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This study developed a numerical method to optimize the thickness
distribution of cartilage grafts used in tympanic membrane repair. A finite element model of the
middle ear was constructed, and auditory performance in large-area repairs was analyzed. The results

revealed that differences in material properties between cartilage and the native membrane cause
reduced natural frequencies and degraded frequency response. To address this, shape optimization
techniques were applied to maximize natural frequencies and improve broadband vibration response. An
efficient optimization method considering viscoelastic damping was also proposed, enabling designs
that better reproduce healthy auditory characteristics. The proposed approach has potential
applications not only in tympanic membrane reconstruction but also in the optimal design of
structures incorporating viscoelastic materials.
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