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Three—dimensional finite element study of the effect of sagittal angle asymmetry of cervical facet joint
on the stress of cervical intervertebral disc annulus fibrosussWONG Rui, YE Lingiang, YAO Zhen-
song, et al/Chinese Journal of Spine and Spinal Cord, 2022, 32(2): 149-159

[Abstract] Objectives: The effects of facet tropism on cervical intervertebral disc and facet joint were
investigated by finite element analysis. Methods: The finite element model was constructed using CT scans of
a 26-year—old female volunteer. Firstly, a cervical model was constructed from C3 to C7. The model was
verified using data from previously published studies. Secondly, the facet orientation at C5-C6 level was
altered to simulate the facet tropism with respect to the sagittal plane. Three models were reconstructed,
including symmetric model (90° facet joint angle at the both side), moderate facet tropism model (100° facet
joint angle at the left side and 90° facet joint angle at the right side), and severe facet tropism model(110°
facet joint angle at the left side and 90° facet joint angle at the right side). In each model, the stress of
annular fiberswere studied under four pure moments and combined loading. Results: Three models just had

little differ on the stress of annulus fiber and the pressure of facet joint under flexion, extension, lateral
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bending, left rotation and flexion combined with left rotation moment. But under right rotation and flexion

combined with right rotation moment, there were significant differences in the stress of annulus fiber and the
pressure of facet joint among the three models. Compared with the symmetric model, the annular fiber stress
of moderate facet tropism model and severe facet tropism model showed an increasing trend (increased by
16.65% and 35.16% respectively under right axial rotation; flexion combined with right axial rotation
increased 19.47% and 54.39%, respectively), and severe facet tropism model was more obvious. The pressure
of facet joint showed a decreasing trend (reduced by 3.31% and 5.95% respectively under right axial rotation;

flexion combined with right axial rotation reduced by 7.19% and 15.52%, respectively), and the decrease was
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more obvious in the severe facet tropism model.

fiber,

intervertebral disc annulus

and the greater the degree of facet tropism,

Conclusions: Cervical facet tropism increases the stress of

the more obvious the stress

increases, it may be one of the pathological anatomic factors of cervical disc degeneration or herniation.
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The midsagittal line is drawn through the centre of the cervical

and the middle point of the base of the spinous

The facet line was drawn between the anteromedial and
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Table 1 Material properties and mesh types of the cervical finite element model

AR HER/NA [ 4% 24 7 ERPUN

Elasticity modulus (MPa) Poisson’s ratio Mesh type References

JZ i Cortical bone 10000 0.29 DY I 14 Tetrahedron Liu et all?

FA B Cancellous bone 100 0.29 DY Ifii {4 Tetrahedron Mo et al.l'

2R End plate 1200 0.29 P4 TH {4 Tetrahedron Mo et al.l"

2 Y IR EE T Annulus matrix 34 0.4 N 1A Hexahedral Mo et al.'
LFHUEIR LT 2E Annulus fibre 110 0.45 HTZR B0 Truss unit Yuchi et al.™
#i#% Nucleus pulposus 1 0.49 DY Ifii {4 Tetrahedron Wang et al.l"l
KATGE AT Facet articular cartilage 10 04 P4 T A Tetrahedron Wang et al.'"

ALL/PLL/CL/FL/ISL 30/20/10/10/10 0.4 Hi%L 5T Truss unit Mo et al.l"l

TEALL, H0 N PLL, J5 4804 s CL, G B4y s FL, BRI s ISL, e in) S e b Bl

Note: ALL, anterior longitudinal ligament; PLL, posterior longitudinal ligament; CL, capsular ligament; FL, flaval ligament; ISL,

interspinous and supraspinous ligament

2 C3-7 =4 RICHRY

Figure 2 The three—dimensional finite element model of C3-7
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Figure 3 Axial cutting images of three finite element models of facet joint on C5-6: in symmetric model, the left and

right facet joint angle was 90°; in moderate facet tropism model, the leftfacet joint angle was 100° and the right was

90°; in severe facet tropism model, the left facet joint angle was 110° and the right was 90°
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Figure 4 Validation of the normal model of C3-7: the range of motions(ROMs) of all functional spinal units in C3-7

models were basically within the standard deviation range of in vitro experimental data (Note:

E—-Extention; AR—Axial Rotation; LB-Lateral Bending)

F—Flexion;
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Figure 5 Validation of the new three models of C5-6: the ROMs of the new three models of C5-6 were similarly
within the standard deviation range of in vitro experimental data Figure 6 The annulus fiber stress in three models:

Under the right axial rotation and flexion combined with the right axial rotation moment, the annulus fiber stress is

obviously different
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Figure 7 The annulus fiber stress under flexion combine with left rotation in three models: the maximum stress and
stress distribution of annulus fiber were not obviously different Figure 8 The annulus fiber stress under flexion
combine with right rotation in three models: the maximun stress of annulus fiber was concentrated on left posterolateral

side in the severe FT model, and the moderate FT followed
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Figure 9 The facet joint pressure (left side)

the right axial rotation moment,

in three models:

under the right axial rotation and flexion combined with

the pressure of facet joint had a decreasing tendency Figure 10 The facet joint

pressure(right side) in three models: there was no obviously difference in the pressure of facet joint in three models
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Figure 11 The left side of facet joint pressure under flexion combined with right rotation in three models: the maximun

pressure of left side of facet joint in the severe FT model was the lowest,

The right side of facet joint pressure under flexion combined with left rotation in three models:

and the moderate FT followed Figure 12

the maximum stress and

stress distribution of the right side of facet joint were not obviously different
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