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Abstract

A lubrication device for lubricating a joint of a human or mammal patient, which is entirely im-
plantable in a patient’s body, comprises a reservoir for storing a lubricating fluid and a fluid
connection for introducing the lubricating fluid into the joint when the device is implanted in the
patient’s body. Further, the fluid connection comprises a fluid connection device connecting the
reservoir with the joint such that a lubricating fluid flow is established from the reservoir into the
joint. The fluid connection comprises either an infusion needle adapted to be intermittently
placed into the joint for injecting the lubricating fluid, or a tube adapted to be permanently
placed into the joint for continuously injecting the lubricating fluid.

(fig. 1)
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IMPLANTABLE LUBRICATION DEVICE

Background

[0001]  The present invention relates to an implantable lubrication device for lubricating a
joint of a human or mammal patient, an implantable lubrication system and methods of treating

a human or mammal patient by means of said implantable lubrication system.

[0002] The present invention is particularly suitable for long term or permanent introduction
of lubricating fluid in a joint, i.e. for introduction of lubricating fluid on a permanent or periodical

basis over long time intervals, e.g. over years.

[0003] Any discussion of the prior art throughout the specification should in no way be con-
sidered as an admission that such prior art is widely known or forms part of common general

knowledge in the field.

[0004] The lubricating fluid (synovial fluid) reduces friction between the articular cartilage
and other tissues in a joint and lubricates and cushions the bone and tissue components of the
joint during movement. If the lubricating fluid is negatively affected and/or the joint articular car-
tilage usually covering the joint bone is damaged, in most cases due to older age and/or con-
tinuing extensive or abnormal strain on human or mammal joints (e.g. knee joint, hip joint), this
can result in a degenerative joint disease (also known as osteoarthritis) characterized by a
painful inflammation of the joint. Upon pathological reduction and change of composition of the
lubricating fluid within the joint space, which consists of the articulating surfaces of the adja-
cent bones with the joint being stabilized and encompassed by the joint capsule and the syno-
vial membrane, the lubricating fluid can no longer perform its usual task, i.e. lubrication of joint

areas and shock absorption, together with the articular cartilage.

[0005] If the articular cartilage is also severely damaged due to osteoarthritis or the like
and/or the synovial fluid is reduced or altered in its composition reducing its potential to lower
friction within the joint, the articulating surfaces are subjected to high friction and increased
wear causing a painful inflammation of the joint. This can result in serious restraints of move-
ment, especially in walking and standing, which further augment degenerative processes of the
joint. Degenerative joint disease is highly prevalent in the western world, with this disease be-
ing one of the leading causes for chronic disability in Europe and the US.
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[0006] Patients with osteoarthritis require a regular long term treatment by which
lubricating fluid is introduced into the affected joint, which, on the one hand, restores the
physiological functionality of the damaged joint as far as possible and, on the other hand,

involves as little extra stress as possible - both physical and psychological - for the patient.

[0007] A known standard therapy is periodical extracorporeal injection of synthetic
lubricating fluid into the joint space by a syringe in order to substitute the absent
physiological lubricating fluid. In such conventional treatment it is inconvenient for the
patient to deliver the lubricating fluid at regular time intervals through the skin and the joint
capsule into the joint by way of a syringe. Also, this may cause injuries to the skin and the
joint capsule, which increases the risk of severe infections of the delicate joint tissues.

Therefore, an injection may not be performed more often than every half a year.

[0008] However, many patients need a replenishment of lubricating fluid more often,

i.e. a continuous replenishment of small amounts of lubricating fluid.

[0009] Itis an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.

Summary

[0010] In a first aspect the invention provides an implantable lubrication device for
lubricating a joint of a human or mammal patient by adding a lubricating fluid, the
implantable lubrication device comprising:

an added lubrication fluid for replacing or complementing a synovial fluid of a
joint,

an implantable refillable reservoir adapted to store the lubricating fluid, and

an implantable refill injection port connected to said implantable refillable
reservoir for refilling said implantable refillable reservoir with said lubricating fluid,
an implantable infusion needle in fluid connection with said implantable
refillable reservoir
wherein said implantable infusion needle is arranged for longitudinal
displacement and has a tip end having a fluid delivery exit port, and
an implantable drive unit coupled to the implantable infusion needle and
configured to advance and retract the tip end of the implantable infusion needle for

injecting said lubricating fluid into an area of said joint.
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[0011]  Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “includ-

ing, but not limited to”.

[0012]  Advantageously, the invention provides an improved technique for lubricating a
damaged or worn out joint of a human or mammal patient that, on the one hand, sufficiently

lubricates the joint and, on the other hand, has a minimal infection risk.

[0013] Preferably, the implantable lubrication device at least comprises, firstly, a reservoir
that stores a lubricating fluid and, secondly, a fluid connection that introduces the stored lubri-
cating fluid into the damaged joint when the lubrication device is implanted in a patient’s body.
The lubricating device can be completely implanted into the patient’s body such that a dam-
aged joint can post-operatively be appropriately lubricated from within the patient’s body. This
significantly reduces the infection risk for the patient and permits a post-operative supply of
lubricating fluid to the damaged joint, continuously, intermittently, periodically or as required,
e.g. depending on a fluid level within the joint.

[0014]  Animplanted lubrication system according to the present invention preferably com-
prises the implanted lubrication device and a lubricating fluid stored in its reservoir which is in-
troduced into the joint by means of its fluid connection.

[0015]  Further compulsory or optional components of the implantable lubrication device,
such as a reservoir, a pump or motor, an energy source, a control unit, may also be fully im-
plemented within a patient’s body. Such components may belong to the implantable infusion
device or form an integral part of the implantable lubrication system separate from the actual
implantable infusion device. Since the implantable lubrication device is entirely implantable in
the patient’s body, i.e. the implanted lubrication system provides both a functionality for storing
and a functionality for transporting lubricating fluid within the patient’s body, the complete flow
path of the lubricating fluid for lubricating the joint lies within the patient’s body. Hence, there is

no longer a need for extracorporeal injections into the joint.

