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T2, MY, 0|9, dY 7 ST, HHds
o] gl 58 A4S AFE DS (computed
tomography) &t ¢dAtolm, o] ¢l A JH wE T
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TFoAME AJAE 1.25mm HH oz S2odsgA|nt
E Aol o]45 HAE :E]Ql [4] Hlo]Eju| o] A o]
Hoh AYEt 1.0mm 7HE oz w3 eds)e]r] uf o
Hx" Zeled do|Eu| o] oA 3oz ATFAH
WE ASss A2 oS AYsid

o] AT dARE AXE HFEHAZHGI] T
g 3xk9] ARl HAY Zelqd H olEu o]
oAl 3w (atlas)E F-H33te] AST Aoz, A
S Y AP d7EH3]1E Hes o=
A HA"E =zl "ol o] art AAJFTA AT
o =gl d & dAF Il A dANA &
4 75t At =5E 5 JEAE detEe Ao
A2 HH ol

ME U o

Iz

Ve st 7HEE gl R Aol A ek Sl
+ dAd Zed HolEu| o] 2 [4-6]1M FH3}HeE 31
2w 1007] (FAd 5170, A 497)E AT A8 =2 o4
stglom, Ao i el 50.74] Q04 HE 60A),
oA 2] Hrtoli= 53.74 Q7AIRE] 604k HFE
H5Eoo A A A AE-2 DICOMo|gt Eafatz
235 234 oJAkeld], v]= A (Mimics, Version 13.0,
Materialise NV, Belgium)2l= A58 Z2 T8o|A] 23}
A o3k 3xdom A FAEl] AFAE 3R] 3 Ak
AN Tlwlol 9g e T stesc

B o Fo| A= Simulation moduleg z+&E uw]Zl A
o] &3te] M E A, ASTEE o)A o

A7k vheme A% F5e 32 sholeh(s) AA

=4

up2wo| M= A PEHEA N 3A ez AR A
oAM= AEst AAE & 4 gl W-dH dHist A
2.2 A 9)s)li}. Simulation moduledl| = AFA7)
oz ASHH ASAES AHolst FHE 4 Se 7
ol et AFARs v A Z2 TedA 2745 3%}
A s A8 Axz FA S ASSEEL] ARG
E4 zbo} 3x1] 3AF 9ol mAIEFA AL, AR I 4
o] EAFW AFoz AZzhe] FA T n|u oA
Aot ASAHL 38N, F W] ASA Abelal 1974
=-S5 A=slglen, 7 38719 A=A (Fig. D} 197)
o] AZ35 (Fig. 2)2 o3 2ot

1. A|Z& (Point on 3D data)

PO1) #|F 2 E7] (d=)e] 71Z&4 (Lateral point of supe-
rior articular process, Left)

P02) 9] #AHE7] (LE%)9] 7}Z4 (Lateral point of supe-
rior articular process, Right)

P03) o}g] 4™ (212)2] 2H4 (Anterior point of inferior
articular surface, Left)

P04) o}z 4™ (Z)2] ¥4 (Posterior point of inferior
articular surface, Left)

P05) o}l I ($15) 9] 1% (Medial point of inferior
articular surface, Left)

P06) o}e| ™ (=)2] 71=4 (Lateral point of inferior
articular surface, Left)

PO7) o}e} 4= (L2Z)2] <A (Anterior point of infe-
rior articular surface, Right)

P08) o}e] - (2. 2=)2] FA (Posterior point of infe-
rior articular surface, Right)

P09) ofzfj T (L. 2%)9] 9F&H (Medial point of infe-
rior articular surface, Right)

P10) o}efj T4 H (2222 7124 (Lateral point of infe-
rior articular surface, Right)

P11) o}gj T2 E7] (1Z)2] 7} (Lateral point of infe-
rior articular process, Left)

P12) o}] HE E7] (L E&)29] 7}=&4 (Lateral point of
inferior articular process, Right)

P13) kA o] 24 (Anterior point of anterior tubercle)

P14) 57274 2] %A (Posterior point of posterior tubercle)

P15) 7}=2E7] (1%)°] 7}&4 (Lateral point of transver-
se process, Left)

P16) 712 E7] (&2%)2] 7}Z4 (Lateral point of transv-
erse process, Right)

P17) ek312] 2] 9] (Superior point of anterior arch)

P18) 2ka12] 2] o} & (Inferior point of anterior arch)



