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Morphological characteristics and clinical significance of foramen magnum

CHEN Bo' ,DUAN Jin-dong”, LIU Yuan-hang' ,BU Jia-qi’, LI Ling-wei’, YU Mo-han® ,ZHOU Wen-hui*, LI Yin-xing’,
CHEN Han® LI Zhi-jun’ , WANG Chao-qun*, WANG Xing’ , WANG Wei-zhi' (1. Department of Cerebral Surgery, Hohhot
First Hospital , Hohhot Inner Mongolia 010020, China;2. First Clinical Medical College, Inner Mongolia Medical University, Hohhot Inner
Mongolia 010059, China;3. School of Basic Medicine, Inner Mongolia Medical University, Hohhot Inner Mongolia 010110, China;4. Depart-
ment of Imaging, Affiliated Hospital of Inner Mongolia Medical University , Hohhot Inner Mongolia 010050, China)

Abstract: Objective To observe the morphological characteristics of the foramen magnum by imaging techniques,so as to provide the
theoretical basis for clinical diagnosis and treatment and forensic human identification. Methods A retrospective study of 559 cases of ima-
ging data of the skull base scan,which were provided by the affiliated hospital of Inner Mongolia Medical University from January to December
2018, was conducted with the Mimics 16. 0 software. Measured the length ,width and area of the foramen magnum,and carried out the morpho-
logical classification of the foramen magnum. Results The length, width and area of foramen magnum in males were larger than those in
females,and there were significant gender differences among some age groups (P <0.05). The development peaks of each diameter and area
of the foramen magnum were located in the age of 10 to 19 years old,and the values were decreased slowly in a wavy state with the increase
of age,and the differences mainly concentrated in the group of 10 to 19 years old and other age groups (P <0.05). The shape of the foramen
magnum was divided into seven types: oval (male 37% ,female 47% ) ,round (' male 19% ,female 20% ) , hexagonal ( male 16% , female
15% ) ,diamond ( male 9% , female 11% ) , shield ( male 9% , female 3% ) , irregular ( male 7% , female 2% ) and pentagon ( male 3% ,
female 2% ). Conclusion  The special anatomical location, important functional areas, stable morphology characteristics, and gender
differences of the foramen magnum may provide important reference for neurosurgical treatment and forensic human gender identification.

Keywords : foramen magnum ;atlantooccipital joint; morphological characteristics ; anatomy ; forensic medicine

B RALNE R8s & CRMOCT ) RE X, RPN A KA B BVIRR , & RALAL /Mg
HANA PRz HESh Ik B RERTG SIKSE 2917, 5 S BEAAIT TR SIS 1 B A B KALIRTE &
BARE, A, B TR F B R ALITE S # R IR

[E2TE] HE G KRF%3H4 (81660358, 81860383, 81860382 ) ; ﬁﬁﬁﬁ%@k;@#ﬁ%ﬂ%ﬁr"” o WA BIFSE
PESABSFL RS R SE AR R QTR AT H (YCPY2109024, S s e e b AL BRI SR AE AT 4 BB G 72
FEr20200013) L M, 508 I PR T AR AT SRR AR ;1 41

[#EE1EE] FHE, E-mail; 164890480 @ qq. com; £ A, E-mail;

02691374 e com RS T I BRIATT S 22 B 115 e 1 e




430 BHF K ERE

J REG ANAT OPER SURG

2020,29(6)

http ://www. jjssxzz. cn

€ M H AT AT FEATAEREA A B A 5 H 2 02+
MR DU RIS ) PR O T I P Tk R 22 P
AHGE A 8 o PR, ASBIE 58 ) S AR B0 BRI = 4
T BOW AR AL R 25 2 RR AR SR AT WL, LA E
— B B R R R U TR A Bk IR
NP S SR RS A Il

