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ABSTRACT

The purpose of this study is to grasp the morphological characteristics
by sex distinction and stature of Jeju population using the craniofacial
3D-CT 1images of them and to investigate the differences of the
morphological characteristic in comparison with those of several samples
from the Northeast Asia and Korea. This study also aims to establish
standards for comparative material to identify the unknown individual
through the craniofacial measurement.

Data analysis has been carried out on the craniofacial and angiographic

3D images of two hundred normal adults that had been taken with the
multidetector-row computed tomography at Jeju National University Hospital
between July, 2005 and August, 2007.
The analysis include; the length measurement category; the cranial index
analyzed using the T-test according to sex; discriminant analysis for the
distinction of sex; correlation analysis for the stature estimation and
multiple regression analysis; x°—test for classifying the shape of the
craniofacial of Jeju populations; the group analysis using the data of the
people 1n neighboring countries and Korea.

Out of the 30 criteria of the craniofacial metric traits, 28 show
measurement differential between male and female Discriminant functions
are obtained with the measurement values of bizyomatic breadth and mastoid
process length. It shows 90% accuracy in males and 88.0% accuracy in
females.

The formula obtained from regression analysis using the chin height and
cranial base length in males, and the nasal height and maximum height in

females shows very high degree of reliability for estimation of stature in



the craniofacial 3D CT images.

The regression equations calculated are as follows:

stature in males = (chin height X 13.148)+(cranial base length><X6.128)+63.608;
(standard error of estimate(S.E.E) = 6.3 cm);

stature in females = (nasal height < 9.378)+(maximum height X 4.419)+46.553;
(S.E.E = 5.6 cm)

There 1s a difference in the size of the craniofacial of Jeju population
according to sex and stature, and it could help to identify the unknown
individual when a catastrophic disaster occurs and provide us with
standards for the comparative material to 1dentify the unidentified
individual at the excavation site as we could dig up an old body. These
characteristics help us confirm craniofacial morphological characteristics

according to the human community by race, nationality, region and sex.

Index words: Morphological characteristics, human remains, sex determination,

stature estimation, cranial index.
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Table 1. Population structure in each district of Jeju-do derived from
data of 2005 Population and Housing Census Report November, 2005

(unit : person)

Area

Age Jeju-si Seogwipo-si Bukjeju-gun Namjeju-gun  Total

Male Female Male Female Male Female Male Female

20-29 24,200 23,963 5,678 4,887 5,074 3,713 3,968 2,711 74,194
30-39 28,967 30,164 6,800 6,327 6,505 5,432 4,682 3,969 92,846
40-49 25,627 25,064 6,415 6,089 6,069 5,154 4,907 4,291 83,606
50-59 14,277 13,959 4,213 4,480 4,388 4,510 3,661 3,579 53,067
60-69 8,532 9,404 3,174 3,547 4,322 5,365 3,432 4,325 42,101
70-79 3,285 5,786 1,335 2,520 2,312 4,824 1,629 3,268 24,959

80+ 777 3,022 285 1,148 585 2,711 405 1,680 10,613

Total 105,665 111,352 27,900 28,998 29,265 31,709 22,684 23,823 381,386

Table 2. Gender distribution of more than 20 years in each district of Jeju-do

(unit : person, %)

Area
Gender Total
Jeju-si Seogwipo-si Bukjeju-gun Namjeju-gun
185,504 105,665 27,900 29,255 22,684
Male
48.6(%) 27.7(%) 7.3(%) 7.7(%) 5.9(%)
195,882 111,352 28,998 31,709 23,823
Female
51.4(%) 29.2(%) 7.6(%) 8.3(%) 6.3(%)
Total 381,386 217,017 56,898 60,964 46,507
ota
100(%) 56.9(%) 14.9(%) 16.0(%) 12.2(%)
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Table 3. The number of sampling survey according to gender, age groups 1n

each district of Jeju-do (unit : person)
Area
Age Jeju-si Seogwipo-si Bukjeju-gun Namjeju-gun  Total
Male Female Male Female Male Female Male Female
20-29 7 7 6 3 3 2 3 1 32
30-39 10 4 2 4 2 3 1 32
40-49 10 11 2 2 3 2 2 2 34
50-59 12 11 1 3 1 3 1 2 34
60-69 11 15 3 2 1 3 1 3 39
70-79 5 6 .. 5 1 4 2 2 26
80+ 1 0 0 0 1 0 1 0 3
Total 56 56 W 17 14 16 13 11 200
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Fig. 2 Schematic drawing of the skull representing twenty-eight landmarks.
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Table 4. Descriptions of anatomical landmarks

Landmark  Abbreviation Description

The instrumentally determined most lateral point on the

Alare al
nasal aperture taken perpendicular to the nasal height.
The point where a perpendicular line drawn to the FH
through porion(with the skull in the FH) intersects the
Apex ap midsagittal contour. The Frankfort Horizontal(FH) is a
plane passing through three points of the right and left
777777777777777777777777777777777777777777 porion and the left orbitale.
It is defined as a point on the lateral aspect of the
Auriculare au
root of the zygomatic process at the deepest incurvature.
The midpoint of the anterior margin of the foramen magnum
Basion ba most distant from the bregma. It is used to measure the
height of the skull.
The intersection of the coronal and sagittal sutures, in
Bregma b
the midline.
Condylion
cdl The most lateral point on the condyle of the mandible.
laterale
The point on the medial wall of the orbit at the junction
Dacryon d
of the lacrimomaxillary suture and the frontal bone.
The point where the orbital length line, parallel to the
Ectoconch- upper border, meets the outer rim. Ectoconchion 1is the
ec
ion point of maximum breadth on the lateral wall of the eye
orbit.
The instrumentally determined ectocranial points on
Euryon eu opposite sides of the skull that form the termini of the
line of greatest cranial breadth.
Frtontoma-
The most laterally positioned point on the
lare fmt
frontozygomatic suture.
temporale
The most medial point on the incurve of the temporal
Frontotem—
ft ridge. The points lie on the frontal bones just above
porale

the zgyomaticofrontal suture.

