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ADJUSTABLE IMPLANT ELECTRODE
SYSTEM AND IMPLANT ELECTRODE
ASSEMBLY THEREOF

FIELD OF THE INVENTION

[0001] Thepresentinvention relates to an implant electrode
assembly applied to human body, and more particularly to an
adjustable implant electrode assembly applied to human
body.

BACKGROUND OF THE INVENTION

[0002] With the progress in the medical science and tech-
nologies, many types of artificial organs have been developed
to substitute for patients” impaired organs. A human body
implant electrode assembly is designed to substitute the exci-
tation of bioelectric signals by using current stimulation, so as
to correct organs that could not work normally. Among oth-
ers, the technique of cochlear implantation has reached a
highly matured stage. As it is known, the human ear can hear
because the tympanic membrane is vibrated by acoustic
waves, and the auditory ossicles transmit vibration signals to
the cochlea, and then, the frequencies of vibration signals are
analyzed in the cochlea to produce bioelectric signals corre-
sponding to the bands of the auditory waves. Finally, the
bioelectric signals form hearing sense at the cerebral cortex.
The cochlear implant is designed based on the aforemen-
tioned concept about hearing. For this purpose, the cochlear
implant includes a speech processor to convert the acoustic
waves into frequency signals. The frequency signals bypass
the tympanic membrane and the auditory ossicles, so that
stimulating currents corresponding to different frequencies
are directly fed into the cochlea to stimulate corresponding
auditory nerves. That is, the normal procedures for generating
bioelectric signals are replaced by the operating procedures
of the cochlear implant.

[0003] The cochlear implant is an electrode array consist-
ing of a flexible member carrying a plurality of electrodes
thereon. The cochlear implant is connected to an external
speech processor, which performs signal process to convert
sounds into current signals. Then, the electrodes are con-
trolled to produce stimulating currents to replace the human
body’s bioelectric signals and thereby reconstruct a patient’s
hearing. For example, in a normal condition, the apical (deep)
area of the cochlea serves to process the low-frequency band
ofthe acoustic signals. Therefore, when the speech processor
has separated the low-frequency signals from the acoustic
waves, the electrodes near the apical (deep) area of the
cochlea are driven to produce stimulating currents to replace
the bioelectric signals.

[0004] However, according to the currently available
implant surgery operation and equipment, the implantation of
cochlear implant is still largely relied on the microsurgery,
and therefore encounters with many bottlenecks. Please refer
to FIG. 1 that is a schematic view of a conventional cochlear
implant, which includes a flexible implant 200. Since the
human cochlea 100 is a coiled structure, when performing
surgery operation to implant the flexible implant 200 into the
cochlea 100, the surgeon’s skill and experience are very
important factors in the operation. In the event the flexible
implant 200 is not correctly implanted, the fragile cochlea
wall or membrane inside the cochlea is dangerously subject to
lesion, as the lesioned area 300 shown in FIG. 1. Please
further refer to FIG. 2 that is another schematic view of the
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conventional cochlear implant. Another very common prob-
lem in the cochlear implant surgery operation is that the
flexible implant 200 must be very soft and is therefore fre-
quently subject to undesirable bending in the process of
implantation, as the bent portions 310 shown in FIG. 2. The
bent flexible implant 200 will result in interrupted signal
transmission, mutual interference between stimulating cur-
rents, incorrect electrode positions, etc. Even if the cochlear
implant has been completely implanted into the cochlea, it is
possible the distances between an axis of the cochlea and
different portions of the flexible implant 200 are not uniform,
as the non-uniformly spaced areas 320 shown in FIG. 3,
which is still another schematic view of the conventional
cochlear implant. The problem of non-uniformly spaced
areas 320 might occur during the implant surgery operation or
after strenuous exercise of the user. Due to the existence of
non-uniformly spaced areas 320, the user will be particularly
sensitive to sounds fallen in some frequency bands while
insensitive to sounds fallen in some other frequency bands.
Even if the implant surgery operation has been successfully
performed, the cochlear implant will still face some other
problems after being used for a period of time. For instance,
electrodes for some important and often needed bands and
electrodes located at positions with the auditory nerves in a
relatively good condition are subject to bending or damage
because these electrodes often have electric currents flowed
therethrough. Under this circumstance, the patient would
require another surgery operation to replace the cochlear
implant. US Patent Publication No. 20060052656, U.S. Pat.
No. 6,263,225B1, and U.S. Pat. No. 6,475,223B1 all disclose
implant techniques relating to human body.

