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Abstract

BACKGROUND: Lesions of structures around the ventral side of the brainstem are located in the deep surface of the craniocervical junction, surrounded by
important structures. The far lateral approach is the basic surgical method, but sex and lateral differences should be considered in the approach.

OBIJECTIVE: To analyze the morphological characteristics of the foramen magnum and occipital condyle by three-dimensional reconstruction measurements,
thereby providing anatomical parameters for the far lateral approach to the skull base in clinical practice.

METHODS: A total of 673 adult patients (448 males and 225 females) with head and neck CT scans were selected. The age ranged from 20 to 87. The length
and width of the foramen magnum were measured. The area and index of the foramen magnum were then calculated by formulas. The length and width of
the occipital condyle were measured, as well as the angle between the long and sagittal axis of the occipital condyle (O-S angle), the angle between the line
connecting the midpoints of anterior and posterior foramen magnum and the line connecting the midpoint of anterior foramen magnum and the intersection
of posterior occipital condyle and lateral foramen magnum (F-O angle), and the angle between the line connecting the midpoints of anterior and posterior
foramen magnum and the line connecting the midpoint of anterior foramen magnum and the midpoint of the posterior wall of the hypoglossal canal (F-H
angle). The sex and lateral differences of each index were analyzed.

RESULTS AND CONCLUSION: There were statistical differences in foramen magnum indexes except between sexes (P > 0.05). The indexes of occipital condyle
were significantly higher in males than in females (P < 0.05) except that the left occipital condyle width in males was lower than that in females (P > 0.05). The O-S
angle in males was smaller than that in females, and there was a significant difference in the left O-S angle between sexes (P < 0.05). There was no statistical
difference between right and left F-H angles. Significant differences were observed in occipital condyle length, occipital condyle width, O-S angle, and F-O angle
(P <0.05). These findings indicate that the parameters of the foramen magnum and occipital condyle were different in sex and on both sides. For the far lateral
and transcondylar approaches, the right approach was relatively safe and exposed to a larger range. The length, width, and area of the foramen magnum, the
length of the occipital condyle, and O-S angle in males were larger than those in females. Therefore, the sex difference should be considered in the far lateral

approach.

Key words: foramen magnum; occipital condyle; computed tomography; three-dimensional reconstruction; far lateral approach
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Table 1 | The grouping information of research objects
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Figure 1 | Schematic diagram of parameter measurements of the foramen
magnum and occipital condyle
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Table 2 | Sex comparison of morphological parameters of the foramen
magnum and occipital condyle

L7 55 (n=448) 4 (n=225) t i P 1{H
P KALI KK FE (mm)  35.64+3.89 34.26+3.75 2757 0.00
Fh K AL K88 BF (mm)  30.29+3.54 29.65+2.98 0.15 0.00
FMAT(mm?) 861.83+169.14  807.08+140.00 2548  0.00
FMAR(mm?) 853.92+167.50  799.65+136.11  25.25  0.00
P KALIE R 0.85+0.09 0.87+0.11 1.46 0.23
FEREBEK (mm) 21.56+2.49 20.50+2.26 2735 0.00
FREBEK (mm) 19.51+4.35 18.08+4.18 2533 0.00
FEREBESE (mm) 13.67+4.63 13.80+4.71 0.30 0.58
FREBESE (mm) 11.52+1.25 11.19+1.29 10.77  0.00
72 0-S £ (%) 38.4147.51 40.06+7.86 6.06 0.01
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1 F-H 1 () 61.6045.52 61.7046.36 1.39 0.24
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Figure 2 | Comparison of morphological parameters of the foramen
magnum and occipital condyle among different age groups
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*3 | B KRFLIERERE AR AL (xts, mm)
Table 3 | Comparison of foramen magnum parameters in different
populations

