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Three-dimensional finite element analysis of mechanical properties of modified partial pedicle subtraction
osteotomy in treatment of post-traumatic thoracolumbar kyphosis

LIN Tao”, MA Xiao”, YIN Jia, SHU Lun, ZHANG Zheng, WANG Ce’
Department of Orthopaedics, Changzheng Hospital, Naval Medical University (Second Military Medical University), Shanghai
200003, China

[Abstract] Objective To establish a thoracolumbar model by three-dimensional finite element analysis, and to
compare the stress conduction and distribution of screw-rod system and anterior edge of vertebral body in flexion, extension,
rotation and lateral bending between modified partial pedicle subtraction osteotomy and SRS-Schwab four-stage osteotomy.
Methods A T,;-L; model of normal male spine was established using computed tomography (CT) data. L, was used as
the operative vertebral body, and the three-dimensional finite element models were established for SRS-Schwab four-stage
osteotomy (A operation), modified partial pedicle subtraction osteotomy with preservation of 1/3 inferior wall of pedicle
(B1 operation) and modified partial pedicle subtraction osteotomy with preservation of 1/2 inferior wall of pedicle (B2
operation). Titanium mesh cage was used to support the anterior edge of vertebral body. The total stresses, the range of motion
of each intervertebral space and the stress of each implant in flexion, extension, rotation and lateral bending were compared
between the three-dimensional finite element models of A, B1 and B2 operations. The stresses of titanium cage implantation
part, residual vertebral body, and residual accessory structure of vertebral body and screw-rod system were compared.
Results During flexion, extension, rotation and lateral bending, the total stress of B2 operation was the lowest (205.6 MPa),
followed by B1 operation (207.0 MPa), and that of A operation was the highest (217.0 MPa). The range of motion of each
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intervertebral space was similar among the three surgical methods. During flexion, extension, rotation and lateral bending,

the stresses of the anterior titanium cage implantation part and remaining accessory structure and screw-rod system of
posterior vertebral body of B2 operation were the lowest (22.2, 187.7, 105.8 and 141.6, and 75.4, 168.4, 75.9 and 214.8 MPa,
respectively), and the stresses of A operation were the highest (27.3, 241.8, 133.4 and 188.0, and 97.5, 216.4, 98.5 and 243.0
MPa, respectively). And they were lower than yield stress and tensile limit of titanium alloy (760 and 860 MPa, respectively).

Conclusion The modified partial pedicle subtraction osteotomy with preservation of 1/2 inferior wall of pedicle (B2

operation) has advantage in reducing the stress of surgical segment, especially in reducing the stress of implant, so as to

decrease the risk of breaking nail and rod. However, it is similar to SRS-Schwab four-stage osteotomy in preserving the range

of motion of intervertebral space.
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Tab 1 Material properties related to three-dimensional finite element model

Structure name Elastic modulus (MPa) Poisson ratio Unit Area
Nucleus pulposus 8.4 0.45 C3D8H
Matrix Mooney-Rivlin C,=0.18, C,=0.045 C3D8H
Collagen fibrosis annulus 1-2 (outermost layer) 550 0.3 T3D2 0.1150
Collagen fibrosis annulus 3-4 485 0.3 T3D2 0.089 6
Collagen fibrosis annulus 5-6 420 0.3 T3D2 0.071 2
Collagen fibrosis annulus 7-8 (innermost layer) 360 0.3 T3D2 0.0539
Ligament (ALL, PLL, FL, ITL, CL, SSL, ISL) Deflection-load curve Springa

C,and C,: Material constants of intervertebral disc matrix determined by experiment. ALL: Anterior longitudinal ligament; PLL:

Posterior longitudinal ligament; FL: Flavum ligament; ITL: Intertransverse ligament; CL: Capasular ligament; SSL: Superspinous

ligament; ISL: Interspinous ligament
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Fig1 Force-displacement curves of ligament
ALL: Anterior longitudinal ligament; PLL: Posterior
longitudinal ligament; ISL:Interspinous ligament; SSL:
Superspinous ligament; CL: Capasular ligament; FL: Flavum

ligament; ITL: Intertransverse ligament
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Fig2 Schematic diagram of normal lumbar vertebrae
and posterior extension load in T,,-L;

ALL: Anterior longitudinal ligament; PLL: Posterior
longitudinal ligament; ITL: Intertransverse ligament; FL:
Flavum ligament; ISL: Interspinous ligament; CL: Capasular
ligament; SSL: Superspinous ligament

13 FRIUER (AL, AREHAR) THI1:
SRS-Schwab U AR (ARK) . REL 24
1/3 HEAR, VIBRMES AR K5 T7/NEAT o S5 MK 4E
KR R ZE . BT 58567, LA T /L, HElH]
o MABKEE, HHEAMBE (K 3A) .

T 2: PREHES T RSB AR (R 173
HES AR T RE, B1ARZL) o fREL, 20 13 HElK, 1)
B3 L, MERHE S AR F 2/3 . J5 DK S JiE 28 10 X6 i
WEoE . BRI, VAK T /L, MEMI &, ALK
G, JFEAMEE (E3B) .

