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Stability analysis of the pelvis and fracture fixation in standing
position

LEl Jian-yin', LIU Hai-bo', WANG Zhi-hua', LIU Xi-ming*, ZHAO Long-mao' (1. Institute
of Applied Mechanics and Biomedical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Department of Orthopedics, Wuhan General Hospital of Guangzhou Command, Wuhan 430070, China)

Abstract: Objective To develop the three-dimensional (3D) finite element (FE) models of pelvis and fracture
fixation, and test their validity. Methods Based on CT scan images, the 3D FE model of the pelvis was built by
software of Mimics, ANSYS ICEM, Hypermesh and ABAQUS. A uniformly distributed load of 600 N was applied
in vertical direction on the upper lamina of S1 vertebrae to simulate the stresses on the pelvis in standing position
and to verify the validity of the pelvis model. T-shaped acetabular fracture models with 3 types of fixation were al-
so established to verify the validity of internal fixation. Results Both the stress and displacement distributions
were found to be bilaterally symmetrical on the pelvis in standing position, with the Von Mises stresses mainly dis-
tributed in the beginning of arcuate line, pubic branch and posterior-superior area of acetabulum. The largest dis-
placement occurred in the center of the sacral crest, and became relatively smaller in iliac fossa and femur, which
was reduced gradually to the femur. Each of the three fixation types in acetabulum showed good biomechanical
stability. Conclusions The established hexahedral grid-3D FE model can accurately simulate mechanical proper-
ties of the femur in standing position, which would provide an intuitive basis for clinical study.
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Tab.1 Material properties used in 3D finite element model of the

pelvis
P BB AR ERE RIS P R
7N
B/GPa b mm B S| pi 4
IRERAriNcy 17 0.30 1.50 C3D8I 8688 7t
C3D6 64
L ZEgrdrigey 17 0.30 1.50 C3D8I 7084
C3D6 673 14 681
C3D4 7
BE R EE 17 0.30 1.50  C3D8I 3149 L 036
C3D6 2
BWEE 0.15  0.20 C3D8I 18 332
AKE A 2 960
C3D6 192
HEAMEE 0.15 0.20 C3D8I 14 325
C3D6 1219 18 564
C3D4 106
B EE 0.15  0.20 C3D8I 7856 9520
2 (BEE) 0.5 0.25 0.36  C3D8I 458 | 036
C3D6 7
Wl (B 1 0.30 1.00  C3D8I 455 | 036
C3D6 13
2 (HE) 0.5 0.25 0.23  C3D81 546 | 098
C3D4 1947
Bl (HVE) 1 0.30  3.00 C3D8I 455 | 036
C3D6 13
s () 1 0.30 C3D8I 1772 3600
e A 1 0.30 C3D8I 710
A= 1 040
C3D4 1439
O E#: 0.005  0.495 Cc3D81 202 396
C3D6 44
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Tab.2 Parameters of the main pelvic ring ligaments
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Fig.1 Finite element model of the pelvis
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Fig.2 T-shaped acetabular fracture model and 3 fixation models

(a) Fracture model, (b) Fixation model 1, (¢) Fixation model

2, (d) Fixation model 3
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Fig.3 Stress distributions on the pelvis
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Fig.5 Displacement distributions on the pelvis
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Fig.6 Strain distributions on the pelvis
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Fig.7 The maximum strain(a) and Von Mises stress(b) on each
measuring point of the pelvis in standing position under stat-
ic load of 600 N
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Fig.8 Validation results of the fracture model (a) Schematic of the fracture line on the model, (b) Displacements in the fracture line,

(c¢) Von Mises stresses in the fracture line
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