SHE - WSQIRSH M35 H M3 & '.) Check for updates

Anat Biol Anthropol Vol. 35, No. 3 (2022) pp. 85~92
https://doi.org/10.11637/aba.2022.35.3.85 Original Article

et= Q12| IJ1EIHH1II QP Hi?lsd-YS 4 0[8¢
Moty eS| 2F/: AI=ER 1._%%*%”' dd= 7182z

I3EE', 2AZE’, AUZ0’, L0, ILAE’, o/MAE’, °ol4A 0",
AHe’, e’

=)
o o!:-

Ieheta ofakehat shetiAl, ehyehsta ojuthet 2 HAAE Y FP B,
HATNSHL dSHARTHSIY ARt mA, ‘S YTeAATY Wl P Ak

Craniometric Analysis Using Cranial Index (Cl) and
Petrous Ridge-midline Angle (PMA) in the Korean Population:
Postmortem Computed Tomography-based Study

Kwang-Rak Park', Jacho Cho?, Digud Kim?®, Hyung-Wook Kwon?, Yu-Jin Choi’,
Mijeong Lee’, Sookyoung Lee*, Inseok Choi?, Jeonghyun Park®

lDepartment of Anatomy, Keimyung University School of Medicine

2Departme‘nt of Orthopedic Surgery, Chuncheon Sacred Heart Hospital, Hallym University of Medicine
3Department of Anatomy & Cell Biology, Graduate School of Medicine, Kangwon National University
*Division of Forensic Medical Examination, National Forensic Service

Abstract : The human skull has a very complex and diverse structure, and morphological characteristics
are distinct by race. The purpose of this study is to classify the skull shape of the Korean population by
applying two classification methods using post-mortem computed tomography (PMCT) images, and to obtain
anatomical data by comparing characteristics by gender and age group. 146 PMCT cross-sectional images (72
males, 74 females) provided by the National Forensic Service were analyzed, and the average age was 54.7 +
18.8 years. The maximum cranial length was divided by the maximum cranial width and multiplied by 100 to
calculate the cranial index (CI). Petrous ridge-midline angle (PMA) was measured as the angle between the
petrous ridge and the midline. In CI cranial morphology classification, brachycranic was found in 129 (88.4%)
and mesocranic 17 (11.6%) cases, and brachycranic showed the highest frequency. There was no significant
difference in the frequency of skull morphology by gender and age group. In the skull morphology classification
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of PMA, brachycranic was identified in 86 (58.9%), mesocranic in 57 (39.0%), and dolicocranic in 3 (2.1%),
and brachycranic showed the highest frequency. In the frequency analysis by gender, male brachycranic showed

higher frequency than female (p =0.010). In the frequency analysis for age groups, the frequency of brachycranic

in the middle and old age groups was higher than in the young age group (p =0.047). In conclusion, Brachycranic

showed the highest frequency in both CI and PMA cranial morphology classification, which is considered to be

useful basic data that can be used clinically and forensic anthropology.
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Adioll= AAY AHE AdstAL YA A &5t
FHE SAst7] A HAd J2F4 71eo] T,
% AFHIEIA (Computed tomography, CT)o] 58
E72H BEET 9o CTE vAg s st
7,27k Hol B4 248 FEE 5 Ik S 29
= 7L glem, 53] WE HFAor e o+ Qe
H7] 47 (Bone setting)°] 7Fs3to] 44 H Aol E-8-5
T QITH4.5]. B3, FATBARAT A A Ao A}
Q) S 9T AR Y8o7] 9o AT AR IR
(Post-mortem computed tomography, PMCT) ZH]& =¢]
517]= skATH6].

2 Q7oHNE FUBSRAAT 0NN 29T PMCT
‘&& &8sto] HEw Fe EFS skSich Eskandary 5[7]
< HYY CT F45 83 v Je &7 Aol &
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™ 2] 8 X]4>(Cranial index, CI) ¥} o] St} o] B2 o=
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1) PMCT &4t 2 HfjojEf &S

2 dAFolde FHTSeAATY 2ol R <
PMCT (Aquilion PRIME TSX-303A, CANON Medical Sys-
tems Corp., Tokyo, Japan) ZH]E o]&3le] AARSITH &

Table 1. Distribution of gender and age group in the Korean pop-
ulation

Age group Male Female Total
é%lf%; ?eeag}ﬁog% 19 19 38
(064 o oy 33 28 61
:)6?358 i(;lr]f Zld) 20 27 47

Total 72 74 146

FZAL tube voltage 120 kVp, pitch factor 0.637, slice
thickness 1.0 mm, increment 0.8 mm, rotation time 0.6 sec$.
onj WE oA We] st HwS HAsks] 9
3to] WK 7] AA (Window width 1500, window level 500)
o] 214 FAo] YU =HE PMCT 949 2
o]9} Z}= o] 248 DICOM viewer (MicroDicom DICOM
viewer ver. 0.9.1, MicroDicom Ltd., Sofia, Bulgaria)S 53}

o] Z73=I3ct.

