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TSSUE NUECTION FXATION SYSTEM FOR 
A PROSTHETIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of U.S. 
Provisional Patent Application 61/041,185; filed Mar. 31, 
2008, which is hereby incorporated by reference herein. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates generally to prosthetic 
devices, and more particularly, to a tissue injection fixation 
system for a prosthetic device. 
0004 2. Related Art 
0005 Hearing loss, which may be due to many different 
causes, is generally of two types, conductive or sensorineural. 
In many people who are profoundly deaf, the reason for their 
deafness is sensorineural hearing loss. This type of hearing 
loss is due to the absence or destruction of the hair cells in the 
cochlea which transduce acoustic signals into nerve impulses. 
Various prosthetic hearing implants have been developed to 
provide individuals who suffer from sensorineural hearing 
loss with the ability to perceive sound. One such prosthetic 
hearing implant is referred to as a cochlear implant. Cochlear 
implants use an electrode array implanted in the cochlea of a 
recipient to bypass the mechanisms of the ear. More specifi 
cally, an electrical stimulus is provided via the electrode array 
directly to the cochlea nerve, thereby causing a hearing sen 
sation. 
0006 Conductive hearing loss occurs when the normal 
mechanical pathways to provide Sound to hair cells in the 
cochlea are impeded, for example, by damage to the ossicular 
chain to ear canal. However, individuals who suffer from 
conductive hearing loss may still have some form of residual 
hearing because the hair cells in the cochlea are generally 
undamaged. 
0007 Individuals who suffer from conductive hearing loss 
are typically not candidates for a cochlear implant due to the 
irreversible nature of the cochlear implant. Specifically, inser 
tion of the electrode array into a recipient’s cochlea results in 
the destruction of the majority of hair cells within the cochlea. 
The destruction of the cochlea hair cells results in the loss of 
all residual hearing by the recipient. 
0008 Rather, individuals suffering from conductive hear 
ing loss typically receive an acoustic hearing aid, referred to 
as a hearing aid herein. Hearing aids rely on principles of air 
conduction to transmit acoustic signals through the outer and 
middle ears to the cochlea. In particular, a hearing aid typi 
cally uses an arrangement positioned in the recipient's ear 
canal to amplify a sound received by the outer ear of the 
recipient. This amplified sound reaches the cochlea and 
causes motion of the cochlea fluid and stimulation of the 
cochlea hair cells. 
0009. Unfortunately, not all individuals who suffer from 
conductive hearing loss are able to derive suitable benefit 
from hearing aids. For example, Some individuals are prone to 
chronic inflammation or infection of the ear canal and cannot 
wear hearing aids. Other individuals have malformed or 
absent outer ear and/or ear canals as a result of a birth defect, 
or as a result of common medical conditions such as Treacher 
Collins syndrome or Microtia. Furthermore, hearing aids are 
typically unsuitable for individuals who suffer from single 
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sided deafness (total hearing loss only in one ear) or individu 
als who suffer from mixed hearing losses (ie. Combinations 
of sensorineural and conductive hearing loss). 
0010. These individuals who cannot benefit from hearing 
aids may benefit from hearing prostheses that use the prin 
ciples of bone conduction device to provide acoustic signals 
to a recipient. Such hearing prostheses direct vibrations into 
the bone, so that the vibrations are conducted into the cochlea 
and result in stimulation of the hairs in the cochlea. This type 
of prosthesis is typically referred to as a bone conduction 
device. 
0011 Bone conduction devices function by converting a 
received sound signal into a mechanical vibration represen 
tative of the received sound. This vibration is then transferred 
to the bone structure of the skull, causing vibration of the 
recipient's skull. This skull vibration results in motion of the 
fluid of the cochlea, thereby stimulating the cochlea hair cells 
and causing a hearing sensation to be perceived by the recipi 
ent. Vibration from a bone conduction device is generally 
conducted to the recipient's cochlea via a screw implanted in 
the recipient's skull. 
0012. The skull bone, at the point of implant of the bone 
screw, is susceptible to damage from lateral forces on the 
bone screw, particularly during the healing period following 
the implant procedure. This healing period varies from person 
to person, depending upon many factors associated with the 
patient's overall health and genetics, but generally takes six 
weeks or more. During the healing period, the bone is so 
Susceptible to damage that the general practice is that the bone 
conduction device is not coupled to bone screw until the 
healing period has ended. Further, while the bone is less 
Susceptible to damage following the healing period, damage 
may still be possible if a large lateral force is applied thereto. 