Fig. 1. Captured images from Mimics simulation module. In these images, only a few examples of points were demonstrated. After the
points were marked by researcher, measurements were performed automatically by the Mimics stimulation module. Each numbered P was

explained at methods and materials. A. Inferior view of the Atlas, B. Superior view of the Atlas
ral mass, Left)
P26) 7}1&] o] (2. 22&)9] 7}A<4A (Innermost point of
lateral mass, Right)
P27) 7}&1] o] (21%)2] &34 (Projected point of lateral

2] A (Superior point of posterior arch)
o}2} A (Inferior point of posterior arch)
mass, Left)
P28) 712t o] (2-22)¢] =24 (Projected point of late-

P19) ¥ 312]2]

P20) ¥ 2] 9
P21) k]9

P22) ¥ 12] 9]

P23) k1] (%)) <¢F=EA (Medial point of anterior

9] ¢k (Medial point of anterior

%A (Posterior point of anterior arch)
S (Anterior point of posterior arch)
ral mass, Right)
P29) 71271 (1=)2] 2|3 (Superior point of transverse
foramen, Left)

arch, Left)
P24) okire] (& 8%

arch, Right)
P25) 7121 o] (%) 2] 71444 (Innermost point of late-
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Fig. 2. Captured images from Photoshop and Mimics simulation module. In these images, only a few examples of measurements were
demonstrated. Definition for each number was explained at table 1. A. Superior view of the Atlas B. Inferior view of the Atlas, C. Anterior

view of the Atlas D. Posterior view of the Atlas

P30) 7}2 79 (212)9] o} (Inferior point of transver-
se foramen, Left)

P31) 7}249 (2-2%)2] 9)A (Superior point of transver-
se foramen, Right)

P32) 71279 (2.22)9] oA (Inferior point of transver-
se foramen, Right)

P33) X|o}=7] 2 &-2] £1Z4] (lateral point of fovea dentis,
Left)

P34) X|o}E57] 2 Bo] ¢ 223 (lateral point of fovea den-
tis, Right)

P35) 7}& ] o] (212)2] 9] A (Superior point of lateral
mass, Left)

P36) 7} o] (21&)2] o} (Inferior point of lateral
mass, Left)

P37) 7}&d] o] (£.22=)2] A (Superior point of lateral
mass, Right)

P38) 7}&t] o] (& 2&)9] o}z A (Inferior point of lateral

mass, Right)

2. HI&8t= (Measurements)

1) 2|2 MHALO|Z=|CH7HE| (Maximum distance between
superior articular surface)

L9 225 FAR 9% 91wAn Abo] ]
72

< ASu POl A HREET] (D)9 7
Z7] (Lateral point of superior articular process, Left)
3 P02l AZHY ABEE) (222 A1
(Lateral point of superior articular process, Right)2]

712

2) Of2&H&04210] (2128) (Length of inferior articular
surface, Lt.)

Aol 1% oA Aol

< ASHY P03 ASA ] ol AR (F)e] &



7] (Anterior point of inferior articular surface, Left)¥} P04
W ASH ol (91%)2] ¥A (Posterior point
of inferior articular surface, Left)2] #2]

3) Ol BITH | (21
surface, Lt.)

e o] : 9% ol ) Fehuin)

o AlZulY P05 A=Al ol WAW ()9 oF
Z-7%] (Medial point of inferior articular surface, Left)
3} P06l A2 ofel A (A3)9) 715 (La-
teral point of inferior articular surface, Left)2] #2]

) (Width of inferior articular

4) Oz A HZO0| (22228) (Length of inferior articular
surface, Rt.)

- Ae] : 0 2% ol AL e el

o AlZu P07 A&l ol TAH (LE2F)9
24 (Anterior point of inferior articular surface, Right)
3+ Pogl AlSA <l ol (28%)2 FA (Po-
sterior point of inferior articular surface, Right)2] #

2]

5) OfZ A L4H| (RE25) (Width of inferior articular
surface, Rt.)

c o) 8% ok Hehiv)

« AZHhY P09 AlZFQl o™ (229
9FZ] (Medial point of inferior articular surface, Ri-
ght)z} P10 AZAQl o™ (L85 71
7 (Lateral point of inferior articular surface, Right)2]

