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1
OSSEOINTEGRATED NEURAL INTERFACE
AND METHOD

REFERENCE TO GOVERNMENT GRANT

This invention was made with government support under
N66001-12-C-4025 awarded by the U.S. Navy. The govern-
ment has certain rights in the invention.

FIELD OF THE INVENTION

This invention relates generally to the control of pros-
thetics, and in particular, to an osseointegrated neural inter-
face for interconnecting a peripheral nerve to a prosthetic for
controlling the same and a method.

BACKGROUND AND SUMMARY OF THE
INVENTION

Peripheral nerves interconnect an individual’s central
nervous system (CNS) to the other parts of their body, such
as limbs, organs and muscles. Unfortunately, peripheral
nerve injuries are common, often resulting from trauma or
surgical complications. Further, the incidence of peripheral
nerve trauma in the military population is increasing and
approximately 5 to 10 times greater than in the civilian
population. Pathology in this population is caused mainly
due to shrapnel from blast events. With the advent of
improved core body armor, such as that used in recent
military action in the Middle East, the ratio of injuries
resulting in wounds rather than death has doubled. This
translates into a much higher rate of peripheral trauma,
peripheral nerve injury, and amputations.

It can be appreciated that peripheral nerve injuries impose
a number of adverse health conditions or disabilities on their
victims. These adverse health conditions and disabilities
place significant physical and economic burdens on the
victims. In addition, these burdens are often shared by the
victim’s family, community and workplace. Further, adverse
health conditions and disabilities resulting from peripheral
nerve injuries place significant economic burdens on the
health care system and on the economy in general. Consid-
erable amounts of money, time and effort have been
expended on various attempts to lessen, prevent or amelio-
rate the effects of trauma on peripheral nerves.

Despite significant advancements in composite tissue
allotransplantion, allowing for upper extremity transplant
below the elbow, problems remain with long-term allograft
stability secondary to rejection, as well as, with nerve
regeneration over long distances. Specific to lower extremity
amputation, minimal progress has been made in composite
tissue allotransplantation. Thus, the use of prosthetic limbs
remains the gold standard for replacing amputated extremi-
ties.

In the past several decades, remarkable advancements
have been made in the engineering of prosthetic limbs.
These improvements include the development of implant-
able myoelectric interfaces that harness electromyographic
data to control prostheses. The regenerative peripheral nerve
interface (RPNI) is one such interface that is comprised of
a free muscle unit neurotized with a peripheral nerve of
interest. Other groups have developed recording interfaces
by redirecting nerves from amputated stumps to reinnervate
healthy adjacent muscles (Targeted Muscle Reinnervation).
In these strategies, the neural interface is primarily com-
posed of soft tissue elements and, in essence, is subject to a
high degree of motion artifact. Any connection, whether
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wired or wireless, between the recording electrodes and the
receiver on a prosthesis will be subject to unpredictable
motion and/or strain in an actively moving subject.

Therefore, it is a primary object and feature of the present
invention to provide osseointegrated neural interface for
interconnecting a prosthetic to a peripheral nerve.

It is a further object and feature of the present invention
to provide osseointegrated neural interface for interconnect-
ing a prosthetic to a peripheral nerve wherein the peripheral
nerves (e.g. sciatic or median) is redirected into an intramed-
ullary canal of long-bone (e.g. humerus, femur) after ampu-
tation.

It is a further object and feature of the present invention
to provide osseointegrated neural interface for interconnect-
ing a prosthetic to a peripheral nerve wherein a hollow core
rod defines an implant platform which includes various
perforations and circuitry necessary to transmit recorded
signals from electrodes operatively connected to the periph-
eral nerve to the prosthetic or provide electrical stimulation
to the peripheral nerve.

It is a further object and feature of the present invention
to provide osseointegrated neural interface for interconnect-
ing a prosthetic to a peripheral nerve which includes elec-
trode arrays connected to circuitry within hollow core
implant platform.

It is a further object and feature of the present invention
to provide an osseointegrated neural interface for intercon-
necting a prosthetic to a peripheral nerve including an
implant platform positionable in an intramedullary canal of
a long-bone (e.g., humerus, femur) and allowing for passage
of a nerve sprout through fenestrations in the implant
platform.

It is a further object and feature of the present invention
to provide an osseointegrated neural interface for intercon-
necting a prosthetic to a peripheral nerve including thin
flexible electrode arrays (cuff and/or sieve) that are inte-
grated within an implant platform for interfacing a periph-
eral nerve of interest using microsurgical techniques.

