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Introduction

Results and Discussion

The movements of the jaw induce earcanal (EC)
deformations through the mandibular condyle
displacement. Studies have shown that a significant
amount of energy can be harvested from the resulting
EC dynamic motion. The power capability of the
earcanal has been studied experimentally [1] and
analytically [2]. However, the relationship between EC
and the temporomandibular joint (TMJ) is still
unknown and is not included in these studies. Hence, it
is still difficult to evaluate accurately the maximum
amount of harvestable energy. The objective of this
study is to develop a parametric numerical model
reproducing the biomechanical coupling between EC
and TMJ in order to assess the maximum reachable
amount of in-ear harvestable energy.

The FE model setting leading to the lowest LSC value
was D = 50mm; L = 18mm; θ = 12̊; x = 8mm. The best
set of parameters locates the TMJ condyle center
between the two EC bends. This result is consistent
with assumptions made in previous studies focused on
EC dynamic motion [5,6]. As the transition between
soft and bony part of the EC is very complex, it is
difficult to accurately model their border from the
anatomical point of view. However, the orientation
parameter θ enables to model the isthmus, the
narrowest part of the EC considered as the anatomic
landmark to locate the transition plane.
Although the human EC anatomy is far from unique
and this study was carried out only on one subject, the
proposed model represents an important step for future
research aiming at understanding the EC-TMJ
coupling.

Methods
Earcanal impressions were taken in the closed-mouth
(CM) and open-mouth (OM) position in the left ear of
a healthy male test subject. Both earmolds were later
digitally scanned.
The OM earmold was used to model the finite-element
(FE) EC core. It consists of a perforated cylinder
whose inner surface corresponds to the outer surface of
the earmold. The mechanical properties of a
homogeneous, isotropic and linear silicone rubber
material were attributed to the EC core. The TMJ
kinematic path synthesized in a previous study [3] was
used to reproduce the EC dynamic motion. The path
was set to the center of the TMJ condyle which is
modeled by an ellipsoid [4] and considered as a rigid
body. It was assumed that there is a bonded contact
between the two parts. While the medial surface of the
EC core was assumed fixed as it is in contact with the
EC bony part, the remaining surfaces were considered
as free. Four parameters were considered in the FE
model as shown in Fig. 1: outer EC core diameter (D),
soft tissues length from lateral to medial plane (L),
orientation of the medial plane corresponding to the
soft tissues/bone transition plane (θ), position of the
TMJ condyle center regarding to the EC core lateral
plane (x).
The least squares criterion (LSC) was computed to
evaluate the similarity between the FE-deformed OMEC and the CM-EC, where the latter is considered as
the reference. A trial-and-error method based on
minimizing the LSC was used to find the optimal
values of four geometrical parameters that ensure the
best coupling between EC and TMJ condyle.

Figure 1: Schematic representation of the ear in the
transverse plane with the pinna (1), the soft tissues (2)
surrounding the EC cavity (3), the TMJ condyle (4)
and the bony part of the EC (5). The 4-parameters FE
model includes the EC cavity, its surrounding soft
tissues and the TMJ condyle in contact.
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