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Fig. 1. Location of skeletal groups in this study. A: Goyang; B
Eunpyeong; C: Paju; D: Anseong.

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

Sex
Age categories Total
Male Female
21-35yrs 12 18 30
36-50 yrs 17 17 34
Older than 51 yrs 9 3 12
Total 38 38 76
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Fig. 2. Landmarks used in this study. 1: supraconchion; 2: fron-
tomalareorbitale; 3: ectoconchion; 4: zygoorbitale; 5: dacryon; 6:
nasion; 7: infranasion; 8: alare; 9: nariale.
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NEA @< WA HHEst= o] YustE ZEI8A
H|2 £ 4 (generalized Procrustes analysis)©]® o] I} o]
d=7E & 72 fAIEY A (Procrustes distance)= 1E
o] Fe Ao|E wtF3tth[24]. 7]51eHA FHAS TS ©]
|3 F9 v A 242 guisty Z2IFAHA B4
o] &=F Fo =&H«= ¢ Bt FEH I FEHY
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B2

A
T
bl
o
i

2 Al4be #Ze7F e A JEfd o (Fig. 3004 3
Aol vlsiA =81 3 ASH S A3 (Fig. 304 4
24 Aol oBA UEFEAE Yulgith & Ha A
F12 A5E =89 ¢ HA P AnEd 8
Z o] 9FET #e Yu|7t ¢ Yoh(Fig. 3). o] 23t
w2 HH] ZJol= ¢FE F (dacryon)©| obd 7HE HE
(ectoconchion; frontomalareorbitale)2] ©]Fo) 2|3} A
Pt 222 =39] 712 H (ectoconchion; frontomalare-
orbitale) 5> &HsH -9 A FEj (Fig. 3914 A A)
off ¥la§A 7} (lateral) 3 $1%: (superior) 22 2-¢-A 313
otk 9 AF =89 715 A (ectoconchion; frontomala-
reorbitale) 52 QF& (medial)d} o} (inferior) &2 X9
A At #Fe w2 kE X (dacryon)Z ZH2b 9%

Right side Left side

Fig. 3. Shape variations in orbit and nasal region according to par-
tial least square (PLS) 1 scores. Black lines represent shape varia-
tions as PLS1 scores increases. Gray lines show perfect symmetry
of shape in the specimens.
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WFore A et o] FAE 71E AFolA=
hotE]z] XE FEoltt IdY w3 # BE 0 EX
o] &K o F FHE M AFL AAAT =29
ASHES T2 L%, 79 ASHES FE 9dFo=
A¢A ol =8 39 ¢ v FFS A2 g
o E =8 29 #Fe viiA o L A=e AR F
AR Fodt Af TAE EHHp<0.0D). AH A
A 0.828 A4 AAHA HAE R O™ (Fig. 4) ol= 5
w2 ASHEC] LEZLE 7 °ﬁl 91%—’?—5 o] A

52 Q&0 7 A= dAS St}
715tetd P AST e EMH v/ﬂ] o A
Gol A= 2AAY Al HekoA vehd 2-¢ H]
FE FAHA w8} 2 2F 2 EF0] AFHT H
2 ﬁ]i A2 7] AATH13). AT FA F+HA
¥

n.u..

X
ﬂanﬂ

AN AR g9 08% w3 Solt o &

F2 noic A SH AEH Yo 40
of FAl §70) Algtw AeE} £oho] He ugy of
o AR UEAE m0) 29 uithA ool ozt
zol7k glgich. o] WHEANA T 9% AEE X
erol SANET ollE HEE X9 Wape] vy
2 bPEHiEP A FEI5 SN A el
5 o Y P T Ul
5 U & vt
A ujzo] fARE AT B} g 4 9t

AR o 4&1 Eds ge
A8 %

[

%

7129 Al G A Yol i ATl &2
o YulE e8%o] gzuTt AR Fo3A W
222 ot A% s dAT FHATH2.16]. 2A
AT A A E 0.2% £ake) Yult #92 o
21 Fejan ol G Aol Eol7t obd vu] Aol 2
AT stolsich £ Ak 205 g el e
249 wTh AT SASA Uebeth A R Abg