_12_



Table 5. Descriptions of anatomical landmarks

Landmark  Abbreviation Description

The most forward projecting point in the midline of the
Glabella g forehead at the level of the supra-orbital ridges and

above the nasofrontal suture.

The lowest median point on the lower border of the
Gnation an

mandible.

The midpoint of the angle of the mandible between body

and ramus. In practice this is difficult to determine in
Gonion 20 jaws with a rounded angle. Draw another tangent to the

body of the mandible. Bisecting this angle will give the
7777777777777777777777777777777777777777777777777 point gonion on the 1atera1 surface of the mandible.
Infradent- . The midline point at the superior tip of the septum
ale ld between the mandibular central incisors.

The intersection of the sagittal and lambdoidal sutures
Lambda 1

in the midline.
Mastoidale ms The lowest point on the mastoid process.

""" Intersectioﬁrgfrthe nasoffontal suture with the midsagittal

Nasion n plane. Nasion is the uppermost landmark for the measure of

facial height.
VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV The point where a line drawn between the lower margins of
Nasospinea the right and left nasal apertures 1is intersected by the
le e midsagittal plane. ns is the lowest landmark for the

measurement of nasal height.

The midpoint of the posterior margin of the foramen
Opisthion 0

magnum.
Opisthocr- The instrumentally determined most posterior point of the
anion P skull not on the external occipital protuberance.

_13_



Table 6. Descriptions of anatomical landmarks

Landmark Abbreviation Description
Orbitale or The lowest point in the margin of the orbit.

The wuppermost lateral point in the margin of the
Porion po

external auditory meatus.

The most anterior point in the midline on the alveoar
Prosthion pr

processes of the maxillae.
Superior
orbital SO The most superior of the orbital rim.
margin ny. .

The instrumentally determined as the most lateral point
Zygion 7y

on the zygomatic arch.

_14_
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Table 7. Described cranial measurements

No. Abbreviation Measurement

No. Abbreviation Measurement

1 eu-eu Maximum cranial breadth. 16 po—ap Auricular height.

2 ft-ft Minimum frontal breadth. 17 msl Mastoid length.

3 fmt-fmt Upper facial breadth. 18 hmb Mandibular height.

4 ec-ec  Biorbital breadth. 19 minrb Minimum ramus breadth.
5 SO—or Orbital height. 20 maxrb Maximum ramus breadth.
6 d-ec Orbital breadth. 21 ba-b Maximum height.

7 d-d Interorbital breadth. 22 po-b Porion-bregma height.
8 al-al Nasal breadth. 23 ba-po Basion—porion height.
9 Zy=7y Maximum facial width. 24 ba—n Cranial base length.
10 g0—g0 Bigonial breadth. 25 ba—pr Basion—prosthion length.
11 1d-gn Chin height. 26 n-b Frontal chord.

12 g-op Maximum cranial length. 27 b-1 Parietal chord.

13 n-ns Nasal height. 28 1-o Occipital chord.

14 n-pr Upper facial height. 29 cdl-cdl  Bicondylar breadth.

15 n-gn Total facial height. 30 au-au Biauricular breadth.
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Table 8. Described cranial indices

No. Index Formulation

. . Maximum cranial breadth
1 Cranial length-Breadth index - - * 100
Maximum cranial length

. ) ) Basion - bregma height
2 Cranial length-Height index - =100
Maximum length

. . . Basion - bregma height
3 Cranial breadth-Height index - =100
Maximum breadth

. . . Basion - bregma height
4 Mean basion-Height index - > 100
Mean of cranial length+breath/2

. . ) Porion - bregma height
5 Mean porion-Height index - x 100
Mean of cranial length+ breadth/2

: ) Basion - porion height
6 Flatness of the cranial base index - - =100
Basion — bregma height

. . Minimum frontal breadth
7 Frontoparietal index . A x 100
Maximum cranial breadth

4 . Total facial height
8 Total facial index - : * 100
Bizygomatic breadth

i . Upper facial height
9 Upper facial index - , > 100
Bizygomatic breadth

. Nasal breadth
10 Nasal index - > 100
Nasal height

. \ Orbital height
11 Orbital index : > 100
Orbital breadth

_17_
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Fig. 3 Craniometric points of the 3D image(frontal and foot view).
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Fig. 4 Craniometric points of the 3D image(lateral view).
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om. d+ 234

EN PR R

AolASE= A5d 5228 YH FA s (cranial index)E AE3T

H2P)E 47.0(+ 17.9)4¢} 52.3(+£15.9)

o
M
1o
1o
A
N
¢
o,
=N
2
ol
=3
N

o
AR, FAAFEH A= 20 ~ 8741, A= 20 ~ 77A| Y. Hwt FUAIRH(E

<

FHXHS 7+7E 168.8(+7.4)emé} 156.0(+5.9)cmo] AT, HAAZH A= 147.0
~ 188.2cm oW, oJ&}= 141.9 ~ 171.0cme| AT}, @Y FFAS(F=HAHS Z
7} 70.3(£ 12.8)kg? 57.7(£ 7.Dkgel vk, HAASTHA = 49.2 ~ 138.8kgo]
W, oz= 41.0 ~ 80.0kgelth. A#, A B AF EE FEAdA ozt H|
3 @xpe] sgatgke] ZAth(Table 9).

