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ZHER  AYE & S gl WEE AAlo] WAEW AYS wal7] g8 AU WA g, tol, 2T AT A &
FE H2HESW 7 v g 54 F SR uASH BEe o83 Y W] AHgEnt o] ATk vt
2B 5M 719 1 F9e) Q= SR MENYE ol §3to] AY W] g HsT WS ANSLA et
CT F/d= ol8ste] HWE 32k 7443 & Broca®t Giilekon2} Turgut®] 257 W& AHEst] 51w
el
=2

e 2R3

vhste] 47 HEE BESh HeiEl 5N Bngat Seste Ba o

oA7pe] wizlmz} Yol viejma f2 BE2s MEANS YATL ozt o Holugith nRH 4w gl
dRe izt e HE Aol B A3 Sel/beA £ 2 BT Type 27} 7H8 BOTh b BE 44 REL el
39 2220, 6122] A 22210190tk % 510 24 25 % ojzje} dafolA BB AL oI UoiAE
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H}-Z- 55 41 §7| (external occipital protuberance)+= ¥
e A AT HA HAA = FHolu2 +2E
2 71& 0 2= 9&5du|X (superior nuchal line) ¥t A% o]
QA ol 2= HMZHZ M5 A (external occipital crest),
277 (foramen magnum)©] X3 JUTH[1-3]. BFEFE
W57]= FHETmHoA Fotf= 7HE Fojue 712 &
duojeld) (ligamentum nuchae)®} SA| 2 (trapezius mus-
cle)o] o] F9jo] Raten FlF4mgr] £ Fojul XS
HE7 (nionol2F k. BRSBTS ofaprct

ARHE)e oJSHeE EHae Fo|sakel g 2ottt
ARy o] ek BeAste] olslBAE gl B
BAAR : G55 F G et s otma)

A : monami@cau.ac kr

|\

ERLIE

b e}

Z v ,CT oA}

= 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 dAE we] A, Adnt yol, 1
g QI Fomioke] E4o] Fglo] 2 RigE =R w
2k 701 Al Few ot 4AlE =Tt JFS werh5-8]. 4
d ol = w2|w el mejwo] S m ol (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 FAr mE|wrt of
Apo] wEwEt o 23 WMEXYS0] F o FEHAA
UL Z43E o HITH9-11]. o] 9 Zro] mEjmofA A4
HO| Zpol7t FRFF RES o] &ste] AES ET 5 Y
= HASA W] AAETH12-16]. /3 FHHof| o]-&
H+ HEwe] e EA (morphological trait)S Edu]5

(© 2015 Korean Association of Physical Anthropologists
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN 2287-626X (Online) - ISSN 1225-150X (Print)



240 A9,

fob

o

A
=)

Al (nuchal crest), ZFA|&7] (mastoid process), =2+ A2
(supraorbital margin), 7|7} (gabella), € -87] (mental emi-
nence) tHAl 71A7F & Aotk o] THAl 7HA] FE EA F
Q054 FEemoA £08 AR = FE v
FEm-57]9 Foju A=E o] &3trh[12,14,15].

AEE st Yol ASS 38 A54
FHE o83t HASH Wgo] St 22 WMEAYSS
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g wol= A7 Qok[11,14]. FErHY Fe 1 54
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gt AJAl CT F74-& Al5-5lh+= Digital Korean Human
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&A4o] gl weEw G4 FAE 4970, AR 5270 E AHESE
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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-SFeiTh(Fig. 1) [13].

3o E AQFAEE HME Sevbe BEdt e W
EA49) Folhe =2 Broca] WH (1312 HI2HE S
w57] ¢ EdulsAy FHE A7 st H43lst
o 0OIN SHoR BRI 04L HERE Paroz
HolLte ] ghska o) e S MEAHS0] Tl
A Sl BRE 5 ok IS 2R T B
Z 2 3391 SPSS (version 22, IBM, USA)E A&3}4 7}
ojaFolFALE HY H|WSIHL H3Rt =AE FE
SFsto] 7k seAb F5(digit code) @ HI=E H] w3} ATt

2

W 7HEoA B 9ot Benv] Yot B9
A H2EESEE), AEENA, FAESH BE Y
EASH O §og ol7t eleH(p<0.00D),

1. 7120 M = FS=r it

selWE 7HEoA %S o AAH BFe el of
A gk gl o Betort ¥Rk 84%)7 A% 61%)
woh @A welwzh o Beboh(Table 1), BHESE 5w
7] A% oAb T 2ol 74 Bt WA 2

o 7b Bgto} 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; ‘1°, femine; ‘2°, mdetermme type; ‘3°, masculine; ‘4’, marked; °5’, hypermasculine. (X*=60.733, df =4, p<0.001).