[0016]  The fluid connection comprises a fluid connection device that connects the reservoir
of the implantable infusion device to the joint, thus establishing a flow path for the lubricating
fluid from the reservoir into the joint. The fluid connection device is also fully implantable and
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preferably consists of a flexible tube or the like that is suitable for post-operatively transporting
the lubricating fluid stored in the reservoir to the joint.

[0017]  Further, the fluid connection preferably comprises an infusion member connected to
the fluid connection device. The infusion member may be introduced into the patient’s body in
close relation to or inside the joint during a surgery, such that, post-operatively, the lubricating
fluid can be introduced into the joint. It may be arranged to intermittently inject lubricating fluid
into the joint, e.g. periodically or if the fluid level falls below a predetermined threshold, e.g.
upon actuation by a drive mechanism and dependent on sensor data. Alternatively and pref-
erably, the infusion member may also be arranged to continuously inject lubricating fluid into
the joint, e.g. a predetermined amount of lubricating fluid per time unit, e.g. one drop per hour
or the like.

[0018]  Anintermittent or periodical injection may be achieved e.g. by an infusion needle that
is placed in close relation to the joint during a surgery such that post-operatively it may be in-
termittently advanced into the joint in the right position and retracted thereafter by a drive
mechanism, thereby allowing intermittent lubrication of the joint through a tip end of the infu-
sion needle. The drive mechanism is configured for advancing and retracting the tip end of the
infusion needle into and out of the joint. While the drive mechanism may be separate from the
infusion needle and/or the fluid connection device, it is nevertheless arranged as an integral
part of the implantable lubrication device such that it is entirely implanted into the patient’s
body.

[0019]  Alternatively, the infusion member may comprise an infusion tube that is perma-
nently placed in the joint in order to continuously introduce lubricating fluid into the joint. In this
case a separate drive mechanism for advancing/retracting an infusion needle is not needed,
since the infusion tube may be of a reasonably soft material that does not, or not appreciably,
disturb the normal operation of the joint. Therefore, the infusion tube may lie within the joint on
a permanent basis, such that lubricating fluid may be continuously inserted into the joint space.

[0020] Preferably, the reservoir of the implantable lubrication device comprises a reservoir
coupled to the fluid connection device for storing the lubricating fluid. Typically the lubricating
liquid is contained in the reservoir. The reservoir may be arranged as a separate part of the
implantable lubrication device, which has to be separately implanted in the patient’s body. In
order to establish a proper fluid flow of lubricating fluid into the joint, the reservoir may be
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adapted to change its volume for creating an adequate pressure within the fluid connection de-
vice and the infusion member to transport the lubricating fluid into the joint.

[0021]  Therefore, at least a portion of a periphery of the reservoir may comprise a flexible
outer wall for changing the volume of the reservoir by deformation of the flexible material as
the lubricating fluid is filled into or drawn out of the reservoir and for causing a fluid flow from
the reservoir to the joint through the fluid connection device.

[0022] Thus, the reservoir may be of balloon type. The flexible material may comprise a
polymer membrane. A bellows construction is preferable having pre-bent creases to reduce
long term degradation. Drawing liquid from the reservoir into the fluid connection device and to
the joint may cause a pressure decrease in at least part of the reservoir so that a negative
pressure is attained as compared to the pressure in front of the infusion needle or the infusion
tube at the joint end of the fluid connection device. For instance, the reservoir may comprise a
gas chamber and a liquid chamber, said chambers being separated by a membrane, e. g. the
polymer membrane, and act as a spring for changing the volume of the reservoir, such that the
pressure in the gas chamber will decrease when lubricating liquid is drawn from the liquid
chamber into the fluid connection device.

[0023] The reservoir may also have a refill injection port for refilling lubricating liquid from
outside the human body into the implanted reservoir. The reservoir implanted in the patient’s
body along with the fluid connecting device may thus be kept small since the reservoir can be
refilled easily at appropriate time intervals. Preferably, the injection port comprises a self-
sealing material in respect of penetrations caused by a replenishing syringe that would be typi-
cally used to refill the reservoir through the patient’s skin. It is preferable to implant the reser-
voir of the lubrication device, or at least the self-sealing injection port of the reservoir, subcuta-

neously in the patient’s body so that it is easily accessible for refill by means of the syringe.

[0024]  While the reservoir may be compressed manually in order to introduce lubricating
fluid through the fluid connection device and the infusion needle or infusion tube into the pa-
tient’s joint, it is preferred to connect a pump to said fluid connection device and couple it be-
tween the reservoir and the infusion member for pumping the lubricating fluid from the reser-
voir into the joint. By means of the pump, it is easy to measure out an exact dose of the lubri-
cating fluid and thereby supply an appropriate amount of lubricating fluid into the joint in a con-

tinuous or intermittent way.
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[0025] The implantable pump preferably comprises a valve device having a first and a sec-
ond valve member, each of the said first and second valve members having a smooth surface
facing each other so as to form a sealing contact between the first and second valve members
and further having different liquid channels that can be brought into alignment by displacement
of the two smooth surfaces relative to one another while maintaining the sealing contact. This
type of pump is described in great detail in WO 2004/012806 A1. The first and second valve
members are preferably made from a ceramic material for its excellent sealing capabilities over
a long period of time and its inertness to many substances. The pump may be a membrane
type pump, as also described in WO 2004/012806 A1, but is not restricted to this type of pump.
The membrane type pump may comprise a membrane displaceable by a piston as the piston
moves, the piston being coupled to the valve device so as to slidably displace the first and

second valve members relative to one another as the piston moves.

