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H}Z- 55 41 -§7| (external occipital protuberance)+= ¥
S A AT HA HAX = U2 +2E
2 71& 0 2= Y&5du|X (superior nuchal line) ¥t A2 % o]
Q3 ol 2= HMZ2HF M5 A (external occipital crest),
277 (foramen magnum)©] X3 UTH[1-3]. BFEFE
W57]= FHETmHolA Fotf= 7HE Fojue 712 &
duojeld) (ligamentum nuchae)®} SA| 2 (trapezius mus-
cleyo] o] F9jof Raten FlF4mgr] £ Fojul XS
57 (nionol2H. Ak, BRSBTS ofeprct

ARHE)E S E EHa Tl sakel g Fathtt.
ARy o] Aok BeAste] olslBATE gl BT
BAAR : G55 F G et s otma)
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= FANAA B &5 FEHAA YERdTH2-4].
A T (sex determination)2 AL & 4 Q= WE
3t A4S EASAS W 7P HA AAsHe Fag 7l
A oA 5 shuolch Ad wo] A, AEnt yol, 1
g QI Fomirke] E4o] Fglo] 2 RigE Ao w
2k 7)1 A9 Few ot 4AlE| =Tt JFS weTh(5-8]. 4
d whdol= w2|w el mejwo] S ml (postcranial skeleton)
H5E ARGE % wE|w (skul)@t Z8HH (pelvic bone)
o] A=t 7P Eopar dEA UH5.8.9]. W= 4
Hol| whet I Z7|9F meFof| Zpol7h A FAe mE|wrt of
Aol et o 23 MEAFEC] & ¢ FEHAA
UL Z3E o2 HITH9-11]. o] 9} Zro] mejmofA A4
O] Zpol7t FRFF RES o] &ste] A ET & Y
= HIASAY W] AAETH12-16]. /38 T o]-&
H+e HEwe] e EA (morphological trait)S Edu]5
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Al (nuchal crest), ZFA|&7| (mastoid process), =2+ LA 2
(supraorbital margin), T|7}(gabella), ©E-§7] (mental emi-
nence) Tl 7HA7L iAotk o] ThAl 7HA] FE EA4 F
Q054 FEemoa £08 AR FES v
FE&m57]9 Foju A=E o] &3trh[12,14,15].
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Fig. 1. Bony landmarks of skull. A, lateral view; B, posterior
view; LN, left superior nuchal line; RN, right superior nuchal line;
EOP, external occipital protuberance; arrow head, inion; arrow,
external occipital protuberance.

Table 1. Distribution of the shape of the skull on lateral view ac-

cording to sex. [unit: n(%)]
Type Females (n=152) Males (n=49)
Flat 32(61.5) 42(85.7)
Convex 20(38.5) 7(14.3)
Total 52(100) 49 (100)

A7l BRE AHE-SEeiTh(Fig. 1) [13].

3o ® AQFAEE HME Se7be BEdt A W
EA49) Folhe =2 Broca] ¥ (1312 HH2HE S
57| ¢ EdulsAy FHErA7A st H43lst
o 0N SHoR BRI 04L HERE Paroz
HolLheA] ghska 5ol eSS MEAHS0] Fel
AA Sl BRE & Utk IS 2R T 5
Z 2339 SPSS (version 22, IBM, USA)E A&3}4 7}
ojaFolFALE HY H|WSIHL H3Rt =AE HE
Ssto] 7k seAb F5(digit code) @ HI=E B w3}t

2 1

W 7HEoA B 9ot Benn] Yot 9o
A H2EESEE), A5ENA, FESH BE Y
EASH O o8 ol7t gleH(p<0.001),

1. 7120 M = F St

selWE 7tEoA B o AAH BFe el of
A gk gl o Betort ¥Rk 84%)7 % 61%)
woh @A welwzh o Bebth(Table 1), BHRSE 4w
7] A% oAb TR 2ol 74 Bt WAk 2

o 7b Bgrort el WA Y Wue gigle



Table 2. Distribution of the external occipital protuberance on lateral view according to sex and methods.
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[unit: n (%)]