712

6) OfZH&HA B ALO|=|CH7{2| (Maximum distance between
inferior articular surface)

cHe) ;0 8% ol AN A% o2 Aol
o] Hdj A=

«AZH P ASAHQ ol RAEEY] (95)9)
7}2#] (Lateral point of inferior articular process, Left)
3 P12¥l A ol BEEY) (289 A1
7] (Lateral point of inferior articular process, Right)

o] A=

7) 2|t Z0| (Length of Atlas)

« A o] 2w o] w2 o]

« AlSH P13 ASAQ] 2] P4 (Anterior
point of anterior tubercle)} P14¥ Al&H < 24
2] =4 (Posterior point of posterior tubercle)2] 2]

8) T12|8HL{H| (Width of Atlas)
- o) : mejwe] Fejn)
S AZ IS AR A2Er) (99 A1

X ez

o
ok

S5 ey 229
7] (Lateral point of transverse process, Left)Z} P16
AZAQ] 7t2E7] (839 7154 (Lateral point
of transverse process, Right)¢] #2]

9) &112|=0]| (Height of anterior arch)

« Ao aem e gy Re] el

« Al 20 P179 A=Al 32| ¢ (Superior
point of anterior arch)z} P18 A|=% gl 12|92
o2l A (Inferior point of anterior arch)2] #&]

10) §/112|=0| (Height of posterior arch)

cRS]  mEW e § e e ol

« AS P19 A5l Faze]e] $14 (Superior
point of posterior arch)3} P20 A &4l ¥ 22]9
o}2]| A (Inferior point of posterior arch)2] 72

11) A|AMX|E (Sagittal diameter of vertebral foramen)

« o] arelm H oA oF-Fuleke] HAAE

« AZub P21 A=Al )] 54 (Posterior
point of anterior arch)Z} P22 A&%l¢l #1129
¢FA (Anterior point of posterior arch)] 2]

12) 2f12|X|E (Diameter of anterior arch)

+RS]  wew HFw el aelye] H
A&

< AlSuY P39 ASAQ ] (AF)9] A=A
(Medial point of anterior arch, Left)3} P24 A&
Ql 9twrE] (2.2%)9] 924 (Medial point of anteri-
or arch, Right)e] #Az]

13) 72| X|E (Maximum transverse diameter of
vertebral foramen)
» 2] 2wl A3 7elel A Thuige] A4S
« AZupy P25yl A=Al shEY o] (12)e] A1)
42 (Innermost point of lateral mass, Left)Z} P26:H
A5 7FEH ol (8%)9] 744 (Innermost
point of lateral mass, Right)2] 712]

14) 7|2z| AX|E (Minimum transverse diameter of
vertebral foramen)

9] ) A T ARl Ha g

- Azapg P27 AZAQ AHE el ()] B2
7 (Projected point of lateral mass, Left)s} P28 A
24l 71 o] (L8229 £24 (Projected point
of lateral mass, Right)¢] 7|2]

15) 712722Z0]| (Length of transverse foramen, Lt.)

e A9 : 9= L2 o] Zo)
Az P2oWl Al stE T (92)9] 9
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fol

S, EAE, 0|9Y, du 4, e, 1l
(Superior point of transverse foramen, Left)=} P30 A
=29l 7l=71 (=) oA (Inferior point of trans-
verse foramen, Left)2] #&]

16) 7}2-24210| (Length of transverse foramen, Rt.)

+Ae) 922 ke 7o) Aol

e AZu P31 AEA JlE T (2% 9
7 (Superior point of transverse foramen, Right) 3}
P32 #1243l 7h2. 7% (£.2%)¢] okl 4 (Inferior
point of transverse foramen, Right)2] # 2]

17) X|0F=7 | 2= 44| (Width of surface of dens)

ce) : welw AZm Pl A AolE7) 5o o
EL]

AU P A Hols] e 5o 9%
(lateral point of fovea dentis, Left)} P34H A=A
¢l Xo}E7| 2 &2 9224 (lateral point of fovea
dentis, Right)2] 7z

18) 2|-Ol2H B HAO| =0| (&1Z8) (Height of superior-
inferior articular surface, Lt.)