SUMMARY OF THE INVENTION 

0013. In accordance with aspects of the present invention, 
a fixation system for coupling a bone conduction device to a 
recipient have one or more layers of tissue adjacent the skull 
of the recipient is provided. The fixation system comprises: 
an implantable anchor comprising a plurality of elements 
configured to be implanted in at least one of the one or more 
layers of tissue adjacent the skull such that vibrations applied 
thereto are transferred to the skull; and a vibratory coupler, 
extending from the bone conduction device, comprising a 
conduction Surface and a magnet, wherein when the conduc 
tion Surface is adjacent the one or more layers, the magnet is 
attracted to the implantable anchor to retain the conduction 
Surface adjacent the one or more layers, thereby enabling 
vibrations to pass from the bone conduction device to the 
skull. 
0014. In accordance with other aspects of the present 
invention, a fixation system for coupling a prosthetic device 
to a recipient having one or more layers of tissue is provided. 
The fixation system comprises an implantable anchor com 
prising a plurality of elements configured to be implanted in 
at least one of the one or more layers of tissue; and a coupler, 
extending from the prosthetic device, comprising a first Sur 
face and a magnet, wherein when the first Surface is adjacent 
the one or more layers, the magnet is attracted to the implant 
able anchor to retain the first surface adjacent the one or more 
layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 Illustrative embodiments of the present invention 
are described herein with reference to the accompanying 
drawings, in which: 
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0016 FIG. 1 is a partial sectional view of a skull showing 
the ear canal, the cochlea, and a bone conduction device with 
the bone anchor implanted in the skull and the external mod 
ule coupled to the bone anchor; 
0017 FIG. 2 is a schematic diagram of a bone conduction 
device; 
0018 FIG.3 is an exploded view of an external module for 
a bone conduction device; 
0019 FIG. 4A is a partial sectional view of a fixation 
system for a bone conduction device; 
0020 FIG. 4B illustrates the vibratory coupler pivoted on 
the abutment for the bone conduction device of FIG. 4A; 
0021 FIG.5 is a graph illustrating the longitudinal loading 
force curve for a bone screw set into the skull boneas the bone 
heals over time; 
0022 FIG. 6 is a sectional view of a first alternative 
embodiment for the vibratory coupler associated with the 
external module of a bone conduction device; 
0023 FIG. 7 is a sectional view of a second alternative 
embodiment for the vibratory coupler associated with the 
external module of a bone conduction device; 
0024 FIG. 8A is a sectional view of a first alternative 
embodiment for the abutment of a bone conduction device; 
0025 FIG. 8B illustrates the lateral deformation of the 
abutment of FIG. 8A: 
0026 FIG. 9A is a perspective view of a first alternative 
embodiment for shearing elements associated with the abut 
ment, 
0027 FIG.9B illustrates a sectional view of the coupling 
between shearing elements of FIG. 9A: 
0028 FIG. 10 is a sectional view of a second alternative 
embodiment for the abutment of a bone conduction device; 
0029 FIG. 11 is a sectional view of a third alternative 
embodiment for the abutment of a bone conduction device; 
0030 FIG. 12 is a sectional view of a fourth alternative 
embodiment for the abutment of a bone conduction device; 
0031 FIG. 13A is cross-sectional view of a coupling sys 
tem in accordance with embodiments of the present inven 
tion; 
0032 FIG. 13B is cross-sectional view of a coupling sys 
tem in accordance with embodiments of the present inven 
tion; and 
0033 FIG. 13C is cross-sectional view of a coupling sys 
tem in accordance with embodiments of the present inven 
tion. 