[0026] Preferably, manual actuation of either the pump or the drive mechanism simultane-
ously causes actuation of the other, i.e. the drive mechanism or the pump. For instance, the
pressure built up by the pump may cause the drive mechanism to advance the infusion needle
and when the infusion liquid has been delivered through the tip end of the needle into the pa-
tient’s body, the pressure relief in the pump will allow a return spring or other resilient means to

retract the infusion needle.

[0027] The implanted pump may be actuated by mechanical remote control, by a pressure
sensitive switch arranged so as to be manually operable when implanted subcutaneously in
the patient’s body, or by a sensor mechanism that measures the fluid level in the joint and ac-
tuates the pump (and the drive mechanism for advancement and/or retraction of the infusion
needle) and actuates the pump if the measured fluid level falls below a predetermined thresh-
old. Preferably, actuation of either the pump or the drive mechanism simultaneously causes
actuation of the other, i.e. the drive mechanism or the pump. For instance, the pressure built
up by the pump may cause the drive mechanism to advance the infusion needle and when the
lubricating liquid has been delivered through the tip end of the infusion needle into the patient’s
body, the pressure relief in the pump will allow a return spring or other resilient means to re-
tract the infusion needle.

[0028]  For actuating the pump and, if utilized, a drive mechanism for advancing and/or re-
tracting an infusion needle into/out of the joint, and for directly or indirectly causing a lubricat-
ing fluid flow into the joint within said lubrication device, at least one motor may be provided.

The motor may be arranged e.g. for electrically, magnetically or electromagnetically actuating
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the pump and/or drive mechanism or for hydraulically actuating the pump and/or drive mecha-
nism. Preferably, the motor is arranged for actuating either the pump or the drive mechanism,
thereby causing simultaneous actuation of the other, i.e. the drive mechanism or the pump. A
motor may also be provided for actuation of any other energy consuming part of the infusion
device.

[0029] The term “motor” in the sense of the present invention includes anything that em-
ploys energy other than manual power and either automatically transforms such energy into
kinetic or hydraulic or another type of energy or directly uses such energy to activate the
pump, drive mechanism and/or other parts of the implanted lubricating device. As such, it is
possible that part of the drive mechanism also forms a part of the motor, e.g. in the case of an
electromagnetically actuated drive mechanism.

[0030] The motor forms part of the lubricating device and is implanted within the patient’s
body either separate from the body of the lubricating device for remote implantation within the
patient’s body or contained in the body of the lubrication device. Coupling elements may be
provided either for conductive or for wireless energy transfer from outside the device to the
motor. For instance, the motor may be arranged for being wirelessly driven by an external
electromagnetic field. It is also possible to use an external energy source for use outside the
patient’s body, such as a primary energy source or a battery, in particular a rechargeable bat-
tery, that is mounted on the patient’s skin to provide energy to the pump and/or drive mecha-
nism and/or any other energy consuming part of the lubrication device. The energy source may
in particular be connected to the at least one motor for actuating these components. An exter-
nal energy source for wireless energy transfer may be adapted to create an external field, such
as an electromagnetic field, magnetic field or electric field, or create a wave signal, such as an

electromagnetic wave or sound wave signal.

[0031]  Where the energy is wirelessly transferred to the implanted lubrication device, a
transforming device for transforming the wirelessly transferred energy into electric energy may
be provided. Such transforming device is preferably adapted to be placed directly under the
patient’s skin so as to minimize the distance and the amount of tissue between the transform-

ing device and the energy supply means outside the patient’s body.

[0032] An energy transmission device for wireless energy transfer from the energy source
and/or energy storage means to the transforming device may be adapted to generate an elec-
tromagnetic field. Alternatively or in addition, the energy transmission device for wireless en-
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ergy transfer may be adapted to generate a magnetic field. Also, the energy transmission de-
vice for wireless energy transfer may be adapted to generate an electric field. The wireless en-
ergy may also be transmitted by the energy transmission device by at least one wave signal.
Such signal may comprise an electromagnetic wave signal, including at least one of an infra-
red light signal, a visible light signal, an ultraviolet light signal, a laser signal, a microwave sig-
nal, a radio wave signal, an X-ray radiation signal and a y-radiation signal. Also, the wave sig-
nal may comprise a sound or ultrasound wave signal. Furthermore, the wireless energy may

be transmitted as a digital or analog signal or a combination thereof.

[0033] Instead of or in addition to an external energy source, the implantable lubrication de-
vice may itself be provided with an energy source. Such energy source may be part of or may
be contained within the body of the lubricating device. However, it may also be provided sepa-
rate from the body of the lubricating device for remote implantation within the patient’s body.

[0034] Such implantable energy source preferably comprises energy storage means, such
as a long-life battery or, more preferably, an accumulator. The accumulator has the advantage
of being rechargeable. Preferably, the accumulator comprises a rechargeable battery and/or a
capacitor.

[0035] Again, coupling elements for conductive or wireless energy transfer from a primary
energy source outside the device to the accumulator may be provided for charging the accu-
mulator from outside the patient’s body when the device is implanted in the patient’s body.
Similarly, the accumulator may comprise coupling elements for conductive and/or wireless en-

ergy supply to the at least one motor of the infusion device.

[0036] While the at least one motor may be provided with actuating means for manual acti-
vation of the motor, it is preferred to also provide a control unit for controlling the at least one
motor. The control unit may also be used to control the pump, drive mechanism and/or any
other energy consuming part of the implanted lubricating device and, where the device in-
cludes an internal or external energy source, may even be used to control such energy source.
The control unit may be adjusted to the patient’s individual needs, such that the appropriate
amount of medicine will be administered at appropriate time intervals. Automatic administration

will substantially relieve the patient.