L ﬂ‘ﬂ'oﬂ/ﬂ% —1:’—7]‘/\] (nasal spine)oll A ZRA Q] 714
74 A (alare)7HA] o] AISA|7F FAH LR {54 = &
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=w e Bolo] 23] 7l = G AEY A U3
ofeps] Yokg | S S of sk WA 4
BE A 2ol 2451 Y dgolenel
A5olekn % 4 o3, A% Fol, 4HOE o 7
2 8418 290 dels 2zloma 44 o
A A7t 9 Az A4S A3 JdEY ZTH13]. A
o 22 9E PO WY BEL sted A7) B
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t}H35-37]. o] gt A5 18shd 7}E A (ectoconchion)
of oJaf WAy =& Yn| ] - Zpo| A5t AEF A
o Beiol YL 4 U £ 1Y 1% 5L B
Hof Q3 o] B 7|E L (masseter muscle)o] EE o

ot sy AEdAE M W] GRo|th32,33].
Soll A A2 ofoby AE2 slo] §UH LUK
93} 29 B9 vl S vHS % ALH29,30]
o7 7] ol Hokst fofeldE A2 elmle] 25
vl o] A0 ™ [29] FALO| W (nasal septum)e] TH
(deviation)¥} =% ] O] 29 vt of] oA 7} EAHF
7] W Zolth[30]. T3 of 2] A H o] Atgtw HSoA
g QX0 A7 dE2EY ¢ W A= f4A ¢
e vrgste A%Y 4 Aoh(2,12,16,38,39]. H W=
3 A o2 #eleh(basicranium), W S 7 # (vault), =1
2] (facial skeleton)2 FFEETE 1 Fof| A w 2jwajcta
H g mE HE HEst 2 Fol= oy A G 2 &
T Y= T2 9TE gtk 71E AFSolA HEwEe
7w A FHASTH 33kl AT
ojm|A|of| A T 2o H|thA Y] FEE HA=dl o=
9] ¢ B A BHYst= A= A = ITH[16.4041].
dImEm = =Y FHe v S APH o wgsiA=
Okx)ut A At AJ of| A oFm 2] W & (anterior cranial fossa),
OIU]-H\ﬂ (frontal bone), UH| W (sphenoid bone), 57HH 2]
£ (middle cranial fossa) 5 W wugy HIGHE
°]-Er~t ofg| RS A AERTH[542]. 53] i H

FEOIA UEhs 2 Bii A2 ool 2] FEo

FEF= A ¢ AUtk =29 AHo] ojupmo|al ojubwr}
S Q-5 o] dRo|7] wEolt}, ojulY (frontal lobe)
2 QEZo|] ARHEY v F Aol 7] "ol [40.41]
1310] olHo] oulmli oadt AL HFEE & Q)
oA At E A9 AR AEef Aglo] ofubm g

9 Bt o] Hjd £EoE YA 13]. I
2EG 20| Frel & Amglo] EAsHE ojupm o] o
H L ojutg ] e S vhgsts AeRE =3
o otk mebA] 7] ol gt g5ty AEF A
AR olupg ] e ujtfA o 94?} ojutmw o} {=2}ko]
< vt o] FAH ] & 7HeA = 1 sof gt

o, 79 He v Fi % SLAFo| W (nasal sep-
tum)7} 9]0 (deviated) oW Fw| ofARZ O
vt o] o & Ao & YErgth[30]. ZAto W gt 2
W ol REO] e uthA 7k AIIALE FAfo|w s}
FH wWEo] Yot o $4H 2 Bz 4TS 3]
fEL = ATH30]. oH AFoME Imw ofHE ]
o vt A o] AREETE B Fch(Fig. 3). 3R 2w of
HAREL g3t vi2 dgy] g 958 AEH AT}

W ofgiE o] 29 U] A FF= WAL

+ glehs).

o] ALY ANE T AN A Ao L2ty
29 9 HY L AFwo] obdl 7HEY AZHE 9
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Hom s 2 5 2910 Ze wthy P o] B
SUBAPF ehth o] G704 9D otk 29 5
S uThY PR AT A T A B A
B YL A A eed ol 8

2 A2 BR5H Weol7] wlme] tehd 23 4 9l
D}.T S910A] B9 HlthHo] WA ol g2t LI
o) S doba 2Ed A0 fHE 222 Au R
ohF B ooty smdac gAA R W &
AR 2 R4} A Ao $8] S et 53

2919 JFL o 27 W 4 Urky 2ASG FF
Bl west 9] 34 vlho] tehit €% o 3

sk5}7) mobsly] SslAL ShibE u) choket Ao g
o WSS o] 88 A7} o ZojHok & Zoleh13].
ZAel 2

o] A5 s, B71=olM SEH A Al 3



10.

11.

13.

REFERENCES

. Takenake M. Morphological traits of crania in modern

Kyongsangnam-do Koreans. Acta Anat Nippon. 1994; 69:
645-60.

.Koh KS, Hwang YI, Shon HJ, Han SH, Paik DJ, Kim HJ,

et al. Re-evaluation of the orbital dimensions in modern
Korean adult skulls. Korean J Phys Anthropol. 1995; 8:
195-204. Korean.

