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Table 1. Definition of cranial and mandibular measurements*.
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Part Abb Measurement Landmark Definition
Cranium Max CL Maximum cranial length  g-op Distance between glabella and opisthocranion in the midsagittal plane,
measured in a straight line
Max CB Maximum cranial breadth eu-eu Maximum width of skull perpendicular to midsagittal plane wherever it
is located, with the exception of the inferior temporal lines and the area
immediately surrounding them
BiZD Bizygomatic diameter zy-zy Direct distance between most lateral points on the zygomatic arch
Max CH Maximum cranial height ~ ba-b Direct distance from the lowest point on the anterior margin of foramen
magnum to bregma
CbL Cranial base length ba-n Direct distance from nasion to basion
BaPrL Basion-Prosthion length ~ ba-pr Direct distance from basion to prosthion
MaAl B Maxillo-alveolar breadth ecm-ecm  Maximum breadth across the alveolar borders of the maxilla measured
on the lateral surfaces at the location of the second maxillary molars
MaAl L Maxillo-alveolar length pr-alv Direction distance from prosthion to alveolon
BiAB Biauricular breadth au-au Least exterior breadth across the roots of the zygomatic processes
UpFH Upper facial height n-pr Direct distance from nasion to prosthion
Min FB Minimum frontal breadth  ft-ft Direct distance between the two frontotemporale
UpF B Upper facial breadth fmt-fmt Direct distance between the two external points on the frontomalar
suture
NaH Nasal height n-ns Direct distance from nasion to the midpoint of a line connecting the
lowest points of the inferior margin of the nasal notches
NaB Nasal breadth al-al Maximum breadth of the nasal aperture
orB* Orbital breadth d-ec Laterally sloping distance from dacryon to ectoconchion
orH* Orbital height Direct distance between the superior and inferior orbital margins
BiOr B Biorbital breadth ec-ec Direct distance between right and left ectoconchion
IntOr B Interorbital breadth d-d Direct distance between right and left dacryon
FC Frontal chord n-b Direct distance from nasion to bregma taken in the midsagittal plane
PC Parietal chord b-1 Direct distance from bregma to lambda taken in the midsagittal plane
ocC Occipital chord I-o Direct distance from lambda to opisthion taken in the midsagittal plane
FMaL Foramen magnum length  ba-o Direct distance from basion to opisthion
FMaB Foramen magnum breadth Distance between the lateral margins of foramen magnum at the points
of greatest lateral curvature
MalL} Mastoid length Vertical projection of the mastoid process below and perpendicular to
the eye-ear plane
Mandible Ch H Chin height id-gn Direct distance from infradentale to gnathion
BH MeF Body height at Direct distance from the alveolar process to the inferior border of the
mental foramen mandible perpendicular to the base at the level of the mental foramen
BT MeF* Body thickness at Maximum breadth measured in the region of the mental foramen
mental foramen perpendicular to the long axis of the mandibular body
BiG W Bigonial width g0-g0 Direct distance between right and left gonion
BiC B Bicondylar breadth cdl-cdl Direct distance between the most lateral points on the two condyles
MinRaB®  Minimum ramus breadth Least breadth of the mandibular ramus measured perpendicular to the
height of the ramus
Max RaB® Maximum ramus breadth Distance between the most anterior point on the mandibular ramus and a
line connecting the most posterior point on the condyle and the angle of
the jaw
Max RaH® Maximum ramus height Direct distance from the highest point on the mandibular condyle to
gonion
Man L} Mandibular length Distance of the anterior margin of the chin from a center point on the
projected straight line placed along the posterior border of the two
mandibular angles
Man A® Mandibular angle Angle formed by the inferior border of the corpus and the posterior

border of the ramus

*Most measurements are quoted from ‘Standards for Data Collection from Human Skeletal Remains’ by Buikstra and Ubelaker (1994).
$This measurement has both sides.



Table 2. Intraclass correlation coefficient (ICC) of cranial and mandibular measurements.