[0037] Preferably, the control unit has a data transfer port for data transfer between an ex-

ternal data processing device outside the patient’s body and the control unit implanted in the
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patient’s body, regardless of whether the control unit is contained in the body of the lubrication
device or whether it is implanted within the patient’s body remote from the body of the lubricat-
ing device. Said data transfer port allows for supervising the control unit to adapt the infusion
device to changing needs of the patient. Preferably, the data transfer port is a wireless transfer
port for the data transfer, so as to provide easy data exchange between the control unit and
the data processing device, e. g. during a visit at the doctor’s. Most preferably, the control unit

is programmable to further increase its adaptation flexibility.

[0038] The control unit — with or without the data transfer port — may also be provided extra-
corporeally, e. g. mounted on the patient’s skin. An external control unit has the advantage of
being easily accessible in case of any failure. It is preferably adapted for wireless remote con-
trol of the at least one motor implanted with the infusion device.

[0039] A control signal transmission device may be provided for wireless transmission of an
extracorporeal control signal to an implanted motor. Similarly, a data transmission interface for
wirelessly transmitting data from outside the patient’s body to a control unit implanted inside
the patient’'s body may be provided. Again, the wireless control signal and/or data transmission
may comprise one of the aforementioned wave signals, being digital or analog or a combina-
tion thereof. More preferably, the control signal may be transmitted in the same manner as the
energy is transmitted to the motor. For instance, the control signal may be transmitted by
modulation of the energy signal, the energy signal thereby serving as a carrier wave signal for
the digital or analog control signal. More particularly, the control signal may be a frequency,
phase and/or amplitude modulated signal.

[0040] Apart from or as a part of the control unit, feedback may be provided on parameters
relevant for the treatment of the patient. Such parameters may be either physical parameters
of the patient and/or process parameters of the device. For that purpose, at least one feedback
sensor is provided for detecting such parameters. For instance, the feedback sensor may de-
tect the level of lubricating fluid within the joint or other parameters relating to the condition of
the joint and its lubrication. The feedback sensors may be connected to the control unit and the
control unit may comprise a control program for controlling delivery of lubricating fluid to the
joint in response to one or more signals of the feedback sensors. In addition or alternatively,
feedback data may be transferred from the control unit to the external data processing device.

Such feedback data may be useful for the doctor’s diagnosis.
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[0041]  Preferably, the fluid connection device consists of two fluid connection portions each
being connected to the reservoir and having an infusion member at its open end to be inserted
into the joint space. The two fluid connection portions may be arranged within the patient’s
body such that, post-operatively, they form a circular flow path for the lubricating fluid via the
joint, i.e. from the pump and/or reservoir to the joint (via a first fluid connection portion) and
back to the pump and/or reservoir (via a second fluid connection portion). Under the pressure
created by a pump or a flexible outer wall of a reservoir the lubricating fluid may circulate in-
termittently or continuously through the circular flow path, the second fluid connection portion
picking up the lubricating fluid in the joint space that has been inserted thereinto via the first

fluid connection portion.

[0042] Since due to the circular flow path the lubricating fluid is at least partly re-used after
passing the joint, the fluid is soiled in the course of time by impurities or other foreign particles
which may reduce the quality and desired effects of the lubricating fluid. The circular fluid con-
nection device of the implantable lubrication device, therefore, may also comprise a filtering
device having a filter connected into the circular flow path to remove impure particles from the
soiled circulating lubricating fluid. Preferably, the filtering device is adapted to regularly clean
the filter and to remove the particles filtered out of the lubricating fluid. These removed impuri-
ties or foreign particles may then be deposited into a sealed deposition space or may be given

back to the patient’s body, e.g. to the surrounding tissue or into a blood vessel or the like.

[0043] The lubricating device may be implanted in the patient’s body at various locations,
preferably as near as possible to the damaged joint to be lubricated. For instance, implantation
of the lubrication device — or a part thereof — in the thigh for lubricating the femur ball or knee
joint is possible. When the lubricating device or, e.g., its reservoir is relatively voluminous, it
may be preferable to implant the lubricating device with a completely filled reservoir as it might
be difficult to refill the reservoir in the abdomen. However, a subcutaneously positioned refill
injection port connected via a tube to the reservoir may be suitable in this case. Alternatively,
the lubrication device may also be implanted subcutaneously. Subcutaneous implantation in-
creases the possibilities of wireless energy and/or data transfer to/from the lubricating device,
if desired. Also, refilling the reservoir through a refill injection port by means of a replenishing
needle penetrating through the patient’s skin is substantially facilitated when the lubricating
device is implanted subcutaneously. Depending on the individual treatment, it may be advan-
tageous to implant the lubricating device within fat tissue or intramuscularly or adjacent a joint
so that the lubricating fluid can be injected into the particular joint.
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[0044] Apart from the lubrication device with its various components
described above, an implanted lubrication system according to the present
invention comprises an appropriate lubricating fluid that is adapted to be stored in
the reservoir and to be introduced into the joint by the implanted fluid connection.
Preferably, the lubricating fluid is resorbable and bio-compatible in order to ensure
resorption of and biological and chemical interaction with the synthetic lubricating
fluid by the patient's body in the same way as with a physiological lubricating fluid.
Preferably, the lubricating fluid is a hyaluronic acid or the like.

[00443a] In an aspect of the present invention, there is provided an implantable

medical device, for implantation in a mammal knee joint, comprising:

an artificial contacting surface adapted to replace at least one contacting surface

of a joint and to be lubricated when implanted in said joint;
a reservoir comprising a movable wall portion defining the volume of the reservoir;
at least one inlet adapted to receive a lubricating fluid from the reservoir;

at least one channel at least partly integrated in said artificial contacting surface,
wherein the channel is fluidly connected with said at least one inlet for distributing

said lubricating fluid to the surface of said artificial contacting surface;

an operation device adapted to non-invasively transport said lubricating fluid from

said reservoir to said artificial contacting surface; and

an implantable injection port for refilling said reservoir, wherein the movable wall
portion is moved when the reservoir is refilled, such that the volume of the

reservoir is increased.