DETAILED DESCRIPTION 

0034. The present invention is directed toward a fixation 
system for a prosthetic device, such as bone conduction 
device. An anchor is implanted in the recipient. The implant 
able anchor comprises a plurality of elements configured to 
be implanted in at least one of the one or more layers of tissue 
adjacent the skull such that vibrations applied to the anchor 
are transferred to the skull. A vibratory coupler extends from 
the bone conduction device. The vibratory coupler comprises 
a conduction Surface and a magnet. The magnet in the vibra 
tory coupler attracts to the implantable anchor to retain the 
conduction Surface adjacent the one or more layers, thereby 
enabling vibrations to pass from the bone conduction device 
to the skull. 
0035 FIG. 1 is a perspective view of an exemplary bone 
conduction device 101 with which embodiments of the 
present invention may be advantageously implemented. The 
fully functional human hearing anatomy is generally divided 
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up into the outer ear 105, the middle ear 107, and the inner ear 
109. The outer ear 105 includes the auricle 111 and the ear 
canal 113. Sound waves 115 are collected by auricle 111 and 
channeled into and through ear canal 113. The tympanic 
membrane 117, which is located at the boundary between the 
outer ear 105 and the middle ear 107, vibrates in response to 
the sound waves 107. Within the middle ear 107, vibration of 
the tympanic membrane 117 is coupled to the fenestra ovalis 
119 through three bones, collectively referred to as the 
ossicles 121. The ossicles 121 filter and amplify the vibra 
tions, thereby causing the fenestra ovalis 119 to articulate. 
The movement of the fenestra ovalis 119 generates pressure 
waves in the fluid within cochlea 123, which in turn induces 
movement in the hairs lining the inside of the cochlea 123. 
Movement of the hairs generates nerve impulses in spiral 
ganglion cells to which the hairs are connected, and those 
nerve impulses are passed to the auditory nerve 125, and then 
to the brain (not shown), where they are perceived as sound. 
0036 Bone conduction device 101 is shown positioned 
behind the auricle 111 of the recipient, although the device 
could also be positioned in a variety of other positions in the 
skull of the recipient. Bone conduction device 101 includes 
an external module 127, and is coupled to the skull of the 
recipient via an implanted anchor, Such as bone screw 129. 
Bone screw 129 is secured to the skull bone 131 during the 
implant procedure. 
0037. As discussed in more detail below, connected to 
external module 127 is a vibratory coupler 133 which secures 
external module 127 to bone screw 129. As should be appre 
ciated, any appropriate anchor system may be used in lieu of 
the bone screw 129, so long as the anchor system conducts 
sufficient vibrations from the bone conduction device 101 for 
the recipient to perceive the vibrations as Sound. For example, 
as discussed below, the anchor system may be implanted 
under skin 135 of the recipient, within muscle tissue 137 
and/or fat tissue 139. In addition, the material from which the 
bone anchor is constructed is a matter of design choice. For 
example, the material may be a metal that does not stimulate 
an undesirable response of body systems, or it may be any 
other type of biocompatible material. 
0038. The sound and signal processing components of 
external module 127 are schematically shown in FIG. 2. 
Sound waves 203 are received by a sound pickup device 205 
and converted into a representative signal, which is directed 
into a signal processor 207. Signal processor 207 converts the 
representative signal into an appropriate signal adjusted, as 
necessary, for the transducer drive circuit 209, which outputs 
a drive signal to a transducer module 211. Adjustments to the 
representative signal may include filtering, removal of distor 
tions, reduction of background noises, and the like. Trans 
ducer module 211 generates a mechanical vibration represen 
tative of the sound waves 203, and these mechanical 
vibrations are conducted to the skull via a mechanical cou 
pling between transducer module 211, namely vibratory cou 
pler 133, and bone screw 129. An appropriate power module 
(not shown) is included as part of the external module to 
provide power to each of the various components. 
0039. A control module 215, having control electronics 
therein, is electronically connected to Sound pickup device 
205, signal processor 207, and transducer drive circuit 209. 
Control module 215 may also be electronically connected to 
transducer module 211, or any other components of external 
module 127. Control module 215 monitors and controls 
operation of the electronic components and circuits to which 
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it is connected. The amount of control provided by control 
module 215 may vary depending upon the component or 
circuit type. Control module 215 may also serve as a feedback 
loop to provide corrections to the output of any one or more of 
the components where necessary. 
0040. An interface module 217 is connected to control 
module 215 to permit the recipient, or a skilled practitioner of 
the medical arts, to adjust preselected settings of external 
module 127. The preselected settings may include volume, 
