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CANAL HEARING DEVICES WITH
IMPROVED SEALS

BACKGROUND

1. Field

[0001] The present inventions relate generally to hearing
devices and, for example, hearing devices that are worn
entirely in the ear canal for extended periods without daily
insertion and removal.

2. Description of the Related Art

[0002] Referring to the coronal view illustrated in FIG. 1,
the adult ear canal 10 extends from the canal aperture 12 to
the tympanic membrane (or “eardrum”) 14, and includes a
lateral cartilaginous region 16 and a bony region 18 which
are separated by the bony-cartilaginous junction 20. The
bony region 18 is typically not a straight tube with perfectly
elliptical cross-section and, instead, includes varying com-
binations of bends, twists, platform steps, cross-sectional
asymmetries, and/or significant reductions in diameter from
the bony-cartilaginous junction 20 to the middle of the bony
region (referred to collectively herein as “bony region
imperfections™). Debris 22 and hair 24 in the ear canal are
primarily present in the cartilaginous region 16. The concha
cavity 26 and auricle 28 are located lateral of the ear canal
10, and the junction between the concha cavity 26 and
cartilaginous region 16 of the ear canal at the aperture 12 is
also defined by a characteristic bend 30, which is known as
the first bend of the ear canal.

[0003] Extended wear hearing devices are configured to be
worn continuously, from several weeks to several months,
inside the ear canal. Some extended wear hearing devices
are configured to rest entirely within the bony region and, in
some instances, within 4 mm of the tympanic membrane.
Examples of extended wear hearing devices are disclosed in
U.S. Patent Pub. No. 2009/0074220, U.S. Pat. No. 7,664,282
and U.S. Pat. No. 8,682,016, each of which is incorporated
herein by reference.

[0004] One example of a conventional extended wear
hearing device is the device 100 illustrated in FIGS. 2-4. The
hearing device 100 includes a core 102, a medial seal 104,
and a lateral seal 106. It should be noted that as used herein,
the term “lateral” refers to the direction and parts of hearing
devices which face away from the tympanic membrane, the
term “medial” refers to the direction and parts of hearing
devices which face toward the tympanic membrane, the term
“superior” refers to the direction and parts of hearing
devices which face the top of the head, the term “inferior”
refers to the direction and parts of hearing devices which
face the feet, the term “anterior” refers to the direction and
parts of hearing devices which face the front of the body, and
the “posterior” refers to the direction and parts of hearing
devices which face the rear of the body.

[0005] The core 102 includes components such as a micro-
phone, a receiver and a battery within a housing 108. A
contamination guard 110 and a handle 112 may also be
provided. The core 102 has a medial end 114 with surfaces
116 and 118, a lateral end 120, a superior end 122, an inferior
end 124, an anterior side 126, and a posterior side 128. A
curved medial corner 130 connects the medial end 114 to the
superior end 122, inferior end 124, anterior side 126 and
posterior side 128, while a curved lateral corner 132 con-
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nects the lateral end 120 to the superior end, inferior end,
anterior side and posterior side. An aperture 134 is provided
for the receiver.

[0006] The medial and lateral seals 104 and 106, which are
frequently formed from a highly porous and highly compli-
ant foam material, suspend and retain the hearing device
within the ear canal and also suppress sound transmission
and feedback which can occur when there is acoustic
leakage between the receiver and microphone. The medial
seal 104 includes a shell wall 136 with a base portion 138
and an outwardly bowed portion 140. The base portion 138
includes an opening 142 that is sized and shaped for mount-
ing on the hearing device core 102. The region of the base
portion that covers the medial corner 130 is compressed. A
cavity (or “air gap”) 144 is defined between the exterior
surface of the core 102 and the interior surface of the shell
wall 136. Similarly, the lateral seal 106 includes a shell wall
146 with a base portion 148, an outwardly bowed portion
150, and an opening 152 that is sized and shaped for
mounting on the hearing device core 102. A cavity (or “air
gap”) 154 is defined between the exterior surface of the core
102 and the interior surface of the shell wall 146. The
cavities 144 and 154 allow the bowed portions 140 and 150
to flex inwardly toward the core 102 as necessary.