It is a still further object and feature of the present
invention to provide an osseointegrated neural interface for
interconnecting a prosthetic to a peripheral nerve including
an anchor for interconnecting a nerve stump to a long-bone
that is stable and immobile.

In accordance with the present invention, an osseointe-
grated neural interface (ONI) for control of a prosthetic is
provided. The osseointegrated neural interface includes an
elongated, hollow rod having a first end receiveable in an
intramedullary cavity of a bone, a second end operatively
connected to the prosthetic and an inner surface defining a
cavity. An electrode is receiveable on a terminal end of a
peripheral nerve and positionable within the cavity of the
rod. The electrode senses the neural signals generated by the
peripheral nerve.

An anchor is extendable about peripheral nerve and is
receiveable in an opening in the bone. The anchor secures
the peripheral nerve to the bone. The electrode includes a
plurality of openings therethrough. The plurality of openings
are adapted for allowing the passage of nerve sprouts from
the peripheral nerve therethrough. The rod includes a plu-
rality of fenestrations extending therethrough. The plurality
of fenestrations are adapted for allowing the passage of
nerve sprouts from the peripheral nerve therethrough. The
electrode may include a base and a plurality of spikes
projecting therefrom. The spikes sense the neural signals
generated by the peripheral nerve and/or also stimulate the
peripheral nerve.
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The electrode is operatively connected to a recording unit
and/or a stimulation unit. The recording unit recording the
neural signals from the peripheral nerve sensed by the
electrode. The recording unit may be receivable within the
cavity of the rod. A controller is operatively connected to the
recording unit. The controller controls operation of the
prosthetic in response to the neural signals recorded by the
recording unit. In addition, it is contemplated for the con-
troller to send electrical stimulation pulses to the peripheral
nerve based on information received from various additional
sensors provided in the prosthetic (e.g., pressure, tempera-
ture, position, etc). These sensors are meant to recapitulate
the natural sensations perceived by the normal limb.

In accordance with a further aspect of the present inven-
tion, a method is provided of controlling a prosthetic. The
method includes the step of positioning a first end of an
elongated, hollow rod within an intramedullary cavity of a
bone. The rod has an inner surface defining a cavity. A
second end of the rod is interconnected to the prosthetic. A
terminal end of a peripheral nerve is positioned within the
cavity of the rod. The neural signals generated by the
peripheral nerve are monitored and movement of the pros-
thetic is controlled in response to the neural signals moni-
tored.

The peripheral nerve may be anchored to the bone and an
electrode may be positioned on a terminal end of the
peripheral nerve. The electrode senses the neural signals
generated by the peripheral nerve. The electrode is config-
ured to allow nerve sprouts extending from the peripheral
nerve to pass therethrough and the rod is configured to allow
the nerve sprouts extending from the peripheral nerve to
pass therethrough. The rod includes a plurality of fenestra-
tions extending therethrough. The plurality of fenestrations
is adapted for allowing the passage of nerve sprouts from the
peripheral nerve therethrough. The fenestrations may also
define locations for annular electrodes. The annular elec-
trodes may surround the fenestrations so as to make intimate
contact with nerve processes that sprout through the fen-
strations.

Movement of the prosthetic is controlled in response to
the neural signals monitored by positioning an electrode
about the peripheral nerve. The neural signals from the
peripheral nerve sensed by the electrode are recorded.
Operation of the prosthetic is controlled in response to the
neural signals recorded. The recording unit is positioned in
the cavity in the rod and operatively connected to the
electrode. A controller is positioned in the prosthetic. The
controller is configured to control operation of the prosthetic
in response to the neural signals recorded by the recording
unit and/or to control operation through receiving sensed
inputs from various sensors within the prosthetic and stimu-
late the peripheral nerve accordingly. The controller is
operatively connected to the recording unit to receive the
neural signals recorded by the recording unit and/or to a
stimulating unit to stimulate nerves to provide artificial
sensation of the prosthetic.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings furnished herewith illustrate a preferred
construction of the present invention in which the above
advantages and features are clearly disclosed as well as other
which will be readily understood from the following
description of the illustrated embodiment.
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In the drawings:

FIG. 1 is a schematic view of an osseointegrated neural
interface in accordance with the present invention intercon-
necting a peripheral nerve to a prosthetic;

FIG. 2 is a schematic view of a portion of the osseointe-
grated neural interface of FIG. 1 received in a amputated
stump