Sound processing strategies, power on/off the device, and the 
like. Optionally, the interface module and the control module 
may be integrated into a single module. 
0041 Those skilled in the art will appreciate that, as a 
matter of design choice, any of the signals between circuits 
forming part of external module 127 may be transmitted via a 
wired connection or wirelessly. Further, not all circuits need 
be housed within a single casing. 
0042 Signal processor 207 may use one or more different 
techniques or strategies to selectively process, amplify, and/ 
or filter the signal representative of sound waves 203. In 
certain embodiments, signal processor 207 may be of sub 
stantially the same as the Sound processor that is used in an air 
conduction hearing aid. As another option, signal processor 
207 may include and analog to digital converter and a digital 
signal processor. 
0043 FIG. 3 illustrates an exploded view of one embodi 
ment of an external module of a bone conduction device, 
referred to herein as external module 301. External module 
301 shown in FIG. 3 includes an electronics module 303, a 
transducer module 305, and a battery shoe 307 for powering 
the electronic components. Electronics module 303 and the 
transducer module 305 operate as described above. Electron 
ics module 303 includes a printed circuit board 309 (PCB) to 
electrically connect and mechanically Support the various 
electronic components and circuits. One or more micro 
phones 311 are directly attached to PCB 309 to function as 
Sound pickup devices. Alternatively, other types of direct 
audio input could be used as the Sound pickup devices instead 
of, or in addition to, microphones 311. Such alternatives 
include digital or analog audio input ports, a telecoil, and the 
like. 

0044) The housing for the external module 301 includes a 
top part 313a and a bottom part 313b. The two housing parts 
313a, 313b are configured to mate with one another, leaving 
an opening for insertion of battery shoe 307. Following inser 
tion of battery show 307, housing parts 313a, 313b substan 
tially seal the internal components of external module 301 
from external elements. The top housing part 313a includes 
one or more snap-on microphone covers 315, which protect 
the microphones 311 from dust, dirt and other debris. A user 
interface 317 is disposed on one side of the top housing part 
313 A to give the recipient access to the interface module 217 
functions. 
0045. The bottom housing part 313b includes an opening 
319 for insertion of a fastener (not shown). The fastener 
secures transducer module 305 to the inside of the bottom 
housing part 313b, and/or secures a vibratory coupler, such as 
one of the vibratory couplers shown below, to the outside of 
the bottom housing part 313b and/or transducer module 305. 
As such, a direct mechanical connection is established for 
conduction of vibrations from the transducer module 305 to 
the vibratory coupler, and from there into the bone anchor. 
Once the fastener is in place, opening 319 may be sealed 
against external elements by use of an o-ring or other sealant. 
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0046 FIG. 4 illustrates a coupling system in accordance 
with embodiments of the present invention. As shown, the 
coupling system comprises a vibratory coupler 403 and an 
implanted anchor system. In the illustrated embodiment, 
vibratory coupler 403 extends from an external module 401, 
Sometimes referred to herein as a vibration generating mod 
ule 401, and is coupled to the implanted anchor system. The 
implanted anchor system comprises an abutment 405 and an 
anchor 407, such as bone screw 407. Abutment 405 may be 
releasably affixed to bone screw 407. 
0047. As shown, abutment 405 extends above tissue 411 
so that vibratory coupler 403 may be seated on abutment 405. 
As discussed below, the combination of vibratory coupler 
403, abutment 405, and bone screw 407 enable vibrations 
from external module 401 to be conducted into bone 409. 
0048 Those skilled in the art will recognize that alternate 
configurations for a bone anchor may also be used instead of 
the bone screw. One such example is a plate secured to the 
bone in at least two locations along the edge of the plate. Such 
that the centerportion of the plate rests against or is mechani 
cally coupled to the skull bone, thereby enabling vibrations 
applied to the bone anchor to pass into the bone. With such a 
bone anchor, the abutment may extend from the center por 
tion of the plate, and forces normal to the skull incident upon 
the abutment or the external module would not impact a 
Surgically modified site, but rather would impact an unaltered 
section of the skull bone. 
0049. The top portion of the abutment 405, which extends 
above the tissue 411, has a regularly defined cross-section, 
and may be circular, elliptical, or any other shape according to 
design preferences. In addition, the radius about the entire 
cross-section need not be constant. A constant radius may be 
used in circumstances where it is desired to allow the external 
module to be mounted with any orientation. On the other 
hand, a non-constant radius may be used in circumstances 
where the external module is intended to have only a single 
orientation when the vibratory coupler is seated on the abut 
ment. 