B—1EE % L

Mg RAL o KAL R KoL R KoL
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BoLz 39.134¢2.29  33.19#2.64  36.52+1.97  31.17+1.88
GARGI™ 34.84+1.83  30.65+1.79  32.96+2.21  28.70+1.91
AGARWAL™ 36.60+2.72  31.07#2.57  34.68+3.24  28.84+2.92
ZDILLA™ 38.56+3.21  33.58+2.63  36.38+3.93  32.02+2.31
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LUCENA®Y 35.0143.03 33.9243.19 30.1242.95 28.9142.83
UTHMAN®Y 34.9042.00  29.50#2.50  32.90+2.00 27.30£2.20
MOODLEY?? 35.66+2.77  29.4742.16 34.3242.48 27.8642.31
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Table 4 | Comparison of occipital condyle parameters in different
populations
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S VCRIE T R BTN ) B, R O-S £ PRI IE] (1)
Guit¥zER, S o-S M/ T Aotk KA F-H Aol sl 4
S, M O-S MARTAM, Al F-O /T4, O-S
FA RN BRRE RS 2 5 IE P SRR T I BE RS, A PR TR
PR, TEBERRRLE S A MALEF KT 4. F-O M hi)E
N BEANTE S BR AL RS BT 2 56 I F AR AT VG, 7EBERRILE &
MR 2% )5 P 2 i ARG B 26 /N A0, @ O TN B
ZHOU % B 3 27 {5 CT 45 AN O-S M/ F A, 4
5k —%. GUMUSSOY %5 ®*10 KIRNAZ 25 B F 5¢ /2] O-S
FARTAHM, AFETFIHIKEE TR, TRER AR R
. F-H MmN 2 BN, MR S S B b 55 T
4 J BEI BT 2 5 (1 SO K FARAET JG 1, e SC 4 o 5 1% F-H
FANT At BAMVNT AN . 28N E Lot A O R B s
Bk 2 AP S BT8R T AR 0 B A X R, HEEBR
TR AR s L AR5 DU CE AL RIS 1 AN R AP 5 B 2 1) (151
BN AT o WG ™7 A4 b 20 F-H f T A, 55 F-H
FARTtE, SHCA—5, v B8 TREASKIEA R 5 8ok
RS SIIKIF A 25 . STHERERZ >, 7ENME
FYONBERACEE M 1/3 2 1/2 VAT R R R, B
BRPLARI 1/2 LA R JEAARA B RE 56T AR e 1 B2

S5 LT, BoE KALARL R ) S 5078 M ) R0 3 ) A7
ZES, mAMUGERE N B SO /MU BN S, Z 4 ik N 5
TR, AXF A, BERCE KA. fE. EAURIPL R
Ko Bl KALAT b s FIRL R IS S0 26 5 SR T e M ¥ KT
ek, FEIR I PR IZE A MU % B I8 78 3 RE A ) ) 22 5

LA FIA R 2 A OFBESTEF TR, it & F
WHRF R, TELPRIERFAR S, JE AT 458 4
BRw, WHESHIK AT RE T IE 5 AL B Ui S P BB ks @
JETEAS MM, W ARA P e« AR BE B mT 6 Lb e YR AT 5T
R @KRFEZIRE RG2S W @R KFLE
BEREAXITHEAL, HARBRENNETR. £S5
ot Td—BY RREAREHEIE, PN Z IR,
TEI A AT FIRBURS Bb KA R, 45 &k ek 5
AR F BT LR AT LLBG R

BUof: BRI FRESEHRI. Ry AR B LS.

fEETmk: T2, TE R ARE, T2, EREITKES
M, EEE. RO A AR ATTA.

FIFMZE: XFH LN FH, ERAFAFLFRTTRT R
HAEF AR,

FERGRELERR: 38 — B FHURIR L, 4B (Frindk FF T i)
“E 4 - WA - AR F KEF 407 3, ESEIAGHFAT
ATFAVL IR AL B 69K T RN S, R &, BN AFE
TR P R, TR #N. i, 4760, k. REBMEHBZIHk, T4
2 Z RG], AR 0 AR R T AT AR A IR,

MRAREEIL: S R AT A RAEE 5 4 3 A F T L F R sE ik i,

ARG : ZXFREEATTEREFHFLEEL S (AR
T EREREFNFGHEL L RGEFILY . XFBRiTe gL+
AR B G XAk R GHATIRE T, XFLDRATINT ERRFIF
R BUAD LERSHTEBTE.

