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The establishment and analysis of a three—dimensionalfinite element model of whole cervical spine with
muscles/CHEN Qunxiang, NI Bin, GUO Qunfeng, et al/Chinese Journal of Spine and Spinal Cord,
2019, 29(4): 348-355

[Abstract] Objectives: To establish a three—dimensional finite element model of whole cervical spine with
muscles and evaluate its validity, in order to establish a good working platform for further analyzing the
biomechanical mechanism of cervical spine diseases. Methods: A 34-year—old healthy male volunteer under-
went cervical thin—section CT scans. The raw data of CT scans were stored in Dicom format. Then the CT
data were reconstructed reversely with Mimics17 into the 3D cervical point cloud model which were further
fitted into NURBS surface model with Geomagic Studio 2012. Then NURBS surface model was imported into
Hypermesh12 for mesh partitioning, assignment of material property, definition of contact and boundary condi-
tion and other operations. Finally, finite element analysis was carried out with ABAQUS 6.12. The range of
moves(ROMs) inflexion, extension, lateral bending and rotation were compared with the literature data in order
to validate the model. Results: The model consisted of 789024 elements and 285045 nodes. In term of ap-
pearance, this model had good geometric similarity with the human cervical spine. The comparisons between
the ROMs of the model in flexion, extension, lateral bending and rotation with the reference ranges provided
by the literature data summed to 80 times, with 24 times(30%) exceeding a part of reference ranges and only
C5-6 ROM in lateral bending(8.4°) and CO-C1 ROM in rotation(24.2°) exceeding all reference ranges(P<0.05).
Conclusions: The normal three—dimensional finite element model of whole cervical spine with muscles meets
the standard of geometric and mechanical similarity required in finite element analysis, thuscan be used for

the biomechanical analysis of cervical spine.
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Table 1 Thematerialproperty
] SR A NEL/NEA
Structure Stiffness(Mpa) Poisson’s ratio

S

Cortical bone 15000 0.2
it ot

Trabecular bone 300 0.2

Lok E1=86 016

Transverse ligament E2=6 .

R AR T HER SRR E2 AR EE T EL FE
Note: E1 is perpendicular to disc radius, and E2 is perpendic-

ular to E1
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Table 2 The material property of disc

A TR] 4544 1
Disc components
R ES B2
Nucleus pulposus Annulus matrix
% B (density)(kg/mm?) 1.00E-06 1.20E-06
TR L (Poisson’s ratio) 0.495 0.45
C,(MPa) 0.12 0.18
C,(MPa) 0.003 0.045

TE:Cy Al Cy S M A2 T 7 %X
Note: C1 and C2 were material constants characterizing the deviatoric

deformation of the material
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Table 3 The data of the ligaments after fitting
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Table 4 Muscle parameters

» ‘ B2
Lo e oy TR DNy PN REC
coefficient

AAOM 18.9 232 3.78 23.2 1.623695
PAOM 18.1 83 6.033333 8.3 0.228015
JC(CO-C1) 9.9 320 33 32 2.938476
JC(C1-C2) 9.3 314 4.65 31.4 1.452191
JC(C2-C3) 9 210 3 21 2.333333
ALL 10 300 2 30 7.5
LF(CI1-C2) 9.6 111 3.2 11.1 1.083984
LF2(C2-C3) 6 90 2 9 2.25
AP 8 214 1.6 21.4 8.359375
AL 14.1 357 2.82 35.7 4.489211

CLV 12.5 436 2.5 43.6 6.976
™ 11.9 76 3.966667 7.6 0.483017

PLL 10 80 3.333333 8 0.72
ISL 7 37 2.333333 3.7 0.679592

T AAOM, BERCAGHE ; PAOM, SERLRHEJC, KR
ALL, BRI LF, BB s AP, PR AR BN S AL, JLR )
LV, 78l s T™M, B8 s PLL, 5 G0 ISLL, kil #1417
Note:  AAOM, anterior atlantooccipital membrane; PAOM,
posterior atlantooccipital membrane; JC, joint capsule; ALL,
anterior longitudinal ligament; LF, ligamentum flavum; AP,
apical ligament; AL, alar ligament; CLV, the vertical portion
of cruciate ligament; TM, tectorial membrane; PLL, posterior