Broca’s method* (1875)

Giilekon & Turgut method® (2003)

Type Females (n=52) Males (n=49) Type Females (n=52) Males (n=49)
0 1(1.8) 1(2.0) 1 33(63.5) 41(83.7)
1 20(38.5) 13(26.5) 2 19(36.5) 7(14.3)
2 20(38.5) 18(36.8) 3 - 1(2.0)
3 11(21.2) 16(32.7)
4 - 1(2.0)
5 —_ -

*0°, hyperfemine; ‘17, femine; ‘2°, mdetermme type; ‘3°, masculine; ‘4’, marked; *5’, hypermasculine. (X*=60.733, df =4, p<0.001).

$¢1°, smooth form; ‘2°, crest; ‘3°, spine. (X =48.838,df=2,p<0.001).

Table 3. Distribution of bony landmarks on turning view according to sex.

[unit: n (%)]

EOP* Inion Superior nuchal line
Left Right
Type Females Males Females Males
(n=52) (n=49) (n=52) (n=49) Females Males Females Males
(n=52) (n=49) (n=52) (n=49)
0 6(11.5) - 19(36.5) 11(22.4) 1(1.9) 3(6.1) 3(5.7) 6(12.2)
1 13(25.0) 7(14.3) 19(36.5) 7(14.3) 9(17.3) 14(28.6) 11(21.2) 17(34.7)
2 23(44.3) 28(57.2) 9(174) 14 (28.6) 28(53.9) 14 (28.6) 30(57.7) 16(32.7)
3 10(19.2) 13(26.5) 5(9.6) 15(30.6) 14(26.9) 18(36.7) 8(15.4) 10(20.4)
4 - 1(2.0) - 2(4.1) - - - -
5 - — - — —_ - - —_
X’ 75.584 23208 31.000 29.891
df 4 4 3 3
P <0.001 <0.001 <0.001 <0.001

* EOP: external occipital protuberance.

‘0’, hyperfemine; ‘1°, femine; ‘2’, indetermine type; ‘3’, masculine; ‘4’, marked; ‘5°, hypermasculine.

o A 8 297t 1) QISich Ak ofa B R
Sele moPel Type 1] 7H3 BIET ool AN FHAR
< Type 3= G190 A4 1) G910 Table 2)

2. 27N = FE

=7t

MESESNS710 A oAsh A BE 2ol R
Fou o2t v 5 HeEw e len @Rt
AT 5 HEwzE Ak HEeHY BE A=
0L Tl HAbE 3ol M Bden S dA
of oz HFof|AN WEEA] okt AEEHA S Foju
2 AEE AR B dF BT 2ol ER = 9F S
I, LEZL THY 2ol 7H WA TH(Table 3).

He WS Se7iy 2 A R FHE e FF 9
Seull, 55 AS Holte YRS A4S AL /1E
O 2 P E A F2 digit code)2 WERHI 2T 1 A
= 92 9=9gu]A (left superior nuchal line; LN), 25
% 4m-§7] (external occipital protuberance; EOP), 2%
=<2 o)A (right superior nuchal line; RN), 18|11 HE 4

A (inion; Dotk F 517H9] sAF F371 ghEojFos @2
£ 2:22-0(12.2%)7}, AR 2:2-2-1 (77%)7}F 7V @k
SUN 2= T dARel oAzt AIM 2F vehd A2 97A
(17.6%)2 YA gxpoAAT w22 Ro= 2670,
ARPAAA R B AL F 8= 2070 (Table 4).
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18759 Broca [13]7} HHZ 5515719 Howri éE:E_—
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Aul-S AL23lo] AHS TSI, I & Stevenson 5



[14]0] & ©] S AA ). Giilekon®} Turgut [16]+= Broca2]

W 131 tEstA AEste] & 3942 E/ste WH
< AHESHaT HElME o83t dE e AL gt
2l hs]. sl o] 3}

AL 80~92% A== ufj$-
ZAQ YRS AR Aol HASH WS o
3 A whE S A=g AT e AY itk

el FEao AAA] FHe Jy 2T gk
HAET 27t FH2 53 Aol o wkth(Table 1).
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Table 4. The digit codes to determine sex using prominent of both
superior nuchal line, external occipital protuberance, and inion.