Table 9. General characteristics of the study subjects

Males Females .
N N p-value
Mean®S.D. Mean+S.D.
Age(years) 100 47.0+£17.9 100 52.3%15.9 0.029
Stature(cm) 100 168.8+7.4 100 156.0£5.9 0.0001
Weight (kg) 100 70.3+12.8 100 57.7x£7.7 0.0001
* By t-test
S.D. ; standard deviation



3071 4

g Aol

A

Q1 tH(Table 10).

A3tE

H(ba—pr)= Al

ok

ol Elm 712 H AU H] (minrb) 9} HPEH-$] o] 59

=
K3

&

AT

(2871) el A FAke] o]l ¥ Ztk(p < 0.05).

Stobuz] )

%
TR

)

ga
I

ox

™
)

110

=
o
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Table 10. Comparison of cranial measurements male and female

. Female .

Variables(mm) N Voan 15D, N Voan 1SD. p-value
eu—eu 100 149.7 5.2 100 144.3 5.4 0.0001
ft-ft 100 94.8 4.2 100 92.5 4.0 0.0001
fmt—fmt 100 106.8 2.6 100 102.8 3.2 0.0001
ec—ec 100 97.0 2.8 100 93.1 3.7 0.0001
So—or 100 36.7 2.1 100 35.9 1.7 0.0001
d-ec 73 38.3 1.4 78 37.5 1.5 0.0001
d-d 73 21.3 2.2 78 20.5 2.1 0.022
al-al 100 25.2 1.5 100 24.5 1.7 0.0001
ARVAY 100 140.2 4.3 100 131.3 3.8 0.0001
g20—g0 73 105.6 4.6 78 100.1 4.9 0.0001
1d-gn 73 31.8 33 78 30.6 4.2 0.043
g-0op 100 177.9 o 100 170.4 4.5 0.0001
n-ns 100 6.4 2.8 100 5243 2.2 0.0001
n-pr 100 9. 3 4.3 100 68.6 3.7 0.0001
n-gn 100 126.2 5.4 100 118.5 5.6 0.0001
po—ap 73 122.0 4.8 78 )| 1. 3 3.9 0.0001
ms! 73 30.9 2 5% 78 26.9 2.5 0.0001
hmb 73 33.0 4.1 78 31.8 3.4 0.039
minrb B 33.7 Spa 78 32.8 3.2 0.080
maxrb 73 45.0 Fod) 78 43.4 2.9 0.0001
ba-b s 142.0 4.7 78 136.0 4.1 0.0001
po—b 73 120.6 4.2 78 116.0 4.2 0.0001
ba-po 73 21.9 3.1 78 20.3 3.0 0.0001
ba-n 73 103.1 SRE 78 98.1 3.8 0.0001
ba—pr 73 95.7 4.6 78 94.7 4.1 0.089
n-b 73 116.5 ST 78 112 .4 4.4 0.0001
b-1 73 111.9 7.3 78 109.1 6.7 0.016
1-o 73 99.5 6.9 78 97.1 5.6 0.017
cdl-cdl 73 131.0 4.8 78 123.9 4.7 0.0001
au—au 73 109.1 5.2 78 103.7 4.4 0.0001

* By t-test

S.D. ; standard deviation
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(Sex determination)

(zy-zy)S} F+¥=714dol(msl)ZE Table 113} #t}. F 54

714 o]

=
=

%

%
o}

A =FUH] (zy-zy) <+

Hrt.

oA

2ol

o
B

A3

Avte

KeR
T

7} Table 129} %

p

-
T

Wk, %34 (structure point)S I

Eb

d=1H]

)
o

A=A

1
s

0.600.2 o]

=
T

(zy-zy)9] AaAFE 0.790]2 A =7]Z2do](msl)

s

Rig|

=
=

U] (zy-zy) 7} @Y

(o3}
=

A

o) & 3

=
=

o, wEbd dZFYn|(zy-zy) ¢ FE=714 9] (msl)

3} g,

D =-34.38 + (1.98Xzy-zy) + (2.62Xms!)

D

. discriminant function

© maximum facial width

Zy—zy

> mastoid length

ms ]

ot SAl A (sectioning)©] 0.009X

Xt]

59

ol

ol

B

o ZW el : ojmth ge.
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Table 11. Means, standard deviations and univariate F-ratio for the zy—zy and msl

Male Female .
Variables(mm) N F-ratio -val
(om) Mean =£S.D. Mean £S.D. b mvatue
AVAY 100  140.2 4.1 100 131.2 4.0 187.62 0.0001
ms 1 73 30.9 2.2 78 28.8 3.1 110.78 0.0001

S.D. ; standard deviation

Table 12. Canonical discriminant function coefficients for direct analysis

Variables(mm) Raw coefficient  Standard coefficient Structure point

A GIAY 1.98 0.80 0.79
ms1 2.62 0.62 0.60
Constant -34.38
Sectioning 0.009

*, . . . . . .
These coefficients are used to calculate discriminant function scores. A

discriminant score greater than the sectioning point classifies as male

and less as female.
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3712 e DAMSF A (step-wise) S AT

B2zt @A FefAdel A
A fa® A5e 2Ead WeE dRee wdrh WA A% 3
ol (id-gn) ¢t F7HutEA o] (ba—n)olaL, ozt

]_
M= 3Zxol(n-ns)ok HPEA 2] 50l (ba-b) |t

il
<)
—
&
o
o
o
=)
by
=
o ofy
2
rE
i
o

N
-~
S
e
U
rE
3
aly
o
R
T
,lhﬂ

RS A A (multiple correleation coefficient)e]™, 7]&(ZAA

4= coefficient of determination) R°Zke A1Ao] 71A3 Q= AHE ohH Ty

il

WMol WMEpog MHwst ¢ QlE A Fo|t}. FF2 AF(standard error of
estimate) 37129 FEAES H7 = A7 AAH o= 22 3]
ALdFE Fag 374y, E4F #A% A3 s F-ghS 3724 Fods &
©@3l7] flal HolFar Qith(p < 0.001). o]efd A¥E EdE dojd A
A4 vt goh(Table 17).