FIG. 3 is an isometric view of a first embodiment of a
neural interface for use with the osseointegrated neural
interface of the present invention;

FIG. 4 is a top plan view of a second embodiment of a
neural interface for use with the osseointegrated neural
interface of the present invention;

FIG. 5 is a side elevational view of a third embodiment of
a neural interface for use with the osseointegrated neural
interface of the present invention;

FIG. 6 is an isometric view of a fourth embodiment of a
neural interface for use with the osseointegrated neural
interface of the present invention;

FIG. 7 is an isometric view showing a first end of a
peripheral nerve received in a first end of a rod for use with
the osseointegrated neural interface of the present invention;
and

FIG. 8 is an isometric view showing a first end of a
peripheral nerve received in a first end of an alternate rod for
use with the osseointegrated neural interface of the present
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIGS. 1-2, an osseointegrated neural inter-
face (ONI) in accordance with the present invention, is
generally designated by the reference numeral 10. It is
intended for ONI 10 to provide a direct structural connection
between a living bone (e.g. long bone 76) and prosthetic 14
and a functional connection between peripheral nerve 16 and
prosthetic 14. It is contemplated for prosthetic 14 to house
controller 15 which controls movement and operation of
prosthetic 14 in response to nerve impulse signals received
from peripheral nerve 16, as hereinafter described. Alterna-
tively, controller 15 may be housed within the interior of rod
18, hereinafter described, or intramedullary canal 74 of long
bone 76, without deviating from the scope of the present
invention. In addition, it is contemplated for the controller
15 to provide stimulation to peripheral nerve 16 in response
to sensor input from the prosthetic. It is contemplated for
such stimulation to take the form of electrical stimulation, as
hereinafter described. However, other forms of stimulation,
such as optical stimulation, are contemplated as being within
the scope of the present invention.

Prosthetic 14 further includes a connection member 19 for
interconnecting prosthetic 14 to a conventional prosthetic
coupling provided at the terminal end of an amputated
stump. The input to controller 15 is operatively connected by
line 21 to a connector 17 to facilitate the receipt of the nerve
impulse signals, as hereinafter described. While line 21 is
depicted as a physical connection, it can be appreciated that
line 21 may take the form of an RF link, an optical link, an
inductive link, or any other data linkage known in the art,
without deviating from the scope of the present invention.

ONI 10 includes an elongated tubular rod 18, preferably
fabricated from titanium. However, rod 18 may be fabricated
from other materials without deviating from the scope of the
present invention. Rod 18 extends along a longitudinal axis
and is defined by inner and outer surfaces 20 and 22,
respectively. Inner surface 20 of rod 18 defines a cavity 24
for receiving terminal end 26 of peripheral nerve 16 therein,
as hereinafter described. Rod 18 further includes first and
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second opposite ends 29 and 30, respectively. First end 29 of
rod 18 defines an opening 32, FIG. 2, therein for allowing
peripheral nerve 16 to be inserted into cavity 24 of rod 18.
Alternatively, an opening 34 may be provided in rod 18
between the inner and outer surfaces 20 and 22, respectively,
at a desired location to allow peripheral nerve 16 to be
inserted into cavity 24 of rod 18, FIG. 1.

As best seen in FIGS. 2 and 7, a plurality of fenestrations
36 extend through in rod 18 between the inner and outer
surfaces 20 and 22, respectively, thereof at a location adja-
cent opening 32 (or opening 34 in FIG. 1) in rod 18. The
plurality of fenestrations 36 are configured to allow for the
passage of nerve sprouts 40 extending from peripheral nerve
16, as hereinafter described. Second end 30 of rod 18 defines
an opening 42 adapted for connecting rod 18 to prosthetic
coupling 44. By way example, inner surface 20 of rod 18
may include threads adjacent second end 30 thereof which
are adapted for receiving mating threads provided on pros-
thetic coupling 44.

ONI 10 further includes a nerve interface 50 adapted for
receipt on terminal end 26 of peripheral nerve 16, FIGS. 1-2.
Nerve interface 50 includes pad 52 formed from biocom-
patible polymers, FIGS. 3-6. Pad 52 may have a generally
tubular configuration, FIG. 3, so as to allow nerve interface
to be slid over terminal end 26 of peripheral nerve 16 or have
a generally flat configuration, FIG. 4, wherein pad 52 is
wrapped around terminal end 26 of peripheral nerve 16. It is
contemplated for the surface chemistry of pad 52 to allow
for a host of bioactive organic species to be either absorbed
or covelantly bonded to the surfaces thereof. Alternatively,
pad 52 may include three-dimensional (3D) biomaterial
scaffolds, microfabricated set of tubes made of bio-inductive
materials or living cells that coat the surfaces of pad 52
and/or fill the plurality of fenestrations 36 and/or cavity 24
in rod 18. The bioactivity of pad 52 is intended to provide
an optimal implant environment and maximize the ability of
pad 52 to be maintained on terminal end 26 of peripheral
nerve 16 without inducing excessive foreign body or
immune response.