SUMMARY OF THE INVENTION

[0005] In view of the aforementioned conventional draw-
backs, a primary object of the present invention is to provide
an adjustable implant electrode system and an implant elec-
trode assembly thereof so as to solve the foregoing problems
of a human body implant electrode surgery operation.
[0006] A primary object of the present invention is to pro-
vide an adjustable implant electrode assembly, which com-
prises an implant, a plurality of electrodes, and a plurality of
magnetic components. The electrodes are disposed in the
implant for providing stimulating currents according to a
control signal. The magnetic components are combined with
the electrodes in one-to-one correspondence, and can each
generate a magnetic pole under an excitation current. There-
fore, by driving the magnetic poles through externally applied
magnetic fields, it is possible to move the implant of the
adjustable implant electrode assembly.

[0007] Another object of the present invention is to provide
an adjustable implant electrode system, which comprises an
adjustable implant electrode assembly and an adjustment
device for adjusting the adjustable implant electrode assem-
bly to a desired position. The adjustable implant electrode
assembly comprises an implant, a plurality of electrodes, and
a plurality of magnetic components. The electrodes are dis-
posed in the implant for providing stimulating currents
according to a control signal. The magnetic components are
combined with the electrodes in one-to-one correspondence.
The adjustment device comprises a control unit, an excitation
unit, and one or more magnetic units. The control unit is used
to select one or more magnetic components to be moved from
among all the magnetic components, and the excitation unitis
used to excite the selected one or more magnetic components
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by providing electrical current and turn the selected magnetic
components into magnets, thus, generating magnetic poles,
and the magnetic unit is adapted to generate a magnetic field
1o drive the magnetic pole and accordingly move the implant.
[0008] With the above arrangements, the adjustable
implant electrode system and the adjustable implant electrode
assembly of the present invention utilize magnetic fields to
micro-adjust the positions of the electrodes and therefore
possible to perform a non-invasive human body implant elec-
trode fine adjustment operation. In addition, when the adjust-
able implant electrode assembly of the present invention is
applied to a cochlear implant, and an electrode thereof for an
important band or located at a position with the auditory nerve
in a relatively good condition becomes damaged, the adjust-
able implant electrode system of the present invention can
utilize a magnetic field to shift another adjacent electrode
from a less important band or another electrode located at a
position with the auditory nerve in a relatively poor condition
to thereby replace the damaged electrode. Therefore, it is not
necessary to perform the cochlear implant surgery operation
again.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0010] FIG. 1 is a schematic view of a conventional
cochlear implant;

[0011] FIG.2is another schematic view of the conventional
cochlear implant;

[0012] FIG. 3 is still another schematic view of the conven-
tional cochlear implant;

[0013] FIG. 4 is a schematic structural diagram of an
adjustable implant electrode assembly according to the
present invention;

[0014] FIG. 5 schematically shows an embodiment of the
adjustable implant electrode assembly of the present inven-
tion;

[0015] FIG. 6 is a schematic structural diagram of an
adjustable implant electrode system according to the present
invention;

[0016] FIG. 7 schematically shows an embodiment of the
adjustable implant electrode system of the present invention;
[0017] FIG. 8 is a schematic structural diagram of an
adjustable cochlear implant as an embodiment of the present
mvention,;

[0018] FIG. 9 is a schematic structural diagram of an
adjustable cochlear implant system as an embodiment of the
present invention;

[0019] FIG. 10 schematically shows an embodiment of the
adjustable cochlear implant system according to the present
mnvention; and

