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An attachment device for a middle ear implant includes a 
?rst loop adapted to mount over structure in a middle ear. A 

C d Add _ second loop is connected to the ?rst loop and adapted to 
biggi§§§ ZICTeAFTreSS' mount over an object for use in the middle ear. A related 

method includes sliding a loop along at least part of a middle 
LOOR’ TWO LEADERSHIP ear ossicle or prosthesis such that an object connected to the 

loop is disposed adjacent the ossicle or prosthesis. A method 
73102 U S of testing for a magnet in a middle ear of a patient includes: 

’ ( ) inserting a coil at least into an outer ear canal of the patient 
adjacent the middle ear having the magnet; selectably aim 
ing the coil relative to the middle ear; driving the coil With 
an alternating current signal at each selected aiming; obtain 

(21) Appl. No.: 09/870,515 

May 31, 2001 (22) Filed: 
ing at least one indication in response to driving the coil With 
an alternating current signal at each selected aiming; and Related US. Application Data 
determining a functional or positional characteristic of the 
magnet from the obtained indication. This method can be 
implemented With a plurality of coils. A related test instru 

(63) Continuation of application No. 09/248,564, ?led on 
Feb. 11, 1999, noW Pat. No. 6,276,706. 

ment includes: at least one coil; and a connected handle to 
enable a user of the test instrument to insert the coil(s) into Publication Classi?cation 
at least the outer ear canal and to direct electromagnetic 
signals at different directions relative to the middle ear. (51) Int. Cl? A61F 2/18 
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MIDDLE EAR MAGNET IMPLANT, ATTACHMENT 
DEVICE AND METHOD, AND TEST INSTRUMENT 

AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to apparatus and 
methods used in or With magnetic middle ear hearing 
systems. The invention particularly relates to magnetic 
implants and to attachment devices and methods for mount 
ing a magnet in a middle ear of a patient. 

[0002] The invention also particularly relates to test instru 
ments and methods With Which to locate or determine the 
orientation or operability of a magnet implanted in a middle 
ear. 

[0003] There are many different reasons Why some people 
have hearing impairment. In general, hoWever, sound enter 
ing the outer ear canal does not get transmitted to the inner 
ear and/or transduced, then sent by auditory nerve. In some 
instances, this can be solved by amplifying the sound With 
a hearing aid put in the outer ear canal. In other cases, a 
device that electrically stimulates the auditory nerve directly 
needs to be implanted in the cochlea of the inner ear. In still 
other situations, a middle ear device that creates mechanical 
vibrations is needed. The present invention pertains to such 
middle ear devices, and speci?cally magnetic middle ear 
devices. 

[0004] A person’s normal middle ear includes a chain of 
small bones, or ossicles. The malleus, the incus, and the 
stapes form this chain; and When functioning normally, these 
ossicles transmit mechanical vibrations from the eardrum, or 
tympanic membrane, at the end of the outer ear canal to the 
oval WindoW into the inner ear. When something is Wrong in 
this ossicular chain, hoWever, such transmission does not 
occur suf?ciently to stimulate the cochlea and, therefore, 
auditory nerve. Alternatively, if transmission is normal but 
inner ear hair cells are damaged or absent, the auditory nerve 
is less activated. In both cases, greater amplitude of ossicular 
movement Will correct the hearing de?cit. 

[0005] One general solution to hearing problems caused 
by middle ear de?ciencies is to implant a magnet in the 
middle ear and to cause the magnet to vibrate in response to 
environmental sounds. The magnet is connected, for 
example, such that it provides mechanical vibrations to the 
oval WindoW, either through an adequately functioning por 
tion of the middle ear’s ossicular chain to Which the magnet 
is attached or through an implanted prosthesis carrying the 
magnet and communicating With the oval WindoW. 

[0006] Anumber of middle ear magnet attachment devices 
have been proposed. Some clip to an ossicle, or part of one; 
others abut ossicular surfaces. Shortcomings of these 
include clamping or clipping onto living bone (ossicles) With 
compromise of oxygen and nutrient delivery, Wires attached 
to transducers adding mechanical loading, attaching probes 
connected to transducers Wherein the probes must ?t into 
holes placed into ossicles, gluing implants to living bone 
Wherein the glue is not compatible With living bone and 
surface tension forces that seek to hold an implant onto the 
living epithelium of the round WindoW of the inner ear. 
Additionally, I am not aWare of any type of magnetic middle 
ear device Which includes a narroW, completely closed loop 
that slides over a portion of the ossicular chain. Thus, there 
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is the need for an attachment device and method, as Well as 
an overall implant, Which overcomes these shortcomings. 

[0007] Regardless of the particular implant or mounting 
technique used for a middle ear magnet, problems can arise 
With regard to ?nding Where the magnet is, determining 
What its particular magnetic orientation is, and checking that 
it is functional. These are signi?cant at least in systems in 
Which the magnet is remotely driven by an electromagnetic 
signal generated outside the middle ear. If the implanted 
magnet is not optimally aligned With an external coil from 
Which the electromagnetic signal propagates, the implanted 
magnet might not respond adequately. Furthermore, some 
implanted magnets can become ineffective over time, so 
they need to be tested to see if they are the point of failure 
in a system that a patient reports has stopped functioning. 

[0008] Changes in position and function of implanted 
magnets can occur from a variety of causes. For example, 
implant surgeons have different techniques and skills and 
thus magnet location may vary because of differences in 
surgeons. As another example, one particular type of attach 
ment device might orient its magnet differently from hoW 
another particular type of attachment device orients its 
magnet even though the magnets are located at the same 
ossicular position in the respective patients. As a further 
example, anatomical differences betWeen patients can cause 
similarly located magnets to be oriented differently relative 
to an external device (such as an external electromagnetic 
signal generating unit in the person’s outer ear canal). 
Changes in orientation can also occur during the healing 
process folloWing the implantation surgery (e.g., tissue 
groWth touching the implant can alter its position). Still 
another example of change is that the functionality of an 
implanted magnet can deteriorate over time or as a result of 
leakage in the housing in Which the magnet is typically 
located. 

[0009] One signi?cant consequence of location or orien 
tation differences has to do With an audiologist’s Work 
related to the overall hearing assist system of the type in 
Which an electromagnetic signal is generated and transmit 
ted from outside the middle ear. Occasionally the unit that 
generates and transmits the signal is one molded to ?t in the 
patient’s outer ear canal. The audiologist makes the molded 
unit. If the audiologist does not knoW the location or 
orientation of the implanted magnet, typically the audiolo 
gist goes through an iterative process in Which several 
molded units have to be made until the one that causes the 
implanted magnet to vibrate adequately is obtained. This is 
expensive, time consuming, and bothersome to the patient. 
Thus, there is the need for a test instrument and method With 
Which to determine the location or orientation of the 
implanted magnet. 