[0007] Although extended wear hearing devices such as
that illustrated in FIGS. 2-4 have proven to be an advance in
the art, the present inventors have determined that they are
susceptible to improvement. For example, there are a variety
of important, and sometimes conflicting, functional goals
associated with the seals. The seals should properly orient
the hearing device, prevent lateral or medial migration and
prevent feedback by providing acoustic attenuation, without
exerting excessive pressure on the ear canal wall. The seals
should also permit venting for pressure equalization and
permit water vapor transmission to avoid moisture accumu-
lation. The seals illustrated in FIGS. 2-4 retain their prop-
erties and are capable of accomplishing these goals for the
entire time that the hearing device is within the ear canal.
Other goals have proven to be more problematic. During the
insertion process, the hearing device 100 is guided around
the curvatures of the ear canal to the intended location
adjacent to the tympanic membrane. The base portion 138 of
the medial seal 104 protects the patient from discomfort and
ear canal trauma that may be caused by contact with core
102. The medial seal base portion 138 may, however, be the
source of discomfort in some patients once the hearing
device 100 has reached the intended location adjacent to the
tympanic membrane due to misalignment caused by the
bony region imperfections. Although the bowed portions
140 and 150 of the medial and lateral seals 104 and 106 will
align the central and lateral portions of the hearing device
100 with the ear canal, the medial end of the hearing device
may be misaligned. As a result, the medial seal base portion
138, which is somewhat incompressible due to the presence
of the medial corner 130 of the core 102, presses against the
bony region and may cause discomfort for the entire period
of extended wear.

SUMMARY

[0008] A hearing device in accordance with at least one of
the present inventions includes a hearing device core defin-
ing an exterior surface with a medial end and a medial
corner, at least one seal, defining a seal compliance, carried
on the hearing device core, and a medial bumper, defining a
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medial bumper compliance that is greater than the seal
compliance, carried on the hearing device core. There are a
variety of advantages associated with such a hearing device.
By way of example, but not limitation, the medial bumper
will typically not engage the bony region adjacent to the
tympanic membrane (even when there is misalignment) and,
in those instances where the medial bumper does engage the
bony region, the more compliant medial bumper material
will readily compress and will not cause discomfort during
periods of extended wear.

[0009] A method device in accordance with at least one of
the present inventions includes the steps of moving a hearing
device, including a core with a sound port, at least one seal
carried by the core, and a flap that covers the sound port,
through the ear canal toward the tympanic membrane, and
uncovering the sound port by moving the flap when the
hearing device is adjacent to the tympanic membrane. There
are a variety of advantages associated with such a method.
By way of example, but not limitation, the method prevents
cerumen from entering or otherwise obstructing the sound
port during the insertion process.

[0010] The above described and many other features of the
present inventions will become apparent as the inventions
become better understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Detailed descriptions of the exemplary embodi-
ments will be made with reference to the accompanying
drawings.

[0012] FIG. 1 is a section view showing the anatomical
features of the ear and ear canal.

[0013] FIG. 2 is a perspective view of an extended wear
hearing device.
[0014] FIG. 3 is an end view of the hearing device

illustrated in FIG. 2.

[0015] FIG. 4 is a partial section view taken along line 4-4
in FIG. 2.
[0016] FIG. 5 is a perspective view of an extended wear

hearing device in accordance with one embodiment of a
present invention.

[0017] FIG. 5A is a perspective view of a portion of the
hearing device illustrated in FIG. 5.

[0018] FIG. 6 is a perspective view of a portion of the
hearing device illustrated in FIG. 5.

[0019] FIG. 7 is a partial section view taken along line 7-7
in FIG. 5.
[0020] FIG. 8 is an end view of the hearing device

illustrated in FIG. 5.

[0021] FIG. 9 is a section view of a portion of the hearing
device illustrated in FIG. 5.

[0022] FIG. 10A is a partial section view of a portion of
the hearing device illustrated in FIG. 5.

[0023] FIG. 10B is a partial section view of a portion of
the hearing device illustrated in FIG. 5 with a portion of the
medial bumper in a compressed state.

[0024] FIG.11Ais a partial section view of a portion of the
hearing device illustrated in FIG. 5.

[0025] FIG.11B is a partial section view of a portion of the
hearing device illustrated in FIG. 5 with a portion of the
medial bumper in a compressed state.