Part Abb. Variable Cronbach’s o ICcC p-value
Cranium Max CL Maximum cranial length 0.978 0.935 <0.001
Max CB Maximum cranial breadth 0.922 0.798 <0.001
BiZD Bizygomatic diameter 0.989 0.968 <0.001
Max CH Maximum cranial height 0.935 0.878 <0.001
CbL Cranial base length 0.981 0.945 <0.001
BaPrL Basion-Prosthion length 0.992 0.976 <0.001
MaAl B Maxillo-alveolar breadth 0.976 0931 <0.001
MaAl L Maxillo-alveolar length 0.683 0418 <0.001
BiAB Biauricular breadth 0.983 0.951 <0.001
UpFH Upper facial height 0.944 0.849 <0.001
Min FB Minimum frontal breadth 0.962 0.893 <0.001
UpF B Upper facial breadth 0.979 0.939 <0.001
Na H Nasal height 0.879 0.707 <0.001
NaB Nasal breadth 0974 0.926 <0.001
Or B* Orbital breadth(left) 0.814 0.593 <0.001
Orbital breadth(right) 0.832 0.623 <0.001

Or H* Orbital height(left) 0.929 0.814 <0.001
Orbital height(right) 0.940 0.839 <0.001

BiOr B Biorbital breadth 0.976 0.930 <0.001
IntOr B Interorbital breadth 0.840 0.637 <0.001
FC Frontal chord 0.704 0.543 <0.001
PC Parietal chord 0.705 0.544 <0.001
oC Occipital chord 0.805 0.674 <0.001
FMaL Foramen magnum length 0977 0.935 <0.001
FMa B Foramen magnum breadth 0.023 0.008 0.440
Ma L* Mastoid length(left) 0.958 0919 <0.001
Mastoid length(right) 0.966 0.934 <0.001

Mandible Ch H Chin height 0.944 0.848 <0.001
BiGW Bigonial width 0.993 0.979 <0.001
BiCB Bicondylar breadth 0.863 0.677 <0.001
Min Ra B* Minimum ramus breadth (left) 0.978 0.937 <0.001
Minimum ramus breadth (right) 0.961 0.891 <0.001

Max Ra B* Maximum ramus breadth (left) 0.777 0.538 <0.001
Maximum ramus breadth(right) 0.749 0.498 <0.001

Max Ra H* Maximum ramus height(left) 0.525 0.269 <0.001
Maximum ramus height (right) 0451 0.215 <0.001

Man L* Mandibular length(left) 0.110 0.040 0.248
Mandibular length(right) 0471 0.229 <0.001

Man A* Mandibular angle(left) 0.991 0974 <0.001
Mandibular angle(right) 0.991 0.973 <0.001

*This measurement has both sides.
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Table 3. Continued.

95% CI for Cohen’s d

95% CI of difference

Pooled (n=102)

52)

Female (n

50)

Male (n

Cohen’s d

p-value

Variable

Lower

Higher

Lower

mean SD

SD
547
8.70
3.54
3.02
3.68
3.13
6.62

mean
9.

SD

mean

1.46
0.84
1.01
0.98
091
0.89
1.11
1.14
0.57
0.65
0.76
0.68

0.64
0.07
0.22
0.19
0.12
0.11

1.06
046
0.62
0.59
0.52
0.50
0.71
0.75
0.18
0.26
0.37
0.29

8.06
9.17
3.27
2.85
401
4.02
7.96
10.58
521

6.38

3.70

<0.001

6.27
11.08
337
301
4.53

4.

99 .40
106.13

5.65 96.46

12.57

102.34

BiGW
BiCB

0.81
0.73
0.

0.019

103.59

108.58

0.002

3492
34.82

3392
33.96

44 44

2.90
2.78
5.02
5.52
7.73
8.76
7.32

3592
35.67

46.72

Min Ra B (left)
Min Ra B (right)
Max Ra B (left)

57

0.004
0.011

0.55
0.50

2.

45.58

0.013

4547 60
69.59

4434

46.60

Max Ra B (right)
Max Ra H (left)
Max Ra H (right)

Man L (left)

0.31

30

0.001
<0.001

7.61
9.87

67.03

72.16

0.34
-021
-0.13
-0.02
=0.10

3.28
—-1.95
-1.26
-0.19
-0.78

68.13

77

64.67

71.60
91.44
91.55

58.18

0.368
0.188
0.065

9.11
9.76
8.23
7.88

90.62

10.61

89.81

90.27

11.49
8.58
7.90

88.99
55.17

7.57
7.66
7.77

Man L (right)
Man A (left)

6.21
5.38

56.68

5642 0.143

55.27

57.57
*This had both sides and showed statistically significant difference between left and right sides (P <0.01).