1 #EREFZE

L1 30H

(BB AT 2018 45 1 ~ 12 7 PN 50 BERL R 2 [
Ji& PR e WS AR B fURE 31 AR o JRURR BORL 559 9], Hih
5402 ], 42 157 f],SF-15 (52. 68 £18.25) %, i1
FEL A5 S8 B a2 5 IX., HEBR WEai4s & X RHE 547
SRR AR 10 ~ 19 %4 20 ~29 £ 41,30 ~
39 %2 .40 ~49 Z 4 .50 ~59 %4 .60 ~ 69 %,
70 LA EA AT HER D)

x1 BMERSARR(H)
pgy 10719 20-29 30-39 4049 50-59 60-69 =70
SH M BH B ¥H Y S
B 37 20 36 41 108 97 63
16 2 7 22 39 47 24
1.2 Fik

FIFH Mimics 16. 0 B4 (1 N 520 BE RN KA 807
B AR AL ) HEAT U o, B P SRR Y R R BE R A
AT LA L& RALFEAT IR 7 W, HK 5 Routal
SERT T ARIE BT I B N 4 TR v A A, R
TR £ 47 p [E 5 1 /N EH R 01 58 B, W R AR AN F
Ot KFLEKJE (length of foramen magnum, LFM) , R
BB K AL ET G Z& b 2Z 6] 9 0 85 5 @ K AL 58
(width of foramen magnum , WFM ) , B 4B < FL B Al
TEZ AR @M E KL FH (area of foramen

magnum , AFM) , AFM = LFM x WFM x /4 ; @& K
FLHIE A FRE 228, 4 LEM/WEM =1. 2, iR
HARTEABRE NI RS BRI ST 026
1.3 it

fdi 7 SPSS 22. 0 A AT 8 23 Bt , 7Tk
FHYSE £ B2 (% = 5) R, 55 201 18] SR F W 7
FEAS o K5, [A]— S48 R A [A] 45 108 2H 722 A 1 Eb ey
ZAEAS S B B B IR R T 22 73 Mt ( One-way ANO-
VA) B KK N « =0.05,P <0.05 NEFHSLE
R

2 HR

2.1 Mo KRILEFEAR TR E 7 rbik
P RALKE | 58 B A B e B 35 e 22 2 i)
AR B R EE T T 50 ~ 59 4L 60 ~ 69 %4l fa], H
Bt AT A MG 45450 28 R T RS T e A 2 U TR IR
R, UL DI B AL 58 B AR B KL A i, 2
R FE FHEERFLPE(P<0.05) , WK 2,
2.2 BB RILEIEAF R R Fb ik

BB ALK | 5 18 R0 v R 4 % 110 388 K L D TR
ARIBIFEE, e KAEZ AL F10 ~ 19 2 41 F1 20 ~29 %
N, e/ ME N AERE R 22 52 5 il ad e T 24 o A A3,
P RALK S | 56 B A ARLZE AN [ AR IR AL Ie) e 3, 25 57
BASI %L (P<0.05) , ki R EEALE 10 ~
19 B4 540 2 DL L4 A iR E R HA SR
SC R RALTERE W E 20 ~29 H 415 50 % DL R4, 4l
] 35 22 S AR AE o2 78 S0, M R AL i Bl 2 7
10 ~19 $ 405 50 % Lk b4, 48] ek 22 A7 AE 48 1T
R SL(P <0.05) , LA B R AL A5 A8 e (H e KA 3
AT 30 BLITF(F£2),