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

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

.Koh KS, Shon HJ, Rhee EK, Park SJ, Kim HJ, Han SH, et

al. Anthropological study on the facial flatness of Korean
from the historic to the modern period. Korean J Phys An-
thropol. 1999; 12:211-21. Korean.

.Lieberman DE. The evolution of the human head. Cam-

bridge: The Belknap Press of Harvard University Press;
2012.

. von Cramon-Taubadel N. Evolutionary insights into global

patterns of human cranial diversity: population history, cli-
matic and dietary effects. J Anthropol Sci. 2014; 92:43-77.

. Woo TL, Morant GM. A biometric study of the “flatness”

of the facial skeleton in man. Biometrika. 1934; 26:196-
250.

. Krogman WM, Iscan MY. The human skeleton in forensic

medicine. Illinois: Charles Tomas Publisher; 1986.

. Steegmann AR. A study of relationships between facial

cold response and some variables of facial morphology.
Am J Phys Anthropol. 1965; 23:355-62.

Paschetta C, de Azevedo S, Castillo L, Martinez-Abadias
N, Hernandez M, Lieberman DE, et al. The influence of
masticatory loading on craniofacial morphology: a test case
across technological transitions in the Ohio valley. Am J
Phys Anthropol. 2010; 141: 297-314.

Novack ML, Harvati K, Spoor F. Climate-related variation
of the human nasal cavity. Am J Phys Anthropol. 2011; 145:
599-614.

. Quinto-Sanchez M, Adhikari K, Acuna-Alonzo V, Cintas C,

de Cerqueira CCS, Ramallo V, et al. Facial Asymmetry and
Genetic Ancestry in Latin American Admixed Populations.
Am J Phys Anthropol. 2015; 157:58-70.

Bigoni L, Krajicek V, Sladek V, Veleminsky P, Veleminska
J. Skull shape asymmetry and the socioeconomic structure

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Elnt FO| £ HICHE 2

141

Hr

of an early Medieval central European society. Am J Phys
Anthropol. 2013; 150:349-64.

. Gangestad SW, Thornhill R, Yeo RA. Facial Attractiveness,

Developmental Stability, and Fluctuating Asymmetry. Ethol
Sociobiol. 1994; 15:73-85.

Swaddle JP, Cuthill IC. Asymmetry and human facial at-
tractiveness: symmetry may not always be beautiful. Proc
R Soc Lond B. 1995; 261:111-6.

Kim YS, Chung MS, Park DK, Song WC, Koh KS. Asym-
metric study on the Korean skull using bilateral measure-
ments. Korean J Phys Anthropol. 2000; 13:271-9. Korean.
von Cramon-Taubadel N, Frazier BC, Lahr MM. The Prob-
lem of Assessing Landmark Error in Geometric Morpho-
metrics: Theory, Methods, and Modifications. Am J Phys
Anthropol. 2007; 134:24-35.

Central Institute of Cultural Heritage. A report on the ex-
cavation of Jingwan-dong, Eunpyeong-gu, Seoul; 2009.
Korean.

Gyeonggi Cultural Properties Institute. A report on the ex-
cavation of Manjeong-ri, Anseong; 2009. Korean.

Institute of Korean Prehistory. A report on the excavation
of Unjeong site, Paju; 2012. Korean.

Institute of Korean Prehistory. A report on the excavation
of Sinwon-dong - Wonheung-dong site, Goyang; 2011. Ko-
rean.

Richtsmeier JT, Deleon VB, Lele SR. The promise of geo-
metric morphometrics. Yearb Phys Anthropol. 2002; 45:63-
91.

Slice DE. Geometric morphometrics. Annu Rev Anthropol.
2007; 36:261-81.

Zelditch ML, Swiderske DL, Sheets HD. Geometric mor-
phometrics for biologists: a primer, 2" ed. Oxford: Elsevier
Academic Press; 2012.

von Cramon-Taubadel N. The relative efficacy of function-
al and developmental cranial modules for reconstructing
global human population history. Am J Phys Anthropol.
2011; 146:83-98.

Van Valen L. A study of fluctuating asymmetry. Evolution.
1962; 16:125-42.

Good P. Permutation tests: a practical guide to resampling
methods for testing hypotheses. New York: Springer; 2000.
Klingenberg CP. Morphol: an integrated software package
for geometric morphometrics. Mol Ecol Resour. 2011;
11:353-7.

Rossi M, Ribeiro E, Smith R. Craniofacial asymmetry in
development: an anatomical study. Angle Orthod. 2003;
73:381-5.