[0026] FIG. 12 is a partial section view showing the
hearing device illustrated in FIG. 5 within the ear canal.
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[0027] FIG. 13 is an end view of a hearing device in
accordance with one embodiment of a present invention.
[0028] FIG. 14 is a side view of the hearing device
illustrated in FIG. 13.

[0029] FIG. 15 is a partial section view of the hearing
device illustrated in FIG. 13.

[0030] FIG. 16 is a partial section view of a hearing device
in accordance with one embodiment of a present invention.
[0031] FIG. 17 is a perspective view of a portion of the
hearing device illustrated in FIG. 16.

[0032] FIG. 17Ais a side view of a portion hearing device
in accordance with one embodiment of a present invention.
[0033] FIG. 18 is an end view of a hearing device in
accordance with one embodiment of a present invention.
[0034] FIG. 19 is a partial section view of a portion of the
hearing device illustrated in FIG. 18.

[0035] FIG. 20 is a partial section view of a portion of a
hearing device in accordance with one embodiment of a
present invention.

[0036] FIG. 21 is a partial section view of a portion of the
hearing device illustrated in FIG. 20.

[0037] FIG. 22 is a partial section view showing the
hearing device illustrated in FIG. 20 in the ear canal with the
flap in the closed position.

[0038] FIG. 23 is a partial section view showing the
hearing device illustrated in FIG. 20 in the ear canal with the
flap in the open position.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0039] The following is a detailed description of the best
presently known modes of carrying out the inventions. This
description is not to be taken in a limiting sense, but is made
merely for the purpose of illustrating the general principles
of the inventions.

[0040] The exemplary hearing device 200 illustrated in
FIGS. 5-12 includes a core 202, a medial bumper 204, a
middle seal 206 and a lateral seal 208. The medial bumper
204 is more compliant than the middle and lateral seals 206
and 208. Put another way, the amount of pressure per unit
distance required to move the outer surface of the more
compliant medial bumper 204 towards the core 202 is less
than the amount of pressure per unit distance required to
move the outer surface of the less compliant middle seal 206
(or lateral seal 208) towards the core 202. As discussed in
greater detail below with reference to FIGS. 10A-12, the
medial bumper 204 protects the ear canal in those instances
where the medial end of the hearing device 200 comes into
contact with the ear canal during the insertion process.
Given that the medial bumper 204 is not used for sound
attenuation, which is a function of the middle and lateral
seals 206 and 208, the medial bumper will typically not
press against the bony region when the hearing device 200
is in its use location adjacent to the tympanic membrane,
thereby avoiding the discomfort that may be associated with
a conventional extended wear hearing device. In those
instances where such contact is unavoidable, e.g., due to the
configuration of the ear canal, the relative compliance of
medial bumper 204 (as compared to the seals 206 and 208)
causes the medial bumper to readily compress, which pre-
vents discomfort during periods of extended wear. In some
exemplary implementations, the medial bumper 204 may be
formed from a more compliant material than the middle and
lateral seals 206 and 208. Alternatively, or in addition, the



US 2020/0296527 Al

configuration of the medial bumper in some exemplary
implementations produces the additional compliance. For
example, the medial bumper 204 may be configured so as to
allow the hearing device to avoid direct compression of the
medial bumper between the inner surface of the ear canal
and the outer surface of the core. The medial bumper 204
may also be configured in such a manner that it traps liquid
cerumen that may migrate medially along the sound attenu-
ating middle and lateral seals 206 and 208 and could
otherwise block the receiver port.

[0041] Referring first to FIGS. 5-7, and although the
present inventions are not limited to any particular cores, the
exemplary core 202 includes an acoustic assembly 210 and
a battery 212 (e.g., metal-air battery) located within a
housing 214. The acoustic assembly 210 has a microphone
216, a receiver 218 and a flexible circuit 220. The receiver
218 has a sound port 222 that is associated with an aperture
224 on the housing 214. The exemplary flexible circuit 220
includes an integrated circuit or amplifier 226 and other
discreet components 228 on a flexible printed circuit board
(“PCB”) 230. The exemplary battery 212 has a cathode
assembly 232 and an anode assembly 234. The exemplary
cathode assembly 232 includes a battery can cathode portion
236 and an air cathode (not shown), and the exemplary
anode assembly 234 includes a battery can anode portion
238 and anode material (not shown). The cathode assembly
232 and anode assembly 234 may initially be separate,
individually formed structural elements that are joined to
one another during the manufacturing process. The exem-
plary battery 212 is electrically connected to the PCB 230 by
way of anode and cathode wires 240 and 242. The battery
212 may, in other implementations, be connected to a similar
PCB via tabs of the PCB that attach to the battery, and in still
other implementations the anode and cathode wires may be
omitted and replaced by anode and cathode contacts on the
cathode assembly. A contamination guard 244 (FIG. 7) with
a screen (not shown) abuts the microphone 216. A handle
246 may also be provided.