K2 BEGRAFEANLE (X £5)
ECLD 151 10 ~19 %2 20 ~29 4 30 ~39 44 40 ~49 54 50 ~59 %4 60 ~69 %4 70 5 L) EA
AL 38.29£3.97*#A4  36.85+3.67  36.79+5.21°  35.65+3.68  35.045.71" 36.67 £4.43 36.00 £4.95
3 38.52+3.93 36.73£3.74  37.50%5.35 35.68 £3.73 34.95£5.71 37.66 +3.83 36.27 +5.26
(mum) /s 37.73 £4.12 38.07+3.61  33.15+2.07 35.61+3.67  35.28+5.78 34.63 £4.91 35.27 £4.03
t 0.992 -0.148 1.703 -0.312 1.585 2.787 0.816
P 0.337 0.907 0.139 0.758 0.121 0.008 0.423
wim O tX 31.08£2.91" 32.22+2.95*% 31.12+3.78* 31.17£3.24%2 30.13 £3.71 30.16 +3.32 29.61 +3.58
B 31.36 £3.00 32.27£3.10  31.28+3.65 31.67 «3.18 30.58 £3.90 30.95«3.21 29.40 £4.00
(mum) gia 30.43 £2.66 31.80£0.53  30.25+4.60 30.23 £3.21 28.88 £2.80 28.55+2.96 30.19 £2.07
t 1.621 0.485 0.936 1.233 2.655 3.540 -1.805
P 0.126 0.713 0.385 0.231 0.012 0.001 0.084
AFM B+ 937.90+155.83* %4 935,51 £148.517 4 Q7.2 +24.74%  816.5+152.11  837.76209.00  874.65£175.01 843.06 + 180.96
R L 952.87 +162.89 933.97 +154.14  930.23 +206.54 891.75 £157.21 348.36£200.41  919.22£160.77 845.28 £199.20
(mm”) g/8 903.27 +136.63 950.95 +105.86  793.20 £162.02 882314122 SU7.91+22.23 78267 +168.64 837.23+14.23
t 1.488 0.359 1.405 0.533 2.382 3.382 -0.151
P 0.157 0.781 0.210 0. 600 0.022 0. 001 0.881

#5570 %A E4ER P <0.05;#: 5 60 ~69 %4014k, P <0.05; A5 50 ~59 % 48104 ,P <0.05; A : 5 40 ~49 % 281k4% P <0.05



BEF K% 2L  ]REG ANAT OPER SURG  2020,29(6)

http : //www. jjssxzz. cn 431

2.3 MERIABEFHESE

Flosr KALAT R A 1R 1 2 8 A L LEM/ WEM =
1.2 Jgiff, R AR 4B SME AL KALREAT 73y 7 25, |
FIE MEIEDE  HE S G5 JETE FIAEUNIE
HJeie & B i 2 Lot #IEDE B fS g b

B =, R DMGRE S (R 3 K1) .
x3 MEXRILEAEHEINEMNSESL[F(%) ]
R ARNE WEE  EE HAE ASWE BWE EE
B 28(7) 147(37) 36(9) 13(3) 64(16) 76(19) 38(9)
4 3(2)  74(47) 4(3)  3(2) 23(15) 32(20) 18(11)

a: @B b A B e BB d: RN se. EHf: X W AT
1 MBXILWEEEHMES

3 g

PR RALME N AL - 5 - HESCTY 4545 X A 2 240
AN T B MU S AR, R R AR A A
AL, SO0 FIZ X FARB F RAEEE L H
DX R AR S 8, TR, A i A
BEXS AT o XIS BT R e — ST
AR B IE ER XL B R L IX AT A RAIE B i )45
FARH T ko N, AT S S DX W o G RE R 5 X
HESH K AEATRE M HK, AL B R AL B R /NxEFF ATy
FRFARNH AR W B, OB A AL i B
R/NGEE F T BB U0 B 14 ¥ BT et B - A 114 48
R CIIE B RO WT A -5 sy , W it
RIS S IR ) 2 A AT B B S X
o e b A S B P T e AR M R ALY
ARt E AR I B R TR T 1
et R F ARG T IR AL AR, A
L A T , B 1 R AL [ 5 R | i )
T EE TR , 5 B BRAY 1 T, doA ) T s
o RmkE .

