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Abstract

BACKGROUND: The serious complication of bone cement displacement is easy to occur when Kummell’s disease is treated with common bone cement filling
method.
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OBJECTIVE: To analyze the biomechanical properties of the novel bone cement screw system, percutaneous vertebroplasty and percutaneous vertebroplasty
combined with percutaneous pediculoplasty in treatment of Kummell’s disease with three-dimensional finite element method.

METHODS: The collected CT data in Kummell’s disease patients were imported into Mimics image processing software to read the images. A three-segment
three-dimensional finite element model of T,,, L, and L, vertebrae was established (L, was the diseased segment), and a novel cement screw model was
reconstructed with Creo software. The three-dimensional finite element model of Kummell’s disease was repaired and treated with five options: novel unilateral
cement screw placement, novel bilateral cement screw placement, percutaneous vertebroplasty combined with unilateral percutaneous pediculoplasty, and
percutaneous vertebroplasty combined with bilateral percutaneous pediculoplasty, and pure percutaneous vertebroplasty. Maximum equivalent stress of T,,
inferior endplate, maximum Von-Mises of bone cement, relative displacement of bone cement, and stability of bone cement under flexion, extension, left

flexion, right flexion, and rotation conditions were analyzed.

RESULTS AND CONCLUSION: (1) There was little change in the stress distribution of the inferior endplate of T,, under different schemes, and the maximum
Von-Mises of inferior endplate of T,, of percutaneous vertebroplasty combined with unilateral and bilateral percutaneous pediculoplasty group was larger
under different working conditions. The maximum Von-Mises of inferior endplate of T,, of other groups was smaller. (2) The maximum Von-Mises of bone
cement of percutaneous vertebroplasty group was obviously larger than that of the other four schemes, and its stress distribution was not uniform. (3) The
bone cement displacement of percutaneous vertebroplasty group was the largest under most working conditions, and the relative displacement of the bone
cement in the other schemes was different under different working conditions. The relative displacement of the bone cement in the novel unilateral and
bilateral cement screw groups was small under flexion, extension and lateral flexion. Under the rotation, there was no significant difference in the relative
displacement of the bone cement between the novel unilateral and bilateral cement screw group and the percutaneous vertebroplasty combined with
unilateral and bilateral percutaneous pediculoplasty group. (4) The cement displacement load ratio of novel unilateral and bilateral bone cement screw group
was higher than those of other schemes. (5) Results showed that for the treatment of Kummell’s disease, the use of a novel bone cement screw treatment
will have a more stable structure, can effectively avoid bone cement displacement. However, this study requires clinical confirmation of its practicability in the

treatment of Kummell’s disease.

Key words: Kummell’s disease; novel bone cement screw; thoracolumbar vertebrae; finite element analysis; internal fixation; biomechanics
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Figure 1 | CTimaging of a Kummell’s disease patient
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Table 1 | Properties of novel bone cement screw and bone cement
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Figure 4 | Elastic model and density
assignment of the vertebral body
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Figure 6 | Five repair models

Chinese Journal of Tissue Engineering Research | Vol 26 | No.21 | July 2022 | 3383



@57 PEERATENS

www.CITER.com Chinese Journal of Tissue Engineering Research

1.5.2 HRTHA A SRR ARYE Mimics BEhit5E15
) (105 AN AR T 1E 3 5 B PR AR R R S AT R 2
B, FFLARE J7 R 250 N, 50 Nem FHREZL IR RTE .
feJds AR el 5 M Lo TR A SRR T B,
HAERILE 7 FiR. SRS SCHUHZ 25 ) i) 4 di 4 41 i [
MEAEW) 725 S a6 45 5L, 6 LU I VAR 78 4 7 ) SE B A A AR T B
MRS EBE, WETHEES, BEE .

6 [ SR 400 N+4.7 N = m 2557

5 [ Schuhz 400 N+4.7 N+ m 455
~ 4 [ 5 %750 400 N+10.6 N - m 45
w3 BE=] schuhz 400 N+10.6 N+ m 455t
&

2

o LLEE I1HE 1188 |15

WiE R e AR ek

B 7 | EREESEERNENE
Figure 7 | Range of motion of the complete spine model

FI R T 2 2 e 50 B % ] [ 1k 34 2 25 1) e 2 DR ik
AH—HER, WRARTHER Ty Ly L &R R
WEE 228 521502 B I T = 2R MEE T AR S H O,
FoAts B AH A G5 AT DAKRAE & ) [ PEAA R, S 8insk 2 s
Fz2 | BFELANMRENS

Table 2 | Material properties of tissues
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Figure 9 | Stress cloud diagram of the inferior endplate of T,, vertebral
body under different working conditions of each group of models
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Figure 10 | T,,maximum Von-Mises statistical bar chart of each repair
model under different working conditions
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Figure 11 | Stress cloud diagram of the bone cement under different
working conditions of each group of models
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Table 4 | Bone cement Von-Mises calculation results of each repair model

TiH i Jafil T fi s i filie

T 37.261 26.162 34.719 34.549 33.735 26.953
T2 57.424 32.777 26.267 29.934 27.371 37.845
VE X 31.504 24.429 24.777 22.741 23.272 22.196
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ViE 3 146.140 84.853 109.480 58.916 90.682 99.750
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Table 5 | Calculation results of relative displacement of bone cement of
each repair model under different working conditions

TiH Hil = J ) i Ly Hiie
VIS 0.06610  0.08456  0.07435 000659 010394  0.066 15
%2 0.01241 008190 004071 001723 009193  0.094 32
FE3 0.05310 010947  0.12205 0.09341 0.10956  0.058 87
VEL 0.07360 015264  0.10519 0.04659 0.09158  0.12645
%S 0.05750 021109 011552 012106 0.14146  0.16433
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Figure 13 | Statistical histogram of bone cement relative displacement
under different working conditions
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Table 6 | Calculation results of displacement load ratio of bone cement of
each repair model under different working conditions

TiH T Hil Ja i ) kLS
FE1 5340.48 22927.62 8986.65 10703.81  25176.94
Ti%2 11255.98 12921.04 1538516 839196  9121.89
FE3 767.51 9510.92 4906.55 7946.92 10 308.95
EL 2146.16 226735 4708.64 896.86 621.23
kS 1113.92 5115.20 4152.69 240110  3268.25

R TR L PMETE KRBT EN TR 2, GH T KRR B
JrgE 3, MEMRRIEIR G S AIHE S MBI 75 4, MERRRTZIR & XUHE 5 R BT
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Figure 14 | Statistical histogram of displacement load ratio of bone
cement of each repair model under different working conditions
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