Pad 52 may include a plurality of apertures 66 to allow for
the passage of nerve sprouts 40 extending from peripheral
nerve 16 therethrough, as hereinafter described. Inner sur-
face 54 of pad 52 includes a plurality of electrodes 56 having
corresponding wire traces 58 extending thereform. It can be
appreciated that apertures 66 increase the porosity of pad 52,
and as such, increase the biocompatibility between nerve
interface 50 and peripheral nerve 16. Further, it can be
appreciated that chemicals, drugs or other stimuli may be
provided within apertures 66 of nerve interface 50 to further
enhance the biocompatibility of nerve interface 50 and
peripheral nerve 16 and/or to apply various treatments to
peripheral nerve 16. Alternatively, it is contemplated for
these chemical treatments to induce the guidance of nerve
sprouts 40, such as sensory or motor nerve subtypes, selec-
tively towards parts of the osseointegrated neural interface
or towards selective electrodes 56.

Electrodes 56 along inner surface 54 of pad 52 may take
the form of generally flat electrodes arranged in any suitable
pattern, e.g. in designated rows and columns, FIG. 4. Elec-
trodes 56 are intended to sense nerve impulses generated by
peripheral nerve 16 or stimulate neuron activity, for reasons
hereinafter described. It can be appreciated that other con-
figurations of electrodes 56 are contemplated as being within
the scope of the present invention. By way of example, the
electrodes may take the form of spike electrodes 62 project-
ing from inner surface 54 of pad 52, F1G. 5. Spike electrodes
62 may have varying lengths so as to sense nerve impulses
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from a variety of depths within peripheral nerve 16 on which
neural interface 50 is received. Alternatively, it is contem-
plated for sieve electrodes 70 to define the plurality of
apertures 66 extending through pad 52 to sense nerve
impulses generated from or to stimulate nerve sprouts 40
extending from peripheral nerve 16 and passing there-
though, FIG. 6. Each wire trace 58 has a first end integral
with a corresponding electrode 56, 62 or 70 and a second end
operatively connected to a recording/stimulation unit 60, for
reasons hereinafter described. It is further contemplated to
provide first and second electrodes about opposite ends of
each of the plurality of apertures 66 in a bipolar configura-
tion. While each of the electrodes are heretofore described as
being physically connected to the recording/stimulation unit
60, (e.g. via wire traces 58), it can be appreciated that the
electrodes may be terminated at a wireless unit that could
receive and transmit data signals between the electrodes and
an external device, such as recording/stimulation unit 60,
without deviating from the scope of the present invention.

In operation, rod 18 is inserted into intramedullary canal
74 of long bone 76 (e.g., a femur, a tibia or a humerus) of
an amputated stump 75 using standard clinical techniques,
FIG. 2. As hereinafter described, it is contemplated for
intramedullary canal 74 of bone 76 to serve as a protected
environment to house electrically active peripheral nerve 16
after extremity amputation. It is intended for the outer
diameter of rod 18 to approximate the diameter or intramed-
ullary canal 74 such that rod 18 fits snuggly in intramedul-
lary canal 74 with minimal need for additional stabilization.

With rod 18 snuggly fit within intramedullary canal 74 of
bone 76, peripheral nerve 16 is carefully exposed, isolated
and cleaned by bluntly dissecting the musculature surround-
ing it. After being carefully isolated, peripheral nerve 16 is
sharply transected at its most distal location, e.g. terminal
end 26. In addition, peripheral nerve 16 is mobilized for
several centimeters at a location sufficient to preserve
adequate vascularity, while still allowing for adequate and
tension-free mobilization of peripheral nerve 16 into
intramedullary canal 74. Once peripheral nerve 16 has been
adequately mobilized, nerve interface 50 is positioned on
terminal end 26 of peripheral, nerve 16 such that electrodes
56 along inner surface 54 of pad 52 of nerve interface 50
engage the outer surface of peripheral nerve 16 in order to
isolate the nerve impulses from peripheral nerve 16 located
within intramedullary canal 74 and/or provide electrical
stimulation thereto. Alternatively, in the event nerve inter-
face 50 includes spike electrodes 62 projecting from inner
surface 54 of pad 52, FIG. 5, spike electrodes 62 penetrate
the outer surface of peripheral nerve 16 as nerve interface 50
is positioned on terminal end 26 of peripheral nerve 16 in
order to isolate the nerve impulses from a variety of depths
within peripheral nerve 16 on which neural interface 50 is
received.