[0045] In one embodiment the implantable medical device is adapted to
lubricate at least one artificial contacting surface carrying weight in a joint, when

implanted in said human or mammal body, said artificial contacting surface
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replacing at least the surface of at least one of a mammal's joint at least two
contacting surfaces, said medical device further comprising, at least one outlet

adapted to receive lubricating fluid from said a reservoir, and wherein

[0046] said medical device is adapted to be operable by an artificial
operation device to distribute lubricated fluid from said reservoir and transport it to

said at least one artificial con-tacting surface.

[0047] The implantable medical device may have said reservoir and the
joint spaced apart, comprising a conduit for fluid connection between said

reservoir and the joint.

[0048] The implantable medical device may have the reservoir adapted to
be placed subcutaneous ly or in a cavity in the body in a region of the patient

selected from a group of regions consisting of:

a. the abdominal region,
b. the inguinal region,

c. the pelvic region, and
d. the thigh region.

[0049] The implantable medical device may thus be placed in the abdomen.

[0050] The refill injection port may be adapted to be implanted

subcutaneously or in connection with bone.
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[0051] The implantable medical device may be adapted to lubricate one artificial contacting
surface and an opposite contacting surface of the hip or knee joint of a human or mammal pa-
tient.

[0052] The knee joint having a medial and lateral contacting weight carrying surface,
wherein said implantable medical device may be adapted to lubricate said artificial contacting
surface on the medial side of the knee joint of a human or mammal patient.

[0053] The knee joint having a medial and lateral contacting weight carrying surface,
wherein said implantable medical device may be adapted to lubricate said artificial contacting
surface of the lateral side on the knee joint of a human or mammal patient.

[0054] A mammal joint having at least two contacting surfaces. The medical device is
adapted to lubricate at least one artificial contacting surface which has replaced at least the
surface of at least one of the mammal’s joint contacting surfaces in said joint. Furthermore the
medical device comprises at least one inlet adapted to receive a lubricating fluid from a reser-

Voir.

[0055] Normally at least one channel is at least partly integrated in the artificial contacting
surface in connection with the at least one inlet for distributing the lubricating fluid to the sur-
face of the artificial contacting surface. The medical device could be adapted to be operable by
an operation device to distribute lubricated fluid from a reservoir. The possibility to inject a lu-
bricating fluid intermittently or when needed reduces the friction in the joint and enables an op-
timal level of lubrication in the joint.

[0056]  According to one preferred embodiment of the implantable medical device, it could
be adapted to distribute the lubricating fluid to the surface of the artificial contacting surface on
two or more portions of the artificial contacting surface for lubricating the artificial contacting
surface. The distribution in more than one portion could enable a more even distribution of the
lubricating fluid.

[0057]  According to another preferred embodiment the medical device the reservoir
adapted to hold the lubricating fluid could be an implantable reservoir placed in a cavity of the
body, subcutaneously or in connection with bone.
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[0058] The implantable medical device could further comprise an operation device adapted
to transport a lubricating fluid from said reservoir to the artificial contacting surface for lubricat-
ing the artificial contacting surface.

[0059] According to one preferred embodiment a reservoir could be adapted to hold the lu-
bricating fluid and the operation device according to any of the embodiments herein could be
adapted to transport the lubricating fluid from the reservoir to the artificial contacting surface for
lubricating the artificial contacting surface. The operation device could be powered and could
comprise a pump adapted to pump fluid from the reservoir to the artificial contacting surface for
lubricating the artificial contacting surface.

[0060] The operation device, according to any of the embodiments herein could comprise a
reservoir, pre-loaded with pressurized lubrication fluid.

[0061]  According to another preferred embodiment, the implantable medical device could
further comprise an implantable injection port adapted to allow, by injection into the injection
port, to pre-load the reservoir with pressurized lubricating fluid.

[0062] The implantable medical device could, according to one preferred embodiment, fur-
ther comprise a valve adapted to close the connection between the reservoir and the artificial
contacting surface. The reservoir could be adapted to be placed in a unit separate from the
artificial contacting surface and adapted to be connected to the artificial contacting surface with
a conduit. The reservoir could comprise a moveable wall portion adapted to move and change
the volume of the reservoir, the wall portion could be a powered wall portion which could com-

prise a motor.

[0063] According to another preferred embodiment, the implantable medical device could
comprise at least one outlet and at least one further channel at least partly integrated in the
artificial contacting surface. The medical device could be adapted to allow circulation of a lubri-
cating fluid; out from the artificial contacting surface through the outlet and in to the artificial
contacting surface through the inlet. The circling of the fluid could be performed by means of
an operation device adapted to circulate the lubricating fluid. The circling system could com-
prise a reservoir adapted to add fluid to the circulating lubricating fluid, and/or a filter to clean
the circulating lubricating fluid.
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[0064] The operation device according to any of the embodiments could be adapted to in-
termittently transport a lubricating fluid to the artificial contacting surface.

[0065] The implantable medical device could according to one embodiment comprise a
sensor adapted to sense a physical parameter inside the joint, or a pressure or volume of the
lubricating fluid, or a functional parameter of the operation device to control the operation de-
vice to adjust the flow of lubricating fluid to the artificial contacting surface.