0050. In the illustrated embodiment, abutment 405 com 
prises a bearing surface 413 of which extends away from a 
conduction surface 415. Bearing surface 413 extends away 
from conduction Surface Such that an acute angle, or at least a 
non-orthogonal angle, is formed along the Surface of abut 
ment 405. The shapes of bearing surface 413 and the conduc 
tion surface 415 are a matter of design choice, however, the 
conduction Surface is preferably planar to facilitate coupling 
with vibratory coupler 403 and conduction of vibrations. 
Alternatively, if bearing surface 413 is curved, the bearing 
Surface and conduction Surface 415 may intersect tangen 
tially. 
0051. In the illustrated embodiments, as bearing surface 
413 extends away from conduction surface 415, a shelf 417 is 
formed in the bearing Surface. The particular geometry of this 
shelf 417 may vary according to other design considerations, 
particularly the geometry of vibratory coupler 403. Option 
ally, and again depending upon the geometry of vibratory 
coupler 403, shelf 417 may be entirely omitted from abutment 
405. In certain embodiments, as shown in FIG. 4, abutment 
405 also includes a magnetic material 419 set into the abut 
ment 405 at conduction surface 415. This magnetic material 
419 may form part of conduction surface 415, or alternatively, 
it may be disposed beneath the surface. Moreover, the mag 
netic material may have any geometrical configuration that 
Suits other design choices that are made concerning abutment 
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405 and vibratory coupler 403. Magnetic material 419 is 
preferably magnetizeable material, and not a permanent mag 
net, although a permanent magnet could be used. 
0052. As noted, vibratory coupler 403 extends outward 
from external module 401 and includes a magnet 421. Vibra 
tory coupler 403 further includes a conduction surface 423, 
and a leveraging extension 425. Conduction surface 423 of 
vibratory coupler 403 has a complimentary shape to conduc 
tion surface 415 of abutment 405, and seats directly on the 
conduction Surface of the abutment Such that mechanical 
contact is made between the two conduction surfaces 415, 
423. Magnet 421 in vibratory coupler 403 interacts with the 
magnetic material 419 in the abutment 405 to retain the two 
conduction surfaces 415, 423 seated together under normal 
use conditions. The holding force generated between magnet 
421 and magnetic material 419 should be sufficient to main 
tain the seating under the force generated by the weight of 
vibratory coupler 403. In addition, the holding force should 
also be sufficient to maintain the seating when the instanta 
neous force generated by vibrations from external module 
401 are coupled with the weight of vibratory coupler 403. 
0053 Leveraging extension 425 extends away from con 
duction surface 423 of vibratory coupler 403 such that at least 
a distal edge 427 of the leveraging extension seats upon the 
bearing surface 413, and preferably upon shelf 417. Option 
ally, the entire inner Surface of leveraging extension 425 may 
seat on bearing surface 413. The configuration of the lever 
aging extension 425 may vary widely. For example, the lever 
aging extension may forman annular ring at the distal end, or 
alternatively, the annular ring may be divided up into two, 
four, or more sections, each section connected to the main 
body of the vibratory coupler via an arm. In another alterna 
tive, the leveraging extension may be a plurality of arms 
extending away from the main body of the vibratory coupler. 
In Such an embodiment, more arms are preferable, however, 
as few as two arms will generally suffice. 
0054 FIG. 4B illustrates how the vibratory coupler 403 is 
decoupled from abutment 405 when a part of the external 
module 401 is subjected to a force that is tangential to the 
skull. The tangential force is marked by the arrow, F, and upon 
incidence of this tangential force on external module 401, 
conduction surface 423 of the vibratory coupler 403 is piv 
oted up and away from the conduction surface 415 of abut 
ment 405. This pivoting action is caused by the leveraging 
extension 425 seated upon the shelf 417 of abutment 405 on 
the opposite side of vibratory coupler 403 from where the 
force is incident. Upon application of the force, F, leveraging 
extension 425 acts as a lever arm, and assists in lifting and 
magnetically decoupling magnet 421 from magnetic material 
419. By causing the decoupling in this manner, the amount of 
tangential force to which abutment 405 is subjected is signifi 
cantly reduced. 
0055. The amount of tangential force to which a bone 
screw may be subjected following implantation, without 
causing damage to the bone, is illustrated in FIG. 5. Initially, 
when a bone screw is implanted, the amount of tangential 
loading force to which it may be subjected is somewhat high. 
As the healing process begins and continues, the amount of 
tangential force to which a bone screw may be subjected 
significantly decreases and then begins increasing to a level 
that is higher than at the stage of the initial implant. The 
decrease is at least partially due to the fact that when bones are 
damaged, the human body first breaks down some of the bone 
structure Surrounding the damaged site before beginning to 
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rebuild and heal the bone. Thus, following implantation of a 
bone screw, until a physician determines that the implant site 
is fully healed, if there is significant risk of damaging the bone 
at the implant site by wearing the external module, then the 
external module is not generally worn. For prior art bone 
conduction devices, this is how implant patients proceed— 
they refrain from regularly using the external module until 
healing is complete. With the bone conduction fixation sys 
tem described above, it is anticipated that the external module 
may be seated upon and used with the implanted bone screw 
almost immediately following the implant procedure and 
continuing through the entire healing process. 
0056. An alternative embodiment of a vibratory coupler in 
accordance with embodiments of the present invention is 
shown in FIG. 6. In the illustrated embodiment, a sheath 603 
extends from housing 605 of external module 601. A coupling 
arm 607 is partially disposed within sheath 603. Coupling 
arm 607 is held to the body of external module 601 via a 
fastener 609, which enables the position of coupling arm 607 
relative to housing 605 to be adjusted. A spring 611 is also 
included within sheath 603 and biases against adjustments 
made by the fastener 609. As the position of the coupling arm 
607 is adjusted, the distal edges 613 of the sheath 603 exert 
pressure on leveraging extension 615 to cause constriction. 
By constricting leveraging extension 615. Some variation 
may be introduced in the amount of tangential force required 
to unseat the vibratory coupler from the abutment, thereby 
enabling a custom fit for any particular implant recipient. 
0057 FIG. 7 illustrates another embodiment of a vibratory 
coupler 701 in accordance with embodiments of the present 
invention. As shown, vibratory coupler 701 includes a sheath 
703 is formed of two parts, a first part 705 which extends from 
body 707 of external module 701, and a second part 709 
which is threaded into first part 705. With this arrangement, 
the overall length of the sheath 703 is adjustable. Similar to 
the embodiments described above, coupling arm 711 extends 
into sheath 703. However, as shown, a post 713 extends from 
body 707, and the coupling arm 711 slidingly fits onto post 
713. A spring 715 disposed within sheath 703 biases the 
coupling arm 711 toward body 707 of external module 701. 
Here, constriction of leveraging extension 717 is enabled by 
lengthening sheath 707 and biasing the coupling arm into the 
sheath by use of spring 715. Conversely, the amount of con 
striction may be reduced by shortening sheath 707. 
0058 FIG. 8 illustrates alternative embodiments for an 
abutment in accordance with embodiments of the present 
invention, referred to as abutment 801. As described below, 
Abutment 801 further reduces the amount of tangential force 
to which the bone screw 803, or other bone anchor, might be 
Subjected. 
0059 Abutment 801 comprises an outer sheath 805 which 
includes a conduction surface 807 and a bearing surface 809 
as described above with reference to FIGS. 4A and 4.B. Outer 
sheath 805 may be constructed of thin walled titanium, or 
other similar material, which can be laser welded to the bone 
screw to ensure that the interface between the outer sheath 
and the bone screw is Smooth and does not provide crevices 
for the lodgment of debris. Outer sheath 805 is constructed to 
house a plurality of shearing elements, in this case, several 
stacked plates 811. The plates 811 are not connected to one 
another, and each may slide laterally with respect to adjacent 
plates. The plates 811 do not need to be similarly dimen 
sioned. To facilitate sliding, the surfaces of the plates 811 may 
be polished, or alternatively, a lubricant may be included 
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within outer sheath 805. Further, the material from which 
plates 811 are constructed is a matter of design choice. For 
example, they may be constructed from a lightweight plastic 
or polymer material, a biocompatible material, or a heavier 
metal material. In addition, the plates may be constructed 
from a magnetizeable material, but preferably not from mate 
rial that is a permanent magnet, as Sucha construction is likely 
to significantly inhibit lateral sliding between adjacent plates. 
0060 Outer sheath 805 serves at least a few purposes in 

