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Abstract

BACKGROUND: At present, the finite element analysis of the pelvic biomechanics is mainly on the normal and post-traumatic
pelvis. However, the three-dimensional finite element analysis of the pelvic biomechanics following malignant tumor resection and
reconstruction of pelvic ring defects with modular hemipelvic prosthesis replacement is rare.

OBJECTIVE: To research and analyze the stress distribution in a standing position about the normal pelvis, postoperative
contralateral pelvic and modular hemipelvic prosthesis replacement.

METHODS: First, the original digital imaging and communications standard data of the pelvis in patients with hemipelvic
resection and modular hemipelvic prosthesis replacement were obtained by thin-layer CT scanning, and then the data were
transferred into the Mimics8.1 software to set up three-dimensional solid model. The solid model was established by
Abaqus6.7-1 analysis software. By means of the normal pelvis and after modular hemipelvic prosthesis replacement, the
three-dimensional finite element models of the pelvis were set up respectively. The stress in different standing positions,
including two legs standing and one leg standing, was loaded in finite element models and the results in finite element models
were analyzed.

RESULTS AND CONCLUSION: In the kinds of models, the difference of contralateral pelvic stress value was small under the
same load in different standing positions. The maximum stress of modular hemipelvic prosthesis in the ipsilateral pelvic at different
standing positions appeared on the inner wall of connector bar between CS spinal fixation at the top of acetabular cup and
acetabular cup. It is much lower than the fatigue strength of connector bar. The stress distribution of the pelvic at different standing
positions after prosthesis replacement was basically consistent with the normal pelvis. (DIt demonstrates that the effect of modular
hemipelvic prosthesis replacement on contralateral pelvis is less. @Modular hemipelvic prosthesis has good security at different
standing positions. @The pelvis after modular hemipelvic prosthesis reconstruction is consistent with the normal laws of human
biomechanics, and has a good biomechanical compatibility.
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a: Preoperation b: 1 wk postoperation

c: 17 mon postoperation

Figure 3 Preoperative MRI films and postoperative X-ray
observations of the pelvis in patients with hemipelvic
resection and modular hemipelvic prosthesis
replacement
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Figure 1 Components of the modular hemipelvic prosthesis
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b: Three-dimensional solid models of the pelvis after modular hemipelvic

Figure 2 Schematic image of part of the components of prosthesis replacement
modular hemipelvic prosthesis after assembled . . . . .
2 Sy : O Figure 4 Three-dimensional solid models of the normal pelvis
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Table 1 Material parameters of the pelvis following hemipelvic
resection and modular hemipelvic prosthesis
replacement
Modulus of Poisson’s
Materials Elasticity . Fatigue strength (MPa)
ratio
(GPa)
Titanium 105 0.33 Tensile strength(ob)500,
plate (TA2) Yield strength (c0.2)405
Titanium rods 115 0.33  Tensile strength(cb)965,
(TC4) Yield strength (00.2)905
Cortical bone 17 0.30 Superior and inferior ramus of
pubis 150, acetabular 120
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Table 2 Grids and nodes number of the finite element model

Model Postoperative pelvic ~ Prosthesis Slmulated.
normal pelvic
Grids number 622 833 106 103 728 432
Nodes number 131 537 25039 152 098
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Figure 5 Stress distribution of the normal pelvic model in
different standing positions
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Table 3 The maximum stress value of the normal pelvic model
under different standing positions (MPa)

The upper part of The upper edge

Standing position  the pelvic surface Sa.cr.omac of the greater
of the sacrum Joint sciatic notch
Two legs standing 0.8 0.9 1.7
position
One leg standing 1.2 2.5 4.0
position
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a: Two legs standing

b: One leg standing

Figure 6 Stress distribution of the normal pelvic model and
modular hemipelvic prosthesis in different standing
positions after reconstruction
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Table 4 The maximum stress value of the normal pelvic model
modular hemipelvic prosthesis in different standing
positions after reconstruction (MPa)

The upper part of

Standing  Prosthesis Fixation part of prosthesis the pelvic surface

position junction and sacroiliac joint of the sacrum
Two legs 4.3 2.8 0.5
One leg 12.8 3.0 1.3
Standing Contralateral Contralateral upper edge of
position sacraliliac joint the greater sciatic notch
Two legs 1.5 1.6
One leg 1.1 0.8
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