[unit: n]
Digit-code Females  Males Digit-code Females  Males
(LN-EOP- (n=52) (n=49) (LN-EOP- (n=52) (n=49)
RN-I) RN-I)
0-0-0-0 1 2-2-1-1 2 1
0-1-1-1 1 2-2-2-0 4
0-2-0-2 1 2-2-2-1 7
0-2-0-3 1 2-2-2-2 1
1-0-1-0 1 2-2-2-3 1
1-0-1-3 2-3-1-2 1
1-0-2-0 2 2-3-1-3 1
1-1-0-2 1 2-3-2-2 1
1-1-1-0 1 2-3-2-3 1
1-1-1-1 1 2-3-3-0 1
1-1-1-2 1 3-1-2-0 1
1-1-2-0 1 3-2-2-0 2
1-2-0-2 2 2 3-2-2-1 1 2
1-2-0-3 1 3-2-2-2 2
1-2-1-2 3 3-2-3-0 1
1-2-1-4 1 3-2-3-1 1 1
1-3-1-2 1 1 3-2-3-2 3
1-3-1-3 2 3-2-3-3 4
2-1-1-0 1 3-3-2-1 2
2-1-1-1 3 3-3-2-2 2 1
2-1-1-3 1 3-3-2-4 1
2-1-2-0 3 3-3-3-0 1 1
2-1-2-1 2 3-3-3-1
2-2-2-3 1 1 3-3-3-3 1
2-1-3-0 1 3-4-2-3 1
2-2-1-0 2

LN, left superior nuchal line; EOP, external occipital protuberance; RN,
right superior nuchal line; I, inion.

‘0’, hyperfemine; ‘1°, femine; ‘2°, indetermine type; ‘3’, masculine; ‘4’,
marked; ‘5’, hypermasculine.

Table 5. Comparison of classification of the external occipital protuberance with other study.

Broca®] Wi [13]& ©|-&3 vHZF & +M57]Y Fojut
2 A== Walker®] 7ol oJstH ofztetar wEd o 9l
L 7)1zl 3 njukel Aes}l ozt 78.8%, YAE 65.3%
2 "o Ao OT]X]-E FHAt Giilekon®} Turgut®] ¥
W16l o83 F¢ A= dFEE AR ERENS
U gAe] Aol 2 (83.7%)°] ARZ EFEHU
Giilekon®} Turgut [16]19] AG-Ax}e} v wshd €7]2lo] v
3 gh=Qlo] vPAHE g7 7F HAeL of 2 Bl A A
o] Fojue ] dtoern gyl H|g| = ol
o R JEs wHste Agert Yoo & 4 gtk
Giilekon®} Turgut [16]19] 1235 HHEH WAL AL
Z& o]&3t o] AA| HME AHEE ARt Jd wd
o] B AR FAF &2 oR=E EF8L7]0 vzt Type
2% WA ARIETE AA| w7E o B BlE&S ARSI
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FE7] wjFol 7HHsHARE AR ERoA= FAT 2E
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[unit: n (%)]

Koreans (This study, 2015)

Turks (Giilekon & Turgut, 2003)

Lateral view X-ray Dry skull
Females Males Females Males Females Males
Type 1 33(61.5) 41(83.7) 427 (85.4) 89(17.8) 218 (67.5) 50(13.5)
Type 2 19(36.5) 7(14.3) 52(104) 94 (18.8) 71(22.0) 116 (31.3)
Type 3 - 1(2.0) 21(4.2) 317(63.4) 34.(10.5) 205(55.2)
Total 52 (100) 49 (100) 500 (100) 500 (100) 323(100) 371 (100)