this embodiment. First, outer sheath 805 maintains each plate 
811 within the stack in physical contact with each adjacent 
plate to ensure that abutment 805 is mechanically stiff in a 
direction normal to the skull. By maintaining Such contact, 
and thereby keeping the stack of plates 805 mechanically 
stiff, the stack conducts vibrations from conduction Surface 
807 through to bone screw 803. Additionally, contact between 
plates 811 keep each plate from laterally sliding with respect 
to adjacent plates under normal use conditions. Another pur 
pose of outer sheath 805 is to limit lateral sliding of the plates 
811 so that a conduction pathis maintained to pass vibrations 
from the external module to the bone screw 803. Yet another 
purpose of the outer sheath 805 is to assist in returning plates 
811 to the default stack configuration following deformation 
of the stack when subjected to lateral forces. 
0061 FIG. 8B shows the stack of plates 811 with the top 
two plates 811a, 811b laterally displaced as a result of a 
lateral force F. Outer sheath 805 deforms along with the stack 
of plates 811. To enable outer sheath 805 to return the plates 
to the default stack configuration, outer sheath 805 may be 
formed from a shape memory material. Alternatively, springs 
may be included within outer sheath 805 to aid in biasing the 
stack of plates 811 toward the default stack configuration. 
Non-permanent magnets, strategically placed within each 
stacked plate, could also be used to aid in realignment of the 
stacked plates into the default Stack configuration. 
0062 FIG. 9A shows an alternative arrangement for a 
plurality of stacked plates 901 which may be used in accor 
dance with embodiments of the present invention. In the 
illustrated embodiment, each plate is interlocked with adja 
cent plates. Each plate 901a-d includes an outward extending 
pin 903 and a slot 905. Plates 901a-dare stacked so that pin 
903a-d of each plate 901a-dis inserted into the slot 905a-d of 
an adjacent plate. The pin 903 of each plate seats within the 
slot 905 of an adjacent plate as shown in FIG. 9B. The pin 
903a on the end plate 901a (as shown), having only a single 
adjacent plate, may either be omitted from the construction or 
used for another purpose-lacking an adjacent plate, the pin 
903 of the end plate 901a is not inserted into a corresponding 
slot. As shown, the slot 905a-din each plate 901a-dis curved, 
so that when the stack 901 is subjected to a lateral force, 
displacement of any one or more plates will also cause rota 
tion of the displaced plates. Such rotation helps to further 
absorb any incident lateral forces. Because the plates are 
interlocked, and an outer sheath is not required, although one 
may be used. Moreover, this embodiment might also be 
implanted Subcutaneously. Such a subcutaneous abutment 
would necessarily couple with the external module through 
the skin of the recipient, and all vibrations would be trans 
mitted through tissues, including skin, covering the implant. 
The pin of the end plate may be used to assist with the 
coupling. 
0063 Yet another alternative embodiment of an abutment 
in accordance with embodiments of the present invention is 
illustrated in FIG. 10. In the illustrated embodiment, abut 
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ment 1001 comprises an outer sheath 1003 having an internal 
cavity 1005 and a granulated material 1007 disposed therein. 
The granulated material 1007 may any number of different 
types of material, from sand, to magnetizeable particles, to 
Small beads, whether plastic, glass, or metal and the like. In 
the case of magnetizeable particles, it is anticipated that the 
magnet within the external module would align the particles 
to assist informing a conduction path between the conduction 
Surface and the bone anchor, while at the same time permit 
ting shearing action between the particles in response to lat 
eral forces incident upon the outer sheath. Additional mate 
rials may be included within the cavity to either better enable 
shearing action of the granulated particles, i.e., movement in 
the lateral direction in response to lateral forces incident upon 
the abutment, or to better enable conduction of vibrations 
from the external module, through the granulated material, to 
the bone anchor. For example, collagen may be included 
within the internal cavity, along with beads, to better aid in the 
transmission of vibrations. It is anticipated that collagen 
might also aid in improving the shearing action of such beads. 
As with the previous embodiment, the outer sheath may be 
constructed using a shape memory material to aid in returning 
the abutment to a default shape. 
0064. Another embodiment of an abutment in accordance 
with embodiments of the present invention is illustrated as 
abutment 1101 in FIG. 11. This abutment includes an outer 
sheath 1103 with an external profile which is a matter of 
design choice. Outer sheath 1103 may beformed as shown, it 
may be formed according to any of the other embodiments 
discussed herein, or it may have an entirely different shape to 
Suit other design considerations. Outer sheath forms an inter 
nal cavity 1105, in which is disposed a proximal plate 1107. 
a distal plate 1109, a wire 1111, which forms a flexible con 
duction path, and a spring 1113. The proximal plate 1107 is 
disposed adjacent to, and may be coupled to, the conduction 
surface 1115 of outer sheath 1103 such that vibrations applied 
to conduction surface 1115 pass through to distal plate 1109. 
Similarly, the distal plate 1109 is disposed adjacent and 
coupled to bone anchor 1117. The wire 1111 extends between 
and is coupled to both proximal plate 1107 and distal plate 
1109. Likewise, spring 1113 is disposed between proximal 
and distal plates 1107, 1109, but spring 1113 biases the plates 
1107, 1109 away from one another, thereby placing the wire 
1111 under tension and enabling the wire 1111 to conduct 
vibrations applied to proximal plate 1107 through to the 
proximal plate 1109, and thus in to the bone anchor 1117. 
0065. Additional wires may be included to form additional 
conduction paths. The material from which the wire or wires 
is constructed is a matter of design choice. Those skilled in the 
art will recognize that certain materials, such as metals and 
other materials that are less Susceptible to permanent defor 
mation due to stretching, are better Suited for long term use 
within the abutment. Those materials that are susceptible to 
permanent deformation due to stretching may still be used, 
but abutments employing Such materials may require more 
frequent replacement. 
0066. Yet another embodiment of an abutment 1201 is 
shown in FIG. 12. In the illustrated embodiment, abutment 
1201 includes an outer sheath 1203 forming an internal cavity 
1205. As with other embodiments, outer sheath 1203 is pref 
erably constructed using a shape memory material to provide 
some flexibility, but at the same time be sufficiently rigid to 
seat a vibratory coupler. Outer sheath 1203 includes a con 
duction surface 1207 and a distal surface 1209 which is 
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coupled to bone anchor 1211, and vibrations applied to distal 
surface 1209 are conducted into bone anchor 1211. A con 
duction axis, A, defines the conduction path along which 
vibrations pass from an external module to bone anchor 1211 
once the external module is seated on the abutment. A spiral 
spring 1213 and a magnet 1215 are disposed within the cavity 
1205. The spiral spring 1213 has an outer end coupled to 
distal surface 1209, and the magnet 1215 is coupled to the 
center end of the spiral spring. The magnet 1215 has a mag 
netic axis, M, defined by the two magnetic poles, NandS, and 
the spiral spring 1213 biases the magnet 1215 so that the 
magnetic axis is not parallel to, and is preferably perpendicu 
lar to, the conduction axis A. When the vibratory coupler is 
seated on abutment 1201, a magnet within the vibratory cou 
pler, as described in FIG.4, induces magnet 1215 in abutment 
1201 to rotate and align magnetic axis, M, with the conduc 
tion axis, A. Once the magnet 1215 in the abutment 1201 
rotates, it is attracted toward the magnet in the vibratory 
coupler. In addition, magnet 1215 in abutment 1201 will seat 
against distal surface 1209, thereby enabling vibrations 
applied to abutment 1201 to pass through to bone anchor 
1211. 