Upon positioning of nerve interface 50 on terminal end 26
of peripheral nerve 16, peripheral nerve 16 is, redirected into
intramedullary canal 74 in bone 76. More specifically, a
corticotomy is performed to form opening 80 in bone 76 at
a location wherein a several centimeter segment of periph-
eral nerve 16 can easily be redirected in a tensionless manner
through opening 80 in bone 76 and into intramedullary canal
74. Peripheral nerve 16 is anchored to bone 76 to provide
stabilization and prevent retraction of peripheral nerve 16.
For example, the epineurium of peripheral nerve 16 may be
carefully stitched to the periosteum on the outer surface of
bone 76 at the corticotomy site to provide the necessary
stabilization and prevent retraction of peripheral nerve 16
from bone 76. Alternatively, it is contemplated to anchor
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peripheral nerve 16 to opening 80 in bone 76 with a
microfabricated mechanical structure or by affixing periph-
eral nerve 16 to bone 76 with a biomaterial.

After being redirected into the intramedullary canal 74,
peripheral nerve 16 is inserted into opening 32 in first end 29
of'rod 18, FIG. 2, or opening 34 in rod 18, FIG. 1, such that
peripheral nerve 16 and nerve interface 50 is positioned on
terminal end 26 of peripheral nerve 16 are received in cavity
24 of rod 18. Wire traces 58 are routed within cavity 24 and
the second ends of wire traces are operatively connected to
recording/stimulation unit 60. In the depicted embodiment,
recording/stimulation unit 60 is shown as a single, integral
unit. However, individual recording and stimulation units
are contemplated as being within the scope of the present
invention. It is intended for recording/stimulation unit 60 to
be retained in cavity 24 of rod 18. It can be appreciated that
by providing neural interface 50 and recording/stimulation
unit 60 within rod 18 in intramedullary canal 74 of bone 76,
neural interface 50 and recording/stimulation unit 60 are
shielded from surrounding muscle and confounding electro-
myographic cross-talk, protected from scar tissue formation,
and stable during movement. The output of recording/
stimulation unit 60 is operatively connected to connector 84
at prosthetic coupling 44. In order to interconnect prosthetic
14 to amputated stump 75, connection member 19 of pros-
thetic 14 is connected to prosthetic coupling 44, and hence,
to the amputated stump 75 in any conventional manner.
Connector 84 of ONI 10 is interconnected connector 17 of
prosthetic 14 to electrically connect recording/stimulation
unit 60 and controller 15. However, it is also contemplated
to wirelessly connect recording/stimulation unit 60 and
controller 15 in a conventional manner without deviating
from the scope of the present invention. Alternatively,
prosthetic 14 may be connected to stump 75 through other
conventional means, such as a sleeve or harness. As such,
recording/stimulation unit 60 and controller 15 would be
wirelessly connected.

As is known, peripheral nerve 16 carries nerve impulses
from the brain and spinal cord to the muscles of the now
amputated limb, as well as, nerve impulses from peripheral
sensory aspects back to the spinal cord and brain. Electrodes
56 (or spike electrodes 62) along inner surface 54 of pad 52
of nerve interface 50 isolate the nerve impulses from periph-
eral nerve 16 located within intramedullary canal 74. Elec-
trodes 56 (or spike electrodes 62) are selected and designed
to achieve maximized recording surface area and fidelity
given the surface area, diameter and length of peripheral
nerve 16 in cavity 24 of rod 18 and/or designed to maximize
their electrical stimulation capabilities of the nerve interface.
Analog signals corresponding to the nerve impulses sensed
by electrodes 56 (or spike electrodes 62) are transmitted
along wire traces 58 to recording/stimulation unit 60.
Recording/stimulation unit 60 converts the analog signals to
corresponding digital signals which are filtered. The filtered
digital signals are transmitted to controller 15 within pros-
thetic 14. Controller 15 executes a predetermined algorithm
s0 as to generate instructions on line 88 for mechanical drive
system 89 that drives movement of prosthetic 14 in response
to the nerve impulses from peripheral nerve 16 located
within intramedullary canal 74 which were detected by
electrodes 56 (or spike electrodes 62) of neural interface 50,
FIG. 1.

