,&@Q@ind sexual dimorphism of the craniofacial regioma south Indian
population (Bhaskar et al, 2013) and determinatibsex using cephalo-facial dimensions by discraminfunction and
logistic regression equations (Shah et all, 201%) aex determination from the calcaneus in & 26ntury greek

population using discriminant function analysis¢lean et al, 2015).

In the present study, overall accuracies for sedirabrphism using demarking points for individuakiables for
the cross validated group (57% to 82%) have beendsimilar to the study of the Shah et al, 201163%-67.1%) as they
studied only eight cephalo-facial dimensions fox sketermination. In the original as well as crosdidated group,
MHL (82%) was shown to be the best discriminatorsekual dimorphism while analyzing the individualriable.
The original accuracy percentage from the univariigcriminant functional analysis for ChoudharyePaof Gujarat have
been found between 49% to 79% in males while 5098% in females for original as well as cross \atkd group.
Overall, accuracy percentages obtained from th@ir@i & cross validated groups ranged from 46% 20468
(table-3). Direct multivariate and stepwise disérniamt function analysis has been carried out orfigixtions i.e. facial
breadths, facial lengths, facial heights, faciahar circumference and all variables combined twgetOut of the six
functions, function-6 (all variables combined tdga) gave the overall highest accuracy percent8g&%) for sexual
dimorphism (table-4 & 5).

For the anthropo-forensic identification purposasthods like discriminant function analysis, logisegression
or demarking points/sectioning points have beeud fisesexual dimorphism from skull, pelvis, mandilar photograph of
the face. All the studies can be accurately detezthisex up to 99.9% from different skeleton/bon@sneements on the
bones. Due to the difference in methodology, oudgtcannot be compared with others studies agfilights the sex

determination on living population.
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CONCLUSION

Several studies have been carried out on osteantiitriensions between populations and it is wekldsthed
that in determination of sex from various skelgtaits, standards specific to the population untietysshould be used
(Soni et al, 2010). India is a heterogeneous pdépdil@ountry where different ethnic/population greugxisted. So,
in such country there is a need of population $pgeonodels for sexual dimorphism. The present stpdgvides a
population specific technique for sex determinatitom facial dimensions to establish the identitpaamg Choudhary
Patels of Gujarat. Moreover, our study can pre8@ males and 91% females accurately and over&dl 87 prediction
of sex. Therefore, in the present study, among tyveyur measurements, MHB, MFB, BAB, NB, MHL and B(ave
been found best predictors for sexual dimorphisr@houdhary Patels of Gujarat. Among all the vagabMHL showed
the highest accuracy rates for males (79%) and NtiBemales (88%).Discrimination equation can bevael for sexual
dimorphism from facial dimension for Choudhary Patef Gujarat (table-6). These findings provide adel for sexual
dimorphism through facial dimension among ChoudiRatel of Gujarat which can be used for identifaadynamics for

anthropo-forensic purposes.
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