[0042] Referring more specifically to FIGS. 5A and 7, the
exemplary core 202 has a medial end 248 with surfaces 250
and 252, a lateral end 254, a superior end 256, an inferior
end 258, an anterior side 260, and a posterior side 261. A
curved medial corner 262 connects the medial end 248 to the
superior end 256, inferior end 258, anterior side 260 and
posterior side, while a curved lateral corner 264 connects the
lateral end 254 to the superior end, inferior end, anterior side
and posterior side. In the illustrated implementation, these
points of reference on the core 202 are defined by the
housing 214. In other implementations, the housing 214 may
be omitted and the acoustic assembly 210, or the acoustic
assembly and the battery 212, or the acoustic assembly
alone, may be encased by an encapsulant. Additional details
concerning the present hearing assistance device cores may
be found in U.S. Pat. No. 8,761,423, which is incorporated
herein by reference.

[0043] As noted above, the compliance of the medial
bumper 204, i.e., the distance that the outer edge of the
bumper will deflect in response to the application of a
predetermined pressure, is greater than the compliance of the
middle and lateral seals 206 and 208, i.e., the distance that
the outer edge of the seals will deflect in response to the
application of the same predetermined pressure. In some
implementations, the compliance of the medial bumper 204
will be two or more times greater than the compliance of the
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seals 206 and 208. Put another way, and given that compli-
ance is inversely related to the amount of pressure exerted
onto the ear canal by the bumper and seals, the maximum
pressure exerted on the ear canal by the more compliant
medial bumper 204 may be between about 0 mmHg (no
contact) and about 2 mmHg, while the maximum pressure
exerted on the ear canal by the less compliant seals 206 and
206 may be between about 4 mmHg and about 12 mmHg.
In some implementations, the medial bumper 204 may have
a mass that is about 25% or less of the mass of either one of
the seals 206 and 208. In some implementations, the attenu-
ation provided by the medial bumper 204 will be between
about 0 dB and about 6 dB, while the attenuation provided
by the seals 206 and 208 acting together will be between
about 20 dB and about 60 dB measured at 4 kHz in a typical
ear canal.

[0044] The relatively high compliance of the medial bum-
per 204 may in some instances be a result of the configu-
ration of the bumper. In particular, there may be an air gap
between the exterior surface of the medial bumper 204, i.e.,
the surface of the medial bumper that faces and in some
instances may contact the ear canal, and the exterior surface
of the core 202.

[0045] As illustrated for example in FIGS. 7-9, the exem-
plary medial bumper 204 includes a bumper wall 266 with
abase portion 268 and an outwardly bowed portion 270. The
base portion 268 includes an inner surface 272, which is
adhered (e.g., with adhesive) to the core medial end 248 and
a portion of the medial corner 262, and an opening 274 that
exposes a portion of the medial end 248 as well as the sound
port aperture 224. A cavity (or “air gap”) 276 is defined
between the exterior surface of the core 102 and the interior
surface of the bowed portion 270. As discussed in greater
detail below with reference to FIGS. 10A-12, the bowed
portion 270 will bend into the air gap 276 should it come into
contact with the ear canal during the insertion process. The
outwardly bowed portion 270 traps liquid cerumen (in the
air 276) that may migrate medially along the middle and
lateral seals 206 and 208 towards the receiver sound port 222
and housing aperture 224. In some instances, steps may be
taken to increase the flexibility of an outwardly bowed
portion. In the exemplary medial bumper 204, the outwardly
bowed portion 270 consists of a plurality of individual
projections 278 separated by gaps 280 that extend com-
pletely through the outwardly bowed portion. So configured,
the outer perimeter of the lateral end of the medial bumper
includes a plurality of discontinuities.