In addition, it is contemplated for prosthetic 14 to include
a plurality of sensors 91. The plurality of sensors 91 may
take the form of pressure sensors, temperature sensors,
position sensors, or the like for sensing various external
factors acting on prosthetic 14. The signals generated by the
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plurality of sensors 91 are transmitted to controller 15.
Controller 15 executes a predetermined algorithm to gener-
ate instructions on line 21 for recording/stimulation unit 60
such that recording/stimulation unit 60 provides electrical
stimulation to peripheral nerve 16 via one or more desired
electrodes 56 or 62. Alternatively, controller 15 may execute
an electrical stimulation protocol, known to those skilled in
the art, to cause recording/stimulation unit 60 to provide
electrical stimulation to appropriate elements of peripheral
nerve 16 via one or more desired electrodes. This could be
done in a closed loop fashion

Over time, it is contemplated for peripheral nerve 16
within intramedullary canal 74 to sprout nerve sprouts 40.
As the nerve sprouts 40 extend from peripheral nerve 16,
nerve sprouts 40 pass through apertures 66 in pad 52 of
nerve interface 50 and through the plurality of fenestrations
36 adjacent first end 29 of rod 18 to the surrounding
biological construct (i.e., bone 76 or the bone marrow of
bone 76), FIG. 2. Hence, it is contemplated to provide neural
interface 50 with sieve electrodes 70 about the plurality of
apertures 66 extending through pad 52, FIG. 6, in conjunc-
tion with or instead of electrodes 56 or electrode spikes 62,
to sense nerve impulses generated from nerve sprouts 40
extending from peripheral nerve 16. More specifically, as the
nerve sprouts 40 extend from peripheral nerve 16, nerve
sprouts 40 pass through apertures 66, and hence sieve
electrodes 70, in pad 52 of nerve interface 50. Sieve elec-
trodes 70 isolate the nerve impulses from nerve sprouts 40
of peripheral nerve 16 located within intramedullary canal
74. Analog signals corresponding to the nerve impulses
sensed by sieve electrodes 70 are transmitted along wire
traces 58 to recording/stimulation unit 60. Recording/stimu-
lation unit 60 converts the analog signals to corresponding
digital signals which are filtered. The filtered digital signals
are transmitted to controller 15 within prosthetic 14. Con-
troller 15 executes a predetermined algorithm so as to
generate instructions on line 88 for mechanical drive system
89 that drives movement of prosthetic 14 in response to the
nerve impulses from peripheral nerve 16 located within
intramedullary canal 74 detected by sieve electrodes 70,
FIG. 1.

In addition, controller 15 may execute a predetermined
algorithm to generate instructions on line 21 for recording/
stimulation unit 60 such that recording/stimulation unit 60
provides electrical stimulation to nerve sprouts 40 of periph-
eral nerve 16 via one or more desired sieve electrodes 70.
Alternatively, controller 15 may execute an electrical stimu-
lation protocol, known to those skilled in the art, to cause
recording/stimulation unit 60 to provide electrical stimula-
tion to appropriate nerve sprouts 40 of peripheral nerve 16
via one or more desired sieve electrodes 70. This could be
done in a closed loop fashion.

In a further embodiment, it is contemplated to replace
neural interface 50 with a plurality of electrodes 92 about the
outer periphery of rod 18 adjacent corresponding fenestra-
tions 36 through rod 18, FIG. 8. Electrodes 92 are opera-
tively connected to recording/stimulation unit 60 through
lines 94 which may pass through opening 95 in rod 18 or
wirelessly. After being redirected into the intramedullary
canal 74, peripheral nerve 16 is inserted through one of
opening 32 in first end 29 of rod 18 or opening 34 in rod 18
and into cavity 24 of rod 18, as heretofore described. The
recording/stimulation unit 60 is operatively connected
(physically or wirelessly) to connector 84 at prosthetic
coupling 44. By way of example, connector 84 of ONI 10
may be interconnected to connector 17 of prosthetic 14 to
electrically connect recording/stimulation unit 60 and con-
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troller 15. In order to interconnect prosthetic 14 to ampu-
tated stump 75, connection member 19 of prosthetic 14 is
connected to prosthetic coupling 44, and hence, to the
amputated stump 75 in any conventional manner.

