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Table 1. Sex and age distribution of the sample in this study.

Age categories

Sex Total
20-35 yrs 36-50 yrs 51 yrs or older
Males 7 15 9 31
Females 13 10 3 26
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Fig. 1. Three-dimentional landmarks adapted from Weisensee and Jantz (2011) [21] and Bigoni et al. (2013) [22]. 1, staurion; 2, alare; 3,
asterion; 4, basion; 5, bregma; 6, dacryon; 7, ectoconchion; 8, eurion; 9, frontomalare anterior; 10, frontomalare temporal; 11, lateral fora-
men magnum; 12, glabella; 13, lambda; 14, mastoideale; 15, nasion; 16, nasale superius; 17, inferior nasal border; 18, opisthocranion; 19,
opisthion; 20, porion; 21, prosthion; 22, stenion; 23, zygomaxilare; 24, zygoorbitale; 25, frontotemporale; 26, supraconchion; 27, medial

foramen spinosum.
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Table 2. Percentage of variance of PC (principal component) and cumulative percentages.

Males Females

PC % of variance Cumulative % % of variance Cumulative %
1 17.742 17.742 16.572 16.572
2 11.461 29.203 13.05 29.622
3 11.261 40.464 12.213 41.835
4 8.489 48.953 8.638 50.472
5 6.598 55.551 6.352 56.824
6 5.695 61.246 6.038 62.861
7 4.629 65.875 5.059 67.921
8 4.548 70.423 4.81 72.731
9 3.968 74.391 3.884 76.615
10 3.53 77.921 3.573 80.188
11 3.242 81.163 2.797 82.985
12 2.96 84.123 2.708 85.693
13 2.173 86.296 2.672 88.366
14 1.894 88.19 2.136 90.501
15 1.692 89.882 1.713 92.214
16 1.44 91.322 1.539 93.754
17 1.333 92.655 1.172 94.925
18 1.134 93.789 1.067 95.992
19 1.041 94.83 0.941 96.933
20 0.975 95.805 0.842 97.775
21 0.715 96.52 0.678 98.453
22 0.643 97.164 0.51 98.963
23 0.548 97.711 0.487 99.45
24 0.499 98.211 0.315 99.766
25 0.433 98.644 0.234 100

26 0.338 98.982

27 0.335 99.317

28 0.251 99.569

29 0.235 99.804

30 0.196 100

(A) (B)

Fig. 2. Superimposition of cranial shapes in females with PC1. (A) Lateral view. (B) Superior view. (C) Anterior view. The red lines show
shape changes of crania with increase of PC1 score. The bluish green lines are the average shape of crania of males.
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Fig. 3. Comparative shapes of crania of females with PC1. (A) Lateral view. (B) Superior view. (C) Anterior view. Black arrows indicate

the degree of variations.
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o} (Figs. 3 and 5). o] & ZgFe] A Adelrt vepd
4 & stz W geolo] WM FelMx= Hw
HiE gole] WsE & 4 A S 94 A= #E
W o] (A=)t HEE o HEwnie &
o] (A7A) = 7 Wglelslr] el me
Wl ol F= NAS e Aol e
G $H26,27]. AFEANME ANAL et
F2 7Sl wMnlg o)zt Fobx| L, AiAle 4

FAE7F EA - Sl wEwule zo]rt vho}
Aty BuEgict wEtA oyl Ao A}E H,
ZAAN Agke] A& A 2F o FAtefel] = x}el 7}
DDA FA F el = ol Ax zlo|7} AL 7}
SAe] ek g 71Ee] skl wEw e st
AT-5L vEw Eol7} Wdle F83F o]f7t wEw
ol wEm 9w Fof] o] i3} FAF Sl
2 HEs] grEWA Z3) AN oWl AT AdE
B, mEw Fol7l wobd u wE|wolfH R H
2w )m o] Wy} o 7] wEel o ke FA
2w 2] izo] W3l F2 wEwome] M3} oo
Aty & 5 gloh

ko ®, mewe] o] Bl vu)r} Mzt of e
upet dFwe] Zol7t Wah= efitell Zhol7t slddet H
2w o] o]z} gropx] 3 vu|7} Heold o) FAe] d=
W= ZojX|X|ut oA o] o Zm= ol o) (Figs. 3 and



Fig. 4. Superimposition of cranial shapes in males with PC1. (A) Lateral view. (B) Superior view. (C) Anterior view. The red lines show
shape changes of crania with increase of PC1 score. The bluish green lines are the average shape of crania of males.
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Fig. 5. Comparative shapes of crania of males with PC1. (A) Lateral view. (B) Superior view. (C) Anterior view. Black arrows indicate the

degree of variations.
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Abstract : Traditional morphometrics uses ratios between measured values such as the cranial index and the
upper facial index. However, with these ratios alone, it is impossible to represent the shape of the entire cranium
in a three-dimensional space because ratio does not express coordinate data. This methodological limitation of
traditional morphometrics makes it difficult to evaluate relations between cranial parts. However, it is important
to assess relations between cranial parts because cranial parts change their shapes in an integrated way. Therefore,
this study adopted geometric morphometrics to overcome the limitations of traditional morphometrics and provide
a more enhanced visual analysis of the cranial shape. Using geometric morphometrics, this study focused on
variations of cranial shapes in a population from Joseon Dynasty to obtain their specific characteristics.

This study investigated variations of cranial shapes in 57 individuals from Seoul - Gyeonggi province who lived
in the 15" to the early 20" centuries. The coordinates of the crania were collected by MicroScribe G2X (Immersion
Corporation, USA) and statistically analyzed using principal component analysis.

The results showed that the variations in cranial shapes of females were reflected mostly in width, length of
cranium, position of bregma, shape of posterior part of cranium, and length of facial bone. The cranial shapes of
the males varied mostly in length, width, height of cranium, size of mastoid process, and length of facial bones.
The cranial length became shorter when the cranial width became broader in both sexes. However, cranial height
and facial length showed different variations between the two sexes. In addition, the variation in females only
showed evidence of static allometry.

The results of this research provide basic information about cranial shapes in a population from Joseon Dynasty
and will be useful in future studies such as analysis on between-group differences. By identifying within-group
variations first, researchers focusing on between-group differences will likely avoid erroneous conclusions.
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