_,d
ol
iy
)
=2
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Table 13. Pearson correlation coefficients between cranial variables and

stature for males

Correlation

Variables N Mean +S.D. p-value’
coefficient
id_gn 73 31.8 3.1 0.525 0.0001
cdl_cdl 73 131.0 4.8 0.355 0.002
n_pr 100 72.3 4.3 0.389 0.0001
n_gn 100  126.2 5.4 0.435 0.0001
n_b 73 116.5 5.1 0.385 0.001
ba_n 73 103.1 3.9 0.384 0.001

* By Person's correlation tests
S.D. ; standard deviation

Adjusted by age, weight.

Table 14. Pearson correlation coefficients between cranial variables and

stature for females

Correlation

Variables(mm) N Mean 5. D. p-value”
coefficient
ec_ec 100  144.3 5.4 0.215 0.032
g_op 100  170.4 4.5 0.207 0.039
n_ns 100 52.3 2.2 0.319 0.001
ba_n 78 98.1 3.8 0.364 0.001
ba_b 78 136.1 4.1 0.342 0.002

* By Person's correlation tests
S.D. ; standard deviation

Adjusted by age, weight.
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Table 15. Stepwise regression showing

variables into the analysis in male

the sequence of

entrance of

Step Variables R R? S.E.E F p-value
1 id-gn 0.525 0.276 6.6 27.00 0.0001
2 id-gntba-n 0.594 0.352 6.3 8.30 0.005

By multiple regression analysis

R : regression coefficient, R” : coefficient of determination,

S.E.E : standard error of estimate

Table 16. Stepwise regression showing

variables into the analysis in female

the sequence of

entrance of

Step Variables R R? S.E.E F p-value
1 n-ns 0.374 0.140 5.9 12.39 0.001
2 n-ns+bha-b 0.471 0.221 5.6 7.83 0.007

By multiple regression analysis

R : regression coefficient, R : coefficient of determination,

S.E.E : standard error of estimate
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Table 17. Stature estimation(cm) from cranial variables using regression

equat ion

Gender Functions Regression equation
1 126.85 + (id-gn>x<13.132)

Male
2 63.608 + (id-gn><13.148)+(ba—n><6.128)
1 99.676 + (n—ns x<10.71)

Female
2 46.553 + (n—ns<9.378) + (ba-bXx 4.419)

1d-gn; chin height, ba—n; cranial base length

n—ns; nasal height, ba—-b; maximum height
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3. ¥7/0#4*(Cranial indices) WXL

AFAAAFH FAFI7R = 33k CTg ol A
£ &t FAXE Ade] e vudt Ay thgd g
CH(Table 18). W] dolYH]A]4=(length-breadth index), ™e]Zdo]so]x]4
(length-height index), ™| H]3Eo]#|5=(breadth-height index), ¥ 3E°]A|
“~(mean basion-height index), ¥ HIEHE0]A9(mean porion-height
index), W] W= H A 4=(flatness of the cranial base index), ™z
A|4=(frontoparietal index), AALw=A(total facial index), HL=AF
(upper facial index), i=w A5 (orbital index):= Ao uz} F9 3 2o =
wolx] ¢kokr}. Ty A F=(nasal index)= FAbel HlE) ojx}e] Ho] ¢

Z Ao = Yegt(p = 0.0001).
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Table 18. Comparison of cranial indices male and female

Male Female

fndex N Mean =£S.D. N Mean =£S.D. pvalue
Cranial length-breadth index 100 84.22 4.14 100 84.74 3.83 0.358
Cranial length-height index 73 80.03 2.88 78 79.90 3.03 0.784
Cranial breadth-height index 73 94.75 4.08 78 94.67 4.21 0.915
Mean basion-height index 73 86.72 2.65 78 86.62 3.02 0.840
Mean porion-height index 73 73.63 2.31 78 73.85 2.80 0.606

Flatness of the cranial base index 73 15.42 2.00 78 14.88 2.03 0.104

Frontoparietal index 100 63.42 3.50 100 64.16 2.94 0.106
Total facial index 100 90.05 3.94 100 90.29 4.62 0.698
Upper facial index 100 51.60 3.05 100 52.24 3.14 0.145
Nasal index 100 44.82  3.21 100 47.01 3.92 0.0001
Orbital index 73 95.48 5.70 78 95.57 4.99 0.917
* By t-test

S.D. ; standard deviation
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1) =3 AFA G AT v

rUIo

Sl AFAF AT A3E Table 19, 200 Al
togAke] HFIlE AoASEES FUAT T FAEH WAl (g-op),
NAANAH] (eu—ew), U8 (zy-zy), olvFdAYB|(ft-ft), F*=°](n-ns), T+
N Aol B A 4=(cranial length-breadth index), == A4*(orbital index)& 3=t

olof] vl&l AFA AT FHto] ¥ & Aoz eI (p = 0.0001).

HUEE Bl

olmH A H] (fmt-fmt), F7/HHo]F o] A(cranial length-height index), *+
M) =0] x4 (cranial  breadth_height index), < =%5(upper facial
index), FAF(nasal index)& A|FTA AT vl gh=le] Hfo]l o 2
Aoz Yeth. (p < 0.001).

FHE szl (ba-b), F=7g=lszol(porion-bregma height), $1¢= 3%°](upper
facial height), ZUH](al-al)= Felst AFol& Holx] kth(Table 19).

Azt M= FrH=H ALl (g-op), FHHAANUH (eu—ew), D= (zy-zy),
oA AUYn|(ft-ft), F=Eol(nns), wwwAlF(orbital index)& gh=<lol H]3|
AFAGAFR S o]l o & A= YEHth(p = 0.0001).

