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Finite element modeling of human cervical spine

H.Y. Choi, HW. Eom, T.H. Lee, S.B. Kang, M.C. Hwang
Department of Mechanical Engineering, Hong-Ik University.

ABSTRACT

Human cervical spine has to protect the neural
components and vascular structures. Also, it
must have the flexibility afforded by an
extensive range of motion to integrate the head
with the body and environment. Because of
these two-sided features, human cervical spine
has very complicated shapes and their injury
mechanisms are not fully understood yet. We
have developed analytical model of human CS by
using the finite element method. The model has
been verified with in vivo and in vitro
experimental results. From the qualitative
analysis of simulation results, we were able to
explain some of the fundamental mechanisms of
neck pain. Futher more, this FE model of
human CS can be used as an analytical tool for
biomechanical design of the clinical device and
safety restraints.
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Cervical spine vertebrae (exploded view)
Fig. 1 The FE model of cervical spine

Load o failure

elastic zone

Deformation

neutral zone plastic zone

Fig. 2 Typical tensile load-deformation curve of
the ligament

Diplacemant (mvm)

Fig. 3 Compressive force vs. displacement curve
of disc 4

(a) Flexion motion (b) Extension motion
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(c) Lateral bending (d) Axial rotation
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Flaxaon snd Extenzion (C4 - C7)
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(6-b)
Fig. 5 Flexion and exten-

sion motion
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(6-c)
Fig. 6 Lateral bending

motion [2,5]

ROM (Degraes}

Axial Rotation (C8 -C7)

Fig. 7 Axial rotaion motion [2,5]

Table 1. F3& 49 FAS d4FA

Table 2. Lower  cercical spine ROM
(Flexion/Extension) [2,5]

Dvorak | Dvorak |penning Panjabi
(83) (88) (78) (94)
In In In
Vivo/ | Vive/ | Vivo/
active |passive| active
ROM | ROM | ROM | ROM | ROM

(degree)|(degree)|(degree)|(degree)|(degree)

C4-C5| 19.0 21.0 20.0 12.0 15.7

C5-C6| 20.0 23.0 20.0 17.0 14.9

C6-C7| 190 21.0 15.0 16.0 13.4

Table 3. Lower cervical spine ROM (Lateral
bending) [2,5]

Moroney | Penning Panjabi
@ | @ |VEP (g
In Vivo/ | In Vivo/
FSU active

ROM ROM ROM ROM
(degree) | (degree) | (degree) | (degree)

Coordinate
X-direction | Z-direction Mass(ke)

Head 0.0032 0.7096 469
Cl (Atlas) -0.0194 0.6423 0.22
C2 (Axis) -0.0181 0.6238 0.25
C3 -0.0176 0.6056 0.24
C4 -0.0186 0.5856 0.23
C5 -0.0186 0.5619 0.23
C6 -0.0226 0.5429 0.24
C7 -0.0296 0.5229 0.22
T1 -0.0326 0.4998

C4-C5 4.7 6.0 110 56
C5-C6 4.7 6.0 8.0 49
C6-C7 4.7 6.0 7.0 4.8

Table 4. Lower cervical spine ROM (Axial
rotaion) [2,5]

W & P | Panjabi

Dvorak | Penning 78) 94)

In Vivo/ | In Vivo/
passive | active

ROM ROM ROM ROM
(degree) | (degree) | (degree) | (degree)

C4-C5 6.7 6.8 12.0 5.3
C5-C6 7.0 6.9 10.0 5.1
C6-C7 54 54 9.0 3.1

Table 5.2t 24 &5 <ol U@ #8 82 o
KL

Comt?lned lateral axial
flexion/ . .
. bending rotation
extension
ROM ROM ROM
(degree) (degree) (degree)
C4-C5 19.55 6.35 5.61
C5-C6 17.14 456 6.33
C6-C7 15.95 3.82 359 |
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