2) Hel AHS Y Hell 2F
DICOM viewerE &-83}o] 2o 2wz o] (Maximum
cranial length, MCL)«= He|® ¢F- F Zo|7} 7P 71 &,
Z ™ 2] ¥ 1 B] (Maximum cranial width, MCW)+= ™)
zt-§ doj7t 7M1 FES 452, MCWE MCL
Z UL 100 F8ko] W2 W x]4>(Cranial index, CDE At
A3t et vt 5A-4 S5 AZ} (Petrous ridge-midline angle,
PMA)S M9 AT BE40] olFE 2EE 24akgct
(Fig. 1). veinl Jefo] the 2R Zzke] 25712 o
e 3719 $302 Lastart. ClolAl 21923 (Dolico-
cranic)2 CI<74.9%, 7 2] ¥ (Mesocranic)2 75.0% <
CI<79.9%, &L 23 (Brachycranic)& CI>80%% 25
3, PMAOA 71M 2§ (Dolicocranic)2 PMA <46.9°,
2728 (Mesocranic)2 47° <PMA <53.9°, &2z g
(Brachycramc)—- PMA >54°2 B&23}49cH7.8].
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Fig. 1. Two Craniometric Methods. (A) maximum cranial length (MCL) and maximum cranial width (MCW) for cranial index calculation,

(B) Petrous ridge-midline angle (PMA) measurement.



HE SN gt A=RA2 SPSS B4 3717 £
Z 3 (IBM SPSS Statistics ver. 23.0, IBM Co., NY, USA)
o]-gste] =3Pst3ict. AdHo] FoHlae YRR
T A7 (Student’s T—test)g E3}o -E'_—}S] 319, CI¢ PMA
o] mzim Fej EFol tigt A4, AR diE ¥IE=RA, CI¢}
PMA 7t9] U1 248 Fisher2] A&st A A (Fisher’s exact
test)S T5lo] B4 AR 7+ A2 %= (Interclass cor-
relation coefficient)= 23 9] A1/} 5P o2 A 3
gt BAstg o, BR7]E2 §I2F0.00~0 21)
EH(0.21~0.40), BE(0.41~0.60), %5 (0.61~0.80), 923
(0.81~1.00)2 £53t Landis?} Kocho] A& A-83%th
[11].
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1. 9} 24 MBI

259 AL EYF R SRS AEste] ESAg
MCL, MCW, PMA glof tigt AF =& E43t9em, 12

T} AF =3k (Cronbach’s a)2 MCLO|A] 0.988, MCW ]| A

A

w2 MCLY} MCW+ $52(0.81~1.00)5F, PMAE 4%

0.61~0.80)52Y AF=E Yt

2. 980 e Mzl Skl Hlw

H 2w o] MCL, MCW, CI ¥ PMA9| 4%k Aol o
g} v EE A} MCLE 9AE 170.3+7.9 mm, 9JAH=
167.8+6.6 mm@2H, Y& MCLo] SA Rt} §-2l51A
29tk (p=0.42). MCWE FAo)A 145.6+8.7 mm, &}
oA 1445+62 mmP Lo, Cl= FAkoA 85.6+5.0 mm,
AAz}o| A 86.2+5.1 mmGATH MCWE} CIoAls Aol o
£ 2ol e A= YEth PMAE EAP) 55.0£2.7
mm, &7} 53.3+3.6 mmF L2, FA2] PMAQ Zt=7}
AR T} 32054 FAtH(p <0.001) (Table 2).

JEof| w2 Clel Ml el Y

CIo) viem Fed MEs Ade] weh BAsE A,
AL FemePo] 64T (88.9%) 02 1Y ¥ WES
B, F7Fo] 8P (111%)OR F WA £ WE
2 ugom 1AM Pe goitt A Feregel 659
(87.8%), F7Hl 2l go] 99 (12.2%) 0 2 o] w12 vz

0.993, PMAOA 0.795%t}. Landis€} Koch [11]12] 7)o e 9] Hl= Ztol= UTH(Table 3).
Table 2. Comparison of craniometric parameters by gender
Parameter Young age group Middle age group Old age group Total p
+ + + +