[0010] Another situation an audiologist can encounter is a 
patient Who complains that a previously Working system is 
no longer Working. One component that could be malfunc 
tioning is the implanted magnet. It could have become 
disoriented or dislodged, or its housing could have leaked 
such that the magnet does not function anymore. The magnet 
should not decay spontaneously, but it Will decay if the 
housing leaks to body ?uids. Such ?uids Will cause corro 
sion and the corroded magnet Will lose its magnetism. Thus, 
there is the need for a test instrument and method With Which 
to determine the operability of the implanted magnet. 
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SUMMARY OF THE INVENTION 

[0011] The present invention overcomes the above-noted 
and other shortcomings of the prior art by providing a novel 
and improved implant and attachment device and method for 
mounting a magnet in a middle ear of a patient. The 
invention also provides a test instrument and method With 
Which to locate or determine the orientation or operability of 
a magnet implanted in the middle ear. 

[0012] The present invention facilitates implanting a mag 
net in a middle ear of a patient. It provides a general 
orientation at the location of implantation Which preferably 
does not change during normal healing. The present inven 
tion alloWs for biologically compatible, non-necrotiZing, 
light Weight, anatomical positioning of a magnetic implant 
onto the ossicular chain. The chain is intact and blood 
supply/nutrient How is maintained. Such mounting provides 
for lifetime implantation on an intact ossicular chain. Indi 
vidual turns of a Wire-form portion of this invention provide 
a scaffold for soft tissue to groW into and attach to, providing 
stability of the implant after healing has occurred. The 
Wire-form attachment device is extremely light Weight, thus 
minimiZing loading of the ossicular chain and its mechanical 
movement. 

[0013] The present invention, hoWever, also enables the 
location of the magnet and its orientation to be con?rmed or 
determined even after healing has occurred. The present 
invention can also be used to determine if the magnet and the 
Whole system are functioning. That is, When a test coil of 
this invention is used to vibrate the implanted magnet, it 
serves to verify that the Whole system is Working because the 
subject Will hear the vibration if it is Working. With the 
present invention, differences in surgical techniques and 
skills and changes in location, orientation and function of 
implanted magnets can be accommodated by audiologists or 
others Who make the external drive components (e.g., outer 
ear sound processors) or Who Work With the patients to make 
the hearing assist system Work. 

[0014] In one aspect, the present invention provides an 
attachment device for a middle ear implant. This attachment 
device is biocompatible and comprises: a ?rst loop adapted 
to mount over a structure in a middle ear; and a second loop 
connected to the ?rst loop and adapted to mount over an 
object for use in the middle ear. In a particular implemen 
tation, the ?rst loop is disposed at an angle to the second 
loop. The attachment device is typically part of an implant 
for a middle ear. This implant Which is another aspect of the 
present invention comprises: a housing; a magnet disposed 
in the housing; and the attachment device With the second 
loop disposed around the housing. 

[0015] The present invention also provides a method of 
mounting an object in a middle ear. This method comprises 
sliding a loop along at least part of a middle ear ossicle or 
a prosthesis for a middle ear such that an object connected 
to the loop is disposed adjacent the ossicle or prosthesis. In 
a particular use, the method further comprises disconnecting 
the incus of the middle ear from the stapes of the middle ear 
and sliding the loop onto the stapes. This can further 
comprise reapposing the incus and the stapes, and applying 
a ?brin clot to the loop repositioned onto the reapposed incus 
and stapes. Preferably, the loop is positioned on the reap 
posed incus and stapes such that there is space betWeen the 
body of the middle ear cavity and the object. 
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[0016] Another aspect of the present invention provides a 
method of testing for a magnet in a middle ear of a patient. 
This method comprises: inserting a coil at least into the 
patient’s outer ear canal that is adjacent the middle ear 
having the magnet; selectably aiming the coil relative to the 
middle ear; driving the coil With an alternating current signal 
at each selected aiming; obtaining at least one indication in 
response to driving the coil With an alternating current signal 
at each selected aiming; and determining a functional or 
positional characteristic of the magnet from the obtained at 
least one indication. In a particular implementation, obtain 
ing at least one indication includes obtaining at least one 
indication from the patient regarding Whether sensations are 
perceived by the patient in response to driving the coil With 
an alternating current signal at each selected aiming and 
regarding the relative strengths of any such sensations. 

[0017] This method can also be implemented With a 
plurality of coils. This method can be de?ned as comprising: 
inserting a plurality of coils at least into the patient’s outer 
ear canal that is adjacent the middle ear having the magnet; 
driving each of the coils one at a time With an alternating 
current signal; obtaining at least one indication in response 
to driving each of the coils With an alternating current signal; 
and determining a functional or positional characteristic of 
the magnet from the obtained at least one indication. 

[0018] The present invention also provides a test instru 
ment for a magnet implanted in a middle ear of a patient. 
This test instrument comprises: at least one coil; and a 
handle connected to the at least one coil to enable a user of 
the test instrument to insert the at least one coil into at least 
an outer ear canal adjacent the middle ear of the patient and 
to direct electromagnetic signals at different directions rela 
tive to the middle ear. It can further comprise an oscillator 
connected to the at least one coil to generate the electro 
magnetic signals. 
[0019] Therefore, from the foregoing, it is a general object 
of the present invention to provide a novel and improved 
implant and attachment device and method for mounting a 
magnet in a middle ear of a patient. Another general object 
of the present invention is to provide a novel and improved 
test instrument and method With Which to locate or deter 
mine the orientation or operability of a magnet implanted in 
the middle ear. Other and further objects, features and 
advantages of the present invention Will be readily apparent 
to those skilled in the art When the folloWing description of 
the preferred embodiments is read in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is an illustration of portions of a human ear 
in Which an attachment device of the present invention 
attaches a magnet to a portion of the ossicular chain. 

[0021] FIG. 2 is one side vieW of the preferred embodi 
ment attachment device for a right ear. 

[0022] FIG. 3 is another side vieW of the attachment 
device shoWn in FIG. 2. 

[0023] FIG. 4 is an end vieW from above the orientation 
of the attachment device in FIG. 3. 

[0024] FIG. 5 is a side vieW of the attachment device as 
oriented in FIG. 3 but With a magnet assembly retained in 
a loWer loop portion of the attachment device. 
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[0025] FIG. 6 is one side vieW of the preferred embodi 
ment attachment device for a left ear. 

[0026] FIG. 7 is another side vieW of the attachment 
device shown in FIG. 6. 

[0027] FIG. 8 is an end vieW from above the orientation 
of the attachment device in FIG. 7. 

[0028] FIG. 9 is a side vieW of the attachment device as 
oriented in FIG. 7 but With a magnet assembly retained in 
the loWer loop portion of the attachment device. 

[0029] FIG. 10 is a sectional vieW of a magnet and 
housing of the magnet assembly held by the attachment 
devices as illustrated in FIGS. 1, 5 and 9. 

[0030] FIG. 11 illustrates a preferred embodiment test 
instrument of the present invention in a test position in the 
outer ear canal of the depicted ear. 

[0031] FIG. 12 is a top vieW of a preferred embodiment 
test instrument having a test coil leftWardly directed as 
vieWed in FIG. 12 from the proximal, grip end of the test 
instrument. 

[0032] FIG. 13 is a top vieW of a preferred embodiment 
test instrument having a test coil rightWardly directed as 
vieWed in 

[0033] FIG. 13 from the proximal, grip end of the test 
instrument. 

[0034] FIG. 14 is a side vieW of a preferred embodiment 
test instrument having a test coil upWardly directed as 
vieWed in FIG. 14 from the proximal, grip end of the test 
instrument. 