[0066] The reservoir according to any of the preferred embodiments could be connected to
the artificial contacting surface through a conduit. The inlet could comprise a connection part,
for connecting the conduit to any part of the medical device. The conduit, according to any of
the embodiments could comprise a plurality of portions, which could be adapted to be con-
nected to each other through an inter-connecting part. A first portion of the conduit could be in
connection with the medical device, and the second portion of the conduit could be in connec-
tion with the reservoir. The conduit could according to one embodiment be adapted to pass
through a bone of the body for long-term keeping a passage way open through the bone, al-
lowing the lubricating fluid to reach the artificial contacting surface. According to another em-
bodiment the conduit is adapted to pass through a joint capsule of the body for long-term keep-
ing a passage way open through the joint capsule, allowing the lubricating fluid to reach the
artificial contacting surface and according to yet another embodiment the conduit is adapted to
pass through the pelvic bone from the opposite said of the acetabulum and into the hip joint.

[0067] The implantable medical device could be adapted to lubricate a hip joint of a patient,
in which case the artificial contacting surface of the medical device could be adapted to at least
partly replace a contacting surface of the Acetabulum, and/or the Caput femur.

[0068] The implantable medical device could according to one embodiment lubricate a sec-
ond artificial contacting surface. According to one embodiment the first artificial contacting sur-
face comprises a convex shape towards a centre of the hip joint and the second artificial con-
tacting surface comprises a concave shape towards the centre of the hip joint. The first artifi-
cial contacting surface is according to this opposite embodiment adapted to be fixated to the
pelvic bone of the human patient, and the second artificial contacting surface is adapted to be
fixated to the femoral bone of the human patient. The artificial contacting surface could be
adapted to be introduced into the hip joint through a hole in the pelvic bone, from the abdomi-
nal side of the pelvic bone, an operational method which allows the hip joint capsule to be kept
intact.
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[0069] The reservoir could according to one embodiment be adapted to be placed inside, or
at least partly inside of a bone of the patient, the bone could for example be the femoral bone,
the pelvic bone or the collum femur of the patient.

[0070] According to another preferred embodiment, the reservoir could be adapted to be
placed subcutaneously or in a cavity in the body, which could be a cavity in a region selected
from a group of regions consisting of: the abdominal region, the inguinal region, the pelvic re-
gion, and the thigh region.

[0071] The implantable medical device could according to one embodiment comprise an
injection port for filling of the reservoir. The injection port could comprise a self sealing mem-
brane, which for example could be a Parylene coated silicone membrane. The injection port
could be adapted to be implanted subcutaneously, in connection with bone or in a cavity of the
body.

[0072]  The reservoir could be adapted to place the lubrication fluid under pressure. For
achieving the pressure the reservoir could be adapted to be spring loaded, comprise a cham-
ber adapted to hold a compressed gas or comprise an elastic wall adapted to create the pres-
sure. According to one embodiment the reservoir comprises a Parylene coated silicone elastic

wall.

[0073]  According to another preferred embodiment, the implantable medical device is
adapted to lubricate a knee joint of a patient. The artificial contacting surface to be lubricated
could according to one embodiment be adapted to at least partly replace a contacting surface
of the femoral bone, which could be a contacting surface of the Tibia bone and/or the femoral
bone.

[0074]  According to one preferred embodiment the medical device is adapted to lubricate at
least one of the medial or lateral part of the contacting surface of tibia of the knee joint and ac-
cording to another embodiment the implantable medical device is adapted to lubricate at least
one of the medial or lateral part of the contacting surface of the femoral bone of the knee joint.
In yet another embodiment the medical device is adapted to lubricate both the contacting sur-
face of the femoral bone of the knee joint and the contacting surface of the tibia bone of the
knee joint.
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[0075]  According to one embodiment the reservoir according to any of the embodiments is
adapted to be refilled from outside of the human body, the refilling could be performed through
an implantable injection port.

[0076]  According to one preferred embodiment, the reservoir is adapted to hold a pressure,
which is possible to increase through injection of a lubricating fluid through the injection port.

[0077] The implantable medical device according to any of the preferred embodiments
could be adapted to be a part of a system, which further could comprise at least one switch
implantable in the patient for manually and non-invasively controlling the implantable medical
device. The energized system enables an operation device to operate the lubrication per-
formed by the medical device.

[0078] The system could according to one embodiment further comprise a hydraulic device
having an implantable hydraulic reservoir, which could be hydraulically connected to the im-
plantable medical device. The implantable medical device could be adapted to be non-
invasively regulated by manually pressing the hydraulic reservoir.

[0079]  According to another preferred embodiment, the system could further comprise a
wireless remote control for non-invasively controlling the implantable medical device. The wire-
less remote control could comprise at least one external signal transmitter and/or receiver, fur-
ther comprising an internal signal receiver and/or transmitter implantable in the patient for re-
ceiving signals transmitted by the external signal transmitter or transmitting signals to the ex-
ternal signal receiver. The wireless remote control could further be adapted to transmit at least
one wireless control signal for controlling the implantable medical device. The wireless control
signal could comprise a frequency, amplitude, or phase modulated signal or a combination
thereof. The wireless remote control could further be adapted to transmit an electromagnetic

carrier wave signal for carrying the control signal.

[0080] According to another preferred embodiment the system could comprise a wireless
energy-transmission device for non-invasively energizing the implantable energy consuming
components of the implantable medical device with wireless energy. The wireless energy could
comprise a wave signal, selected from the following: a sound wave signal, an ultrasound wave
signal, an electromagnetic wave signal, an infrared light signal, a visible light signal, an ultra
violet light signal, a laser light signal, a micro wave signal, a radio wave signal, an x-ray radia-
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tion signal, gamma radiation signal, an electric field, a magnetic field, a combined electric and
magnetic field.

[0081] A control signal in the system could comprise an electric field, a magnetic field, a
combined electric and magnetic field. The signal could comprise an analogue signal, a digital
signal, or a combination of an analogue and digital signal. For powering the energy consuming
components of the implantable medical device, the implantable system could comprise an im-
plantable internal energy source. According to another embodiment the system comprises an
external energy source for transferring energy in a wireless mode, wherein the internal energy

source is chargeable by the energy transferred in the wireless mode.