Hartman C, Holton N, Miller S, Yokley T, Marshall S, Sri-
nivasan S, et al. Nasal septal deviation and facial skeletal
asymmetries. Anat Rec. 2016; 299:295-306.



142

31.

32.

33.

34.

35.

36.

37.

Mol

oo HiA
<, 27, 8teg

L

Ruff CB, Holt B, Trinkaus E. Who’s afraid of the big bad
Wolff?: “Wolff’s Law” and bone functional adaptation. Am
J Phys Anthropol. 2006; 129:484-98.

Ingervall B, Helkimo E. Masticatory muscle force and fa-
cial morphology in man. Arch Oral Biol. 1978; 23:203-6.
Raadsheer MC, Kiliaridis S, Van Eijden TMGJ, Van Ginkel
FC, Prahl-Andersen B. Masseter muscle thickness in grow-
ing individuals and its relation to facial morphology. Arch
Oral Biol. 1996; 41:323-32.

Moreira RS, Sgrott EA, Stuker H, Alonso LG, Smith RL.
Palatal asymmetry during development: an anatomical
study. Clin Anat. 2008; 21:398-404.

Gomes SGF, Custodio W, Faot F, Cury AADB, Garcia
RCMR. Chewing side, bite force symmetry, and occlusal
contact area of subjects with different facial vertical pat-
terns. Braz Oral Res. 2011; 25:446-52.

Nissan J, Gross MD, Shifman A, Tzadok L, Assif D. Chew-
ing side preference as a type of hemispheric laterality. J
Oral Rehabil. 2004; 31:412-6.

Martinez-Gomis J, Lujan-Climent M, Palau S, Bizar J,

38.

39.

40.

41.

42

Salsench J, Peraire M. Relationship between chewing side
preference and handedness and lateral asymmetry of pe-
ripheral factors. Arch Oral Biol. 2009; 54:101-7.

Woo TL. On the asymmetry of the human skull. Biometri-
ka. 1931; 22:324-52.

Shah SM, Joshi MR. An assessment of asymmetry in the
normal craniofacial complex. Angle Orthod. 1978; 48:141-
8.

Good CD, Johnsrude I, Ashburner J, Henson RNA, Friston
KJ, Frackowiak RSJ. Cerebral asymmetry and the effects
of sex and handedness on brain structure: a voxel-based
morphometric analysis of 465 normal adult human brains.
Neuro Image. 2001; 14:685-700.

Balzeau A, Gilissen E, Grimaud-Hervé D. Shared pattern
of endocranial shape asymmetries among great apes, ana-
tomically modern humans, and fossil Hominins. PlosOne
2012; 7:€29581.

.Enlow DH, Hans MG. Essentials of facial growth. Phila-

delphia: Saunders Company; 1996.



Hr
Jor
=)
]
1o
B
40
=
=)
ot
02
0z
=
w

A Study of Bilateral Asymmetry Pattern in the Eye Orbit and Nose of
the Joseon Dynasty Skeletal Group Using Geometric Morphometrics

Hyunwoo Jung', Eun Jin Woo?, Sunyoung Pak’

1Departmemf of Anthropology, University at Buffalo, SUNY, USA

*Division in Anatomy & Developmental Biology, Department of Oral Biology, BK21 PLUS Project, Yonsei University College
of Dentistry

3Bioam‘hropology Lab, Department of Anthropology, College of Social Sciences, Seoul National University

Abstract : In this study, the pattern of bilateral asymmetry in the eye orbit and nose of the Joseon Dynasty
skeletal group was analyzed using geometric morphometrics. For this, 38 adult males and 38 adult females from
the Joseon Dynasty skeletal group belonging to the 15" to early 20™ centuries were examined. For geometric
morphometric analysis, Procrustes superimposition was performed on 10 landmarks in both eye orbits and 7 nasal
landmarks. The data were analyzed by multivariate analysis of variance with partial least square scores.

In results, the lateral landmarks had more impact on the bilateral asymmetry in the eye orbit and nose than the
center landmarks. The eye orbit and nose on the right side of the face seemed bigger than those of the left side,
while the direction of asymmetry in the eye orbit and nose was different. The correlation between asymmetry
patterns in the eye orbit and nose were statistically significant (p <0.01). The results of this study will be useful
for examining causes of bilateral asymmetry in the eye orbits and noses of the Korean population.

Keywords : Eye orbit, nose, Bilateral asymmetry, Joseon Dynasty, Geometric morphometrics

Correspondence to : Sunyoung Pak (Department of Anthropology, College of Social Sciences, Seoul National University)
E-mail : suny@snu.ac.kr