Man A (right)

X Max Ra H (left) —20.509

o] HpgAlo] 1GZkS 1818, ARAMIZHS 0.803, Wilks
FrhE 0355, FFE2 0.001 Hoh Zgheh G T
AT L 93.6%, AR Aekol M o] Y=L 86.3%2 89.8%

7b k2 EREUCh

2. AUC7} 0.7 0|01 &t=20t XM

AUC7} 57 o4l 52 w2jw o] 117], ot g
# F=o] sAolth. 167 F=2 ©|-83hd

I 2w FEvom dAMEES AR W4 D49
WA-FAZEO] 82.4%2 7H4 =9kt (Table 5). 167] &2
NEA o2 HERHEIS uf 8719 o] wAraghol
70% ool MY w2 FELS How{ ol (Max
CH)2t $Eo]lE1H] (MaAl B)2 W AF-RagE0] 74.5%°]3)
o

D4=0.291xBiZ D+0.081 X Cb L+ (—0.212)
X BiA B+ (—0.126) x UpF B+ 0.080 x FC+0.038
X FMa B +0.101 X Ma L (right) —20.402

3. AUC7} 0.7 0]
=20t 548

44, Cohen’s d 240| 0.8 0|&42!

AUC7} 0.7 ©]JAFo]al Cohen’s d k] 0.8 0]AFQl =&
Z R o] & BHEE AMES F$ (D7) LAFEFS
76.5%, FAXEY (D8)Z AHE3F ¢ 77.6%°| %1t} (Table
5). 8719 & F Hdiw 2w do] (Max CL)&}t LEZE W
FHol| A BE=0] (BH MeF, right) 325+ 272+ 69.9% 2
7P 2ok U A] 67 -2 BF 70% ol4do| st

D8=0.075x Max CH+0.123 X Ma L (right) + 0.133
X BH MeF (right) + 0.084 X BiG W —26.083

AUC®} Cohen’s d = ©]-83le] E73t F=E20t o
HEASIHE o wakgage] 7 &

21w 0

HEd o) Ao AL 82.7%, A= 83.3%°13iT

o
TZAZFLF (interobserver error)ol A FHAFTAIS
ICO7H 5& ASHESL EAHY Ao gaairAy
Fejd EA mjeto| vlwF Lo|3t FJEEo|n, F FH
E2 +=% (orbit), 7 (foramen magnum), 12|31 o} E
W o} L A2] (inferior margin of mandible)2} FHH &
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Table 4. Results of receiver operating characteristic (ROC) curve analysis.

95% CI of difference

Variable AUC SD VRP

Lower Higher
Max CL 0.761 0.049 0.000 0.666 0.857
Max CB 0.573 0.058 0.212 0.159 0.687
BiZ D 0.831 0.042 0.000 0.748 0913
Max CH 0.805 0.046 0.000 0.714 0.895
CbL 0.771 0.049 0.000 0.675 0.868
BaPrLL 0.684 0.054 0.002 0.577 0.790
MaAl B 0.807 0.046 0.000 0.716 0.897
MaAl L 0.576 0.058 0.197 0.462 0.690
BiAB 0.761 0.049 0.000 0.665 0.857
UpF H 0.654 0.056 0.009 0.544 0.765
Min FB 0.633 0.056 0.023 0.523 0.744
UpF B 0.727 0.051 0.000 0.627 0.827
NaH 0.691 0.054 0.001 0.586 0.797
NaB 0.635 0.056 0.022 0.524 0.745
Or B (left) 0.597 0.058 0.097 0.484 0.711
Or B (right) 0.631 0.056 0.026 0.520 0.742
Or H (left) 0.509 0.059 0.884 0.393 0.624
Or H (right) 0.503 0.059 0.963 0.387 0.618
BiOr B 0.684 0.054 0.002 0.577 0.790
IntOr B 0.618 0.057 0.045 0.507 0.729
FC 0.784 0.047 0.000 0.693 0.875
PC 0.447 0.058 0.368 0.333 0.562
oC 0.629 0.057 0.028 0.517 0.740
FMaL 0.718 0.052 0.000 0.616 0.821
FMa B 0.728 0.051 0.000 0.629 0.828
Ma L (left) 0.692 0.056 0.001 0.583 0.801
Ma L (right) 0.716 0.055 0.000 0.608 0.825
ChH 0.700 0.053 0.001 0.596 0.805
BH MeF (left) 0.624 0.057 0.034 0.512 0.736
BH MeF (right) 0.726 0.051 0.000 0.626 0.826
BT MeF (left) 0.683 0.054 0.002 0.577 0.788
BT MeF (right) 0.661 0.056 0.006 0.552 0.771
BiG W 0.792 0.046 0.000 0.701 0.883
BiCB 0.781 0.047 0.000 0.689 0.872
Min Ra B (left) 0.700 0.053 0.001 0.595 0.805
Min Ra B (right) 0.683 0.054 0.002 0.577 0.790
Max Ra B (left) 0.673 0.055 0.003 0.565 0.781
Max Ra B (right) 0.648 0.056 0.012 0.539 0.757
Max Ra H (left) 0.785 0.049 0.000 0.689 0.880
Max Ra H (right) 0.759 0.051 0.000 0.660 0.858
Man L (left) 0.594 0.058 0.109 0.481 0.707
Man L (right) 0.595 0.058 0.106 0.481 0.709
Man A (left) 0.594 0.059 0.109 0.479 0.709
Man A (right) 0.591 0.058 0.120 0478 0.705

