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A Study on the Development of a Human Middle Ear Implant

Seung-tHlyun Yoo¥, Hak-Kyun Kim**, Jong-Bum Kim***, Joon-Ho Song**** and Dae-Jin Qh*****

ABSTRACT

This paper describes the design of the ossicular replacement prosthesis for the people who have prob-
lem of hearing because of middle ear disease. Also the simulation results of the designed product for
verification by (linite clement analysis software (ABAQUS) are presented. New model is applied to mid-
dic ear FE analysis which was generated in previous study. The full replacements ol ossicular prosthe-
sis for ossicles (malleus. incus and stapes) are made of Hydroxyapatite and Titanium. Although other
existing prosthesis models consider only sound amplification cffcet, current type has damper system
which is operating on the audible frequencies. High frequency sound transmitted to inner car can be
reduced and the prosthesis and inncr ear can be prevented from damage.
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Table 1. %] Rdo] AL R @ oof 552k 5
Parts Element Type Ngmbcr of i Number of
(ABAQUS"y | Elements Nodes
Malleus C3DR 2805 3763
Incus C3DR 5745 7326
Stapes C3DR 7136 9602
External ear S4 1946 2000
Membrane S4 1750 1793
Air AC3Dg 11863 14952
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Table 2. F°] a4l Abg-d 7 42 2AH

Young’s modulus(N/m-)
Membrane 3.34E+7
Anterior malleal ligament 2.1E+7
Posterior incudal ligament 6.5E+5
Tensor tympanic muscle 2.6F+6
Stapedial annular ligament 4 9E+5
Stapedial muscle 5.2E+5
Incudostapedial joint 6.0E+6
Ossicles 1.2E+10
Density(kg/m’)
Tympanic membrane 1.2F+3
Ossicles 62E+3
Ligaments and tendons 2.5E+3
Alr “1.18E+3
Bulk modulus(N/m?)
Air 1.36C+5
Damping parameters
a (s-1) B (s)
Tympanic membrane 3.7E-5
Anterior malleal ligament 0.0 1.86E-5
Posterior incudal ligament 0.0 1.86E-5
Incudostapedial joint 0.0 5.0E-4
Other 0.0 3.72E4
Cochlea Dc(Ns/m) 891E-1
Poisson's ratio
All 0.3
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Table 3. TORP #3042 29 949 279 5

Parts Element type| Number of | Number of
(ABAQUS) nodes elements
Head C3D8 685 208
Body C3D8 520 500
Strut C3D8 3105 2728
Stapes C3D8 10594 3065
External ear S4 2845 1474
Membrane C3D8 6576 4870
Air AC3D8 14952 11863
Ligaments 13D2 60 84
Tendons C3D8 40 20
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Table 4. TORP 318 4 o] gaio) A8 7} Hojo] 2

3%
Young's modulus(N/m?)

Titanium 75E+10
Hydroxyapalite 1.3C+10
Silicon 6.5C+5
Cartilage 1.0E+6

Density(kg/m®)
Titanium 6.45E+3
Hydroxyapatite 3.219E+3
Silicon 1.33E+3
Cartilage 25

Poisson's ratio
Titanium 0.3
ITydroxyapatite 0278
Silicon 0.328
Cartilage 0.3
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