As the nerve sprouts 40 extend from peripheral nerve 16,
nerve sprouts 40 pass through the plurality of fenestrations
36 adjacent first end 29 of rod 18 to the surrounding
biological construct (i.e., bone 76). Electrodes 92 positioned
adjacent corresponding fenestrations 36 through rod 18
isolate the nerve impulses from nerve sprouts 40 of periph-
eral nerve 16 passing through fenestrations 36. Analog
signals corresponding to the nerve impulses sensed by
electrodes 92 are transmitted along lines 94 to recording/
stimulation unit 60. Recording/stimulation unit 60 converts
the analog signals to corresponding digital signals which are
filtered. The filtered digital signals are transmitted to con-
troller 15 within prosthetic 14. Controller 15 executes a
predetermined algorithm so as to generate instructions on
line 88 for a mechanical drive system that drives movement
of prosthetic 14 in response to the nerve impulses from
peripheral nerve 16 located within intramedullary canal 74
detected by electrodes 92.

In addition, controller 15 may execute a predetermined
algorithm to generate instructions on line 21 for recording/
stimulation unit 60 such that recording/stimulation unit 60
provides electrical stimulation to nerve sprouts 40 of periph-
eral nerve 16 via one or more desired electrodes 92. Alter-
natively, controller 15 may execute an electrical stimulation
protocol, known to those skilled in the art, to cause record-
ing/stimulation unit 60 to provide electrical stimulation to
appropriate nerve sprouts 40 of peripheral nerve 16 via one
or more desired electrodes 92. This could be done in a closed
loop fashion.

Various modes of carrying out the invention, are contem-
plated as being within the scope of the following claims
particularly pointing out and distinctly claiming the subject
matter, which is regarded as the invention.

We claim:

1. An osseointegrated neural interface (ONI) for control of
a prosthetic, comprising:

an elongated, hollow rod having a first end receiveable in

an intramedullary cavity of a bone, a second end
operatively connected to the prosthetic and an inner
surface defining a cavity;

an electrode receiveable on a terminal end of a peripheral

nerve and positionable within the cavity of the rod, the
electrode configured to at least one of sense the neural
signals generated by the peripheral nerve and stimulate
the peripheral nerve; and

an anchor operatively connectable to the bone for retain-

ing the terminal end of the peripheral nerve within the
bone.

2. The ONI of claim 1 wherein the electrode includes a
plurality of openings therethrough, the plurality of openings
adapted for allowing the passage of nerve sprouts from the
peripheral nerve therethrough.

3. The ONI of claim 1 wherein the rod includes a plurality
of fenestrations extending therethrough, the plurality of
fenestrations adapted for allowing the passage of nerve
sprouts from the peripheral nerve therethrough.

4. The ONI of claim 1 wherein the electrode includes a
base and a plurality of spikes projecting therefrom, the
spikes sensing the neural signals generated by the peripheral
nerve.
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5. The ONI of claim 1 wherein the electrode is operatively
connected to a recording unit, the recording unit recording
the neural signals from the peripheral nerve sensed by the
electrode.

6. The ONI of claim 5 wherein the recording unit is
receivable within the cavity of the rod.

7. The ONI of claim 5 further comprising a controller
operatively connected to the recording unit, the controller
controlling operation of the prosthetic in response to the
neural signals recorded by the recording unit.

8. The ONI of claim 1 wherein the electrode is operatively
connected to a stimulation unit, the stimulation unit trans-
mitting signals to the electrode to stimulate the peripheral
nerve.

9. The ONI of claim 8 wherein the stimulation unit is
receivable within the cavity of the rod.

10. The ONI of claim 9 further comprising a controller
operatively connected to the stimulation unit, the controller
configured to control operation of the stimulation unit and
the transmission of the signals to the electrode to stimulate
the peripheral nerve.

11. A method of controlling a prosthetic, comprising the
steps of:

positioning a first end of an elongated, hollow rod within

an intramedullary cavity of a bone, the rod having an
inner surface defining a cavity;

inserting a terminal end of a peripheral nerve within the

intramedullary cavity of the bone;

interconnecting a second end of the rod to the prosthetic;

monitoring neural signals generated by a peripheral nerve;

and

transmitting the neural signals to a prosthetic controller,

the prosthetic controller received within one of the rod,
the intramedullary cavity of a bone and the prosthetic;
and

controlling movement of the prosthetic in response to the

neural signals monitored.