[0035] FIG. 15 is a side vieW of a preferred embodiment 
test instrument having a test coil doWnWardly directed as 
vieWed in FIG. 15 from the proximal, grip end of the test 
instrument. 

[0036] FIG. 16 illustrates a plural coil arrangement for 
another embodiment of the test instrument. 

[0037] FIG. 17 is a side vieW of a preferred embodiment 
of the test instrument having the plurality of coils illustrated 
in FIG. 16. 

[0038] FIG. 18 is a schematic circuit diagram of an 
oscillator for the illustrated preferred embodiments of the 
test instrument. 

[0039] FIG. 19 is a schematic circuit diagram of the 
oscillator With actuating sWitches such as for the con?gu 
ration of FIGS. 16 and 17. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] A human ear is represented in FIG. 1. It includes 
an outer ear 2, a middle ear 4, and an inner ear 6. Pertinent 
to the description of the present invention is an outer ear 
canal 8 Which is normally closed at its inner end by tympanic 
membrane, or eardrum, 10. Also pertinent is an ossicular 
chain, Which if intact extends from tympanic membrane 10 
to oval WindoW 12 de?ning an entrance to the inner ear 6. 
The intact ossicular chain extends through the middle ear 4 
and includes a malleus 14, an incus 16, and a stapes 18. A 
properly functioning ossicular chain transmits vibrations 
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from the tympanic membrane 10 in series through the 
malleus 14, the incus 16 and the stapes 18 to the oval 
WindoW 12. 

[0041] Vibrations at the oval WindoW stimulate the inner 
ear 6 Whereby the person perceives the sound received in the 
outer ear 2. 

[0042] With regard to the present invention, it is assumed 
that the inner ear 6 responds to vibrations, or is made to 
respond, properly Whereby a goal of the present invention is 
to provide the vibratory stimulation to the inner ear 6 When 
there otherWise is inadequate vibration transmission in the 
person’s middle ear 4. To accomplish this, the present 
invention provides an implant 20 for a middle ear and 
especially an attachment device for a middle ear implant 
such as includes an object (e.g., a magnet) to be mounted in 
the middle ear by the attachment device. 

[0043] Referring to FIGS. 1 and 10, the implant 20 
includes a housing 22 and a magnet 24 disposed in the 
housing 22. In a particular implementation, the housing 22 
is a commercially pure titanium canister, hermetically sealed 
and containing a rare earth permanent magnet (e.g., 
Nd2Fe14B) as the magnet 24. The lid of the canister is laser 
Welded to the main body of the housing in an inert gas 
environment, excluding oxygen from the canister. A non 
limiting example of the siZe of the illustrated housing 22 
includes an outer length of nominally 2.362 millimeters 
(mm) (“nominally” as used throughout includes suitable 
engineering and manufacturing tolerances), an outer diam 
eter of nominally 1.582 mm, an inner diameter of nominally 
1.405 mm, and an inside depth of a cavity in the main body 
of the housing of nominally 2.254 mm. The magnet 24 for 
the housing 22 having these dimensions has a length of 
nominally 2.0 mm and a diameter of nominally 1.35 mm 
With a Weight of approximately 0.02 gram (g) (these param 
eters include a parylene coating on the rare earth magnet). A 
lid for the housing’s main body having the above dimen 
sions has compatible inner and outer diameters (nominally 
1.397 mm and nominally 1.549 mm) With an outer circum 
ferential ?ange having a thickness of nominally 0.076 mm. 
A particular lid has a depression on its outer side of 
nominally 1.244 mm diameter, leaving a Wall thickness of 
nominally 0.076 mm. Possible variations in the housing 
shape may be made to ?t the implant according to and so as 
to accommodate the anatomical structures of the ossicles. 
Such variations in the housing may ?t intraossicular, interos 
sicular or paraossicular. Variations may include those other 
than the preferred embodiment of a right cylinder. 

[0044] The -preferred embodiment attachment device of 
the present invention for a right ear and as included in the 
illustrated implant 20 is generally identi?ed in FIGS. 1-5 by 
the reference numeral 26. The preferred embodiment attach 
ment device for a left ear is generally identi?ed in FIGS. 6-9 
by the reference numeral 26‘. The attachment device 26 is 
described beloW, and the device 26‘ is marked With similar 
reference numerals since it is made the same except for the 
Winding and angular orientations apparent from the draW 
mgs. 

[0045] As illustrated in FIG. 1, the attachment device 26 
connects the magnet 24, and its housing 22, to at least a 
partial middle ear ossicle. “At least a partial middle ear 
ossicle” means that the attachment device 26 mounts on a 
functional part of an ossicular chain, Which could be less 



US 2001/0027342 A1 

than the entire ossicular chain or less than a single ossicle. 
It can also be used With a complete ossicular chain, Whether 
functioning normally or not. The present invention can also 
be used With a prosthesis for use in the middle ear in place 
of or instead of one or more parts of the ossicular chain. 
Thus, the present invention has general applicability to 
structure in the middle ear, Whether such structure is natural 
or arti?cial. 

[0046] The attachment device 26 includes tWo intercon 
nected loops 28, 30. The loop 28 is adapted to mount around 
or over the selected ossicular portion or middle ear prosthe 
sis. The illustrated particular implementation of the loop 28 
includes three spaced turns of a biocompatible Wire With an 
internal loop diameter of nominally 1.17 mm and axial 
length of nominally 0.6 mm (including tWo inter-turn spaces 
of nominally 0.075 The Wire is nominally 0.15 mm 
diameter and is contiguous With Wire-form loop 30 Which is 
an attachment mechanism to the implant housing 22. The 
preferred Wire material is a biocompatible alloy of titanium, 
aluminum and vanadium (e.g., TiAl6V4). 

[0047] The loop 30 is connected to the loop 28. The loop 
30 is adapted to mount over the illustrated housing 22/mag 
net 24 assembly or another suitable transducer for use in the 
middle ear. As shoWn in the draWings, the loop 30 is 
disposed around the housing 22. This loop has a press ?t 
around the housing 22 such that once the housing 22 is slid 
relative to the loop 30 to a desired position (such as 
nominally 0.2 mm from the lid-end of the housing 22 for the 
illustrated implementations), the compressive force of the 
loop 30 around the outside of the housing 22 retains the 
housing 22 in that position. This is illustrated in FIGS. 1, 5 
and 9 for the illustrated embodiments. 

[0048] The particular illustrated loop 30 includes four 
turns of a biocompatible Wire With the internal loop diameter 
of nominally 1.44 mm and an axial length of nominally 0.6 
mm (Without spaces betWeen adjacent turns). In this imple 
mentation, the Wire is an extension of the Wire used in the 
loop-28. The centers of the loops 28, 30 are vertically (as 
vieWed in the draWings) spaced nominally 1.58 mm. 