E9°|At} (Table 3). **]X}Z —}—‘—5‘* 24 (ROC curve)< 7} 0.8 oJAFo]|3L AUCZ} 0.7 o], Cohen’s d %'IO] 0.8 A}
r2o geEg st THHGG AUC) ¢ 9 FBE F 447 BB F ) FBOE 0B A= o

olgste] Huel zgz}z—a— L}E}w [14]. Cohen’s d 3F & AFAF AZHE 03] W} RAT 5 9 A=
AN A AFYel 9P FE 80los 2 Zom, §Ro| Wi JumEd Be FIEE A
7 grol 0.8 oA FFo] Ackw AT 4 Y(SLICC ek & 4= Grh(2,14.15).

rlo mlo oo i
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Table 6. Continued.

Steyn & Iscan

Dayal et al.

Saini et al.

Guyomarch & Bruzek

Ogawa et al.

Franklin et al.

This study

(1998)
S. African White

(2008)

S. African Black

(2011) (2011)

(2013) (2013)

W. Australian

(2015)

French Thai Indian

Japanese

Korean
3D image

M (50)
106.12

Population

, 0l

Bone Bone Bone

Bone

M (46)
96.1

Bone

M (24)
972

Bone

3D image

M (190)

Materials
Sex (N)

oC

<3G,

F(44) M2 F@G30)  M(@60) F(60) M@3)  F46)

97.1

EQ21)
95.8

F (40)

M (73)

F(190)

F(52)

ro
ol
fol

+6.8 +59 +56

+54

+8.78

102.59
34.30

+8.80
3592

37.6

393

FMaL

+2.61
26.6

+2.50
312

+2.32

2599

+1.90
28.56

MaL

+3.39%

+2.38 +3.58

96.46

+3.80

89.75 99.6 91.5

96.70

955

102.3

102.34

BiGW

+5.67 +548
117.0

+6.54
114.54

+5.13%
121.2

+5.66*
125.0

+547

+5.65

+4.99

111.2

110.20

103.59

108.58

BiCB

+6.15
285

+533

31.1

+4.79

+5.64

+3.80

+4.88

+8.70
3392

+12.6

+245

+3.59

+3.54

3592
+2.90

Min Ra B

* That was not showed statistically significant difference between population groups (P>0.05), the rest was showed statistically significant difference among population groups (P <0.05).