0067 Thus, a fixation system for a bone conduction device 
is disclosed. While embodiments of this invention have been 
shown and described, it will be apparent to those skilled in the 
art that many more modifications are possible without depart 
ing from the inventive concepts herein. The invention, there 
fore, is not to be restricted except in the spirit of the following 
claims. 

0068 FIG. 13A is cross-sectional view of a coupling sys 
tem in accordance with embodiments of the present inven 
tion. As shown, the coupling system comprises a vibratory 
coupler 1306 attached to, and extending from, an external 
module 1301 of a bone conduction device. Disposed within 
vibratory coupler 1306 is a magnet 1308. Implanted within 
skin 1302 is an implanted anchor 1310. Vibration generated 
by external module 1301 is coupled through implanted 
anchor 1310 to the skull 1304. 
0069. In the illustrated embodiments, implanted anchor 
1310 comprises a plurality of particles, beads, or other ele 
ments 1310 which are injected or implanted into skin 1302. 
The plurality of particles 1310 alter the material stiffness of 
the skin so that the vibration from vibrator coupler 1306 may 
be transferred to the skull 1304 with little to no loss, thus 
eliminating the need for an exposed abutment. 
0070 Any of a variety of particles may be injected or 
implanted into skin 1302 of a recipient. In certain embodi 
ments, skin 1302 is stiffened by injecting a sufficient quantity 
of ceramic or metallic powder (e.g., titanium powder, plati 
num powder, etc) into the skin. In other embodiments, col 
lagen or any other bioresorable material that may provide 
stiffness to skin 1302 may be used. For example, in certain 
embodiments, particles that enhance fibrous tissue growth 
may be injected or implanted into skin 1302. 
0071. As noted, in the illustrated embodiment, a magnet 
1308 is disposed within vibratory coupler 1306. Magnet 1308 
is configured to provide an attraction force between vibratory 
coupler 1306 and particles 1310. This attraction retains exter 
nal module 1301 in position during normal use, and is suffi 
cient to attach external module 1301 to the recipient under the 
force generated by the weight of vibratory coupler 1306. In 
addition, the attraction force should also be sufficient to main 
tain the attachment when the instantaneous force generated 
by vibrations from external module 1301 are coupled with the 
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weight of vibratory coupler 1306. In certain embodiments, 
magnet 1308 may comprise a permanent magnet. In other 
embodiments, magnet 1308 may comprise a magnetic mate 
rial that is not a permanent magnet. 
0072. In further embodiments, particles 1310 are pre 
vented from migrating from the injection site. In one Such 
embodiment, the particles may be tied to one another prior to 
injection/implantation. In another Such embodiment, the par 
ticles may be coated with collagen to prevent migration. 
Other particles comprising, such as silicone particles, may 
promote tissue in-growth there with to prevent migration. 
0073 FIG. 13B is cross-sectional view of a coupling sys 
tem in accordance with embodiments of the present inven 
tion. In this embodiment, implanted anchor 1318 comprises a 
granulated material 1322 bounded by a volume 1320. The 
granulated material 1322 may any number of different types 
of material, from sand, to magnetizeable particles, to Small 
beads, whether plastic, glass, or metal and the like. Volume 
1320 may comprise, for example, a Surgically implanted 
mesh or cage 1320 which prevents migration of granulated 
material 1322. 
0074 Similar to the embodiments described above with 
reference to FIG. 13A, a magnet 1308 is disposed within 
vibratory coupler 1306. Magnet 1308 is configured to provide 
an attraction force between vibratory coupler 1306 and par 
ticles 1310. This attraction retains external module in position 
during normal use, and is sufficient to attach external module 
1301 to the recipient under the force generated by the weight 
of vibratory coupler 1306. In addition, the attraction force 
should also be sufficient to maintain the attachment when the 
instantaneous force generated by vibrations from external 
module 1301 are coupled with the weight of vibratory coupler 
1306. In certain embodiments, magnet 1308 may comprise a 
permanent magnet. In other embodiments, magnet 1308 may 
comprise a magnetic material that is not a permanent magnet. 
0075 FIG. 13C is cross-sectional view of a coupling sys 
tem in accordance with embodiments of the present inven 
tion. Similar to the embodiments described above with refer 
ence to FIG. 13B, a granulated material 1334 bounded by a 
volume 1336. The granulated material 1322 may any number 
of different types of material. Implanted anchor 1332 further 
comprises a magnet 1330 adjacent skull 1304. Vibratory cou 
pler 1306 comprises a permanent magnet 1328. When vibra 
tory coupler 1306 is positioned adjacent skin 1302, magnets 
1330 and 1328 cause granulated material 1334 to be substan 
tially aligned, thereby improving the transmission of vibra 
tion therethrough. 
0076 While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example only, and not limita 
tion. It will be apparent to persons skilled in the relevant art 
that various changes in form and detail can be made therein 
without departing from the spirit and scope of the invention. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with 
the following claims and their equivalents. All patents and 
publications discussed herein are incorporated in their 
entirety by reference thereto. 