[0049] As apparent in FIGS. 2-5, the loops 28, 30 are 
disposed at an angle to each other. Although the loops 28, 30 
are connected, the loops are not coplanar. Preferably, the 
loop 30 is at an angle to the loop 28 When the loop 28 is 
mounted over the ossicle such that an axial line to the 
magnet 24 (or the housing 22, or a line perpendicular to the 
plane of the loop 30) is aligned With a longitudinal line of the 
outer ear canal 8 adjacent the middle ear 4. More preferably, 
this line is aligned With a longitudinal axis of a transmission 
coil disposed in the outer ear canal 6. Such alignment 
optimiZes the inductive coupling of the electromagnetic 
signal generated and transmitted With the transmission coil. 
Referring to FIG. 1, an electromagnetic coil and ear mold 
unit 32 is illustrated (the unit 32 does not form part of the 
claimed invention, and can be of any suitable type; this is, 
hoWever, the component that an audiologist molds to any 
particular person/patient and thus it is preferable for the 
audiologist to knoW, before making the unit 32, the location 
and orientation of the implant 20 as referred to above). A 
longitudinal axis of the coil of the unit 32 is identi?ed by the 
reference numeral 34. The respective aligned line through 
the housing/magnet of implant 20 is identi?ed in FIG. 1 by 
the reference numeral 36. 
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[0050] The angle betWeen the axes of the loops 28, 30 in 
the illustrated implementation is nominally 30°. This has 
been selected based on anatomical studies performed on 
many fresh cadavers; hoWever, other angles can be used as 
particular patient’s anatomies or other experience or circum 
stances may dictate. 

[0051] Loops 28 and 30 are Wound on knoWn Wire-form 
equipment using one continuous length of Wire, and estab 
lishing the 30° offset. 

[0052] Variations in the present 30° (or other) angle can be 
determined by the surgeon’s placement and ?brin clot ?xa 
tion (described beloW) at the time of implementation. 
[0053] The magnet 24, in its housing 22, is mounted in the 
middle ear 4 by sliding the loop 28 along at least part of a 
middle ear ossicle or a prosthesis for the middle ear such that 
the magnet 24, in its housing 22, is disposed adjacent to the 
ossicle or prosthesis. The loop 28 preferably is positioned on 
the ossicle or implanted prosthesis such that there is space 
betWeen the magnet/housing and the body of the middle ear 
cavity. If the magnet/housing touches part of the body of the 
middle ear cavity, tissue may groW and attach to the exterior 
housing 22, Which can alter the orientation of the magnet 24. 

[0054] For the particular implementation illustrated in 
FIG. 1, a surgeon disconnects, by an appropriate technique 
knoWn in the art (e.g., by surgically cutting), the incus 16 
from the stapes 18 (such as at the incudostapedial joint). The 
surgeon slides the loop 28 over the cut joint and onto the 
stapes 18. The incus 16 and the stapes 18 are reapposed by 
natural spring forces. The surgeon positions the loop 28 on 
the joint betWeen the incus 16 and stapes 18 such that there 
is space betWeen structure of the middle ear and the housing 
22 containing the magnet 24 (the implant 20 is preferably 
mounted on the incudostapedial joint or close to the oval 
WindoW to reduce vibration conduction resistance). The 
surgeon also can apply a ?brin clot matrix including a 
gelatin sponge and blood mixture (e.g., a GELFOAMTM 
cast) to the loop on the ossicle(s). This facilitates positional 
healing (e.g., it helps prevent the loops from tWisting about 
the joint). 
[0055] More speci?cally, the placement of the implant 20 
(housing 22, magnet 24 and attachment device 26) is made 
by ?rst placing the implant into the middle ear cavity. A 
suture material (6-0) is placed under the incus 16 and passed 
outside the body so the surgeon can lift up the incus by 
pulling on the suture thread When the incudostapedial joint 
is cut. Next the joint is cut using a joint knife as commonly 
performed in standard stapedectomy procedures. The sur 
geon grasps the implant With non-magnetic forceps, lifts up 
on the incus so as to open the joint 0.6 mm to insert the loop 
28 into the incudostapedial joint. Releasing the suture thread 
holding the incus 16 alloWs the spring forces of the ossicular 
chain to reappose the incus 16 and stapes 18 together. The 
implant is noW approximately positioned for axial alignment 
With the electromagnetic coil to be placed in a subject’s ear 
canal. Final alignment, visually performed by an implant 
surgeon, is done Whereupon ?xation of the implant and 
promotion of healing at the incudostapedial joint is accom 
plished by placing a gelatin-blood ?brin clot in and around 
loop 28 Which is around the incudostapedial joint. This 
prevents the attachment device 26 from tWisting about the 
joint. 
[0056] The present invention also provides a method of 
testing for a magnet in a middle ear of a patient. This method 
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can be used With What is described above or With other 
middle ear magnetic implants. It Will, however, be described 
With reference to the implant 20. 

[0057] Referring to FIG. 11, the method of testing for a 
magnet comprises: inserting a coil 38 (one or more as 
described beloW) at least into the patient’s outer ear canal 8; 
selectably aiming the coil relative to the middle ear; driving 
the coil With an alternating current signal at each selected 
aiming; obtaining at least one indication in response to 
driving the coil With an alternating current signal at each 
selected aiming; and determining a functional or positional 
characteristic of the magnet from the obtained at least one 
indication. This can be accomplished With either a single 
coil or multiple coils of varying angles, shapes or morphol 

[0058] When using one coil, the coil 38 is inserted into the 
outer ear canal of the patient for the implementation shoWn 
in FIG. 11. The user, typically the surgeon during a post 
operative examination (e.g., after an eight-Week healing 
period), selectably aims the coil 38 Within the outer ear canal 
8 toWard different locations of the middle ear 4. Typically 
this includes aiming the coil 38 at different regions of the 
tympanic membrane 10 at the end of the outer ear canal 8. 
For eXample, the coil 38 can be aimed at each of four 
quadrants (e.g., superior posterior, superior anterior, inferior 
posterior, inferior anterior) of the tympanic membrane 10. 

[0059] With the coil aimed as desired, the coil is driven 
With an alternating current signal at each of the aimed 
locations. The alternating current signal is provided by any 
suitable source, one eXample of Which is an oscillator as 
described beloW. 

[0060] In response to driving the coil With an alternating 
current signal, at least one indication is obtained. For 
eXample, the patient responds regarding the relative 
strengths of sensations perceived by the patient due to the 
driven coil at each of the aimed locations. Of course if no 
response is given, meaning the patient has not perceived any 
sensations, then this indicates something is not functioning 
properly. Thus the indications from the patient include an 
indication regarding Whether sensations are perceived by the 
patient in response to driving the coil With an alternating 
current signal at each selected aiming and, if sensations are 
perceived, regarding the relative strengths of such sensa 
tions. 

[0061] Additionally, if the coil is activated by a particular 
knoWn frequency, the sensitivity of the inner ear can be 
tested for that frequency. That is, any sensorineural, fre 
quency-speci?c pathology of the inner ear can be evaluated 
by using the coil as a tuned testing device. 

[0062] When indications of relative strength are given, the 
method further comprises determining a location of the 
magnet from the obtained indication(s). For eXample, if the 
coil Was aimed at each of four quadrants of the tympanic 
membrane, the magnet is determined to be along the direc 
tion toWards the quadrant of the tympanic membrane for 
Which the patient gave an indication of the strongest vibra 
tory (hearing) response. Thus, this is selected as the optimal 
location of the magnet. 