[0046] The middle and lateral seals 206 and 208, which
may also be attached to the core 202 with adhesive, support
the core within the ear canal bony portion and are configured
to substantially conform to the shape of walls of the ear
canal, maintain an acoustical seal between a seal surface and
the ear canal, and retain the hearing device 200 securely
within the ear canal. The middle and lateral seals 206 and
208 may be identical or essentially identical, but for minor
variations in shape. The middle seal 206 includes a shell wall
282 with a base portion 284 and an outwardly bowed portion
286. The base portion 284 includes an opening 288 that is
sized and shaped for mounting on the hearing device core
202. The opening 288 may be centrally placed or offset with
respect to the shell wall 282, and may be oval, substantially
circular or square. The outwardly bowed portion 286 is sized
and shaped such that it will be spaced apart from the outer
surface of the hearing device core 202. A cavity 290 is
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defined between the exterior surface of the hearing device
core 202 and the interior surface of the outwardly bowed
portion 286. A plurality of scallops 292 may be used to
impart the desired level of stiffness and conformability to the
shell wall 282. Similarly, the lateral seal 208 includes a shell
wall 294 with a base portion 296 and an outwardly bowed
portion 298, an opening 300, and scallops 302. A cavity 304
is defined between the exterior surface of the contamination
guard 244 and the interior surface of the outwardly bowed
portion 298.

[0047] Additionally, although the middle and lateral seals
206 and 208 are identical, or essentially identical, in the
illustrated implementation, they may be different in other
implementations. By way of example, but not limitation, the
lateral seal 208 may be larger or smaller than the middle
seal. In other implementations, the middle and lateral seals
206 and 208 may be combined into a single seal that, for
example, extends in the medial-lateral direction over the
same portion of the core 202 as the middle and lateral seals.
In other implementations, there may be three or more seals
in place of the middle and lateral seals 206 and 208.
[0048] FIGS. 10A and 11A show the medial bumper 204
in its relaxed, unstressed state. Here, the air gap 276 between
the exterior surface of the core 202 and the interior surface
of'the bowed portion 270 is coextensive with a portion of the
curved medial corner 262, and extends completely around
the core. In other words, there is an air gap between the
medial corner 262 of the core 202 and the medial bumper
204 that extends over the superior, inferior, anterior and
posterior portions of the medial corner. The medial bumper
204 protects the patient from ear canal trauma and discom-
fort that may be caused by contact with medial end 248 and
medial corner 262 of the core 102 during insertion. The air
gap 276 permits movement of the bowed portion 270 of the
medial bumper 204, as can be seen in FIGS. 10B and 11B,
in those instances where the medial bumper comes into
contact with the ear canal during the insertion process to
further increase comfort.

[0049] Turning to FIG. 12, and although the medial bum-
per may come into contact with the ear canal during the
insertion process, the size and shape of the medial bumper
204 is such that the medial bumper will not come into
contact with (i.e., will be spaced apart from) the inner
surface bony region 18 when the hearing device 200 is in its
use location adjacent to the tympanic membrane 14. As
such, the medial bumper 204 will not press against the bony
region 18 and cause discomfort. The maximum dimension of
the exemplary medial bumper 204 superior-inferior direc-
tion (which occurs at the lateral end of the bumper) may be
7.5 mm or less, while the maximum dimension of the
exemplary medial bumper 204 anterior-posterior direction
(which also occurs at the lateral end of the bumper) may be
4.5 mm or less. In those instances where such contact is
unavoidable, e.g., due to the configuration of the ear canal,
the presence of the air gap 276 will allow the medial bumper
204 to avoid direct compression between the inner surface of
the ear canal and the outer surface of the core 202. The
bowed portion 270 will also, as noted above, trap liquid
cerumen (in the air 276) that may migrate medially along the
middle and lateral seals 206 and 208 towards the receiver
sound port 222 and housing aperture 224.