[0082]  According to a further preferred embodiment the system could further comprise a
sensor or a measuring device sensing or measuring a functional parameter correlated to the
transfer of energy for charging the internal energy source, and a feedback device for sending
feedback information from inside the patient’s body to the outside thereof, the feedback infor-
mation could be related to the functional parameter sensed by the sensor or measured by the

measuring device.

[0083] According to yet another preferred embodiment, the system could further comprise a
feedback device for sending feedback information from inside the patient’s body to the outside
thereof, the feedback information being related to at least one of a physical parameter of the
patient and a functional parameter related to the implantable medical device.

[0084] The system could according to one preferred embodiment further comprise a sensor
and/or a measuring device and an implantable internal control unit for controlling the implant-
able medical device in response to information being related to at least one of a physical pa-
rameter of the patient sensed by the sensor or measured by the measuring device and a func-
tional parameter related to the implantable medical device sensed by the sensor or measured
by the measuring device. The physical parameter could according to one embodiment be a

pressure or a motility movement.

[0085] The system could according to one preferred embodiment comprise an external data
communicator and an implantable internal data communicator communicating with the external
data communicator, the internal communicator feeds data related to the implantable medical
device or the patient to the external data communicator and/or the external data communicator
feeds data to the internal data communicator.
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[0086] The system according to any of the preferred embodiments herein, could further
comprise a motor or a pump for operating the implantable medical device, or a hydraulic op-
eration device for operating the implantable medical device. The operation device could com-
prise a servo designed to decrease the force needed for the operation device to operate the
implantable medical device instead the operation device acting a longer way, increasing the

time for a determined action.

[0087]  According to one preferred embodiment the system could further comprise an opera-
tion device for operating the implantable medical device. The wireless energy could be used in
its wireless state to directly power the operation device to create kinetic energy for the opera-
tion of the implantable medical device, as the wireless energy is being transmitted by the en-
ergy-transmission device. The system could also comprise an energy-transforming device for
transforming the wireless energy transmitted by the energy-transmission device from a first

form into a second form energy.

[0088] The energy-transforming device could be adapted to directly power implantable en-
ergy consuming components of the implantable medical device with the second form energy,
as the energy-transforming device transforms the first form energy transmitted by the energy-
transmission device into the second form energy. The second form energy could comprise at
least one of a direct current, pulsating direct current and an alternating current. The energy of
the first or second form could comprise at least one of magnetic energy, kinetic energy, sound
energy, chemical energy, radiant energy, electromagnetic energy, photo energy, nuclear en-
ergy thermal energy, non-magnetic energy, non-kinetic energy, non-chemical energy, non-

sonic energy, non-nuclear energy and non-thermal energy.

[0089] For protecting the system or the parts of the system, the system could further com-
prise an implantable electrical component including at least one voltage level guard and/or at
least one constant current guard. A control device could be arranged to control the transmis-
sion of wireless energy from the energy-transmission device, and an implantable internal en-
ergy receiver for receiving the transmitted wireless energy, the internal energy receiver could
be connected to implantable energy consuming components of the implantable medical device
for directly or indirectly supplying received energy thereto, the system could further comprise a
determination device adapted to determine an energy balance between the energy received by
the internal energy receiver and the energy used for the implantable energy consuming com-
ponents of the implantable medical device, the control device could be adapted to control the
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transmission of wireless energy from the external energy-transmission device, based on the

energy balance determined by the determination device.

[0090] The determination device could be adapted to detect a change in the energy bal-
ance, the control device could be adapted to control the transmission of wireless energy based
on the detected energy balance change. The determination device could in turn be adapted to
detect a difference between energy received by the internal energy receiver and energy used
for the implantable energy consuming components of the implantable medical device, and the
control device could be adapted to control the transmission of wireless energy based on the
detected energy difference.

[0091] The energy-transmission device could comprise a coil placed externally to the hu-
man body, which in turn could further comprise an implantable energy receiver to be placed
internally in the human body and an electric circuit connected to power the external coil with
electrical pulses to transmit the wireless energy, the electrical pulses having leading and trail-
ing edges, the electric circuit adapted to vary first time intervals between successive leading
and trailing edges and/or second time intervals between successive trailing and leading edges
of the electrical pulses to vary the power of the transmitted wireless energy, the energy re-
ceiver receiving the transmitted wireless energy having a varied power. The electric circuit
could be adapted to deliver the electrical pulses to remain unchanged except varying the first

and/or second time intervals.

[0092] The system could according to one preferred embodiment have an electric circuit
having a time constant which is adapted to vary the first and second time intervals only in the
range of the first time constant, so that when the lengths of the first and/or second time inter-
vals are varied, the transmitted power over the coil is varied.

[0093] Preferably the implantable internal energy receiver for receiving wireless energy
could comprise an internal first coil and a first electronic circuit connected to the first coil, and
an external energy transmitter for transmitting wireless energy, the energy transmitter having
an external second coil and a second electronic circuit connected to the second coil, wherein
the external second coil of the energy transmitter transmits wireless energy which is received
by the first coil of the energy receiver, the system further comprising a power switch for switch-
ing the connection of the internal first coil to the first electronic circuit on and off, such that
feedback information related to the charging of the first coil is received by the external energy

transmitter in the form of an impedance variation in the load of the external second coil, when
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the power switch switches the connection of the internal first coil to the first electronic circuit on
and off.