[0063] Although the magnet is generally located by the 
foregoing, the orientation of the magnet at this location 
needs to be determined to assist the audiologist in making 
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the outer ear canal unit 32, for eXample. The foregoing steps 
are repeated eXcept that the aiming occurs at different angles 
relative to the determined general location of the magnet. In 
particular, the method further includes selectably aiming the 
coil Within the outer ear canal 8 at different angles toWards 
the determined location of the magnet. For the eXample 
regarding aiming relative to the tympanic membrane 10, this 
includes selectably aiming the coil at different angles 
toWards the selected region (the speci?c quadrant if four 
quadrant regions are used) of the tympanic membrane Where 
the location of the magnet Was determined to be. The aimed 
coil is driven With an alternating current signal at each of the 
aimed angles. The method further includes obtaining at least 
one indication regarding the relative strengths of sensations. 
For eXample, the patient indicates What is perceived in 
response to driving the coil With an alternating current signal 
at each of the aimed angles. From this or these indications, 
an orientation of the magnet is determined. With this orien 
tation knoWn, an audiologist can readily make and place the 
outer ear canal unit 32 Without multiple units having to be 
built in an iterative trial-and-error process. 

[0064] The foregoing method can also be performed using 
multiple coils. For eXample, four coils can be used, one for 
each tympanic quadrant referred to above (other numbers of 
coils can be used, provided there is sufficient Working space 
Within the outer ear canal). For this embodiment, the method 
includes inserting the plurality of coils into the outer ear 
canal of the patient adjacent the middle ear having the 
magnet. The plurality of coils are suitably disposed relative 
to each other. For eXample, each coil is disposed relative to 
the other coils such that each coil is aimed at a different 
respective region of the tympanic membrane 10 at the end of 
the outer ear canal. As another eXample, the plurality of coils 
can be disposed relative to each other such that each coil is 
aimed at a different respective angle toWards a selected 
region of the tympanic membrane 10. The remainder of the 
method is the same as described above in that the coils are 
driven by an alternating current signal and at least one 
indication is obtained in response to driving each of the coils 
With an alternating current signal. When the indication is to 
be obtained from the patient, each coil is driven one at a time 
so that the patient can have distinct perceptions of each 
sensation resulting from the driven coil. One can then 
determine a functional or positional characteristic of the 
magnet from the obtained indication or indications. 

[0065] The method described above for one or more coils 
in the outer ear canal can also be performed Within the 
middle ear in the same manner as described above With 
regard to the outer ear canal. Thus, the coil or coils are 
inserted at least into the outer ear canal as they can also be 
inserted on into the middle ear if the tympanic membrane is 
suitably open. For example, the tympanic membrane is ?rst 
cut at the annulus and re?ected upWard and laterally to 
permit a surgeon a vieW of the middle ear space. This 
standard tympanoplasty procedure is commonly performed 
to repair middle ears. The coil 38 or multiple coils can then 
be inserted through the opened eardrum and into the middle 
ear cavity. The additional visualiZation, through a micro 
scope, of an implant, by a surgeon Will enable better 
positioning of the coil(s) 38 to ascertain the best placement 
of the electromagnetic coil in the ear mold unit 32. The 
permanent alignment of the electromagnetic coil Within the 
ear mold unit 32 may be aimed horiZontally or superiorly or 
inferiorly or anteriorly or posteriorly. 
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[0066] The testing method can be performed in any suit 
able manner; however, tWo general embodiments of a testing 
instrument that can be used are illustrated in FIGS. 11-18. 
Some versions of a single-coil embodiment are shoWn in 
FIGS. 11-15, and a multiple-coil (speci?cally four-coil) 
embodiment is shoWn in FIGS. 16 and 17. One embodiment 
of an oscillator for any of the implementations of FIGS. 
11-17 is shoWn in FIG. 18. 

[0067] Referring to FIGS. 11-15, the-test instrument 
includes the coil 38. In a particular implementation, the coil 
38 is nominally 1.5 mm in -diameter, nominally 10.0 mm 
long, and comprised of AWG #43 copper Wire Wound on a 
core of nominally 1.0 mm><10.0 mm length mu metal. This 
particular coil has 327 turns, an inductance of 0.5 millihen 
ries and a resistance of 9.2 ohms. 

[0068] In the illustrated embodiment of FIG. 11, the coil 
38 has a longitudinal axis 40 aligned With a shank 42 of a 
handle 44 of the test instrument. In another embodiment, the 
coil 38 can be aligned With the body 46 of the handle 44 if 
there is no angle in the instrument. The body 46 is that 
portion gripped by the user’s hand. Left, right, up and doWn 
orientations of the coil 38 relative to the shank 42 and 
proximal, grip end (i.e., body 46 end) of the test instrument 
are depicted in FIGS. 12-15. Other orientations can be used. 
Additionally, other constructions can be used. For example, 
the coil 38 can be ?xed at the end of the test instrument so 
that the coil 38 is at a ?xed orientation; hoWever, the coil 38 
can also be movably mounted to the shank 42, such as With 
a ball joint. This latter con?guration enables the surgeon or 
audiologist to selectably orient the coil 38 relative to the 
remainder of the test instrument. 

[0069] In the illustrated embodiments, the shank 42 
extends at an angle to the body 46 such that the user’s hand, 
and the body 46 gripped by the hand, do not obstruct the 
user’s vision When the distal end of the shank 42 and the coil 
38 are inserted into the outer ear canal of the patient; 
hoWever, other designs can be used so that broader aspects 
of the present invention are not limited to the speci?c body 
46/shank 42 construction illustrated. That is, any suitable 
handle construction can be used, but preferably one that 
enables controlled placement or aiming of the coil 38 (or 
multiple coils) and visual inspection into the outer ear canal. 
In other Words, Whatever handle is used, it is connected to 
the coil or coils to enable the user to insert the coil(s) into 
at least the outer ear canal 8 and to direct electromagnetic 
signals at different directions relative to the middle ear. 

[0070] In a particular implementation, the handle body 46 
of the test instrument is composed of surgical grade stainless 
steel, approximately 8.0 centimeters (cm) in length, approxi 
mately 5.0 mm in diameter. The body 46 is connected With 
the shank 42 Which is either holloW containing Wires 48, 50 
to the coil 38 or solid stainless steel Whereby the Wires from 
the coil 38 run along the outside of shank 42. The shank is 
bent or otherWise angled at approximately 45° With a distal 
length of approximately 8.0 cm and a proximal length of 
approximately 4.0 cm. Shank 42 has a nominally 4.0 mm 
diameter proximally and tapers to a nominally 1.0 mm 
diameter distally Where the coil 38 is attached. In this 
implementation, the core of the coil 38 is epoxy glued to the 
shank 42. 

[0071] In the illustrated embodiment, Wires 48, 50 (either 
continuous from the coil 38 or separate Wires connected to 
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the coil 38) extend along the shank 42 or Within a holloW 
shank and are connected to it by epoxy or coil Q dope. In a 
particular implementation, the Wires 48, 50 are terminated at 
the handle body 46 in a #0604 female connector. A#92 male 
connector for tWo Wires can connect With Wires 48, 50 and 
communicate a suitable stimulation current from a separate 
oscillator (a non-limiting example is a tWo kilohertZ alter 
nating current signal having a variable amplitude up to a safe 
limit (and as limited by the poWer source)). Alternatively, an 
oscillator 52 can be built into the body 46 along With a 
battery poWer supply and one or more control sWitches (see 
FIG. 17). Another embodiment is to connect Wires 48, 50 to 
a commercial function generator capable of producing a 
spectrum of sinusoidal Waveforms to be transduced by coil 
38 into electromagnetic energy. 

