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Numerical analysis of the effect of attachment points of middle ear actuator on stapes movement

Liu Hou-guang, Ta Na, Rao Zhu-shi

Abstract

BACKGROUND: To overcome problems in conventional hearing aids such as low gain at high frequencies, discomfort in
occlusion of the external ear canal and acoustic feedback, middle ear implants have been developed over the past two decades.
Different types of middle ear implants always have their actuators stimulated different positions of the ossicular chain. The effect
of such stimulating placement on stapes movement is rarely investigated.

OBJECTIVE: To analyze the effect of the attachment points of their actuator on the movement of the stapes.

METHODS: Based on an established human middle ear finite element model, the same amplitude force was applied at incus
body and incus long process, respectively. The direction of the excitation force was changed to simulate errors during operation.
The stapes displacements stimulated by these forces were calculated and compared with the one normal sound pressure
excited.

RESULTS AND CONCLUSION: Compensating a same level of hearing loss, small exciting force was required when the
attachment point of the actuator was set to the incus long process. The stapes displacement was sensitive to the changes in the
direction of excitation regardless of which attachment point was selected. With the actuator attached to the incus body, the stapes
piston motion was no longer the main component of the stapes motion in the mid-high frequencies when the excitation’s direction
changes to 45 degree off the longitudinal stapes axis. Results show that the incus long process is an ideal attachment point for
actuator as only a small excitation force is required to compensate the same level of hearing loss. In addition, the stapes piston
motion is less sensitive to the changes in the direction of the excitation force in this case.
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Table 1 Material properties of ear components
Site Density (kg/m?®) Young's modul
(N/m?)

Membrana tensa 1.20x103 3.20%107
Membrana flaccida 1.20x10% 1.00x107
Head of malleus 2.55%10° 1.41x10"°
Neck of malleus 4.53x10° 1.41x101°
Handle of malleus 3.70x10° 1.41x10"°
Incudomalleolar 3.20x10° 1.41x101°

joint
Body of incus 2.36%x10° 1.41x101°
Short crus of incus 2.26x10° 1.41x10"°
Long crus of incus 5.08x10° 1.41x10"°
Incudostapedial 1.20x10°8 6.0x10°

joint
Stapes 2.20x10° 1.41x10"°

*2 hEHARITEAL A
Table 2 Boundary conditions of middle ear finite
element model
Stiffness (N/m) Damping (N -s/m)
Superior ligament 500 0
of malleus
Anterior ligament 300 0
of malleus
-ateral ligament 400 0
of malleus
osterior 500 0
ligament of
incus
Tympanic ring 1.0x10° 0
ligament
lensor tympani 40 0
muscle
Sochlea fluid 60 0.054

Ak, MOEHARALLEC 0.3, FiFFL e &
B KHa=0st, B=0.000 1s. H&ELFHITHH
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Figure 1  Finite element model of human middle ear
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Figure 2 Comparison of the stapes footplate displacement
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Figure 3 Comparison of the umbo displacement
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Figure 4 Stapes displacement with actuator attached to the
incus long process
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Figure 5 Stapes displacement with actuator attached to the
incus body
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