MCL (mm) Male 172.7+£8.7 168.8+6.8 170.3+8.7 170379 042%
Female 169.1+£7.3 1670172 167.6+5.6 167.8+£6.6
Male 144083 148.2+8.8 142.7+8.1 145.6+£8.7

MCW (mm) 357
Female 145872 144.1+£6.8 143.8+4.5 1445162
Male 834+35 879+45 839+54 85.6+5.0

CI (%) A48
Female 864+52 86.5+6.0 859+4.1 86.2+5.1

PMA (° Male 540+3.1 554+2.1 55.1£3.0 55027 0015

© Female 51.8+4.5 53535 542%25 533+3.6 ’
The data are presented as mean + SD, *p <0.05, **p <0.01
Table 3. Frequency analysis of cranial index by gender
Parameters Male Female Total p
Brachycranic (CI>80%) 64 (88.9%) 65 (87.8%) 129 (88.4%) 843
Mesocranic (75% < CI<79%) 8(11.1%) 9(12.2%) 17 (11.6%) '
Total 72 (100.0%) 74 (100.0%) 146 (100.0%)

The data are presented as number (percent).



4. o1zoll w2

CIo] wzjw Fed RIeE AFE= vusfe 27, Jd
=2 Bomz|go| 319 (81.6%), Z7rH 2 F o] 73 (18.4%)
o], FHAUFL F2HFo] 57H(93.4%), 57t
2ol 4 (6.6%)°1% o, 1 F2 F2HEFo] 417
(87.2%), 7t F ol 678 (12.8%)°]%th. ZE A A
2ol 7P Rlert =39, 3L F HAgR
2 REE Yoy W R giglen, Al oE CI
o] w2 FefE Rl {3t 2ol 7} $lSiTH(Table 4).

Clo| mz|th JEE Hiz

2
H

5. g0l W=

PMAS) vlzm g Wsg Ade] meh 2o 2,
FAHE Fewegel 503 (694%) 02 MY wE UES

PMAS| Hz|th JEE Hiz

(473%)°2 F AR 2 RI=E B3, 1Mol 39
4.1%)2.2 7P} Fe HieE Bt Al 2 PMAY
e FEid Vs @AY A2y o] oRjET {9
A =2 HEE BYth(p=0.010) (Table 5).

6. ol 2 PMALS| H2|th HEf'E HIz

PMAS] W Hejy =S Agde w@si Az
BaFe Femegol 179 44.7%), F7w o] 189
(@7.4%), AW )Po] 3% (7.9%)01%0t. FHIZL Be
a]&]ol 39%(63.9%), 7HH 2| & o] 221 (36.1%), 1M F
o gidlth THFE FeriRol 309 (638%), FUME
Fo] 179(36.2%), AHBL AT FAZoIAE FE
Helgn 0P Nt GAA UehtoLh, 3%
W33 DR SN E Fevligel 7 kL WES uy
. Q0] T vlel e FUFoN FHUF 13

=)

E‘,{i_ﬂ e go] 227 (30.6%) 2.2 F HA 2 W=
B, e g2 i °‘VP— F2mEgol 368 FEo S vlge] o ¥4 Uehdth(p=0.047)
(48.6%)3§ 7 2 HEE B FH ol 359 (Table 6).
Table 4. Frequency analysis of cranial index by age group
Parameters Young age groups Middle age groups Old age groups Total P
Brachycranic (C1>80%) 31(81.6%) 57(93.4%) 41(87.2%) 129 (88.4%) 193
Mesocranic (75% < CI<79%) 7(18.4%) 4(6.6%) 6(12.8%) 17(11.6%) ’
Total 38(100.0%) 61 (100.0%) 47(100.0%) 146 (100.0%)
The data are presented as number (percent).
Table 5. Frequency analysis of petrous ridge-midline angle by gender
Parameters Male Female Total P
Brachycranic (PMA >54°) 50 (69.4%) 36 (48.6%) 86 (58.9%)
Mesocranic (46° <PMA <53°) 22 (30.6%) 35(47.3%) 57(39.0%) 010%*
Dolicocranic (PMA <45°) 0(0.0%) 3(4.1%) 3(2.1%)
Total 72 (100.0%) 74 (100.0%) 146 (100.0%)
The data are presented as number (percent), *p <0.05
Table 6. Frequency analysis of petrous ridge-midline angle by age group
Parameters Young age groups Middle age groups Old age groups Total p
Brachycranic (PMA >54°) 17 (44.7%) 39 (63.9%) 30(63.8%) 86 (58.9%)
Mesocranic (46° <PMA <53°) 18 (47.4%) 22 (36.1%) 17 (36.2%) 57 (39.0%) 047%
Dolicocranic (PMA <45°) 3(7.9%) 0(0.0%) 0(0.0%) 3(2.1%)
Total 38(100.0%) 61 (100.0%) 47 (100.0%) 146 (100.0%)

