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ABSTRACT

In this paper, three dimensional finite element analyses have been performed to investigate the biomechanics of
vertebroplasty in patient accurate FE models have been constructed from CT images of a PMMA injected vertebra. In
order to apply various material properties of the spine(T12), the functional relation between the well known apparent
density and HU(Hounsfield unit) from CT image were employed and thus real material properties can be assigned to
each element of FE model. The FE analysis showed similar results with the experiments. With this approach accurate
analysis of the vertebroplasty and its clinical applications can be expected.
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Fig. 1 Vertebroplasty
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Fig. 2 Extracted contours from medical image
(a) a medical image of a slice of a human
vertebra
(b) a point model of (a)
(c) a point model of a vertebra column
(T11~L1)
(d) a final contour model for region A of a
vertebra (T12)
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Table 1 Number of elements

Model Number of | Total number
elements of elements
I Cortical bone 20,338 32,876
Trabecular bone 12,538
a Cortical bone 20,338
I Trabecular bone © 10,102 32,876
PMMA 2,436
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(a) CT image (b) FE model
Fig. 5 PMMA model
Fig. 6 Contours of the apparent bone density

187



A5¢ - A5

ole% -

YYg - AFE

AAQY  F=ALFTEIA] 23 H A 8%

4

Unit: MPa

Fig. 7 Contours of the predicted Young’s modulus as
PMMA injected in central region
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Fig. 8 Loading conditions of T12
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(b) After PMMA injection
Fig. 9 CT images of trabecular bone
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- 2 0HU
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Fig. 10 Determination of material properties due to bone
density from CT image
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Fig. 11 Distribution of material properties of the vertebra

2 A7 HEd P4T BFE B4R HEYE
Fig. 10 ol BE uvie} Zon, dukAd §xo
BAE BEO gFo] 88MPa, AHAUY FE
268MP ©o]8] @dAT7o] Rdd o] Al2E CT data7} &
Ade n#H B o 2 A7 FL4E a4 o
g9 Hgo] BT L AT & AU}H. Y PMMA
9] 4L PMMA 7} F3 el AUso BAEH

Ao A& we BAXNE A&,

Table 2 Material properties of the vertebra

Cortical
17583 0.3
Normal bone
erson Trab
p rabecular 264 03
bone
Cortical
ortea 6495 0.3
bone
Patient Trabecul
atien rabecular 88 ~ 270 0.2
bone
PMMA 540 0.3
Table 2 = 3 8ARAd A1 EH 8490 JE
< Yehls, o] of PMMA & 1¥32} 2 (polymer

powder) 3 MMA(methylmethacrylate) & B]€o] 1.5
gml ¢ FE2 FAHAeH F§ EHAE 4F

Ao HE%E HEaAAG.

Table 3 Type of the analysis

patient — uniform HE4¥e ANle A A2

material 9d 9§ A& (88MPa)
patient — HFAPe AE A 2=
elementwise EdYd 98 3%
material (88~270 MPa)
vertebroplasty - 248 < ANe F A=

9d 98 3§
(88MPa, 540 MPa)

uniform material

HAEAEe Ale F gxA=
E4Y 98 38
(88~540 MPa)

vertebroplasty —
elementwise
material

v g =)
=2

Ay e AA]

normal — weak A
(100 MPa)

bone

FEE S Y
(265 MPa)

normal — strong
bone
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Fig. 12 Comparison of result with pervious data

(a) Investigated location
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(b) Application of uniform material property
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(c) Application of elementwise material property
Fig. 13 Displacements of top plate
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(a) Investigated location

—a— patient - uniform material (88MPa)
—A— vertebroplasty - elementwise material (88MPa, 540MPa)
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(b) Application of uniform material property
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(c) Application of elementwise material property

Fig. 14 Minimum principal stress of vertebral body on
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