Chinese Journal of Tissue Engineering Research | Vol 27 | No.20 | July 2023 | 3121



@

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

4 =#ETHk References

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

VASQUEZ C, YANG A, YOUSSEF AS. Foramen Magnum Meningioma:

Far Lateral Approach. J Neurol Surg B Skull Base. 2019;80(Suppl 4):
S363-5364.

BEER-FURLAN A, VELLUTINI EA, BALSALOBRE L, et al. Endoscopic
Endonasal Approach to Ventral Posterior Fossa Meningiomas: From
Case Selection to Surgical Management. Neurosurg Clin N Am. 2015;
26(3):413-426.

AMELOT A, TERRIER LM, LOT G. Craniovertebral Junction Transoral
Approach: Predictive Factors of Complications. World Neurosurg. 2018;
110:568-574.

HEROS RC. Lateral suboccipital approach for vertebral and
vertebrobasilar artery lesions. J Neurosurg. 1986;64(4):559-562.
NANDA A, VINCENT DA, VANNEMREDDY PS, et al. Far-lateral approach
to intradural lesions of the foramen magnum without resection of the
occipital condyle. J Neurosurg. 2002;96(2):302-309.

BASSIOUNI H, NTOUKAS V, ASGARI'S, et al. Foramen magnum
meningiomas: clinical outcome after microsurgical resection via a
posterolateral suboccipital retrocondylar approach. Neurosurgery.
2006;59(6):1177-1185.

BOULTON MR, CUSIMANO MD. Foramen magnum meningiomas:
concepts, classifications, and nuances. Neurosurg Focus. 2003;14(6):
el0.

BOLZS, GAPERT R, HARTWIG S, et al. Evaluation of foramen magnum
sexual dimorphism in a modern documented German population
using post-mortem computed tomography. Forensic Imaging. 2020;
21:200352.

TONEVA D, NIKOLOVA S, HARIZANOQV S, et al. Sex estimation by size
and shape of foramen magnum based on CT imaging. Leg Med (Tokyo).
2018;35:50-60.

TEIXEIRA WR. Sex identification utilizing the size of the foramen
magnum. Am J Forensic Med Pathol. 1982;3(3):203-206.

ROUTAL RR, PAL GP, BHAGAWAT SS, et al. Metrical studies with sexual
dimorphism in foramen magnum of human crania. J Anat Soc India.
1984;2(33):85-89.

GARGI V, RAVI PRAKASH SM, SANGEETA MALIK'S, et al. Sexual
Dimorphism of Foramen Magnum between Two Different Groups of
Indian Population: A CrossSectional ConeBeam Computed Tomography
Study. J Forens Sci Med. 2021;4(3):150-155.

AGARWAL HKS, SETIA PS, PANDEY S. Virtual Determination of Sex:
Estimating Cut off Value of Digital Metric Traits of Foramen Magnum
on Threedimensional Computed Tomography with Receiver Operating
Characteristic and Logistic Regression Analysis. J Forens Sci Med. 2021;
1(7):1-8.

ZDILLA MJ, RUSSELL ML, BLISS KN, et al. The size and shape of the
foramen magnum in man. J Craniovertebr Junction Spine. 2017;8(3):
205-221.

GONZALEZ-COLMENARES G, SANABRIA MEDINA C, ROJAS-SANCHEZ
MP, et al. Sex estimation from skull base radiographs in a contemporary
Colombian population. J Forensic Leg Med. 2019;62:77-81.
GONZALEZ-COLMENARES G, MEDINA CS, ROJAS-SANCHEZ MP. Sexual
Dimorphism in the Foramen Magnum of Nigerian Adult. Int J Biol Med
Res. 2011;2(4):878-881.

RAFIG . A BCE R FLAN L TEBEAT PR HU (R E 7 (D). B R - B9
BER} K ,2017.

HEND MH, ABDEL-RAHMAN RH, EL-HAWARY G, et al. Sexual
dimorphism of foramen magnum: An Egyptian study. Egypt J Forensic
Sci. 2020;10(3):1715-1722.