Ad =0l (upper facial height), o|PFH U] (fmt-fmt), F7HHolFo|A|F
(cranial length-height index), S7HU¥]&=o]A]4*(cranial breadth_height
index), $¥19=A]9=(upper facial index), FA|4=(nasal index): A|FAGAHF
ol wla) gele] Hito] o & Ao Z YERGTH (p < 0.001).

F7HA 3zl (ba-b), 3wl (porion-bregma height), FUH](al-al),
TN o] Y H] A 4= (cranial length-breadth index)™ gk xto]& HolA| Ut

(Table 20).
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Table 19. Comparison of cranial measurements and indices in male

- 1) 2)
Measurements and indices N Jejuzdo male N Korean male p-value’
Mean =£S.D. Mean =£S.D.
Maximum cranial length 100 177.9 5.1 81 174.0 7.7 0.000
Maximum cranial breadth 100 149.7 5.2 81 143.5 4.7 0.000
Maximum height 73 142.0 4.7 75 142.2 5.1 0.723
Porion-bregma height 73 120.6 4.2 75 120.3 5.3 0.568
Bizygomatic breadth 100 140.2 4.3 78 135.6 5.7 0.000
Upper facial height 100 72.3 4.3 78 73.0 5.3 0.124
Minimum frontal breadth 100 94.8 4.2 75 92.2 4.9 0.000
Maximum frontal breadth 100 106.8 2.6 74 114.4 6.3 0.000
Nasal height 100 56.4 2.8 21 544 3.3 0.000
Nasal breadth 100 25.2 1. 5l HF 42585 2.1 0.070
Cranial length-Breadth index 100 84.2 4.1 80 82.7 4.8 0.000
Cranial length-Height index 73 80.0 2.9 (5 ¥ 8 L=k 4.6 0.000
Cranial breadth-Height index 73 94.8 41 Yo 9950 3.7 0.000
Upper facial index 100 51.6 3.1 70 54.0 4.2 0.000
Nasal index 100 44.8 942 B2l Rl 4.0 0.000
Orbital index Yol RS 5.7 80 91.2 6.6 0.000
* By t-test

S.D. ; standard deviation

D present study, 2353 9]11(1995)
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Table 20. Comparison of cranial measurements and indices in female

Jeju-do femalel)

Korean femaleZ)

Measurements and indices N Veon tsD. fean  £S0D. p-value’
Maximum cranial length 100 170.4 4.5 39 165.0 6.6 0.000
Maximum cranial breadth 100 144.3 5.4 39 139.8 6.1 0.000
Maximum height 78 136.0 4.1 28 135.6 4.3 0.358
Porion-bregma height 78 116.0 4.2 28 116.5 4.7 0.271
Bizygomatic breadth 100 131.3 3.8 36 124.8 5.4 0.000
Upper facial height 100 52.3 2.2 39 66.8 4.4 0.000
Minimum frontal breadth 100 92.5 4.0 39 87.5 3.8 0.000
Maximum frontal breadth 100 102.8 3.2 39 110.9 6.1 0.000
Nasal height 100 52.3 2.2 21 48.9 3.3 0.000
Nasal breadth 100 24.5 s,/ 3y 24 2.3 0.839
Cranial length-Breadth index 100 84.7 3.8 39 84.9 5.2 0.668
Cranial length-Height index 78 79.9 3.0 28 82.1 3.1 0.000
Cranial breadth-Height index 78  94.7 4.2 28 97.0 3.6 0.000
Upper facial index 100 52.2 3.1 36 53.8 8. 7 0.000
Nasal index 100 47.0 B9 218 50p2 5.1 0.000
Orbital index N §6 5.0 29 90.7 5.4 0.000

* By t-test

S.D. ; standard deviation

D present study, 23+ 59]11(1995)
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e, T, A R AFAAATY gAe Ao ASdE FoNA5e Fet
T

S vlwsk A7} Table 219 A8, AFAAAFT 100804 =AHE Fa}
o] FrlEH Al (g-op) BHAE F&=F} T=ele] o] & Ao®m YEhtal(p
= 0.001), dElelM = Folgk zpol& Holx asktt. F/HE thuv] (eu-eu) 3

A= T & vl A|FAGAFRI] ¥ 2 Ao®E YERi( p =
0.001), =2 Fog Aol& HolA &skrh. FH N =l (ba-b) HA|
=AU, T B dEQde H3 AFA AT ©] & R JER
(p=0.001). G=UH](zy-zy) HAA+= FT=de] © T Aoz YeWu
(p=0.001), =<1 dEde Hs)| AFAHAF

= 0.001). Y<Ld=F=0](upper facial height) H A= Z=Z203 =<l ¢ &
Ao 2 YERal(p = 0.001), f&EQlo] vs| AFAFAFRI] ¥ & A= 1
Ebth(p = 0.001). F3zol(n—ns) Hd A= S Ll vl AFA AT
do]l f & Ao UEFIL(p = 0.001), FIFAL {23 Ao]E HolX &%
k. ZYnl(al-al) B A= 522U < 0.01)7 F=2A(p < 0.05)°] o & #
o7 uehytar, dERIF Fo3 AolE Holx Frt. FrHAoUu| A4

(cranial length-breadth index)9} F7HZo]Eo]*x]4*(cranial length-height

r1r

o

index) Hi A= F=<, =0 L dE vl&) AFAIAFHY o & A
o2 YehgtHp = 0.001). F7/HUH]E=o] A 4=(cranial breadth-height index)
BAAE T5AF dEAgA Z o2 YERAL(p = 0.001), FHFALS AF
AGAFN B ¥ 2 Ao YeEgth(p = 0.001). A5 (nasal index) B+t
A, T=el % AN B & Ao yEsthp = 0.001).