[0072] Whatever oscillator is used, it provides an alter 
nating current signal to the coil 38 via the Wires 48, 50 such 
that electromagnetic signals are generated and transmitted 
from the coil 38. A particular implementation of the oscil 
lator 52 is represented in FIG. 18. It includes an oscillating 
circuit 54 comprising an ULTIMA II linear mini hybrid, part 
no. 90836-000, from Resistance Technology, Inc., Arden 
Hills, Minn. (identi?ed by reference numeral 56 in FIG. 18). 
The oscillating circuit 54 also includes a capacitor 58 (e.g., 
a chip capacitor of 270 picofarads for oscillation in the range 
of 1.8 kilohertZ to 2.2 kilohertZ) connected betWeen the 
input and output of device 56. A Class D ampli?er, part no. 
CD-3418, from KnoWles Electronics, Inc., Itasca, Ill. (iden 
ti?ed by reference numeral 60 in FIG. 18) interfaces the 
driving or stimulating signal to the Wires 48, 50. PoWer for 
this particular implementation is nine volts, such as provided 
by a poWer supply 62 (FIG. 17) including sixAAAbatteries. 
These components can be installed in the handle body as 
illustrated in FIG. 17. 

[0073] Continuing With FIG. 17, as Well as FIG. 16, these 
draWings illustrate a particular multiple-coil embodiment of 
the test instrument. Aplurality of coils 38a, 38b, 38c, 38a' (in 
this particular example) are disposed at different angles to 
the shank 42 of the handle 44. These can be disposed to aim 
at (i.e., have their respective axial lines aligned With or 
pointed at) different quadrants of the tympanic membrane 
When the instrument is inserted into the outer ear canal 8. 
One alternative disposition of the coils 38a-38a' is to aim 
them at different angles relative to a single region of the 
tympanic membrane. Each coil 38a-38a' of one particular 
implementation is composed of 327 turns of AWG 43 copper 
Wire on a nominally 1.0 mm core composed of mu metal. 
Each core and coil assembly is differentially aligned With 
respect to the long axis of shank 42. The four core/coil 
assemblies are connected to shank 42 by epoxy glue, Where 
upon angles of alignment are established. Coils 38a-38a' 
may be individually aligned superiorly, inferiorly, posteri 
orly or anteriorly or axially With the long axis of shank 42. 
One con?guration is to position four coils collectively in the 
left, right, up, doWn positions of FIGS. 12-15. The con?gu 
ration of FIGS. 16 and 17 offsets the four coils from such 
four positions so that each coil 38 is directed to a respective 
one of the superior posterior, superior anterior, inferior 
posterior, and inferior anterior quadrants of the tympanic 
member When the handle body 46 is generally in a vertical 
position. This same orientation of the coils 38a-38a' can be 
obtained With the ?rst-mentioned implementation simply by 
rotating the handle relative to the tympanic membrane (or 
the second-described implementation can be rotated to 
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match the orientation of the ?rst-described implementation). 
Other dispositions of the coils 38 relative to the handle 44 
can also be used. This includes embodiments directing the 
multiple coils at different angles relative to a particular 
sector (e.g., a particular quadrant of the tympanic mem 
brane). 
[0074] The embodiment of FIGS. 16 and 17 is otherWise 
the same as the embodiments of FIGS. 11-15 other than the 
oscillator being controllable to drive each coil in a selected 
manner. For the implementation illustrated in FIG. 17, four 
push-button sWitches 64a, 64b, 64c, 64d are mounted on the 
body 46 of the handle 44. Each of these sWitches 64 is 
connected to the oscillator 52 such that When actuated, the 
respective sWitch 64 connects the oscillator’s driving signal 
to the respective coil 38, each such coil 38 connected by a 
respective pair of Wires grouped in a cable 66 for the FIG. 
17 implementation (see also FIG. 19). In this Way, the user 
of the instrument can selectably energiZe each coil 38 after 
a master on/off sWitch 68 is turned on. For eXample, once the 
surgeon has positioned the quad-coil test instrument into a 
patient’s ear canal and the sWitch 68 is turned on, then the 
surgeon can independently activate each coil 38a-38a' by 
respective push button 64, asking the patient to identify the 
optimal (audible) response. When this is performed for the 
?nal angular orientation test and such optimal response is 
subjectively identi?ed, then that coil 38 is identi?ed to the 
audiologist as to the preferable angle in Which to place the 
permanent coil in the ear mold assembly. 

[0075] The test instrument of the present invention can 
also be inserted through the outer ear canal such that the 
coil(s) 38 are in the middle ear. Typically this is done after 
the tympanic membrane has been surgically opened to admit 
the coil-end of the instrument. Such surgery is done in any 
suitable manner (one eXample of Which is described above). 

[0076] Accordingly, from the foregoing the test instrument 
can be used intraoperatively, in a sterile manner, on a sedated 
but otherWise conscious patient. The test instrument thus is 
useful in informing the surgeon after implantation that the 
implant system is Working, that the patient receives adequate 
stimulation, that the aXis of orientation of the implant is 
sensorially optimum and that the magnet is fully magne 
tiZed. 

[0077] Thus, the present invention is Well adapted to carry 
out the objects and attain the ends and advantages mentioned 
above as Well as those inherent therein. While preferred 
embodiments of the invention have been described for the 
purpose of this disclosure, changes in the construction and 
arrangement of parts and the performance of steps can be 
made by those skilled in the art, Which changes are encom 
passed Within the spirit of this invention as de?ned by the 
appended claims. 

What is claimed is: 
1. Attachment device for electromagnetically responsive 

middle ear implant, comprising: 

a ?rst loop con?gured to mount onto a natural or pros 
thetic middle ear ossicular structure Which transmits 
mechanical vibrations induced therein to an oval Win 
doW into an inner ear adjacent the middle ear ossicular 

structure; and 

a second loop connected to the ?rst loop and con?gured 
to mount over an electromagnetically responsive object 
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that mechanically vibrates Within the middle ear in 
response to an electromagnetic signal generated spa 
tially separate from the attachment device and the 
electromagnetically responsive object so that neither 
the ?rst loop nor the second loop is used in generating 
the electromagnetic signal. 

2. Attachment device as de?ned in claim 1, Wherein the 
?rst loop is disposed at an angle to the second loop. 

3. Attachment device as de?ned in claim 1, Wherein the 
?rst and second loops are not coplanar. 

4. Attachment device as de?ned in claim 1, Wherein the 
second loop is at an angle to the ?rst loop When the ?rst loop 
is mounted in the middle ear such that a perpendicular line 
through the second loop is aligned With a longitudinal line 
of an outer ear canal adjacent the middle ear. 

5. Attachment device as de?ned in claim 1, Wherein the 
second loop is at an angle to the ?rst loop When the ?rst loop 
is mounted in the middle ear such that a perpendicular line 
through the second loop is aligned With a longitudinal aXis 
of a transmission coil disposed in an outer ear canal adjacent 
the middle ear. 