3122 | DEHERTIEHAR | 582748 | 55208 | 20235F78

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

GAPERT R, BLACK S, LAST J. Sex determination from the foramen
magnum: discriminant function analysis in an eighteenth and
nineteenth century British sample. Int J Legal Med. 2009;123(1):25-33.
LUCENA JD, SANDERS J, BRITO HD, et al. Morphometric Analysis of

the Foramen Magnum in Dry Human Skulls in Northeastern Brazil. J
Morphol Sci. 2019;36:97-104.

UTHMAN AT, AL-RAWI NH, AL-TIMIMI JF. Evaluation of foramen
magnum in gender determination using helical CT scanning.
Dentomaxillofac Radiol. 2012;41(3):197-202.

MOODLEY M, RENNIE C, LAZARUS L, et al. The Morphometry and
Morphology of the Foramen Magnum In Age And Sex Determination
Within The South African Black Population Utilizing Computer
Tomography (CT) Scans. Int J Morphol. 2019;37(1):251-257.

KUMAR NP, PRIYANKA EN, KOLAPPAN R, et al. Morphometric analysis
of foramen magnum using helical computed tomogrophy for gender
determination. World J Adv Res Rev. 2020;8(3):1-6.

MADADIN M, MENEZES RG, AL SAIF HS, et al. Morphometric
evaluation of the foramen magnum for sex determination: A study
from Saudi Arabia. J Forensic Leg Med. 2017;46:66-71.

LE TV, DAKWAR E, HAN S, et al. Computed tomography-based
morphometric analysis of the human occipital condyle for occipital
condyle-cervical fusion. J Neurosurg Spine. 2011;15(3):328-331.
WANIBUCHI M, FUKUSHIMA T, ZENGA F, et al. Simple identification

of the third segment of the extracranial vertebral artery by extreme
lateral inferior transcondylar-transtubercular exposure (ELITE). Acta
Neurochir (Wien). 2009;151(11):1499-1503.

BRI . Jz AMIN N T oRE R DG AR 4 2 H0) CT 2407 (D). B
2 Wi 2B ,2020.

REHAB |, ABDEL-KARIM, HOUSSEINI AM, et al. Adult sex estimation
using Three Dimensional Volume Rendering Multislice Computed
Tomography of the foramen magnum and occipital condyles: A study in
Egyptian population. Int J Adv Res. 2015;3(5):1212-1215.
CHOVALOPOULOU ME, BERTSATOS A, CARDOSO H. Estimating

Sex of Modern Greeks Based on the Foramen Magnum Region. J
Anthropology. 2017;2017:1-7.

ALJARRAH K, PACKIRISAMY V, AL ANAZI N, et al. Morphometric analysis
of foramen magnum and occipital condyle using CT images for sex
determination in a Saudi Arabian population. Morphologie. 2021;11:
$1286-0115(21)192-192.

KALTHUR SG, PADMASHALI S, GUPTA C, et al. Anatomic study of

the occipital condyle and its surgical implications in transcondylar
approach. J Craniovertebr Junction Spine. 2014;5(2):71-77.

ZHOU J, ESPINOZA ORIAS AA, KANG X, et al. CT-based morphometric
analysis of the occipital condyle: focus on occipital condyle screw
insertion. J Neurosurg Spine. 2016;25(5):572-579.

GUMUSSOY I, DUMAN SB. Morphometric analysis of occipital condyles
using alternative imaging technique. Surg Radiol Anat. 2020;42(2):
161-169.

KIRNAZ S, GERGES MM, RUMALLA K, et al. Occipital Condyle Screw
Placement in Patients with Chiari Malformation: A Radiographic
Feasibility Analysis and Cadaveric Demonstration. World Neurosurg.
2020;136:470-478.

JABEY SR, BIANR SRR AMU B DI BR AR AL 75 A
AMUIIR D). AR ANELER I 7T A & ,2003,2(3):238-241.
SPEKTOR S, ANDERSON GJ, MCMENOMEY SO, et al. Quantitative
description of the far-lateral transcondylar transtubercular approach to
the foramen magnum and clivus. J Neurosurg. 2000;92(5):824-831.

( #{T4u%R: GD, ZN, ZJP)