A

rr

5

ik
)
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Table 21. Comparison of cranial measurements and indices among 4 male

samples

3)

Measurements and Jej u—dol) \ MongolZ) Chinese J apanese4)

indices Mean+£S.D. Mean Mean Mean

Maximum cranial length 100 177.94+5.1 105 182.5 76 180.8" 143  178.9
Maximum cranial breadth 100 149.7+5.2 102 149.1 75 139.7" 143 140.3"
Maximum height 73 142.0+4.7 103 132.3" 77 139.2" 143 138.1™

Bizygomatic breadth 100 140.2+4.3 86 142.1™ 75 134.3™ 144 132.9""

*EK *EK

Upper facial height 100 72.3+£4.3 75 77.2 63 76.2 144 70.7

Kk

Nasal height 100 56.4+2.8 97 56.3 76 55.1°° 143 52.0"

*Ek

Nasal breadth 1008, Ze 2518 5B 92 27 .4 75 25.7 144 25.0

*k *Ek

Length-Breadth index 100 84.2%+4.1 102 81.8 F 4l 143 78.5

Kk

*k k% *%k

Length-Height index 73 80.0x2.9 103 72.5 6" 47 .1 143 77.3

*k

Breadth-Height index 73 94.84+4.1 100 88.7" 75 100.0" 143 98.6

Kk

Kk

Nasal index 100 44.84+3.2 92 48.8" 75 46.9° 143 48.4

D present study, ?Shima(1941), ®Shima(1933) “Morita(1950)

S.D. ; standard deviation

x, %% gignificantly different at the 0.05 and 0.01 levels, respectively,

from the Jeju-do Koreans series(t-test)
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%

id

C T, A R Sl AFAAATR gl A Table 19, 219 T4
=4l (g-op), FAHANHH (eu—ew), FAAFHUFEOI(ba-b), F=EUIH]
(zy-zy), dL=Z5=o](upper facial height), F=o°](n-ns), I H](al-al), F
MZAo] 48] x4 (Cranial length-Breadth index), S70lZ4do]=o]x]4(cranial

length-height index), F7HUW]|so]X|4=(cranial breadth_height index), A

Z~(nasal index)E Hlnd&H o2 FFEAM(cluster analysis)stAtl. W dE
o] FAMES V2= v A7E agoE Fste] Fig., 59 ol FAAE
AT

(dendrogram)® X H3}A . T3y} A1 75, A3 AFAH
=]

Iu 2 =R aFeE

++++++H| ERARCHICAL CLUSTER AHALYS [ 5+ +++«

Dendrogram using Average Linkage {Between Groups)
Fescaled Distance Cluster Combine

C4&5E ] 5 10 15 20 25
Label MHum + ' . : .

Lo Y o e

Fig. 5 Group average clustering analysis.
1; Jeju—do males, 2; Korean males, 3; Mogol males, 4; Chinese males,

5; Japanese males
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3) AFAGAFE AAEA T FejFH

FAHZEGE AFH 1S wet A2 o aF 54& el o3 5
AL FAAFE dEhe, W] e Eeks A RE A" v (Stveart,

1979; Krogman and Iscan, 1986).

AFAGAFRANA YEl= JMEFNEATE FHHoR st 1 HEE

3189t} (Table 22,23,24,25,26,27,28,29,30,31).

2] A o] u] A 4= (length-breadth index)¢] WIXx: 7192 (Dolichocrany)d,
28] (Mesorany) s, 22w e (Brachycrany)®d, o2+ 2] (Hyperbrachycrany)

FollA AR vebsttr. 1w dAbel A 2.0%, ARl A= VEREA] ek

MY F L Y 14.0%¢ 13.0%, 2> de FY 42.0%, oFE>HEFE L

T 42.0%2F 45.0%9] WlE= YElga gy Wks FAZOR Fo3k Ao
HolA &3kth(Table 22).

H g] o]z o] A 4= (length-height index)?] WlE+ 3o g](Chamaecrany)3 ol

A A F  (Orthocrany) ¥ -2 2] (Hpysicrany) Bl A YEFRTH. &

2y 8Ee 9y 2.7%9 1.3%, 28I FY 97.3%9 98.7%2] HlE== yE

wow Je Hks FAHoR #Fo3 AolE Hol#| ekhrh(Table 23).

ofk O{N

il

-

2] H] 0] ] 4= (Breadth-height index)9] WlE= ooz (Tapeinocrany)
d, M Metricrany) @3 =292 (Acrocrany) oA A5 vEpgt. @2
M2 T 30.1%9F 19.2%, S F S FY 41.1%9F 62.8%, FHHF LS
2 28.8%¢F 17.9%= UERow "o Rk FAXOR {Fo% XolE H
141 % %TH(Table 24).

o

= 0| 9=(mean basion-height index)9] WIE+= F2m g (Low skull)d,

2l (Medium skul)®, &l (Hight skul)FA A5 Vepgtt, v
W2 HJAl A YEA] edgkar, of&pellA 1.3%0lt. T E S HY

38.4%2}F 44.9%, =2>HEld S FY 61.6%9}F 53.8%= UERo™ T WLEE
FAAOE fFo|g AolE HolA| gkt (Table 25).