vielulot Futwt
CERECIEREL

Hidof QlojA w2 Jg=E
02
80~92%, ZHFwE AR5}

H ddude] ¥
= 3% A== 90~95%°]
o F Y WE 2F AR AL 90~100%9 FE=
£ HAt}(3,16,17]. EZ Q- 2+ 1 §HS F whgst
I 9= WE S 7P WA AE Sl Aol HeEwoltt
(18]. &=l WE AMSSH e A5 A9E A
Hi 28w 8829 [1], WEX|W 65.4~89.4% [2], Tt ™
9] Q& -7HZREFT] 72.3~90.1% [5], EHH = 60% ©]
Ab[16], U 67.1~87.1% [19], Z2]# 93.9% [20], 74
84.8% [21], 12| 1L ofHE WS o] &3t TE 4] FYgw
£ 50.4~88.8%°]3]Tt[22,23]. o]¢} Zro] JEHE WHT 4=
Ue WS AFsr] Al og e ol&ste A
e WEEAT A A Yoy =2 Y
T 9tk HEwe] AL =S giAde R g whEvy
Al AAglck gkl wEw 32kY FAFS o] &3t o]
oA Al WEEANY WAFAZE A 76.5%14 X
86.7%°]1th (Table 5).

gh=rel 3% weEw g ASHAT o2 JA+H
o wEm AESFS vlug 23 < [24,25], 5<%
[17,25,26], 2213 obze7} Selat wiel [27,28]2h
= 59 gl Eo] FATHC R {7t Zpo|7t Ut
(P<0.05) (Table 6). 32+ 2| FA-S ©]-83t Franklin
52419 A7t dAEE FE 107] BF ARt FAS
Ao g2 {3t o]zt AU (P<0.05), @Ats E7FEY
A-A27440] (BaPr L) 57k Zpo|7F gldet. gh=<l o=}
W= e AEG Aol ASFET YASH= 107)
HE SATHCRE {o3t Zol7t e, dAb mzw
A= 97 &)} ofzejzkel (127 &) dX|sh=
5 BE FASHo R {o3t Zpo|7h Uit (Table 6).
AAHe R {3t zto|7} gle FHES AHEH
THE 7 F5H FFo] glou oAts T
o] H|aofA FriwmZdo] (Max CL), 1+HEH-X =23
Zo] (BaPr L), 18|31 4] (nasal breadth; Na B)= 2}o]
7t SASH o2 [FY5A] gttt =l oAb He o
2w Zo|7} LEQI, ej=0} H]3kal W32 (aperture
piriformis) ] UH]= ef=¢l, QA=Q17}; v ich

WS 0|83 THEA ZAuE vjus) BH J=rt
Mg =2 WEEAR o] AFE HIRAA HE A
o] Ao AE 2E WM (cranium) FEH 2 FAJH o
pom WA LAske o] A& 1A A 74
2 A=) Tt (Table 7). o] H5-9] A} H|wE 67
=9 T BARAE AL A FEE F 7P Bl
AHEE A2 g3 H| (BiZ D), i Zo] (Max CL),

2ot ot rfr

z fr
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Table 8. Comparison of accuracy using equations from other studies.

Accuracy (%)
Study Population group Equation
Male Female Pooled
This study (2015) Korean D4 82 86.6 84.3
Franklin et al.(2013) W. Australian Function 2 74 78.8 76.5
Ogawa et al. (2013)* Japanese Function 4 84 71.2 77.5
Saini et al. (2011) India Function 1 100 7.7 529

*Function 1 in Ogawa study was the best equation but one variable was not matched of this study. Function 4 was the second best equation to determine sex in

Japanese and all variables in Function 4 were matched this study.

mEmEredol (Cb L), 12|31 2|z o] (Max CH)

so|t}. o] Ape} vjmsl 672 =E F 33k FARS o]
23} Franklin 59 =5 [24]7} AR gjato g 3 =
7], 282 sh}e] gEmo g o I E 717 vt