[0020] FIG. 11 schematically shows an embodiment of an
endoscope unit for use with the adjustable implant electrode
system according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Please refer to FIG. 4 that is a schematic structural
diagram of an adjustable implant electrode assembly accord-
ing to the present invention. As shown, the adjustable implant
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electrode assembly 400 comprises an implant 410, a plurality
of electrodes 420, and a plurality of magnetic components
430. The electrodes 420 are disposed in the implant 410 to
provide stimulating currents according to a control signal
generated by a control unit (not shown), and the simulating
currents can replace bioelectric signals. The magnetic com-
ponents 430 are combined with the electrodes 420 in one-to-
one correspondence for generating a magnetic pole under an
excitation current. Therefore, by driving the magnetic pole
with an externally applied magnetic field, the implant 410 of
the adjustable implant electrode assembly 400 of the present
invention can be moved in position.

[0022] Please refer to FIG. 5 that schematically shows an
embodiment of the adjustable implant electrode assembly of
the present invention. Many of the currently known diseases
are caused by abnormal bioelectric signals from brain, such as
Parkinson’s disease. Therefore, in one embodiment thereof,
the adjustable implant electrode assembly 400 of the present
invention is a deep brain stimulator for implanting into a
patient’s deep brain area close to a nidus 500 for providing
stimulating currents to suppress the disease caused by electric
discharge from abnormal tissues at the nidus 500.

[0023] FIG. 6 is a schematic structural diagram of an
adjustable implant electrode system according to the present
invention. As shown, the adjustable implant electrode system
comprises an adjustable implant electrode assembly 400 and
an adjustment device 600 for adjusting the adjustable implant
electrode assembly 400 to a desired position. The adjustable
implant electrode assembly 400 comprises an implant, a plu-
rality of electrodes, and a plurality of magnetic components,
as having been described with reference to FIG. 4. The adjust-
ment device 600 comprises a control unit 610, an excitation
unit 620, and one or more magnetic units 630. With the
control unit 610, it is able to select one or more magnetic
components to be moved from the plurality of magnetic com-
ponents. The excitation unit 620 is capable of providing an
exciting electrical current 640 to turn on the selected one or
more magnetic components to be moved, so that the magnetic
components that are turned on (selected) will become mag-
netized and will generate magnetic poles. And, the magnetic
unit 630 is capable of generating a magnetic field to drive the
magnetic pole, that is, a first magnetically controlled area 330
as indicated in FIG. 6, and thereby move the implant.

[0024] Since the brain tissue to be stimulated with deep
brain stimulating technique, such as the thalamus, is very
small in size, it is very important to implant an implant elec-
trode assenibly into a correct position because any deviation
of the implant electrode assembly in position would result in
poor medical effect. Under this circumstance, in the case of a
conventional implant electrode assembly, the implant elec-
trode assembly must be re-implanted, which would very pos-
sibly improperly stimulates other body tissues and results in
other undesirable side effects. However, with the adjustable
implant electrode system of the present invention, a some-
what deviated electrode array, that is, the adjustable implant
electrode assembly 400, can be moved in a non-invasive way
for the effective electrodes to locate as closer as possible to
the nidus 500 to properly stimulate the same without the need
of performing the implant surgery operation again. Therefore,
the adjustable implant electrode assembly 400 of the present
invention can also be used as a non-invasive type deep brain
stimulator to be highly valuable in the medical field.