12. The method of claim 11 comprising the additional step
of anchoring the peripheral nerve to the bone.

13. The method of claim 11 further comprising the step of:

positioning an electrode on a terminal end of the periph-

eral nerve, the electrode sensing the neural signals
generated by the peripheral nerve.

14. The method of claim 13 comprising the additional step
of configuring the electrode to allow nerve sprouts extending
from the peripheral nerve to pass therethrough.

15. The method of claim 11 wherein the terminal end of
a peripheral nerve is inserted within the cavity of the rod.

16. The method of claim 15 comprising the additional step
of configuring the rod to allow nerve sprouts extending from
the peripheral nerve to pass therethrough.

17. The method of claim 16 wherein the rod includes a
plurality of fenestrations extending therethrough, the plural-
ity of fenestrations adapted for allowing the passage of nerve
sprouts from the peripheral nerve therethrough.

18. The method of claim 11 wherein the step of control-
ling movement of the prosthetic in response to the neural
signals monitored includes the additional steps of:

positioning an electrode about the peripheral nerve;

recording the neural signals from the peripheral nerve
sensed by the electrode; and

controlling operation of the prosthetic in response to the

neural signals recorded.

19. The method of claim 18 comprising the additional
steps of:

positioning a recording unit in the cavity in the rod; and

operatively connecting the recording unit to the electrode.
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20. The method of claim 19 comprising the additional step
of:
positioning the prosthetic controller in the prosthetic, the
controller configured to control operation of the pros-
thetic in response to the neural signals recorded by the
recording unit; and
operatively connecting the prosthetic controller to the
recording unit to receive the neural signals recorded by
the recording unit.
21. The method of claim 11 comprising the additional
steps of:
sensing an external factor acting on the prosthetic; and
stimulating the peripheral nerve in response to the exter-
nal factor sensed.
22. The method of claim 21 comprising the additional
steps of:
positioning a sensor in the prosthetic for sensing the
external factor; and
operatively connecting a stimulation unit to the electrode.
23. The method of claim 22 comprising the additional step
of positioning the prosthetic controller, operatively con-
nected to the sensor and the stimulation unit, in the pros-
thetic, the prosthetic controller configured to transmit stimu-
lation instructions to the stimulation unit in response to the
external factor sensed by the sensor.
24. A method of controlling a prosthetic, comprising the
steps of:
positioning a first end of an elongated, hollow rod within
an intramedullary cavity of a bone, the rod intercon-
nected to the prosthetic and having an inner surface
defining a cavity;
inserting a terminal end of a peripheral nerve within the
cavity of the rod;
positioning an electrode on a terminal end of the periph-
eral nerve, the electrode sensing the neural signals
generated by the peripheral nerve; and
controlling movement of the prosthetic in response to the
neural signals sensed.
25. The method of claim 24 comprising the additional step
of anchoring the peripheral nerve to the bone.
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26. The method of claim 25 comprising the additional step
of configuring the electrode to allow nerve sprouts extending
from the peripheral nerve to pass therethrough.

27. The method of claim 26 comprising the additional step
of configuring the rod to allow nerve sprouts extending from
the peripheral nerve to pass therethrough.

28. The method of claim 27 wherein the rod includes a
plurality of fenestrations extending therethrough, the plural-
ity of fenestrations adapted for allowing the passage of nerve
sprouts from the peripheral nerve therethrough.

29. The method of claim 24 wherein the step of control-
ling movement of the prosthetic in response to the neural
signals sensed includes the additional steps of:

recording the neural signals from the peripheral nerve

sensed by the electrode; and

positioning a controller in the prosthetic, the controller

configured to control operation of the prosthetic in
response to the neural signals recorded by the recording
unit.

30. The method of claim 24 comprising the additional
steps of:

positioning a recording unit in the cavity in the rod; and

operatively connecting the recording unit to the electrode.

31. The method of claim 24 comprising the additional
steps of:

sensing an external factor acting on the prosthetic; and

stimulating the peripheral nerve with the electrode in

response to the external factor sensed.

32. The method of claim 31 comprising the additional
steps of:

positioning a sensor in the prosthetic for sensing the

external factor; and

operatively connecting a stimulation unit to the electrode.

33. The method of claim 32 comprising the additional step
of positioning a controller operatively connected to the
sensor and the stimulation unit in the prosthetic, the con-
troller configured to transmit stimulation instructions to the
stimulation unit in response to the external factor sensed by
the sensor.
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