BAESEBRAT ST R rp R B, AL B RALIE 891 A

SR B . 2t Xt 73 51 i
TG A B, A RALAT 23y 5 Fp e AY, A0 B P
(47.9% ) MDY (45.2% ) 2 (2. 7% ) A X FRIE
(2.7% ) K IHIE (1. 5% ), Horp LLR R FA [ E 4
F ;76 Avei 2511 Muthukmar 285 (F5E 0 B0E K
FLIEITE 4 46% , Wi T 1 58% ; Natsis 45 5 & B0
IR B R 43591 5 14. 7% 2 1. 4% , 3598 5 14% ,
AT RS T 7 LR s Burdan 2514 {2 AR I
BB RALIEAT R 53 2 B9 b e 3, 55 M AL
T R o Heodil o 36.62% H1 7. 05% , L PERL &
RAUKEIRTE | JBE &5 He 39l A 39. 18% F19. 94% , #fi 2
AR FETE S 3 o AHFR X 559 Fila K AL
FOSE ARSI AW e B, A AL I 25 mT LS A3
ity 7 AL, RIS MDY TGI8 oS8 2T
JE LA KENIE i xof 5 e VeS| A7 2 4 R B, AN
SRV IE L FRE I RO (55 37% (2 47% )
BE (55 19% 2 20% ) o5 £, NI (5 16% . &
15% ) MIZEIE (35 9% 2 1% ) 5 e e , X 545t
5100 F0 Burdan 251 (B ST MW 4, (B R FEH BFST
HIREA BB T —E R B Z SR ), AT 508
BEXF 559 5 P 5t b DX ) N HEA T SR A D AE R



432 BHERERE

J REG ANAT OPER SURG 2020,29(6)

http ://www. jjssxzz. cn

BE BAT BRI 1, 1] LA I RYE ¥ S — 52 1Y
PSS o
BB RALAIE S A IE A I R T H A
SR, M EARE R S S e h th R BB
o AWFET B RAUE A4 AEFIRE B AL
AT IR 01| 42 5 A 4 15 2500 S B, AL B RAL AT A

XIRRRE T, HORGE BA PRI RS 5, ik R AR

PP S A 3 AR T RO UE T . Williams

AU S IR KL/ 32 Nl AR I 0 3

SN o 75 AR W RTPE A AL BEAF % 13 K B i ok,

L 22 B M 19 B AR E R E S

KALKANE AT R A B AR B, #

B RALBIEE | 58 B2 A 1w ARAE 91 18] BB 0 A7 A2 3 B3

PEZes, SR T Lot , i HAERERE R 2 (L B 5E

WAESE BB AL AR L S AR B s e AE L # /

AR, OF HIE(EAL T 10 ~ 19 ZARREBE, L 20 ~29 S 41

B RALBARLRAE AN T U I FEAR, (E AP SR AR 12

3% T RE R D ) L 0 P A T TP ) o RO

WA ARG I, U A B TRE, R T AT

BEPR, FHF HLB A LAR LR T B AT % P 3 i o B

FNEZES WU TR E AL B E AT AL

RALBI I T3 A AR (AT SR B Rl 5 3, A

HERFFER— BB B RALAY K BE | 58 B A A Tk

T RE AT L, T ELAE B R AL T B A, HOR K

FE (YUIRTATE A7) , B A T8 R (BRIR T B A) 2

2 TR AR RALRP R R AL SR Rk

X B LA ZE SRR FRAE v] M 22 SR T

ARIIT GEE N S S PRI R S K

(EARMFMAFAER — LA — A R B AR, H

e A LB A, B 2 T Ao S R A A R

P A5 ) AT REPEAR R, IXBAE —E R JE LR T 4eitar

MM EE R s IR A 5 1 N A SCRR T iR TE A 5 T

B RAURLFN AR SUR R S AT TR FEBIFSE 5

=R TIRRAE AR B = G — bR, S EOR R

]I SRR R 28 57, IR A TR A1 )5 39

TEARSESE AN ST 7 T

[ &% 30k ]

[1] Kamath VG, Asif M, Shetty R, et al. Binary logistic regression analysis of
foramen magnum dimensions for sex determination[ J]. Anat Res Int,
2015,9(10) :1155. doi:10. 1155/2015/459428.