[0025] FIG. 7 schematically shows an embodiment of the
adjustable implant electrode system of the present invention.
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As shown, in this embodiment, the adjustable implant elec-
trode assembly 400 has a signal transceiver source 650 pro-
vided at a head end thereof, and a plurality of external signal
transceivers 660 is mounted on a patient’s head. The external
signal transceivers 660 can be, for example, coils. The signal
transceiver source 650 is caused to transmit a detection signal
670, such as a magnetic pulse. Then, difference in the time at
which each of the external signal transceivers 660 receives the
detection signal 670 is calculated to determine an exact posi-
tion of the signal transceiver source 650 in the brain. In this
manner, the head end position of the adjustable implant elec-
trode assembly 400 can be adjusted at any time during the
implant surgery operation. Similarly, the detection signal can
be otherwise transmitted in a reverse direction. In this case,
the external signal transceivers 660 mounted on the patient’s
head serve as signal transmitters and the signal transceiver
source 650 provided at the head end of the implant electrode
assembly 400 serves as a signal receiver. Then, the external
signal transceivers 660 are caused to respectively transmit a
detection signal 670, which is received by the signal trans-
ceiver source 650. Then, difference in the time at which the
signal transceiver source 650 receives each of the detection
signals 670 transmitted by the external signal transceivers
660 is calculated to determine the exact position of the head
end of the implant electrode assembly 400. For the purpose of
distinguishing the detection signals 670 from one another and
identifying the transmission source of each of these detection
signals 670, the external signal transceivers 660 are caused to
transmit a specific detection signal each. For example, the
detection signals 670 each can be a signal having a different
pulse width; or, the detection signals 670 each can be trans-
mitted in a particularly encoded pulse pattern. Therefore,
according to this embodiment, the adjustable implant elec-
trode system of the present invention is able to obtain position
information provided by the adjustable implant electrode
assembly 400 to thereby enable an upgraded accuracy in the
implant surgery operation.

[0026] FIG. 8 is a schematic structural diagram of an
adjustable cochlear implant as an embodiment of the adjust-
able implant electrode assembly 400 of the present invention.
As shown, in this embodiment, a speech processor 700 is
externally connected to the adjustable implant electrode
assembly 400 for providing a control signal 710 to drive a
desired one of the electrodes 420 to produce a stimulating
current. What is noted is the magnetic components 430 are
preferably embedded in the electrodes 420, so that an exter-
nally applied magnetic field can accurately move a desired
electrode 420 when driving the magnetic component 430
corresponding to that electrode 420. Of course, the magnetic
components 430 are not necessarily embedded in the elec-
trodes 420. And, according to another operable embodiment
of the present invention, the magnetic components 430 can be
otherwise joined to one side of the electrodes 420 in one-to-
one correspondence. Moreover, the implant 410 is a flexible
member commonly used to manufacture a cochlear implant,
the material thereof must meet the medical-grade quality
standard. Therefore, a highly stable, non-toxic, bio-compat-
ible, and soft resin material is selected for making the implant
410. The magnetic components 430 each are used to generate
a magnetic pole under an excitation current. Therefore, the
magnetic components 430 can be made of electrical coils or
any magnetically guidable materials, such as iron, cobalt,
nickel, or any combination thereof.
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[0027] Please refer to FIG. 9 that is a schematic structural
diagram of an adjustable cochlear implant system as an
embodiment of the present invention. As shown, the adjust-
able cochlear implant system comprises an adjustable
cochlear implant 200 and an adjustment device 800. The
cochlear implant 200 can be an embodiment of the adjustable
implant electrode assembly 400 of the present invention, and
the adjustment device 800 is adapted to adjust the adjustable
cochlear implant 200 in position. The adjustable cochlear
implant 200 comprises an implant 410, a plurality of elec-
trodes, and a plurality of magnetic components. The elec-
trodes are disposed in the implant 410 to provide stimulating
currents according to a control signal for replacing bioelectric
signals. The implant 410 can be a flexible member, and the
magnetic components are combined with the electrodes in
one-to-one correspondence. The adjustment device §00 com-
prises a control unit 610, an excitation unit 620, and one or
more magnetic units 630. With the control unit 610, it is
possible to select one or more magnetic components to be
moved from the plurality of magnetic components. The exci-
tation unit 620 is capable of providing an exciting electrical
current 640 to turn on the selected one or more magnetic
components to be moved, so that the magnetic components
that are turned on (selected) will become magnetized and will
generate magnetic poles. And, the magnetic unit 630 is
capable of generating a magnetic field to drive the magnetic
pole to thereby move the implant 410. The adjustable
cochlear implant system in this embodiment can further com-
prise an operating interface 810, via which a surgeon per-
forming the implant surgery operation selects the magnetic
component to be moved and accurately moves the magnetic
unit 630 to push or pull the magnetic component to be moved,
and thereby adjusts the cochlear implant 200 to a desired
position.