A 26 ol&ste] o] AFolA AST e Yt
Ay ol Hle g 8918l t} (Table 8). SIS T4
oz g0zl WA o] Ao ASFE Ol%?'i %!
oF 76%2 AE=E B on FApET o427t o AE5HA
TN T 7o Wi o 2 Kol giAlo Z u]-%opﬂ H}
Aoz @A ¥ A5 BEE AxEQls
oz 3 she Fror 749 ‘%*Zéélﬁ o Ao
7F 85.5%0°103L AR A O ASTEE Fol ARt A} k=
ol YR BE JdRE LRES L} oJ 2o ¢ 77%9)
AE=E veo] oz} miEiw tRES Ao mEwe
R FESHE = d=49H] (BIZ D) B ¢
=Rl1o] Bgtat vjnFe o FAE 2 Fo7t Zpo]
Hom 53] =<l ofxte] d=uH] Fatgte] el
Apo] FgtEeh A &Y ffFf 2ol Atz wEE A
2 A7} o]¢} 22 Aol [24]Z o] &
oF 22 32k e o183HHAL Ogawa 5 [17] -2t
gtel A|2|etal o 2 77k vetkel7] wiZel 259 W4
= °]&35e Brole gAtet ofxte] wE =7} Hlé
SR Saini 5 [26]2 FHIN 7PHE AT H
TRlo] WS o]-§5t5l7] fEd Aol Ayzgtch
el w33k QS ol 8 du AEEES
AFfraEgho] 76.5~86.2% ©1t. thE AT A
I HwsRe W AL BE ol FAHeR *ﬁ‘
Zpol7t Qlglom FR-Q, T, otz 7hele tiAk:
g Alof kel mEw AS g 0]&-8to] "”—jl
= ¢ A gR= FEYY vEwEn ZAQMa o3t
w2, Q=QlET HEwrt Atk AE 5T 5 UTh
ojgdt AT Atz BTG I W
3h& Ak 4= Qiok o] AFoA =EH WA
Aol A LA =l wEw 33 S ©
o =& & Aol ARt 35 AT

41 o ns; m[m

Franklin 5

_IlN'

m“”sg
ruzmirsﬂrﬂﬁ:ilal

2 ox
lo o
©

o
T
ox

Am A% o e -

~

oX

tlo =

—

11.

2 v
ohel

=
Aolet,

Hoed

.Kim DI, Lee UY, Park DK, Kim YS, Han KH, Kim KH, et

al. Morphometrics of the hyoid bone for human sex deter-
mination from digital photographs. J Forensic Sci. 2006;
51:979-84.

.Kim DI, Kim YS, Lee UY, Han SH. Sex determination

from calcaneus in Korean using discriminant analysis. Fo-
rensic Sci Int. 2013; 228:177e.1-177¢.7.

. Thompson T, Black S. Forensic Human Identification, An

introduction, Boca Raton, CRC Press, pp 199-226, 2007.

. Byers SN. Introduction to Forensic Anthropology, 4" ed.,

Boston, Pearson, pp 151-65, 2011.

.Kim DI, Kwak DS, Han SH. Sex determination using dis-

criminant analysis of the medial and lateral condyles of the
femur in Koreans. Forensic Sci Int. 2013; 233:121-5.

.Han SH, Hwang YI, Lee KH, Koh KS, Choi BY, Lee KS,

et al. Craniometric study in modern Korean adults. Korean
J Phys Anthropol. 1995; 8:205-13.

.Kim HJ, Kim KD, Choi JH, Hu KS, Oh HJ, Kang MK, et

al. Differences in the metric dimensions of craniofacial
structures with aging in Korean males and females. Korean
J Phys Anthropol. 1998; 11:197-212.

. White TD, Folkens PA. The human bone manual, Burling-

ton, Elsevier, pp 385-7, 2005.

.Kim DI, Lee SS, Kim YS. Statistical analysis of bone ele-

ments excavated from the forensic context. Korean J Phys
Anthropol. 2010; 23:1-8.

.Kim DI, Lee UY, Park SO, Kwak DS, Han SH. Identifica-

tion using frontal sinus by three-dimensional reconstruction
from computed tomography. J Forensic Sci. 2013; 58:5-12.
Park SH, Yu HS, Kim KD, Lee KJ, Baik HS. A proposal for
a new analysis of craniofacial morphology by 3-dimension-
al computed tomography. Am J Orthod Dentofacial Orthop.



13.

14.

15.

17.

18.

20.

2006; 129:600.623-600.e34.

. Buikstra JE, Ubelaker DH. 1994. Standards for Data Col-

lection from Human Skeletal Remains. Arkansas Archaeo-
logical Survey Research Series No. 44. Fayetteville.

Lee UY, Park DK, Kim YS, Lee SS, Kwak DS, Kim DH, et
al. Construction of 3 dimensional head models for forensic
anthropology. Oral presentation 26. World Forensic Festi-
val 2014. Seoul, p133,2014.

Swets JA. Measuring the accuracy of diagnostic systems.
Science. 1988; 240:1285-93.