Hulebd o] A 9= (mean porion-height index)®] HWE+xE Hewd(Low
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e (Medium skull) @3 F-&m 2] (Hight skull)3 ol
Hqo Py 28.38%9F 17.9%, 2w P Py 71.2%9F
82.1%= YEton Jyo] HxE SAHoR Fodt AolE Holx gkoktt
(Table 26).

wm
2
=
oft
2
>
g0
4%
i:l
oﬂ O{N
o)

ol gl i g] A 4= (frontoparietal index)e] WIEiE F-&o]nb(Stenometopic)
g, F7rolnl(Metriometopic) & ¥ 20wl (Eurymetopic) 3ol A AF YEltT}.
colmtg e i 77.0%, FrolwhE e 19.0%9F 20.0%, W-eolntE-S 4.%9%
3.0%% UEtstom Wi Wik FAAMCRE {Fo% AolE HolA fdtt
(Table 27).

i\

AALD=A](total facial index)®] HWIE+= YA = (Hypereuryprosopy)d, 4
A= (Euryprosopy) &, &1t = (Mesoprosopy)d, A= (Leptoprosopy)d, #&
=Y = (Hyperleptoprosopy) @ellA A5 vetwtr., #HyEd=d2 H4 1.0%,
H2d=dS ¥4 10.0%, sE=FS ¥4 35.099F 37.0%, F2Ed=FS
W 45.0%¢F 36.0%, #EFSL=FL FY 9.0%¢F 16.0%% eSO i wl
T AR Fo3 AolE HolA| kgt (Table 28).

A=A =(upper facial index)?] HlE+ #u->d = (Hypereuryeny)d, <
A= (Euryeny)d, FHdFZ(Meseny)d, FAF(Lepteny)d, HF2LZF
(Hyper lepteny) @ ol A 4 LR ol =d=d > FAkelA 2.0%, oAbl A

e kvt WedeEde P 29.0%9F 23.0%, FAEEIS Y
55.0%¢} 59.0%, Fod=FHLS J 14.0%} 17.0%, #HFE=FL Gl y
ERuA] ekokar oxbell A 1.0%% yUElton Wil Wik FAHoR foje
Apol & HolA hth(Table 29).
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= a A9 (orbital  index)9 WIEE Y& (Chamaeconchy) @
(Mesoconcy)®, F+=w (Hypsiconcy) @A AR Uepth, HwwdS @4
AN 1.4%, oAl A HeEtdA] Fskth. FheEdS Y 16.
TEEe W 82.2%9 89.7%= UEFon Wi NEE F
Apol& HolA gkth(Table 30).

FA]“(nasal index)®] W%+ F2F(leptorrhiny)d, TZr+(mesorrhiny)3
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, SF(platyrrhiny) @A AR Yedtr, 2332 Y4 83.0%2F 64.0%,
o 16.0%9F 28.0%, Ho= 1 1.0%9} 8.0%= YERron i e
EAA R F93F xo](p = 0.004)2 HFTH(Table 31).
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Table 22. Distribution cranial length-breadth type in Jeju-do population
unit: person(%)

Cranial range type

Dolichocrany Mesocrany Brachycrany Hyperbrachycrany

(X ~ 74.99) (75.00~79.99) (80.00~84.99) (85.00 ~ X)
Male(100) 2(2.0%) 14(14.0%) 42(42.0%) 42(42.0%)
Female(100) 0(0.0%) 13(13.0%) 42(42.0%) 45(45.0%)
Total(200) 2(1.0%) 27(13.5%) 84(42.0%) 87(43.5%)

Xz—test

Comparison between male and female not significant

Table 23. Distribution of cranial length-height type in Jeju-do population
unit: person(%)

Cranial range type(after Martin's 1928 divisions)

Chamaecrany Orthocrany Hypsicrany
(X ~ 69.99) (70.00~74.99) (75.00 ~ X)
Male(73) 0.0% 2(2.7%) 71(97.3%)
Female(78) 0.0% 1(1.3%) 77(98.7%)
Total(151) 0.0% 3(2.0%) 148(98.0%)

Xz—test

Comparison between male and female not significant
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Table 24. Distribution of cranial breadth-height type in Jeju-do
population

unit: person(%)

Cranial range type(after Martin's 1928 divisions)

Tapeinocrany Metricrany Acrocrany

(X ~ 91.99) (92.00~97.99) (98.00 ~ X)
Male(73) 22(30.1%) 30(41.1%) 21(28.8%)
Female(78) 15(19.2%) 49(62.8%) 14(17.9%)
Total (151) 37(24.5%) 79(52.3%) 35(23.2%)

Xz—test

Comparison between male and female not significant

Table 25. Distribution of mean basion-height type in Jeju-do population

unit: person(%)

Cranial range type(after Stewart's 1965 divisions)

Low skull Medium skull Hight skull

(X ~ 78.99) (79.00~85.99) (86.00 ~ X)
Male(73) 0(0%) 28(38.4%) 47(61.6%)
Female(78) 1(1.3%) 35(44.9%) 42(53.8%)
Total (151) 1(0.7%) 63(41.7%) 89(57.6%)

Xz—test

Comparison between male and female not significant
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Table 26. Distribution of mean porion-height type in Jeju-do population

unit: person(%)

Cranial range type(after Stewart's 1965 divisions)

Low skull Medium skull Hight skull

(X ~ 66.99) (67.00~71.99) (72.00 ~ X)
Male(73) 0(0%) 21(28.8%) 52(71.2%)
Female(78) 0(0%) 14(17.9%) 64(82.1%)
Total(151) 0(0%) 35(23.2%) 116(76.8%)

Xz—test

Comparison between male and female not significant

Table 27. Distribution of fronto-parietal type in Jeju-do population

unit: person(%)

Cranial range type

Stenometopic Metriometopic Eurymetopic

(X ~ 65.99) (66.00~69.99) (70.00 ~ X)
Male(100) 77(77.0%) 19(19.0%) 4(4.0%)
female(100) 77(77.0%) 20(20.0%) 3(3.0%)
Total (200) 154(77.0%) 39(19.5%) 7(3.5%)

X2—test

Comparison between male and female not significant
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Table 28. Distribution total facial type in Jeju-do population

unit: person(%)