[2] Seifert Z,Friedl L, Chaumoitre K, et al. Applicability and limitations of
sex assessment based on foramen magnum[ J]. Forensic Sci Int,2017,
271(1) :126el —126€9. doi:10. 1016/j. forsciint. 2016. 11. 044.

[3] Routal RR, Pal GP, Bhagwat SS. Metrical studies with sexual dimor-

phism in foramen magnum of human crania[ J]. J Anat Soc India, 1984,

2(33):85-89.

[4] Raghavendra Babbu YP,Kanchan T, Attiku Y, et al. Sex estimation from
foramen magnum dimensions in an Indian population[ J]. J Forensic Leg
Med,2012,19(3) :162 —167. doi:10. 1016/jfil. 2011. 12. 019.

[5] Uthman AT, Al-Rawi NH, Al-Timimi JF. Evaluation of foramen magnum
in gender determination using helical CT scanning[ J]. Dentomaxillafac
Rad,2012,41(3) :197 —202. doi:10. 1259/dmfr/21276789.

[6] Radhakrishna SK, Shivarama CH, Ramakrishna A, et al. Morphometric

[

analysis of foramen magnum for sex determination in South Indian popu-
lation[ J]. Nitte Univ J Health Sci,2012,2(1) :20 —22. doi:10. 1055/
s —0040 - 1703549.

[7

[

Yamahata H, Yamaguchi S, Takayasu M, et al. Exploitation of simple
classification and space created by the tumor for the treatment of fora-
men magnum meningiomas[ J]. World Neurosurg,2016,87:1 7. doi:
10. 1016/j. wneu. 2015. 09. 022.

[8

[

Park HH, Lee KS, Hong CK. Vertebral artery transposition via an ex-
treme-lateral approach for anterior foramen magnum meningioma or
craniocervical junction tumors[ J]. World Neurosurg,2016,88:154 —
165. doi;10. 1016/j. wneu. 2015.12.073.

[9

[

Manoel C,Prado FB,Caria PHF et al. Morphometric analysis of the fo-
ramen magnum in human skulls of brazilian individuals: Its relation to
gender[ J]. Braz J Morphol Sci,2009,26(2) :104 - 108.

[10] 2= 50, Z3EER, XMy, 5. B8 KL A A & 27 F 9 B R G PR 7
SCLT]. P EPCEE 2248 ,2018,28 (14) 1120 - 122. doi: 10. 3969/
j. issn. 1005 - 8982.2018. 14. 025.

[11] Avei E,Dagtekin A,Ozturk AH, et al. Anatomical variations of the fo-
ramen magnum , occipital condyle and jugular tubercle[ J]. Turk Neu-
rosurg,2011,21 (2) : 181 - 190. doi: 10. 5137/1019 - 5149. JTN.
3838 - 10. 1.

[12] Muthukumar N, Swaminathan R, Venkatesh G, et al. A morphometric
analysis of the foramen magnum region as it relates to the transcondylar
approach|[ J |. Acta Neurochir ( Wien) ,2005,147(8) :889 —895. doi:
10.1007/s00701 — 005 — 0555 - x.

[13] Natsis K, Piagkou M, Skotsimara G. A morphometric anatomical and
comparative study of the foramen magnum region in a Greek population
[J]. Surg Radiol Anat,2013,35(10):925 - 934. doi: 10. 1007s/
500276 —013 - 1119 —z.

[14] Burdan F,Szumilo J, Walocha J, et al. Morphology of the foramen mag-
num in young Eastern European adults [ J]. Folia Morphol, 2012,
71(4) :205 —216. doi:10. 3389/fnana. 2012. 00044.

[15] SRHMENG , ST 250, 55 R AL KA 252 R e 9 47 1 531
YEMWITT R [J]. BRI BEARL K 2% 44 41k, 2017,38 (11) : 131 —
135.

[16] X 3&, B2, AN IR AL T AR 5 M ] iy 0F 7 a8k e
[J]. P s E 2447k ,2018,33 (6) : 618 - 621. doi; 10. 13618/j.
issn. 1001 —5728.2018.06.014.