[0050] With respect to materials, the middle and lateral
seals 206 and 208 may be formed from compliant material
configured to conform to the shape of the ear canal and
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provide necessary sound attenuation. Suitable materials
include elastomeric foams having compliance properties
(and dimensions) configured to conform to the shape of the
intended portion of the ear canal (e.g., the bony portion) and
exert a spring force on the ear canal so as to hold the hearing
assistance device 200 in place in the ear canal. Exemplary
foams, both open cell and closed cell, include but are not
limited to foams formed from polyurethanes, silicones,
polyethylenes, fluoropolymers and copolymers thereof.
Hydrophilic polyurethane foam is one specific example. In
at least some embodiments, all or a portion of the seals can
comprise a hydrophobic material including a hydrophobic
layer or coating that is also permeable to water vapor
transmission. Examples of such materials include, but are
not limited to, silicones and fluoropolymers such as
expanded polytetrafluoroethylene (PTFE).

[0051] The medial bumper 204, on the other hand, is not
intended to make contact with the ear canal except during
insertion of the device and, as a result, the bumper material
need not to be optimized for sound attenuation and/or vapor
transport. As such, the medial bumper 204 may be formed
from a material that is different than that which is used to
form the middle and lateral seals 206 and 208 in at least one
aspect (e.g., chemical composition or porosity). Suitable
materials for the medial bumper 204 (and other medial
bumpers described below) include, but are not limited to, the
low durometer silicone rubber, silicone gels and hydrogels.
The medial bumper 204 may also be formed from materials
described above with respect to the middle and lateral seals
206 and 208. Additional information concerning seals and
seal materials may be found in U.S. Pat. No. 7,580,537,
which is incorporated herein by reference.

[0052] Another exemplary hearing device is generally
represented by reference numeral 200q in FIGS. 13-15. The
exemplary hearing device 200q is substantially similar to
hearing device 200 and similar elements are represented by
similar reference numerals. For example, the hearing device
2004 includes the above-described core 202, middle seal
206 and lateral seal 208. Here, however, a slightly larger and
thicker medial bumper 204q is provided. To that end, the
maximum dimension of the exemplary medial bumper 204a
superior-inferior direction (which occurs at the lateral end of
the bumper) may be 8.0 mm or less, while the maximum
dimension of the exemplary medial bumper 2044 anterior-
posterior direction (which also occurs at the lateral end of
the bumper) may be 5.0 mm or less.

[0053] The medial bumper 204a includes a bumper wall
266a with a base portion 268a and an outwardly bowed
portion 270a. The base portion 268a includes an inner
surface 272a, which is adhered (e.g., with adhesive) to the
core medial end 248, and an opening 274q that exposes the
portion of the medial end 248 that includes the sound port
aperture 224. An air gap 276a is defined between the exterior
surface of the core 102 and the interior surface of the bumper
bowed portion 270a. The outwardly bowed portion 270a
also traps liquid cerumen (in the air 276a) that may migrate
medially along the middle and lateral seals 206 and 208
towards the receiver sound port 222 and housing aperture
224.

[0054] Still another exemplary hearing device is generally
represented by reference numeral 2005 in FIGS. 16-17. The
exemplary hearing device 2005 is substantially similar to
hearing device 200 and similar elements are represented by
similar reference numerals. For example, the hearing device
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2005 includes the above-described core 202, middle seal
206 and lateral seal 208. Here, however, the medial bumper
2045 is somewhat smaller than the bumper 204 and does not
cover the medial corner 262 of the core 102. The maximum
dimension of the exemplary medial bumper 2045 superior-
inferior direction (which occurs at the lateral end of the
bumper) may be 5.0 mm or less, while the maximum
dimension of the exemplary medial bumper 204 anterior-
posterior direction (which also occurs at the lateral end of
the bumper) may be 2.5 mm or less.

[0055] The medial bumper 20454 includes a bumper wall
266a with a base portion 268a and an outwardly bowed
portion 2706. The base portion 268a includes an inner
surface 2725, which is adhered (e.g., with adhesive) to the
core medial end 248, and an opening 2745 that exposes the
portion of the medial end 248 that includes the sound port
aperture 224. An air gap 2765 is defined between the exterior
surface of the core 202 (at the medial end 248) and the
interior surface of the bumper outwardly bowed portion
27056. The outwardly bowed portion 2705 also traps liquid
cerumen (in the air 2765) that may migrate medially along
the middle and lateral seals 206 and 208 towards the receiver
sound port 222 and housing aperture 224.

