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Finite element analysis of biomechanical effects of balloon expander on pediatric knee joint
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Abstract: Objective To establish the three-dimensional solid model of normal knee joint and the three-dimensional finite element
models of knee joint treated with complete balloon distraction based on MRI images of pediatric knee joint, and to analyze the
biomechanical effects of balloon expander in separate or integrated design on knee joint using finite element method. Methods
The finite element model of pediatric knee joint was established using medical modeling software for simulating arthroscopic
operation. Two kinds of balloon expander models were established, and different pressures were applied to the balloon expander
models for exploring the stress distribution under the interaction between the different balloon expanders (3 different shapes of
the balloon in the separate design and annular balloon with different short axis sizes in the integrated design) and the knee joint
cartilage, thereby obtaining the optimal design for balloon expander. Results When the expander and knee arthroscope were
designed separately, the peak stress of cartilage was less affected by spherical balloon. When the expander was designed in an

integrated way, and the short half axis was gradually increased from 3.0 mm, the stress peak of the annular balloon changed little,

a better choice. Conclusion The balloon expander can effectively open certain knee space, and the integrated design of the balloon
of the balloon expander and improves the safety of meniscus surgery.

and the stress peak on the cartilage was relatively small, indicating that an annular balloon with a short half axis of 3.0 mm was
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expander has less effect on the knee joint than the separate design. The study provides a theoretical basis for the geometric design
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Figure 1 Geometric model of pediatric knee joint
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Figure 2 Three different shapes of the balloon
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Figure 3 Different short half axis sizes and one of the annular balloons
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Figure 4 Three—dimensional geometric model of knee

joint treated with complete balloon distraction
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Table 1 Material parameters of finite element model
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Figure 5 Stress distribution of each ligament of the knee joint at different displacements
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Figure 6 Stress distributions of balloons and the cartilage under the instantaneous state of complete balloon distraction
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Figure 7 Stress distribution of each structure when the annular balloon with a short half axis of 2 mm is inflated
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Figure 8 Stress distributions when the annular balloons with different short shaft sizes are inflated
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