Wikimedia Foundation, InC.. Wikipedia. Effect size [Inter-
net]. Available from: http://en.wikipedia.org/wiki/Effect_
size

.Choi BY, Chung IH. Sex discrimination with the metric

measurements of the Korean dried pelvic bones by discrim-
inant function analysis. Korean J Phys Anthropol. 1999;
12:151-7.

Ogawa Y, Imaizumi K, Miyasaka S, Yoshino M. Discrim-
inant functions for sex estimation of modern Japanese
skulls. J Forensic Leg Med. 2013; 20:234-8.

Perera P, Pathmeswaran A. A Pilot study on assessment of
racial affinity of Sri Lankan population using discriminant
function statistics and a few established morphological ra-
cial traits. Leg Med. 2009; 11:S182-5.

. Lee UY, Han SH, Park DK, Kim YS, Kim DI, Chung IH, et

al. Sex determination from the talus of Koreans by discrim-
inant function analysis. J Forensic Sci. 2012; 57:166-71.
Park DK, Ra JJ, Park KH, Ko JS, Kim DI, Kim YS, et al.
Determination of sex in Koreans using atlas. Korean J Phys
Anthropol. 2009; 22:205-12.

21.

22.

23.

24.

25.

26.

217.

28.

a2l 3XHH FesS 0|8e JETE

Lee JH, Han HS, Chung IH. Sex determination from the
tibia in Korean population. Korean J Phys Anthropol. 2010;
23:61-6.

Lin C, Jiao B, Liu S, Guan F, Chung NE, Han SH, et al.
Sex determination from the mandibular ramus flexure of
Koreans by discrimination function analysis using three-di-
mensional mandible models. Forensic Sci Int. 2014; 236:
191.e1-191 6.

Hu KS, Koh KS, Jung HS, Kang MK, Choi BY, Kim HJ.
Physical anthropological characteristics and sex determi-
native analysis by the metric traits of Korean mandibles.
Korean J Phys Anthrop. 2000; 13:369-82.

Franklin D, Cardini A, Flavel A, Kuliukas A. Estimation
of sex from cranial measurements in a Western Australian
population. Forensic Sci Int. 2013; 229:158.e1-158.e8.
Guyomarc’h P, Bruzek J. Accuracy and reliability in sex
determination from skulls: A comparison of Fordisc” 3.0
and the discriminant function analysis. Forensic Sci Int.
2011; 208:180.e1-180.e6.

Saini V, Srivastava R, Rai RK, Shamal SN, Singh TB, Trip-
athi SK. An osteometric study of northern Indian popula-
tions for sex dimorphism in craniofacial region. J Forensic
Sci. 2011; 56:700-5.

Dayal MR, Spocter MA, Bidmos MA. An assessment of
sex using the skull of black South Africans by discriminant
function analysis. HOMO. 2008; 59:209-21.

Steyn M, Iscan Y. Sexual dimorphism in the crania and
mandibles of South African whites. Forensic Sci Int. 1998;
98:9-16.



®
o
1o
ne
k=)
10
02
ro
ol
fol

Sex Determination Using Three-dimensional Image of Skull in
Korean: Metric Study by Discriminant Function Analysis

Deog-Im Kim', U-Young Lee?, Seung-Ho Han’
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Abstract : Sex determination is considered the first and most important process in the identification of unknown

skeletal remains. The skull is one of bones with high accuracy to discriminate sexes, but there is no dimorphic

studies of Korean skull by discriminant function analysis. The aim of this study was to build and provide an easy

and accurate discriminant equation to sex determination by using three-dimensional skull images of Korean.

Computed tomography images from 102 cadavers were reconstructed three-dimensional images by computer

program. We measured 44 variables using the template in computer program and variables were sorted out items

with high accuracy and reliability by intraclass correlation coefficient (ICC), Cohen’s d value, and receiver

operating characteristic (ROC) curve.

The equation with the highest accuracy had 82.7% in males, 82.2% in females, it was constituted bizygomatic

diameter, cranial base length, biauricular breadth, upper facial breadth, frontal chord, foramen magnum breadth,

and right mastoid length.

The cross-validated accuracy had 76.5%~86.7% using 3D skull images in Koreans. The value of variables

that matches the other population group study, most of variables had a statistically significant difference among

population groups. Male skulls in Koreans were smaller than those in European and female skulls were bigger

than in Asian. This result should be helpful to determine sex in Koreans.
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