The data are presented as number (percent), *p <0.05
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Table 7. Cross tabulation of two grouping methods to classify cranial shapes
Cranial Shape by PMA
Cranial Shape by CI Brachycranic Mesocranic Dolicocranic Total
(PMA >54°) (46° <PMA <53°) (PMA <45°)
Count 81 48 0 129
?Crglggf,/‘io“;‘c % within rows 62.8% 37.2% 0.0% 100.0%
% within columns 94 2% 84.2% 0.0% 88.4%
Count 5 9 3 17
Mesocranic s
(75% < C1<79%) % within rows 29.4% 52.9% 17.6% 100.0%
% within columns 5.8% 15.8% 100.0% 11.6%
Count 86 57 3 146
Total % within rows 58.9% 39.0% 2.1% 100.0%
% within columns 100.0% 100.0% 100.0% 100.0%
7. 27tx| M|ty e 270l it mXIEA ol MCLZ A7t o2k} B Aglont, CloAl= Ao
whe} gofat Ko7} gl AR UERgTh Choi S(121%
CIet PMAQ] wejm e EFof diste] mapes] Azt o 9 AOO; 1M - e
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CI¢} PMA BFoA 7HY BlE7} 52 3= 2 e o
QaL, AA 1464 812 555% %t T HARE v=
7F =2 v Fei= Cle g2 go|HA PMAE $3F
He gl A2, AA) 1468 F 48O 2 32.9%F X3}
Ak olAA[71E L2 o] Aol AE CIg PMA
RO 7 RlE7F 22 e AmEgolgon, M4
oA 328%2 WI=E EYch F HAR HE=7t 2 Y
H el Cle St oldA PMAE W FQd 3%
2, 7419 224%9] RI=E Bt o|¢} Zo] F 7HA] v
H FHE EFH R FgetH AT gt vmoA =
By n=ste|y AAShE Blavt 7hssh, 5 v 2
Foll o] T 7HA] i B o R A g3t tit =] £
HA7F JP=|ojop & Ao & FE)

2 Aol 4 E Aol oE HEw P vES
434 ClollAe At A7l o Yz 2ol ¢l
Ao, PMAOA = Aol T2 ERoA FATL 69.4%,
A7t 48.6% % HAHY] H2H e HlErt FosHA =%
o, Age) M BERIAE FdS0] 44.7%, SIS0l
63.9%, 1% 30| 63.8%= FTHISTH 15 F 2y
=7t foatA w0kt ol YRR E e dRY
2 mw g ER7s7] A A-FA, A Sole |l
9| fol3t A}ol7} Q= PMA SHHE F2 831
FaA%o A JEa Aol E FLEFlo] Hgo] gt
ol ¥lE Zo)7t gl Cl EHE F2 Fgses A
88 2o r HZ4Hn

2 A HEw Fe EFolA 7P 2 REE 2
Fei= g2 ot ZA =7 9HES EF5H] ¢
URHTAPAEFH (LAW H)oll A & Al 2EAFo] ZA|7}
w2 o] FFHo| vida} £33l oA B (U$EF) SR
15° 7]&o ZAlstoiof gtrt[14]. it o]gt A4A|9] 7]
F2 AAE gige R S YA B9 Hgehes

o= gomego] g 3=l HXEY|e §HE A
Aol A= 71EA A Y b2l 15°K T} B AL I ' SRS
3|Hste] HAlshe Ao] =19 Aol S et HA
ol & Aolth

o] AFollA = the E 719 AgHo] k. AA, 146+
O AL o2 st FEY 47} REFslo] 5 it

O oM ¢

o

Sl Haf Helel 27 91

o #7449l A7t WA Roleh. B, o] APME 27
A PMCT 94H& 71902 24:& AAsA710) A4l 9l
of FoZE] WE QXL AT 4 9o, urt Hekt A
Zo] 7h5d 3R ATAH AZT 2L F7HA2 A7} of
SoiAo} & Aolth.

£ AT ASAFHDEHY IS BE
welu Hele ER3He o glof CI%h PMAY) 5
2 2t CI9t PMAS) Bl Je) 25 &
enjelgo] 714w WS BEOL CloldE 4, 4
o W2 M=) §OIg Holt giglont, PMAL HAHe] B
erjelgel WEst elguct folsk B9, Aol vt
A vles Feje) Mo §o3t Hol7} etk TS
o2 3 elwl Fe B8 2k 94 L Mo ARH
o2 B8 4 9k 487 12427} B oz Bekw,

ot
o
q
ok 2

N

1A o

l:]O
oA 2
K

> _‘r[

Al Al

2 A0l TEE PMCT G RE 2ATESA AT
Ao A ATULOH, AT A2Z 0§ 5 YA A2k =
Al B9 057 T oldh BAR BEA ZE S
B3t}

REFERENCES

—

.Lan Y. A study on national differences in identification stan-
dards for Chinese skull-image superimposition. Forensic Sci
Int. 1995;74:135-53.