- o) : Q9| R Aol A A ole] o)
ol

CAZ P3Y ASH A% ol (D39 $13
(Superior point of lateral mass, Left)=} P36¥1 A=A
¢l 7}& o] (AZ)2] o}elA (Inferior point of lateral
mass, Left)2] 72

Table 1. Mean of metric value of measurement for atlas in Korean

19) 2|-Ol2fEAEMHALO| =0| (2E23) (Height of superior-

inferior articular surface, Rt.)
cqe] : e eEsRAES QEBol Bl
ool

< ASHY P3T AISAR] 7T o (252 5
7] (Superior point of lateral mass, Right)Z} P38 A
2419 7}zeo] (9.22)9] ofe} 3 (Inferior point of
lateral mass, Right)2] 7]

Azgke ol QTATBINA welwn] (width of
atlas)sF 5ol A AAJE APEIHHE 4 (0.268 x 32| 1]
H]—20.316)¢)] A g3l Bk, =3 IBM® SPSS® (ver-
sion 20.0, Armonk, New York)E o]&3le] EA & o
2 AST: AR P4 AL Aol 197) 7
2329 3a3lo] AH by &4~ (discriminant functions)
£ Axksioe

4

3oz AT WS AFE Z2agio=
e BA st A2 197019 ASEel g A
Aelsted A A8FA AL (Table 1), o] A2 2} [3]e]]4
] wuin] (width of atlas)s}FZol| A AJAd5l AJHabd
£>(0.268 x 12w 48] —20.316)0]] 2 AFAH}= o
slod =S AAkstg o

ol ATZAFe] AHIbHS S el mE|wu]e] 7]

Measurements Male Female

(mean =+ SD) (mean =+ SD)

1 Maximum distance between superior articular surface 48.87+2.96 48.80+2.86
2 Length of inferior articular surface, Lt. 16.31£1.27 15.12+1.34
3 Width of inferior articular surface, Lt. 16.06+1.44 14.33+1.45
4 Length of inferior articular surface, Rt. 16.11+1.31 15.25+1.30
5 Width of inferior articular surface, Rt. 16.30+1.14 14.474+1.39
6 Maximum distance between inferior articular surface 47.14+2.31 44.15+2.47
7  Length of Atlas 46.69+2.89 43.35+2.53
8  Width of Atlas 80.99+3.35 72.63+4.02
9  Height of anterior arch 13.02+0.29 12.31+1.36
10 Height of posterior arch 13.15+2.30 12.12+1.69
11 Sagittal diameter of vertebral foramen 29.65+1.70 28.35+1.66
12 Diameter of anterior arch 14.894+1.58 13.89%+1.59
13 Maximum transverse diameter of vertebral foramen 28.28£2.00 26.88+1.82
14 Minimum transverse diameter of vertebral foramen 16.67+1.59 15.34+1.57
15  Length of transverse foramen, Lt. 6.71+1.07 595+1.17
16 Length of transverse foramen, Rt. 6.73+1.02 5.95+1.61
17 Width of surface of dens 9.49+1.10 8.72+0.98
18  Height of superior-inferior articular surface, Lt. 22.58+2.38 21.60+2.22
19 Height of superior-inferior articular surface, Rt. 23.08+2.46 21.00£2.25

SD denotes the standard deviation.
All unit is millimeter.
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Validation Study of Discriminating Sex using the Atlas from
the Digital Korean 3D Human Body Modeling
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Abstract : Estimation of biological profile for skeletal remains by forensic anthropological examination would

be possible based on physical anthropological studies which were statistically analyzed. However, physical

anthropological studies for Korean population are not enough to establish biological profile for Korean because

there is lack of documented osteological specimens in Korea. Recent study suggested that physical anthro-

pological examination could be possible on the three dimensional data which were reconstructed from computed

tomography, instead of preparing skeletal specimen by defleshing bone. One of the aim of this study is to

evaluate Digital Korean database which were composed of computed tomographic images of 100 cadavers. The

other is to perform statistical analysis on morphometrics for segmented atlas whether the results could be helpful

to estimate sex in Korean.

We measured 100 segmentation atlases (male 51, female 49) from the Digital Korean database which were

under the control of Catholic Institute for Applied Anatomy, The Catholic University of Korea. Measurements of

segmented atlas were carried out by using Mimics software (Simulation module, Version 13.0, Materialise NV,

Belgium), and values of measurement were performed statistical analysis by IBM® SPSS® (version 20.0,

Armonk, New York).

Among 19 measurements, the width of atlas showed most crucial element for estimating sex, which was

consistent with the result using dried bones of atlas and hit ratio of discriminant functions was 88.0%. 76.7 was

the cut-off score of discriminant functions.

This results showed that morphometrics for segmented atlas could be helpful in estimating sex using the Digital

Korean database. In the future, we expect that the other researchers could more actively use the Digital Korean

database as a good specimen for physical and forensic anthropological study.
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