6. Attachment device as de?ned in claim 1, Wherein the 
?rst loop includes a plurality of turns of Wire. 

7. Attachment device as de?ned in claim 6, Wherein the 
second loop includes a respective plurality of turns of Wire 
connected to the plurality of turns of Wire of the ?rst loop. 

8. Attachment device as de?ned in claim 7, Wherein the 
?rst loop is disposed at an angle to the second loop. 

9. Attachment device as de?ned in claim 6, Wherein the 
plurality of turns of Wire includes at least three turns having 
space betWeen adjacent turns. 

10. A middle ear implant that creates mechanical vibra 
tions in response to electromagnetic signals, comprising: 

a housing con?gured to be disposed in a middle ear; 

a magnet disposed and con?gured to be in the housing; 
and 

an attachment device con?gured to connect the housing to 
at least a partial middle ear ossicle or a prosthesis for 
the middle ear, the attachment device including: 

a ?rst loop con?gured to mount around the at least 
partial middle ear ossicle or the prosthesis; and 

a second loop connected to the ?rst loop and disposed 
around the housing such that the magnet in the 
housing is oriented to be responsive to electromag 
netic signals transmitted into the middle ear When the 
housing is disposed therein on the attachment device, 
Whereby mechanical vibrations are created, and such 
that the mechanical vibrations are transmitted to the 
at least partial middle ear ossicle or prosthesis When 
the ?rst loop is mounted therearound, 

Wherein the ?rst and second loops are not part of an 
electrical circuit. 

11. An implant as de?ned in claim 10, Wherein the second 
loop has a press ?t around the housing. 

12. An implant as de?ned in claim 10, Wherein the ?rst 
loop is disposed at an angle to the second loop. 

13. An implant as de?ned in claim 10, Wherein the ?rst 
and second loops are not coplanar. 

14. An implant as de?ned in claim 10, Wherein the second 
loop is at an angle to the ?rst loop When the ?rst loop is 
mounted over the ossicle such that an aXial line through the 
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magnet is substantially aligned With a longitudinal line of an 
outer ear canal adj acent the middle ear. 

15. An implant as de?ned in claim 10, Wherein the second 
loop is at an angle to the ?rst loop When the ?rst loop is 
mounted over the ossicle such that an aXial line through the 
magnet is substantially aligned With a longitudinal aXis of a 
transmission coil disposed in an outer ear canal adjacent the 
middle ear. 

16. An implant as de?ned in claim 10, Wherein the ?rst 
loop includes a Wire segment disposed in three spaced turns. 

17. An implant as de?ned in claim 16, Wherein the second 
loop includes a respective Wire segment disposed in four 
turns, the respective Wire segment continuous With the ?rst 
segment of the ?rst loop. 

18. An implant as de?ned in claim 17, Wherein the ?rst 
loop is disposed at an angle to the second loop. 

19. An implant as de?ned in claim 18, Wherein the angle 
is about 30 ° de?ned betWeen respective aXial lines of the 
?rst and second loops. 

20. A method of mounting an object in a middle ear, 
comprising sliding a loop along at least part of a middle ear 
ossicle or a prosthesis for a middle ear such that an object 
connected to the loop is disposed adjacent the ossicle or 
prosthesis. 

21. A method as de?ned in claim 20, further comprising 
applying a ?brin clot to the loop When the loop is on the at 
least part of a middle ear ossicle. 

22. A method as de?ned in claim 20, Wherein the loop is 
slid over at least part of the stapes of the middle ear. 

23. A method as de?ned in claim 20, further comprising 
positioning the loop on the ossicle or the prosthesis such that 
there is space betWeen the object and the body of the middle 
ear cavity. 

24. A method as de?ned in claim 20, Wherein: 

the method further comprises disconnecting the incus of 
the middle ear from the stapes of the middle ear; and 

sliding the loop includes sliding the loop onto the stapes. 
25. A method as de?ned in claim 24, further comprising 

reapposing the incus and the stapes. 
26. A method as de?ned in claim 25, further comprising 

applying a ?brin clot to the loop on the reapposed incus and 
stapes. 

27. A method as de?ned in claim 26, further comprising 
positioning the loop on the reapposed incus and stapes such 
that there is space betWeen the body of the middle ear cavity 
and the object. 

28. A method as de?ned in claim 24, further comprising 
applying a ?brin clot to the loop on the stapes. 

29. A method as de?ned in claim 28, further comprising 
positioning the loop on the stapes such that there is space 
betWeen the body of the middle ear cavity and the object. 

30. A method as de?ned in claim 24, further comprising 
positioning the loop on the stapes such that there is space 
betWeen the body of the middle ear cavity and the object. 

31. A method of testing for a magnet in a middle ear of a 
patient, comprising: 

inserting a coil into an outer ear canal of the patient 
adjacent the middle ear having the magnet; 

selectably aiming the coil Within the outer ear canal 
toWard different locations of the middle ear; 

driving the coil With an alternating current signal at each 
of the aimed locations; 
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obtaining at least one indication from the patient regard 
ing the relative strengths of sensations perceived by the 
patient in response to driving the coil With an alternat 
ing current signal at each of the aimed locations; and 

determining a location of the magnet from the obtained at 
least one indication. 

32. A method as de?ned in claim 31, further comprising: 

selectably aiming the coil Within the outer ear canal at 
different angles toWards the determined location of the 
magnet; 

driving the coil With an alternating current signal at each 
of the aimed angles; 

obtaining at least one indication from the patient regard 
ing the relative strengths of sensations perceived by the 
patient in response to driving the coil With an alternat 
ing current signal at each of the aimed angles; and 

determining an orientation of the magnet from the at least 
one indication obtained in response to driving the coil 
With an alternating current signal at each of the aimed 
angles. 

33. A method as de?ned in claim 32, Wherein selectably 
aiming the coil Within the outer ear canal toWard different 
locations of the middle ear includes aiming the coil at each 
of four quadrants of a tympanic membrane at the end of the 
outer ear canal. 

34. A method as de?ned in claim 33, Wherein: 

determining a location of the magnet from the obtained 
indications includes selecting the quadrant of the tym 
panic membrane for Which the patient gave an indica 
tion of the strongest response; and 

selectably aiming the coil Within the outer ear canal at 
different angles toWards the determined location of the 
magnet includes selectably aiming the coil at different 
angles toWards the selected quadrant of the tympanic 
membrane. 

35. A method of testing for a magnet in a middle ear of a 
patient, comprising: 

inserting a coil at least into the patient’s outer ear canal 
that is adjacent the middle ear having the magnet; 

selectably aiming the coil relative to the middle ear; 

driving the coil With an alternating current signal at each 
selected aiming; 

obtaining at least one indication in response to driving the 
coil With an alternating current signal at each selected 
aiming; and 

determining a functional or positional characteristic of the 
magnet from the obtained at least one indication. 

36. A method as de?ned in claim 35 , Wherein obtaining at 
least one indication includes obtaining at least one indication 
from the patient regarding Whether sensations are perceived 
by the patient in response to driving the coil With an 
alternating current signal at each selected aiming and regard 
ing the relative strengths of any such sensations. 

37. A method as de?ned in claim 35, Wherein selectably 
aiming the coil includes aiming the coil at different regions 
of a tympanic membrane at the end of the outer ear canal. 

