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Finite element evaluation on biomechanical compatibility of osteo-
porotic vertebral augmentation with cancellous bone granules and
bone cement
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Wenzhou Medical College, Wenzhou 325035, China; 2. Department of Orthopaedics, The Third Affiliated Hospi-
tal of Wenzhou Medical College, Ruian 325200, China)

Abstract. Objective To investigate the biomechanical compatibility effects of cancellous bone granule ( CBG)
augmentation of Optimesh and polymethylmethacrylate ( PMMA) augmentation of Kyphoplasty on treated and ad-
jacent non-treated vertebral bodies. Method Three-dimensional, anatomically detailed finite element ( FE)
models of the L1 ~ L2 functional spinal unit (FSU) were developed on the basis of cadaver computed tomography
(CT) scans. The material properties and plug forms of the L2 centrum were adapted to simulate osteoporosis,
CBG and PMMA augmentation. The models assumed a three-column loading configuration as the following
types: compression, flexion and extension. Results Compared with the osteoporotic model, changes in stress
and strain at adjacent levels both of CBG and PMMA augmentation models were minimal, but stresses/strains
within the two reinforcement material plugs were modified distinctly and differently. In addition, osteoporosis,
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CBG and PMMA augmentation had little effect on either the axial compressive displacement of the three columns

or the average disc internal pressure in all models. Conclusions

Both morcelized cancellous bone and PMMA

augmentation restore the total strength and stiffness level of treated vertebral bodies and benefit the reconstruction
of vertebral function. Regarding the biomechanical compatibility and the biocompatibility of the treated vertebral
body and reinforcement material, however, the morcelized cancellous bone is better than PMMA augmentation.
Key words : Functional spinal unit; Osteoporosis; Bone graft augmentation; Kyphoplasty; Finite element analy-

sis; Biomechanical compatibility; Biocompatibility
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Fig.1 (A) The FE model of normal L1 ~ L2 FSU; (B) The FE model of osteoporotic L1 ~ L2 FSU; (C) The sagittal plane of thres-column
structure of L1 ~ L2 FSU with CBG or PMMA augmentation, (D the anterior column, (2) the middle column, (3 the posterior column; (D)
The sagittal plane of three-column loading mode of L1 ~ L2 FSU with or without augmentation.
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Tab.1 Material properties of the osteoporotic L1 ~ L2 finite ele-
ment model
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Cip =0.12 MPa, Cy =0.047 MPa; H:H1(Cyy +Cy ) =E/4(1 + ),
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Tab.2 Maximum von Mises stress/strain within the cancellous bone and endplate of FE models
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Fig.3 (A) Sagittal images from the midline showing distribution of von Mises stress in the cancellous bone and within the reinforcement
material bolus resulting from 400 N of compression; (B) von Mises stress of L1 inferior endplate and (C) von Mises stress of L2 superior
endplate under 400 N of compression. (Al), (B1), (C1) osteoporosis condition; (A2), (B2), (C2) CBG augmentation; (A3), (B3),

(C3) PMMA augmentation.
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Tab.3 Percentage increase (or decrease) of maximum endplate
Von Mises stress after CBG or PMMA augmentation compared
with the osteoporotic (Oste) model
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B 4(B)Frm.



R 2,% BERESEKEEENGTEREREENENNZEETENERTIERY
WU Li-jun, et al. Finite element evaluation on biomechanical compatibility of osteoporotic vertebral

augmentation with cancellous bone granules and bone cement 85

Oste
H PMMA

O Normal
1.0+ BCBG

Axial displacement /mm

Posterior

Anterior

Three columns

0.6

05k O Normal Oste EICBG B PMMA

041

03}

021+

Average disc stress /MPa

0.1+

0 1

Four intervertebral discs

E4 (A) £400 NHEEREFTEAT 4 MERTHER
(EFEH. B REH.CBG 138 . PMMA 1E58) AT . 5=
HEMELRE; (B)E 400 N R ERAEFIEATEHHAR
JURREN( IEH B RE (CBG 38 . PMMA 1438) §HEE &
14 von Mises iz F7o

Fig.4 (A) Axial displacements of anterior, middle and
posterior columns of four FE models ( normal, osteo-
porostic, CBG augmentation, PMMA augmentation) un-
der an axial compressive load of 400 N; (B) Average
von Mises stresses in four different intervertebral discs
( normal, osteoporostic, CBG augmentation, PMMA
augmentation) under an axial compressive load of 400 N.
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(PMMA, 3 GPa) 345aA B LLARAR & 8L (CBG, 100
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