[0028] FIG. 10 schematically shows an example of the
adjustable cochlear implant system according to the present
invention. As shown, the magnetic unit 630 can comprise a
plurality of magnetic coils. A first one of the magnetic coils as
denoted by reference numeral 820 is able to pull a first mag-
netically controlled area 330 relative to a cochlear axis of a
patient’s cochlea, while a second magnetic coil 830 is able to
push a second magnetically controlled area 340 relative to the
cochlear axis. Of course, it is also possible to move a mag-
netically controlled area located between two magnetic coils
by a resultant force produced through controlling the mag-
netic forces of the two magnetic coils or even other magnetic
coils. Therefore, the adjustable cochlear implant system of
the present invention utilizes magnetic fields to perform fine
adjustment of electrode positions to thereby enable a non-
invasive cochlear implant fine adjustment operation.

[0029] Moreover, when an electrode 420 for a relatively
important band or an electrode 420 located at a position with
the auditory nerve in a relatively good condition becomes
damaged, the adjustable cochlear implant system according
to the present invention can utilize a magnetic field to shift
another adjacent electrode 420 from a less important band or
another electrode 420 located at a position with the auditory
nerve in a relatively poor condition to thereby replace the
damaged electrode 420. Therefore, it is not necessary to per-
form the cochlear implant surgery operation again. The mag-
netic components are preferably embedded in the electrodes
420, so that the externally applied magnetic fields can accu-
rately move desired electrodes 420 when moving the mag-
netic components 430 corresponding to the electrodes 420.
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Of course, the magnetic components 430 are not necessarily
embedded in the electrodes 420. And, according to another
operable embodiment of the present invention, the magnetic
components can be otherwise joined to one side of the elec-
trodes 420 in one-to-one correspondence. Moreover, the
implant 410 must be made of a material meeting the medical-
grade quality standard. Therefore, a highly stable, non-toxic,
biocompatible, and soft resin material is selected for making
the implant 410. The magnetic components each are used to
generate a magnetic pole under an excitation current. There-
fore, the magnetic components can be made of electrical coils
or any magnetically guidable materials, such as iron, cobalt,
nickel, or any combination thereof. What is noted is, in the
case the magnetic components are electromagnets made of
any of the above-mentioned materials, the adjustable
cochlear implant system of the present invention can further
excite and demagnetize one or more electromagnets corre-
sponding to selected electrode or electrodes 420, so as to
accurately control the position of the implanted adjustable
cochlear implant.

[0030] FIG. 11 schematically shows an embodiment of an
endoscope unit for use with the adjustable implant electrode
system according to the present invention. Since the electrode
array is located inside a patient’s body during an implant
surgery operation, such as in the cochlea or in the brain, it is
very difficult for the surgeon to clearly know the exact posi-
tion of the electrode array while performing the operation.
The implant might be incorrectly positioned to impair inter-
nal body tissues. While there are external medical imaging
instruments available for monitoring and controlling the
implantation, such imaging instruments have adverse influ-
ences on human body and do not always have high accuracy.
Therefore, according to another embodiment of the present
invention, the adjustable implant electrode assembly 400 is
further provided with an endoscope unit 900, so that images
of areas deep in the cochlea or the brain in the process of
implant surgery operation can be transmitted via an optical
fiber to the surgeon performing the operation. Please refer to
FIG. 11. According to the illustrated embodiment, the endo-
scope unit 900 comprises an endoscope carrier 910, in which
there are provided two optical fibers 920. One of the two
optical fibers 920 is connected to an endoscope 930, while the
other optical fiber 920 is used to provide an illumination
source 940.

What is claimed is:

1. An adjustable implant electrode assembly, comprising:

an implant;

a plurality of electrodes disposed in the implant for provid-
ing stimulating currents according to a control signal;
and

aplurality of magnetic components disposed in the implant
and combined with the plurality of electrodes in one-to-
one correspondence.