[17] Holland TD. Use of the cranial base in the identification of fire victims
[J]. ] Forensic Sci,1989,34(2) ;458 —460. doi; 10. 1016/0379 —
0738(89)90188 -6.

[18] Ukoha U,Egwu OA , Okafor IJ et al. Sexual dimorphism in the foramen

magnum of Nigerian adult[ J]. Int J Biol Med Res,2011,2(4) :878 —

881. doi;10.1.1.302.6853.



B FE K%24E JREG ANAT OPER SURG  2020,29(6) http ://www. jjssxzz. cn 433

doi:10. 11659/ jjssx. 01E020064 - ERHAfFER -
ET CVH EEWHEMA = HEEZ TS K FH MRI 817774

AR B BT, ERT, FER R R, ERE (L MEEERES B ERZ s L, § P 400038 ;
2. AR K e TR S AR IR o R B S a2, T 400038)

[ E] B8 Bt—FHi MRS, O e B s i in R 2 Wit e e 2% . ik U1 Amira 5.2.2 BfF
Xt S BB 10 G538 i R A AR (CVHD) B 347 2 B0 = e d e, BF S 0 i RO 2 JF X 0B I T
JRBE GEATM SO, 25 R AR AT AL, B R R RASE R S BB AR AR LA R L0 T vk o B ik
PR B — IR BE e 7 8 9 10 G 70 BRI RO R AVRHR 2 MR 19, 65 MRT G HEA T 7047 0 FLASE, BOIE BT (9
MRI T AR . R B MR S5 5 AT AR R OIRAL RHih (87| R4 M 12 B0 B 7 RO 325 8 IR L ) R
SRR AR RN R B Wi = 2 A MRT &5 A 4 B A BRSO B R R L 2 S O S
HI(P>0.05) , i #RS3 AAE s 81 FAFAEGEIT24 225 (P <0.05) o Wil —4E 55 a1 MRI SR _E 9 70 i B 4 /A 38 LU, 2
FRGERE (P >0.05) o YIS EA B S BRI ZCR ML, BUEBCCB SCR Sl s i, g5 S8y
AN AT T e ) = 2 e A PR MIRT 5140 5 32 T DA R Gl 5 B B

[R5 ] oh [ BCF IR 73 B s W7 i) s — 48 nT P s A LR 15

[HESHZES] R323.7 +2;R445.2 [ C#k#riRAE] A [WFmHEF] 2020-01-13

MRI scanning method of bifurcate ligament based on three-dimensional visualization of undeformed high-
resolution sectional anatomical images from CVH

DENG Hong-hao' ,HU Xin®*, YANG Jing-yi’, WANG Yun-jiao' , WU Yi’, TANG Kang-lai ' (1. Sports Medicine Center, First
Affiliated Hospital of the Army Medical University , Chongqing 400038 , China;2. Institute of Digital Medicine, College of Biomedical Engineer-
ing and Medical Tmaging, Army Medical University , Chongqging 400038 , China)

Abstract: Objective To design a new MRI scanning method for the clinical diagnosis of bifurcate ligament injury. Methods Amira
5.2.2 software was used to segment and reconstruct the Chinese Visible Human (CVH) data of 10 bifurcate ligaments ( BLs) from 5 cada-
vers. The morphology of bifurcate ligaments was observed,and the length, width, thickness, angle and other parameters of bifurcate ligaments
were measured. According to the measured angle of ligaments , the oblique sagittal and axial MRI scanning methods which could present bifur-
cate ligament completely were designed. Then 10 BLs of 7 patients from the first affiliated hospital of the Army Medical University were
scanned with oblique sagittal and axial position. The effectiveness of the new scanning method was verified by analyzing and comparing the
MRI images with CVH reconstruction models. Results The new MRI scanning method can present the calcaneonavicular ligament ( CNL)

very well in oblique sagittal and axial position,and it can present the calcaneocuboid ligament (CCL) well in oblique sagittal position,but it
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