Table 6. Comparison of classification by Broca’s method [13] on
lateral view and turning view according to sex in this study.
[unit: n (%)]

Males (n=49)

Females (n=52)

Type Lateral Turning Lateral Turning
view view view view
0 1(1.8) 6(11.5) 12.0) -
1 20385  13(250)  13(26.5) 7(14.3)
2 2038.5)  23(443)  18(368)  28(572)
3 11212)  10(192)  16(327)  13(26.5)
4 - - 12.0) 12.0)
5 —_ —_ _ —_
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L Ro] uRsESH SR o BE3] Holer
B BHY Aol Holhe o] BAE) gt
57 BE (digit codeys W] Fele] AZTHA Zeiz v
2917 Zug =T o] ehd 5 9t o2 7} He)
FHE Aost ERFsl7|o] Hebgh Wrielrt Kim 5 (18]

o] ofn}2 (frontal sinug) Wk A4 F& olGste] 5
A $52 wEgon A Aol 98% 7Hsdhrh W)
%tk o] AFOIHE HhEHESW§7] 7919 THE WA

4] 2 9=dnliz HE4A) Holthe JEg ol
o4t & 42} B2 HEETH(Table 4). 27 53
o BgEEsugle dEdnae) St g
HESHY £ 2 o] IR BREg o
AHgTHR iAok dA BEAAN e 5 gl
57 B3 oS AStnE BE AU TEY 4 92
Aolth. olo} e AT HRFIELWEIIW AT A
Fauc #9019 T2 MEAYES W AHEIHE o)
48 WY YRS FolRThs AL ¢
ot AR A4 AT st

3

o, itk

> oL rlo Mt o 1:1N
Z:
-|0

i3
mlo

_rg
oz
N
<
£ e

=7t J}%HEHI | FEH = H'ﬂ
] B vASE S ol g E
=7} %é # Ak %61 v 4w g2
=2
H

=¢ HeWE o] &3t H
Xcl°ﬂ gt ﬁ:rLE% Park % 20]0] =jw o] At
3 £ 3t Ao] A, Seo?} Chung [21]
°]’EHE”“1—4 FEEHARl A+ E

] e AT 7HA| AL H|
3 ”o"‘ﬂ% &3 3]'511"] HHE WEE = A

A
it dolnth AS7HA] FEme] MEX|H wEFHE

HIZFSTE7 IS 0128 HE TE 243
FHF7IE o] &3 At = *e J Uiﬂlmﬁ 433}71‘% YA
A RS AL S 71EoA 2

BHTS o] §3tol 2‘}%@2
o] AT PO R HFLYH
3} Eete MEAHE B
2R EuE7| BT okt HE
WEAHES
23} Bt 9] et mE
g_ﬂ] _110] _/’\_ O]]q.__ 740 E}-
A S Kol e e

ERAY BeBo,
AuE Az 2 2e
e AHasgen o
] <] fgﬁ‘]— 2= OL‘:_
We st 1
59| Holuhe A7} o}
% 919t (Table 6). 23} 213}
F A )
=3 £ ¢ ZE

rlr =)

Sl
BERD LRI B
AR5

S W 4 az—g— aom A@A@q T up2E 54w

8719 AR 4

o Aol

—

10.

11.

& mExde &
ol Fhol Al

].
5 U 43 ARES $Y 4 92 Rl

. White TD, Folkens PA. The Human Bone Manual, Burling-

ton, Elsevier, 2005. p. 100.

. Standaring S. Gray’s Anatomy, The anatomical basis of

clinical practice, 39" ed., Edinburgh, Elsevier, 2005. p.
463-5.

.Moore KL, Dalley AF, Agur AMR. Clinically Oriented

Anatomy, 7" ed., Baltimore, Wolters Kluwer, 2014. p. 829-
30.