[0056] Various other structural configurations may be used
create air gaps. To that end, and referring to FIG. 17A, the
exemplary hearing device 200e is substantially similar to
hearing device 200 and similar elements are represented by
similar reference numerals. For example, the hearing device
200e includes the above-described core 202, the middle seal
206 and a lateral seal (not shown). Here, however, the
medial bumper 204¢ is formed from a plurality of soft,
spaced projections 275. The spaced projections 275 are
attached at one end to the exterior of the core housing 214,
and extend outwardly away from the core 202 to a free end.
In other implementations, the projections 275 may be
attached to a thin base that is attached to the core housing
214. The space located between the free ends of the projec-
tions 275 and core 202, which is also between the projec-
tions themselves, defines an air gap 276e. Suitable projec-
tions including filaments formed from soft materials such as
silicone. The projections 275 may be straight (as shown),
curved, or otherwise non-linear. Alternatively, or in addition,
the projections 275 may be isolated from one another when
in a relaxed state (as shown) or may be loosely entangled
with on other.

[0057] The medial bumper 204e protects the patient from
ear canal trauma and discomfort that may be caused by
contact with medial end 248 and medial corner 262 of the
core 102 during insertion. The air gap 276¢ permits move-
ment of some or all of the projections of the medial bumper
204e in those instances where the medial bumper comes into
contact with the ear canal during the insertion process.
[0058] Additional structures may also be provided to
reduce the likelihood that cerumen will enter the housing
sound aperture 224. To that end, and referring to FIGS. 18
and 19, the exemplary hearing device 200c¢ is substantially
similar to hearing device 200aq and similar elements are
represented by similar reference numerals. For example, the
hearing device 2005 includes the core 202, middle seal 206
and lateral seal 208 (not shown). The medial bumper 204¢
includes a bumper wall 266¢ with a base portion 268¢ and
an outwardly bowed portion 270c. The base portion 268¢
includes an inner surface 272¢, which is adhered (e.g., with
adhesive) to the core medial end 248, and an opening 274¢
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that exposes the portion of the medial end 248 that includes
the sound port aperture 224. An air gap 276c¢ is defined
between the exterior surface of the core 102 and the interior
surface of the bumper bowed portion 270a. The outwardly
bowed portion 270c¢ also traps liquid cerumen (in the air
276c¢) that may migrate medially along the middle and
lateral seals 206 and 208 towards the receiver sound port 222
and housing aperture 224. Here, however, the medial bum-
per 204¢ also includes a cerumen guard 306¢. In the illus-
trated implementation, cerumen guard 306¢ consists of a
tubular member 308¢ that extends medially from the base
portion 268¢ and that has a lumen 310c¢ which is aligned
with the opening 274c.

[0059] Hearing devices in accordance with the present
inventions may also be configured to cover the receiver
sound port 222 and housing aperture 224 during the inser-
tion process, and to thereafter uncover the sound port and
aperture, in order to prevent cerumen from entering the
aperture and sound port during the insertion process. By way
of'example, but not limitation, the exemplary hearing device
2004 illustrated in FIGS. 20 and 21 is substantially similar
to hearing device 2005 and similar elements are represented
by similar reference numerals. Here, however, a movable
flap 312d is positioned within the opening 2745 of the
medial bumper 204b. The flap 3124, which is movable
between the closed position illustrated in FIG. 20 and the
open position illustrated in FIG. 21, may be configured such
that it fills the entire opening 274b (as shown) or less than
the entire opening 2745 so long as the receiver sound port
222 and housing aperture 224 are covered during the inser-
tion process. In the illustrated implementation, the flap 3124
is supported on a hinge 314d. The flap 3124 may, in some
instances, be biased to the open position. One or more of the
medial bumper 2045, the flap 3124 and the hinge 3144 may
be configured in such a manner that the flap will move from
the closed position to the open position in response to
prolonged exposure to the elevated humidity and/or elevated
temperature within the ear canal, as compared to ambient
humidity and temperature outside the ear canal (i.e., expo-
sure for a time period that is at least sufficient for the hearing
device to be moved through to the ear canal to a location
adjacent to the tympanic membrane). Alternatively, or in
addition, the core 202 may include structures that are
configured to push the flap 3124 from the closed position to
the open position.

[0060] As alluded to above, referring to FIG. 22, the
hearing device 2004 may be inserted into the ear canal 10
and advanced in the medial direction with the flap 3124 in
the closed position. The flap 3124 may be opened when the
hearing device reaches intended location adjacent to the
tympanic membrane 14, or reaches a location that is slightly
lateral of the tympanic membrane. Opening of the flap 3124
may be automatic (i.e., may occur without user actuation) or
may be user actuated.