What is claimed is: 
1. A fixation system for coupling a bone conduction device 

to a recipient have one or more layers of tissue adjacent the 
skull of the recipient comprising: 
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an implantable anchor comprising a plurality of elements 
configured to be implanted in at least one of the one or 
more layers of tissue adjacent the skull such that vibra 
tions applied thereto are transferred to the skull; and 

a vibratory coupler, extending from the bone conduction 
device, comprising a conduction Surface and a magnet, 

wherein when the conduction Surface is adjacent the one or 
more layers, the magnet is attracted to the implantable 
anchor to retain the conduction Surface adjacent the one 
or more layers, thereby enabling vibrations to pass from 
the bone conduction device to the skull. 

2. The fixation system of claim 1, wherein the magnetic 
attraction between the magnet and the implantable anchor is 
configured to be ruptured when a tangential force is incident 
on the vibratory coupler. 

3. The fixation system of claim 1, wherein the implantable 
anchor is configured to be implanted in the skin of the recipi 
ent. 

4. The fixation system of claim 1, wherein the plurality of 
particles comprises a metallic material, and wherein the mag 
net attracts the magnetic material. 

5. The fixation system of claim 1, wherein the plurality of 
elements comprise a plurality of particles configured to be 
injected into the at least one layer. 

6. The fixation system of claim 5, wherein the plurality of 
particles comprise a plurality of metallic powder particles. 

7. The fixation system of claim 1, wherein the plurality of 
elements comprise a plurality of beads implanted in the at 
least one layer. 

8. The fixation system of claim 1, wherein the plurality of 
elements comprise an amount of collagen. 

9. The fixation system of claim 1, wherein the plurality of 
elements are configured to be substantially retained in the 
implantation location. 

10. The fixation system of claim 9, wherein the plurality of 
elements are substantially retained in the implant location by 
a Surgically implanted cage Surrounding the plurality of ele 
mentS. 

11. The fixation system of claim 9, wherein the plurality of 
elements are coated with collagen retain the elements in the 
implant location. 
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12. A fixation system for coupling a prosthetic device to a 
recipient having one or more layers of tissue comprising: 

an implantable anchor comprising a plurality of elements 
configured to be implanted in at least one of the one or 
more layers of tissue; and 

a coupler, extending from the prosthetic device, compris 
ing a first Surface and a magnet, 

wherein when the first surface is adjacent the one or more 
layers, the magnet is attracted to the implantable anchor 
to retain the first Surface adjacent the one or more layers. 

13. The fixation system of claim 12, wherein the magnetic 
attraction between the magnet and the implantable anchor is 
configured to be ruptured when a tangential force is incident 
on the coupler. 

14. The fixation system of claim 12, wherein the implant 
able anchor is configured to be implanted in the skin of the 
recipient. 

15. The fixation system of claim 12, wherein the plurality 
of particles comprises a metallic material, and wherein the 
magnet attracts the magnetic material. 

16. The fixation system of claim 12, wherein the plurality 
of elements comprise a plurality of particles configured to be 
injected into the at least one layer. 

17. The fixation system of claim 16, wherein the plurality 
of particles comprise a plurality of metallic powderparticles. 

18. The fixation system of claim 12, wherein the plurality 
of elements comprise a plurality of beads implanted in the at 
least one layer. 

19. The fixation system of claim 12, wherein the plurality 
of elements comprise an amount of collagen. 

20. The fixation system of claim 12, wherein the plurality 
of elements are configured to be substantially retained in the 
implantation location. 

21. The fixation system of claim 20, wherein the plurality 
of elements are Substantially retained in the implant location 
by a Surgically implanted cage Surrounding the plurality of 
elements. 

22. The fixation system of claim 20, wherein the plurality 
of elements are coated with collagen to Substantially retain 
the elements in the implant location. 
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