. Wikimedia Foundation, InC., Wikipedia. Inion [Internet].

Available from: https://en.wikipedia.org/wiki/Inion

.Kim DI, Lee YU, Han SH. Sex determination using three-

dimensional image of skull in Korean: Metric study by
discriminant function analysis. Korean J Phys Anthropol.
2015; 28:103-18. Korean.

.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.1-177e.7.

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

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

.Byers SN. Introduction to forensic anthropology, 4th ed.,

Boston, Pearson, 2011. p. 151-65.

Klepinger LL. Fundamentals of forensic anthropology,
Hoboken, John Wiley & Sons, 2006. p. 28-31.

Reichs KJ. Forensic Osteology, Advances in the identifi-



12.

13.

14.

17.

cation of human remains, 2nd ed., Springfield, Charles C
Thomas, 1997. p. 163-6.

Buikstra JE, Ubelaker DH. Standards for Data Collection
from Human Skeletal Remains. Arkansas Archaeological
Survey Research Series No. 44. Fayetteville. 1994.

Broca P. Instructions Craniologiques et Craniométriques.
De la Sociéte d’ Anthropologie de Paris. Paris, Librairie
Georges Masson, 1875.

Stevenson JC, Mahoney ER, Walker PL, Everson PM.
Technical note: Prediction of sex based on five skull traits
using decision analysis. Am J Phys Anthropol. 2009; 139:
434-41.

. Walker PL. Sexing skulls using discriminant function anal-

ysis of visually assessed traits. Am J Phys Anthropol. 2008;
136:39-50.

. Giilekon IN, Turgut HB. The external occipital protuber-

ance: Can it be used as a criterion in the determination of
sex? J Forensic Sci. 2003; 48:513-6.
Kim DI, Lee SS, Kim YS. Statistical analysis of bone ele-

18.

19.

20.

21.

22.

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

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-dimen-
sional computed tomography. Am J Orthod Dentaofacial
Orthop. 2006; 129:600.e23-600.e34.

Park DK, Lee UY, Lee JH, Choi BY, Koh KS, Kim HJ, et
al. Non-metric traits of Korean skulls. Korean J Phys An-
thropol. 2001; 14:117-26. Korean.

Seo YS, Chung IH. A morphological study of the occipital
bone in Korean adults. Korean J Anat. 1987; 20:175-95.
Korean.

Hu KS, Koh KS, Park KK, Kang MK, Chung IH, Kim HJ.
Non-metric traits of Korean mandibles. Korean J Phys An-
thropol. 2000; 13:161-72. Korean.



Non-metric Study of the External Occipital Protuberance
for Sex Determination in Koreans: Using Three-dimensional
Reconstruction Images
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Abstract : The most essential biological profiles in physical and forensic anthropology are age, sex, and
populations to be determined. In case of dealing intact skeletons, experts can often determine sex with high
accuracy. The external occipital protuberance (EOP) is one of the site among morphologic traits which is used to
determine human sex. This study suggests the possibility to determine the sexual dimorphism using the EOP and
surrounding anatomical structures in Koreans.

After three-dimensional reconstruction of the skull model from Digital Korean Human Databse, the three parts
were evaluated using a classification system based on Broca, Giilekon and Turgut. To determine for scoring, this
study was used two in two different ways to observe the skull model; one was a lateral view and the other was
turning the skull models. In a lateral view, the shape of the occipital area was classified as ‘flat’ or ‘convex’ type.
After then the scores of the anatomical structures were converted into 4-digits code.

In females, the skull was more convex in shape than males but the EOP and inion were lesser projection. In the
lateral and turning views, the most common pattern was Type 2 in both sexes. The most common digit code was
2-2-2-0 in males, 2-2-2-1 in females. The digit code is better than simple scoring system for determining sex. The
skull in Koreans were more feminine than in other populations in both sexes.

Keywords: Skull, External occipital protuberance, Sex determination, Non-metric method, CT images
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