2.Han SH, Hwang YI, Lee KH, Koh KS, Choi BY, Lee KS, et
al. Craniometric Study in Modern Korean Adults. Korean J
Phys Anthropol. 1995;8:205-13. Korean.

3.Iscan MY. Global forensic anthropology in the 21st century.
Forensic Sci Int. 2001;117:1-6.

4. Honda H, Watanabe K, Kusumoto S, Hoshi H, Nishikawa K,
Kakitsubata Y, et al. Optimal positioning for CT examina-
tions of the skull base. Experimental and clinical studies. Eur
J Radiol. 1987;7:225-8.

5.Gado M, Hanaway J, Frank R. Functional anatomy of the
cerebral cortex by computed tomography. J Comput Assist
Tomogr. 1979;3:1-19.

6. Lee S, Park JP, Gong H, Cho S, Koo H, Lee H, et al. Remark-
able Postmortem CT Findings in Forensic Autopsy. Korean J
Leg Med. 2014;38:103-12. Korean.

7. Eskandary H, Nematollahi-mahani SN, Zangiabadi N. Skull

indices in a population collected from computed tomogra-

phic scans of patients with head trauma. J Craniofac Surg.



92

10.

11.

urgEn IS, YOI, S, AR, 010/, 0143, FeIN, urys

2009;20:545-50. 12. Choi CU, Lee WIJ, Park JH. A Study on the Korean Orbital

. Martin R. Lehrbuch der Anthropologie. Vol 1. 2nd. Germany: and Cranial Index Using 3D Skull CT Image and Morphomet-
Verlag von Grustave Fischer; 1928. ric Analysis. J Anat Biol Anthropol. 2020;33:1-9. Korean.

. Koh KS. Anthropological Characteristics of Korean Crania. 13. Hur DJ, Kim HU, Kang HW. Anthropological Characteris-
Korean J Leg Med. 1999;23:122-30. Korean. tics of Jeju Population’s Skulls. Korean J Phys Anthropol.
Schulter FP. A comparative study of the temporal bone in 2008;21:267-78. Korean.
three populations of man. Am J Phys Anthropol. 1976;44: 14. Long BW, Rollins JH, Smith BJ. Merrill’s Atlas of Radio-
453-68. graphic Positioning and Procedures. 15th ed. New York:
Landis JR, Koch GG. The measurement of observer agree- Elsevier Health Sciences; 2018.

ment for categorical data. Biometrics. 1977;33:159-74.

2R A Heu Y e BT R FEE AT o8, A nhet 1 FsAe 549 3
o7} Faistch. £ ATe BHL AFARHREEYPMCT) IS B8 B oleiw FeE 2o 9
3 F 7HA EREHE ERFoR BAska, 2 SR it A, A A4S BT 2N =l iR
S, ALUARHE AZ4RE FRop] ATl FYHARALATLNA PMCTE HE BHIY 1463(2
72, o 74 EA5tEoH, HFytolE 547+ 18.8A| At AW w Aol S A wu|E Y1 100 &3}
o] 2] ® X]4=(Cranial index, CI)S AFY3I9 1, ¥}$]541-A %5 A2 (Petrous ridge-midline angle, PMA)2 H}$ 541

3} Mo 0|2k =S 245G C19) wu Fo BRolN Femelgol 120% (88.4%), T Pol 17
H(116%)02 Femego] /g g WES Heow, Huu A velw Yoo Mt S8 Hol7t gl
ok PMAS] s Ye R4 FemePol 867 (58.9%), w2 ol 573(39.0%), A Fol 37 2.1%)2
2 gemelgol /4 e NES Bgou, Ade) B2 NEEAd A YAl Femege] ofxu kL vE
2 8GO (p=0010), AW VELHINE FHI5T NP3 Hemego] JuZuct £ V=g By
(p=0047). AZH 02, CI% PMAY] Wej®l &) 55 B4 Femego] /g £ WES Bgom ol ¢
4 W oRIRIEoR BT 4 Uk 489 12427 B Aoz AZEc,

oty g2 vi2|w Fe, v w R, vk s AR T, A EFE T

ol}lv

Y