T 3: fREMHES R FEERE AKX (R 12
MES AR T REE, B2 RxC) o I L, 2 173 #Efk, 1)
B L, HERHE S AR [ 172 J5 07K S FE 28 6 %6
WgE . RN, YLK T /L, HEM 3%, A%k
G, JFEAME (K 3C) .



e 262 e B THERE AR 20204E 3 H, A 41

Pedicle screw
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Interspinous ligament
Anterior longitudinal ligament
Intervertebral disc
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Fig3 Three-dimensional finite element schematic diagram of each operation

A: SRS-Schwab four-stage osteotomy (A operation); B: Modified partial pedicle subtraction osteotomy with preservation of 1/3
inferior wall of pedicle (B1 operation); C: Modified partial pedicle subtraction osteotomy with preservation of 1/2 inferior wall of

pedicle (B2 operation)
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Fig4 Von Mises stress nephogram of internal system
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A: Von Mises stress nephogram of pedicle screw system. 3-1, 3-2, 3-3, 3-4: SRS-Schwab four-stage osteotomy (A operation); 3-5, 3-6,
3-7, 3-8: Modified partial pedicle subtraction osteotomy with preservation of 1/3 inferior wall of pedicle (B1 operation); 3-9, 3-10,
3-11, 3-12: Modified partial pedicle subtraction osteotomy with preservation of 1/2 inferior wall of pedicle (B2 operation). 3-1, 3-5,
3-9: Extension; 3-2, 3-6, 3-10: Flexion; 3-3, 3-7, 3-11: Rotation; 3-4, 3-8, 3-12: Lateral bending. B: Von Mises stress nephogram of
mesh cage. 4-1, 4-2, 4-3, 4-4: SRS-Schwab four-stage osteotomy (A operation); 4-5, 4-6, 4-7, 4-8: Modified partial pedicle subtraction
osteotomy with preservation of 1/3 inferior wall of pedicle (B1 operation); 4-9, 4-10, 4-11, 4-12: Modified partial pedicle subtraction
osteotomy with preservation of 1/2 inferior wall of pedicle (B2 operation). 4-1, 4-5, 4-9: Extension; 4-2, 4-6, 4-10: Flexion; 4-3, 4-7,
4-11: Rotation; 4-4, 4-8, 4-12: Lateral bending
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Tab 2 Stress distribution of each part of fixed segment

under different surgical procedures

MPa
Load orientation A Bl B2

Flexion

Total stress 217.0 207.0 205.6

Part 1 212.5 202.2 190.5

Part 2 186.4 177.6 172.5

Part 3 173.0 172.3 169.6
Extension

Total stress 201.7 201.0 190.4

Part 1 31.5 29.6 27.4

Part 2 43.1 40.8 37.3

Part 3 194.0 191.7 180.6
Rotation

Total stress 207.4 205.0 201.5

Part 1 94.8 93.1 91.1

Part 2 119.1 113.8 107.0

Part 3 63.8 60.7 58.4
Lateral bending

Total stress 211.6 199.5 191.6

Part 1 83.6 81.8 73.4

Part 2 123.2 117.5 109.7

Part 3 17.1 16.6 14.4

A: SRS-Schwab four-stage osteotomy; B1: Modified partial
pedicle subtraction osteotomy with preservation of 1/3 inferior
wall of pedicle; B2: Modified partial pedicle subtraction osteotomy
with preservation of 1/2 inferior wall of pedicle. Part 1: Mesh cage
implantation part; Part 2: The rest of the vertebral body; Part 3:
Residual accessory structure of vertebral body and screw-rod system
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Tab 3 Range of motion of each intervertebral space

under different surgical procedures

)
Intervertebral space A B1 B2
Ti/T,,
Flexion 4.222 4.222 4223
Extension 2.335 2.336 2.336
Rotation 2.148 2.148 2.148
Lateral bending 3.108 3.107 3.106
T,,/L,
Flexion 0.112 0.111 0.108
Extension 0.551 0.551 0.550
Rotation 0.089 0.089 0.098
Lateral bending 0.041 0.031 0.043
L/L,
Flexion 0.455 0.454 0.458
Extension 0.310 0.307 0.309
Rotation 0.682 0.671 0.708
Lateral bending 0.808 0.810 0.818
L,/L;
Flexion 2312 2312 2312
Extension 2.738 2.738 2.739
Rotation 1.969 1.969 1.969
Lateral bending 2.475 2.475 2.485

A: SRS-Schwab four-stage osteotomy; B1: Modified
partial pedicle subtraction osteotomy with preservation of 1/3
inferior wall of pedicle; B2: Modified partial pedicle subtraction

osteotomy with preservation of 1/2 inferior wall of pedicle
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Tab 4 Stresses of implants in three surgical procedures

MPa
Implant A B1 B2
Part 1
Flexion 27.3 27.3 22.2
Extension 241.8 225.1 187.7
Rotation 133.4 132.5 105.8
Lateral bending 188.0 144.9 141.6
Part 3
Flexion 97.5 79.8 75.4
Extension 216.4 170.0 168.4
Rotation 98.5 92.5 75.9
Lateral bending 243.0 236.9 214.8

A: SRS-Schwab four-stage osteotomy; B1: Modified
partial pedicle subtraction osteotomy with preservation of 1/3
inferior wall of pedicle; B2: Modified partial pedicle subtraction
osteotomy with preservation of 1/2 inferior wall of pedicle.
Part 1: Mesh cage implantation part; Part 3: Residual accessory

structure of vertebral body and screw-rod system
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