[0061] Although the inventions disclosed herein have
been described in terms of the preferred embodiments
above, numerous modifications and/or additions to the
above-described preferred embodiments would be readily
apparent to one skilled in the art. By way of example, but not
limitation, the inventions include any combination of the
elements from the various species and embodiments dis-
closed in the specification that are not already described. It
is intended that the scope of the present inventions extend to
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all such modifications and/or additions and that the scope of
the present inventions is limited solely by the claims set
forth below.
1. A hearing device, comprising:
a hearing device core defining an exterior surface with a
medial end and a medial corner, and including a battery,
a microphone and a receiver;
at least one seal, defining a seal compliance, carried on the
hearing device core; and
a medial bumper, defining an exterior surface and a
medial bumper compliance that is greater than the seal
compliance, carried on the hearing device core, and
including a base portion secured to the hearing device
core and an outwardly bowed portion extending from
the base portion and positioned in spaced relation to the
hearing device core such that there is an air gap
between the outwardly bowed portion and the exterior
surface one or both of the medial end of the core and
the medial corner of the core.
2-3. (canceled)
4. The hearing device of claim 1, wherein
the medial corner comprises a curved medial corner.
5. The hearing device of claim 1, wherein
the hearing device core defines a superior end, an inferior
end, an anterior side, and a posterior side; and
the medial corner connects the medial end to the superior
end, the inferior end, the anterior side and the posterior
side.
6. The hearing device of claim 1, wherein
the at least one seal includes a shell wall defining a first
end secured to the hearing device core and a second end
located in spaced relation to the hearing device core.
7. The hearing device of claim 1, wherein
the at least one seal comprises a middle seal located lateral
of the medial corner of the core and a lateral seal
located lateral of the middle seal.
8. The hearing device of claim 1, wherein
the hearing device core includes a sound port aperture;
and
the medial bumper includes an opening that exposes the
sound port aperture.
9. The hearing device of claim 8, wherein
the medial bumper includes a cerumen guard that extends
medially from the base portion and around the opening.
10. The hearing device of claim 8, further comprising:
a flap that is associated with the opening and that is
movable between a first position where the flap covers
the sound port aperture and a second position where the
flap does not cover the sound port aperture.
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11. The hearing device of claim 1, wherein

the outwardly bowed portion includes a plurality of
individual projections that are separated by gaps.

12. A hearing device of, comprising:

a hearing device core defining an exterior surface with a
medial end and a medial corner, and including a battery,
a microphone and a receiver;

at least one seal, defining a seal compliance, carried on the
hearing device core; and

a medial bumper carried on the hearing device core
defining a medial bumper compliance that is greater
than the seal compliance and a size and a shape
whereby the medial bumper will be spaced apart from
the inner surface of the ear canal bony region when the
hearing device is adjacent to the tympanic membrane.

13. The hearing device of claim 12, wherein

at least a portion of the medial corner of the hearing
device core is not in contact with any portion of the at
least one seal or the medial bumper.

14. The hearing device of claim 12, wherein

no portion of the medial corner of the hearing device core
is in contact with any portion of the at least one seal or
the medial bumper.

15. A hearing device, comprising:

a hearing device core defining an exterior surface with a
medial end and a medial corner, and including a battery,
a microphone and a receiver;

at least one seal, defining a seal compliance, carried on the
hearing device core; and

a medial bumper, defining a medial bumper compliance
that is greater than the seal compliance, carried on the
hearing device core;

wherein the medial bumper and the at least one seal are
separate structural elements that are not connected to
one another.

16. The hearing device of claim 1, wherein

the medial bumper is formed from elastomeric foam.

17. The hearing device of claim 1, wherein

the medial bumper is formed from a different material
than the at least one seal.

18. The hearing device of claim 1, wherein

the seal compliance is between about 4 mmHg and about
12 mmHg; and

the medial bumper compliance is between about 0 mmHg
and about 2 mmHg.

19. The hearing device of claim 1, wherein

the at least one seal and the medial bumper define
respective masses, and the mass of the medial bumper
is 25% or less of the mass of the at least one seal.

20-22. (canceled)