2. The adjustable implant electrode assembly as claimed in
claim 1, wherein the magnetic components are joined to one
side of the electrodes in one-to-one correspondence.

3. The adjustable implant electrode assembly as claimed in
claim 1, wherein the magnetic components are embedded in
the electrodes in one-to-one correspondence.

4. The adjustable implant electrode assembly as claimed in
claim 1, wherein the magnetic components are made of elec-
trical coils or a material selected from the group consisting of
iron, cobalt, nickel, and any combinations thereof.
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5. The adjustable implant electrode assembly as claimed in
claim 1, wherein the adjustable implant electrode assembly is
selected from the group consisting of a cochlear implant and
a deep brain stimulator.

6. The adjustable implant electrode assembly as claimed in
claim 5, further comprising a speech processor for providing
the control signal.

7. The adjustable implant electrode assembly as claimed in
claim 5, wherein the implant is a flexible member.

8. The adjustable implant electrode assembly as claimed in
claim 7, wherein the flexible member is made of a soft resin
material.

9. The adjustable implant electrode assembly as claimed in
claim 5, wherein the implant further comprises an endoscope
unit.

10. The adjustable implant electrode assembly as claimed
in claim 1, further comprising a signal transceiver source
located at a head end of the implant for receiving or transmit-
ting a detection signal to thereby provide position informa-
tion about the implant.

11. An adjustable implant electrode system, comprising:

an adjustable implant electrode assembly, which com-

prises:

an implant;

a plurality of electrodes disposed in the implant for
providing stimulating currents according to a control
signal; and

a plurality of magnetic components disposed in the
implant and combined with the plurality of electrodes
in one-to-one correspondence; and

an adjustment device for adjusting the adjustable
implant electrode assembly to a desired position, the
adjustment device comprises:

a control unit for selecting one or more magnetic com-
ponents to be moved from the plurality of magnetic
components,

an excitation unit for exciting the selected one or more
magnetic components to be moved, so that the one or
more magnetic components generate a magnetic pole;
and

one or more magnetic units capable of generating a
magnetic field to drive the magnetic pole and thereby
move the implant.

12. The adjustable implant electrode system as claimed in
claim 11, wherein the magnetic components are joined to one
side of the electrodes in one-to-one correspondence.

13. The adjustable implant electrode system as claimed in
claim 11, wherein the magnetic components are embedded in
the electrodes in one-to-one correspondence.

14. The adjustable implant electrode system as claimed in
claim 11, wherein the magnetic components are made of
electrical coils or a material selected from the group consist-
ing of iron, cobalt, nickel, and any combinations thereof.

15. The adjustable implant electrode system as claimed in
claim 11, wherein the magnetic components each are an
electromagnet, and wherein the excitation unit is able to
excite and demagnetize the magnetic components.

16. The adjustable implant electrode system as claimed in
claim 11, wherein the magnetic unit is a magnetic coil.

17. The adjustable implant electrode system as claimed in
claim 11, wherein the adjustable implant electrode system is
selected from the group consisting of a cochlear implant
system and a deep brain stimulating system; and the adjust-
able implant electrode assembly is selected from the group
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consisting of a cochlear implant and a deep brain stimulator in
correspondence to the cochlear implant system and the deep
brain stimulating system, respectively.

18. The adjustable implant electrode system as claimed in
claim 17, further comprising a speech processor for providing
the control signal.

19. The adjustable implant electrode system as claimed in
claim 17, wherein the implant is a flexible member.

20. The adjustable implant electrode system as claimed in
claim 19, wherein the flexible member is made of a soft resin
material.
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21. The adjustable implant electrode system as claimed in
claim 17, wherein the implant further comprises an endo-
scope unit.

22. The adjustable implant electrode system as claimed in
claim 11, further comprising a signal transceiver source and a
plurality of external signal transceivers, the signal transceiver
source being located at a head end of the implant, and the
signal transceiver source and the external signal transceivers
each being adapted to receive and transmit a detection signal
to thereby provide position information about the implant.
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