$ 417, 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) 509.6) 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 AR 8 297t 1) QISich Ak off B R
Sele moPel Type 1] 7H8 BIHT ool AM FHAR
< Type 3= 1910 FAHIAE 1) 910K Table 2)

2. 27N = FIE

=7t

HPZE S g7] 9] B9 oAk} HAF BE 2°xo] 7
ooy ofzt= 4@l 5 HeEw e glolen dake
0 AR HEwzE fdth HEEHY A ARt
0 FL Tl HAbE 3l M BdeH S @A
oF oz} HFof|AN WEEA] okt AEEHA S Foju
2 AL oA A F&F BE o] PR dE L
3, LEZL THL 2ol 7H WA TH(Table 3).

HeWE Se7ie 2 39 v HEHe7 E 9
Edud, HE5dY Foju J=E HAeIdt AL Ve
O 2 FHE A L (digit code)2 HERH 2D T A
= 92 =g u]X (left superior nuchal line; LN), B}-Z5
%M -§7] (external occipital protuberance; EOP), 2 2%
52| A (right superior nuchal line; RN), 18|31 HE+

A (inion; Dotk F 517H9] sAF F371 fhEojFlos @2
£ 222-0(12.2%)7}, AR 2:2-2-1 (77%)7}F 7V @k
SUN 2E T dAkel oAxtollAIM 2F vEd A2 97
(17.6%)2 YA gxpoAAT T 22 Ro= 2670,
ARPAAA R T AL F &= 2070 (Table 4).

1875 Broca [13]7} v} l-_r] Z,:mﬂ% 19l H‘ﬂ"]’ 4E§_—
SABtete] EAkeh RS Hlad 4 Qe V1€ vhs)
gom I 3PS Buikstra?l Ubelaker [12]7} E&3HAZ]
% Walker [15]7} TR 714 Hejm g Edo = ghdy

Ault S AL25lo] AHS THHEIY I, T & Stevenson 5
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[14]0] & ©f S AA ). Giilekon®} Turgut [16]+= Broca®]
W 131 HEstA BEste] & 3942 E/ste WH
< AHESHaTh HEME o83t Add e A= g
919] AL 80~92% AT 2 ufL =rh[5]. sFA|T o] HEH
T ASAY S AREE Aol HAISH WS o
L3 A WHE AES A AY ¢l

=l Fleae AAAA Fee dY 2T gEehy
WAL oAl HIZ 2Ee Alstol o Wkth(Table 1)

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 BHZF & ME§7]Y Fojut
2 A== Walker®] 7ol oJstd ofztetar wEd o 9l
£ 7122 3 vkl A7t A= 78.8%, BA= 65.3%
2 Ze AL ogxiz ERHEHI) Giilekon®}t Turgut®] W
161 o83 F¢ A= dEE AR ERENS
U gAY Aol hRE(83.7%)°] AE EFESITh
Giilekon®} Turgut [16]9] A-+ZA1}e} Blwshd g 7]<lof B
3 gr=Qlo] vPZAHE g7 7F HAeL o2 Bl A A
o] Fojue ] doern gyl H|g| = ol
o R JEs wHste ATt Woal & 4 Qik
Giilekon®} Turgut [16]9] ATANE AR LA Af
Z& o]&3t o] AA| MME A& ARt Jd wd
o] B AR FA T2 oR=E EF{817]0 ofuligt Type
2% WA ARRIETE AA| w7E o B BlES ARSI
T} (Table 5). Giilekon®} Turgut [16]2] HHHo] A 7IX2 &
FE7] wjFoll 7HHsHARE AR ERoA= BAT 2E
gk AE0] 3ol 7S WEs] & et Jglon 23]
Broca®] WH[13]2 77} o ©A07] 2ol &73t
= A7AY YoM = EFE F o A & 5 U
ok o2 QI A AnE vjus BE k=l HE
®7F B7]0e) vgl vZFEsmg77 @ FHojuhgkon
(Table 5) 71&9] W& ARE-Ste] =<l we|me] JHS
THESTH Y YRR mewrt ofx 2 BERE Aot 17
b2 QT Ao gute gl Wiy ER71E0l 4
HE|ojoF & Holr}

7hEol|A # BT SE7HEA SIS B2 TS
719] Foju2 A=E ZFo|7h AUATH(Table 6). 2HS] 735
T W T Type 49 Type 52 55 2L 1T Type
32 1 HEo] HEEeY b ERe 254 Zo|rt
AT G2 A= ofRpET E T At 2ko)7t AU
ot E87MEA &91%t B¢ Type 0= {1 Type 27} 7}
& Wokey 7h&oA & Hf-ol= Type 22t Type 39 H
&o] H|BRI) o]FA 7HFoA B 2Ed FE7FHEA
It BERE At 254 Zol7t e AL HHEH

Fomg7] o0 RASE TREY Gl Ackn 42

il

[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 (%)]

Females (n=52) Males (n=49)

Type Lateral

view

1(2.0) -
13(26.5) 7(14.3)
23(44.3) 18(36.8) 28(57.2)
10(19.2) 16(32.7) 13(26.5)
- 12.0) 1(2.0)

Turning
view

Lateral
view

1(1.8)
20(38.5)
20 (38.5)
11(212)

Turning
view

6(11.5)
13(25.0)
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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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