38. A method as de?ned in claim 35, Wherein selectably 
aiming the coil includes selectably aiming the coil at dif 
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ferent angles towards a selected region of a tympanic 
membrane at the end of the outer ear canal. 

39. A method of testing for a magnet in a middle ear of a 
patient, comprising: 

inserting a plurality of coils at least into the patient’s outer 
ear canal that is adjacent the middle ear having the 
magnet; 

driving each of the coils one at a time With an alternating 
current signal; 

obtaining at least one indication in response to driving 
each of the coils With an alternating current signal; and 

determining a functional or positional characteristic of the 
magnet from the obtained at least one indication. 

40. Amethod as de?ned in claim 39, Wherein obtaining at 
least one indication includes obtaining at least one indication 
from the patient regarding Whether sensations are perceived 
by the patient in response to driving the coils With an 
alternating current signal and regarding the relative strengths 
of any such sensations. 

41. Amethod as de?ned in claim 39, Wherein the plurality 
of coils are disposed relative to each other such that each coil 
is aimed at a different respective region of a tympanic 
membrane at the end of the outer ear canal When the coils are 
inserted to a selected position Within the outer ear canal. 

42. Amethod as de?ned in claim 39, Wherein the plurality 
of coils are disposed relative to each other such that each coil 
is aimed at a different respective angle toWards a selected 
region of a tympanic membrane at the end of the outer ear 
canal When the coils are inserted to a selected position Within 
the outer ear canal. 

43. A test instrument for a magnet implanted in a middle 
ear of a patient, comprising: 

at least one coil; and 

a handle connected to the at least one coil to enable a user 
of the test instrument to insert the at least one coil into 
at least an outer ear canal adjacent the middle ear of the 
patient and to direct electromagnetic signals at different 
directions relative to the middle ear. 

44. A test instrument as de?ned in claim 43, further 
comprising an oscillator connected to the at least one coil to 
generate the electromagnetic signals. 

45. A test instrument as de?ned in claim 44, Wherein the 
handle includes: 

a body adapted to be gripped by a hand of the user; and 

a shank extending at an angle to the body and having the 
at least one coil connected thereto. 

46. A test instrument as de?ned in claim 45, Wherein the 
at least one coil includes a coil having a longitudinal axis 
aligned With the shank of the handle. 

47. A test instrument as de?ned in claim 45, Wherein the 
at least one coil includes a plurality of coils disposed at 
different angles to the shank of the handle. 

48. A test instrument as de?ned in claim 43, Wherein the 
handle includes: 

a body adapted to be gripped by a hand of the user; and 

a shank extending at an angle to the body and having the 
at least one coil connected thereto. 
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49. A test instrument as de?ned in claim 48, Wherein the 
at least one coil includes a coil having a longitudinal axis 
aligned With the shank of the handle. 

50. A test instrument as de?ned in claim 48, Wherein the 
at least one coil includes a plurality of coils disposed at 
different angles to the shank of the handle. 

51. A test instrument as de?ned in claim 43, Wherein the 
at least one coil includes a coil having a longitudinal axis 
aligned With the handle. 

52. A test instrument as de?ned in claim 43, Wherein the 
at least one coil includes a plurality of coils disposed at 
different angles to the handle. 

53. Attachment device for mounting a magnet in a middle 
ear, comprising: 

a ?rst loop con?gured to mount on natural or prosthetic 
ossicular structure in a middle ear; 

a second loop connected to the ?rst loop and con?gured 
to mount around a magnet so that the magnet, the 
second loop and the ?rst loop mechanically vibrate 
together in response Within the middle ear to an elec 
tromagnetic signal; and 

Wherein the second loop is not part of an electrical circuit. 
54. Attachment device for electromagnetically responsive 

middle ear implant, comprising: 

a ?rst loop con?gured to mount on natural or prosthetic 
ossicular structure in a middle ear; 

a second loop connected to the ?rst loop and con?gured 
to mount over an electromagnetically responsive object 
to mechanically vibrate in response Within the middle 
ear to an electromagnetic signal; and 

Wherein the second loop is not part of an electrical circuit. 
55. Attachment device for a magnetic middle ear hearing 

system having an electromagnetic signal generating unit 
Which is separate from the attachment device, the attachment 
device comprising: 

a ?rst loop con?gured to mount onto natural or prosthetic 
ossicular structure in a middle ear; and 

a second loop connected to the ?rst loop and con?gured 
to mount over an electromagnetically responsive object 
to mechanically vibrate in response Within the middle 
ear to an electromagnetic signal propagated by the 
electromagnetic signal generating unit disposed 
mechanically separate and spaced from the attachment 
device. 

56. Attachment device for middle ear implant, consisting 
of: 

a ?rst coiled-Wire loop con?gured to mount on natural or 
prosthetic ossicular structures in a middle ear; and 

a second coiled-Wire loop connected to the ?rst loop and 
con?gured to hold a transducer; 

Wherein the transducer attaches to the natural or prosthetic 
ossicular structures through the connection of the sec 
ond loop and the ?rst loop. 

57. Attachment device for mounting a magnet in a middle 
ear, comprising: 

a ?rst loop for mounting over natural or prosthetic ossicu 
lar structure in a middle ear; and 

a second loop, connected in continuous extension from 
the ?rst loop, for holding the magnet. 
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58. Attachment device for middle ear implant, compris 
ing: 

a ?rst loop con?gured to mount on pre-eXisting ossicular 
structure; 

a second loop con?gured to hold a transducer; and 

Wherein the ?rst and second loops are formed from a 
continuous length of biocompatible Wire. 

59. An implant for a middle ear, comprising: 

a housing; 

a magnet disposed in the housing; and 

an attachment device for connecting the housing to at 
least a partial middle ear ossicle, the attachment device 
including: 
non-necrotiZing means for mounting at least partially 

around the at least partial middle ear ossicle such that 
blood supply to the at least partial middle ear ossicle 
is maintained; and 

holding means connected to the non-necrotiZing means 
and disposed around the housing so that the housing 
and the magnet therein are attached to the at least 
partial middle ear ossicle through the cooperative 
association of the non-necrotiZing means and the 
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holding means When the non-necrotiZing means is 
mounted on the at least partial middle ear ossicle. 

60. Attachment device for middle ear implant that 
includes a magnet-containing housing and that increases 
amplitude of movement of at least a natural living ossicular 
portion communicating With an oval WindoW into an inner 
ear, the attachment device comprising: 

a ?rst multiple-turn Wire loop that mounts on the natural 
living ossicular portion, Wherein the ?rst loop is con 
?gured to be biologically compatible so that blood 
supply to the natural living ossicular portion is main 
tained When the ?rst loop is mounted thereon and 
further Wherein turns of the ?rst loop are spaced and 
provide a scaffold for soft tissue of the ossicular portion 
to groW into and attach to; and 

a second multiple-turn Wire loop connected to the ?rst 
loop to hold the magnet-containing housing Within the 
second loop, Wherein the second loop is not part of an 
electrical circuit but has a mechanically constrictive 
effect that provides a press-?t onto the magnet-contain 
ing housing so that the magnet-containing housing does 
not move independently from the ossicular portion 
When the attachment device and the magnet-containing 
housing are mounted thereon. 

* * * * * 