longitudinal ligament; ISL, interspinous ligament

NG PCSA SLy Lo LT
Muscles (em?)  (pm) (m)  Elements
kLA 088 306 0038 1
Obliquus capitis superior
Reots o JERFAL 168 25 0043
ectus capitis posterior major
KRR
Obliquus capitis inferior 1.95 2530043 !
REHL 552 29 015 63
Semispinalis capitis
Rectue oML - 092 253 0025 1
ectus capitis posterior minor
o eI 143 29 0104 43
Semispinalis cervicis
L SRR 098 252 0066 40
.ongissimus  capitis
B 104 284 0121 32
Tliocostalis cervicis
EZ 3
Moltifidus 2.32 29  0.178 42
R 309 29 0138 69
Splenius capitis
ol DL 143 278 01775 21
plenius cervicis
Lo L 31229 0139 27
evator scapulae
o 1373 29 0134 18
rapezius
oot L 008 249 00198 7
ectus capitis anterior
R MIAL 0783 258 00085 1

Rectus capitis lateralis

IR
Longus colli (oblique superior)
FUK L (I A )
Longus colli (vertical)

R ILCE #H)
Longus colli (oblique inferior) 0.088 29 0048 3

0.088 29  0.048 3

0.153 3 0.085 6

LRI 137 265 0071 4
.ongus capitis

Jifg 3 2L 5 WL
Sternocleidomastoideus

2901 3.15 0.171 22
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Figure 1 The three—dimensional finite element model of the cervical

spine(a, b, without cervical muscles; ¢, d, with cervical muscles)

endplate is fixed,
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Figure 2 The schematic diagram of boundary and loading:T1 inferior

and pure torque of 1.5N -m is applied on the

reference point at skull base

BVRAB IR TENESTHTLL
Table 5 ROM of every segments under different conditions compared with

the literature

A (©) Ja i) i +J5 () ZEAM A A (0) ZEEE A TLES (°)
Flexion Extension Flexion and extension Left and right bending Left and right
v e e Vo 1 v
CO-Cl 7225 94 202+4.6 15.0 27.5+7.7 27.4+3.7 27.1+42 244 7.7£2.1 9.1x1.5 7.8+2.4 6.2 13+55 9.9+3 114242 242
C1-C2 12.3+2 153 12.1#6.5 11.0 15.3+4.2 24.4+5.6 164+5.1 26.3 11.6£104 6.5+2.3 8.9+4.5 8.1 63.3+13 56.7+4.8 58.7+8.4 61.7
C2-C3 35+13 3.8 27«1 44 9+4  6.8x1.4 88+2.1 82 9.7+43 9.6x1.8 8.4+38 11.3 6.6+4.8 3.3x0.8 6.7+3.9 7.2
C3-C4 4329 4.8 3421 53 1045 82+4.7 9.7+3.4 10.1 8.6£59 9«19 8«35 13.0 9.5+49 5.1x1.2 7.1+2.1 79
C4-C5 53+3 51 48+19 64 14355 9.8+4 13.8+4.7 11.5 8.1£3.8 93+1.7 7.5¢3.7 94 11538 6.8+1.3 9+1.8 59
C5-C6 55+£2.6 42 44428 4.1 14.5+8 104+52 14.1+6.1 83 4.9+2.1 6.5+1.5 4.8+24 84 7.8+4.1 5+1 7.7+£34 8.1
C6-C7 3.7#£2.1 3.6 3.4x1.9 4.0 152+3.1 8+4.3 149+35 7.6  6.8#33 54+1.5 3.9+2.1 6.8 6.5+3.3 2.9+0.8 6+£2.1 8.6
C7-T1 32 55 69+24 8.7 3.9+2.1 4.8  9+5.1 10.9
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Figure 3 Validityofmodel a Flexion b Extension ¢ Left and right bending d Left and right torsion
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