Total facial range type

Hypereury Eury Meso Lepto Hyperlepto
(X ~79.99) (80.00~84.99) (85.00~89.99) (90.00~94.99) (95.00 ~ X)

Male(100) 1(1.0%) 10(10.0%)  35(35.0%)  45(45.0%) 9(9.0%)
Female(100)  1(1.0%) 10(10.0%)  37(37.0%)  36(36.0%) 16(16.0%)

Total(200) 2(1.0%) 20(10.0%)  72(36.0%)  81(40.5%) 25(12.5%)

X2—test
Comparison between male and female not significant

Hypereury; Hypereuryprosopy, Eury; Euryprosopy, Meso; Mesoprosopy

Lepto; Leptoprosopy, Hyperlept; Hyperleptoprosopy

Table 29. Distribution upper facial type in Jeju-do population

unit: person(%)

Upper facial range type(after Martin's 1928 divisions)

Hypereury Euryeny Meseny Lepteny  Hyperlepteny
(X ~ 44.99) (45.00~49.99) (50.00~54.99) (55.00~59.99) (60.00 ~ X)
Male(100) 2(2.0%) 29(29.0%) 55(55.0%) 14(14.0%) 0(0%)

Female(100) 0(0%) 23(23.0%)  59(59.0%) 17(17.0%) 1(1.0%)

Total(200) 2(1.0%) 52(26.0%)  114(57.0%)  31(15.5%) 1(0.5%)

X2—test
Comparison between male and female not significant

Hypereury; Hypereuryeny
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Table 30. Distribution of orbital type in Jeju-do population

unit: person(%)

Orbital range type

Chamaeconchy Mesoconchy Hypsiconchy

(X ~ 82.99) (83.00~89.99) (90.00 ~ X)
Male(73) 1(1.4%) 12(16.4%) 60(82.2%)
Female(78) 0(0%) 8(10.3%) 70(89.7%)
Total(151) 1(0.7%) 20(13.2%) 130(86.1%)

By x’~test

Comparison between male and female not significant

Table 31. Distribution of nasal type in Jeju-do population

unit: person(%)

Nasal range type

Leptorrhiny Mesorrhiny Platyrrhiny

(X ~ 47.99) (48.00~52.99) (53.00 ~ X)
Male(100) 83(83.0%) 16(16.0%) 1(1.0%)
Female(100) 64(64.0%) 28(28.0%) 8(8.0%)
Total(200) 147(73.5%) 44(22.0%) 9(4.5%)

X2—test

p-value 0.004



HUE SRSk, ARE FAS NSt EAS FES] g =
AFstolu} Helst Fofola mwg- Fodk dojy, old At QLYHREH B
2 AlFEo] o] AlgH o] $kth(Han, 1996; Koh, 1999:; Hah et al., 1995;
Park et al., 2000; Choi et al., 2001; Koh et al., 2001; Hu et al., 2000).
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92%, FN=3 Zuhwzl o] lom 98%= W a1dk Wl ThH(Krogman and Iscan,
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@ pAe] Rast Awrow e FuE APAE TAAFE Fe
el dolun A4S wavl, % L WHL Aol ) FE ol

al
sto] Hlugtt. wEdojun|Age Ay FHoA welE BEete] YEue
Hej =M A= 74.99 o]et= 712 (Dolichocrany)®d, A 4= 75.00 ~ 79.99+ %
7t 2] (Mesocrany)d, A5 80.00 ~ 84.99%= #Zrow o] (Brachycrany)d, A
85.00 o] ##-S 2] (Hyperbrachycrany) @ o & &3t} 3kar Al dfy-
e |qH7F @2 g (Brachycrany) § o= W= 62.5%0% 24 vt

i

(Stewart, 1979; Krogman and Iscan, 1986; Han et al., 1995; Choi et al.,
2001; Park, 2004). Lyt AFAAAFTRE] FAHREH = FAbA 2.067F 1
ggola oztelA e dEbA okt M FE S P 14.0%9F 13.0%% %
AbEAAL, FevedS dy 42.0%, wiESHEES HY 42.0%9F 45.0%=
Uelstow Jie] Hiks AR ok xelE HolA] @it mEdol
UuAlsz Boks W WS EXPH= |92 ofzE]7hx| Aol d
g wExFolglal, T E = 1=djAlo}p, He]d, B = (Chung
and Han, 1998), EolAlo} = YZ(Han, et al., 1995)A YEhdtia B 9o
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oj9} 7 AuoA B uwj AFAIAFTY FAHH EXS B ZE FEjolA
ey, 2 3@ (18.5%), @S] F42.0%) B ovl-a-EF (43.5%) &
= ARAE doka B gl

H g Zol5 = wgdolet Folof HE FHeA wEs #HSIUS o
Uehtes 2] del& A<= 69.99 o]atE & (Chamaecrany)d, A5 70.00 ~
74.99+= 7 2] (Orthocrany)d, A4 75.00 °o]42 H=2w g (Hpysicrany)®d S
2 PRI AFAGATY e $ede Py ZFoA fida, $3¢
dde J9 2.7%9F 1.3%, = ede Jq 97.3%2F 98.7%% e o o
o] NIk BAFOR {23 Ao]E Holx] At FaloA vy

% HalEwl dvk(Park, 2004). WEAolzolAa= =, =+

HH‘

o © &

r]I
H
ol
©
w

H

o
1l

_49_



R AN FeHgEs FEddAe WA ES Hol Zolrt ddH
(Han et al., 1996; Takenaka, 1994; Shima, 1941). A|FAFAFTe] A9 &
=, T8l B dEQloA HolA ¥+ FHHFE L T 2.0%= HEFRT.
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MY E(13.5%) 3 =l B FEleA Hole Faw P (42.0%), &
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