[0094] The system could also comprise an implantable internal energy receiver for receiving
wireless energy, the energy receiver having an internal first coil and a first electronic circuit
connected to the first coil, and an external energy transmitter for transmitting wireless energy,
the energy transmitter having an external second coil and a second electronic circuit con-
nected to the second coil, wherein the external second coil of the energy transmitter transmits
wireless energy which is received by the first coil of the energy receiver, the system further
comprising a feedback device for communicating out the amount of energy received in the first
coil as a feedback information, and wherein the second electronic circuit includes a determina-
tion device for receiving the feedback information and for comparing the amount of transferred
energy by the second coil with the feedback information related to the amount of energy re-
ceived in the first coil to obtain the coupling factors between the first and second coils.

[0095] In the preferred embodiments in which the system comprises an external second
coil, the external second coil could be adapted to be moved in relation to the internal first coil
to establish the optimal placement of the second coil, in which the coupling factor is maxi-
mized. The external second coil could also be adapted to calibrate the amount of transferred
energy to achieve the feedback information in the determination device, before the coupling

factor is maximized.

[0096] According to a second preferred aspect, a method of implanting the medical device
according to any of the embodiments herein is further provided. The method comprises the
steps of: creating an opening reaching from outside of the human body into a joint, providing
the artificial contacting surface to the joint, fixating the artificial contacting surface to the joint,
implanting the reservoir in the human body, and lubricating the artificial contacting surface with

use of a lubricating fluid contained in the reservoir.

[0097] The step of lubricating the joint contacting surface or the artificial contacting surface
with use of a lubricating fluid contained in the reservoir could comprise implanting an operation
device adapted to transport the fluid from the reservoir to the artificial contacting surface. Ac-
cording to another embodiment the step of lubricating the artificial contacting surface with use
of a lubricating fluid contained in the reservoir comprises providing an energy source for pow-
ering the operation device.
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[0098] According to yet another embodiment the step of lubricating the joint contacting sur-
face or artificial contacting surface with use of a lubricating fluid contained in the reservoir
could comprise powering the operation device using the energy source.

[0099] The step of implanting a reservoir in the human body could, according to one em-
bodiment, comprise the step of implanting an operation device being integrated in the reser-
voir, allowing the step of lubricating the artificial contacting surface with use of a lubricating
fluid contained in the reservoir, using the operation device transporting the fluid from the reser-
voir to the artificial contacting surface.

[0100] Implanting the reservoir, according to any of the embodiments could comprise the
step of implanting the reservoir at least partially inside of a bone of the patient, which could be
the femoral bone of the patient, the tibia bone of the patient and/or the pelvic bone of the pa-
tient.

[0101]  The step of providing the artificial contacting surface could comprise the step of pro-
viding the artificial contacting surface from the abdominal side of the pelvic bone.

[0102] The step of implanting the reservoir in the human body could comprise the step of
implanting the reservoir subcutaneously. Placing the reservoir subcutaneously allows simple
access to the reservoir and eliminates the need for a long conduit between an injection port

and the reservoir.

[0103] The step of implanting the reservoir subcutaneously could comprise the step of im-
planting the reservoir in at least one of the regions of the patient selected from a group of re-
gions consisting of: the abdominal region, the inguinal region, the pelvic region, the thigh re-
gion, and the calf region.

[0104] A further step of implanting an injection port for filling of the reservoir could be per-
formed. The implantation of an injection port could comprise the step of implanting the injection

port in connection with bone.

[0105]  According to one preferred embodiment, the medical device comprises an artificial
contacting surface adapted to carry weight in a joint of a patient, the artificial contacting sur-
face could comprise at least one channel for transporting a lubricating fluid, the method com-
prises the steps of: implanting the medical device in a joint of the human patient, implanting a
conduit adapted to be connected to the medical device, implanting an operation device for
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transporting a lubricating fluid inside the conduit, implanting a reservoir adapted to hold a lubri-
cating fluid, and at least postoperatively transporting, by the operation device, the lubricating
fluid from the reservoir to the artificial contacting surface in the conduit and further through the
channel in the artificial contacting surface, thereby applying the lubricating fluid to the artificial

contacting surface.

[0106] Generally, the lubrication device may be implanted during a conventional surgery or
by endoscopic or laparoscopic methods. Further, one has to differentiate between methods for
implanting a lubrication device having an infusion needle for intermittent introduction of lubri-
cating fluid and methods for implanting a lubrication device having an infusion tube for contin-
uous introduction of lubricating fluid.

[0107]  Preferably in a method of treating a human or mammal joint, e.g. a human hip or
knee joint osteoarthritis, by providing a lubricating fluid to the joint by means of the implantable
lubrication device, a proper location including an area of the joint is dissected free in the pa-
tient’s body by surgery, which may especially include cutting the patient’s skin and dissecting a
suitable place for a reservoir to store the lubricating fluid. Then, the lubrication device is placed
at the dissected-free proper location in such a way that the fluid connection may post-
operatively introduce lubricating fluid into the joint. For this purpose, a hole is created in the
joint capsule at the dissected-free area of the joint and an infusion tube is introduced into the
hole such that an open end of the infusion tube is placed in continuous communication with the
joint in order to post-operatively inject lubricating fluid stored in the reservoir into the joint on a
continuous basis. That is, the infusion tube is inserted in the hole such that, firstly, the opening
end of the infusion tube is kept in permanent communication with the joint to be lubricated and,
secondly, the infusion tube is in contact with the fluid connection device and thus with the res-
ervoir. After placement of the lubrication device, the patient’s body is closed such that the lu-
brication device is entirely implanted in the patient’s body. This process may preferably be per-
formed in layers and by means of sutures or staples or adhesives or the like. Finally, after the
implantation process, the lubricating fluid is post-operatively introduced into the reservoir such
that by operation of the implanted lubrication device the joint is adequately lubricated.

[0108] Alternatively, if the fluid connection comprises an intermittently operating infusion
needle as the infusion member, the placement of the lubrication device at the dissected-free
proper location and the area of the joint is realized by placing the infusion needle in such a
close relation to the dissected area of the joint that a drive mechanism of the infusion needle
may introduce and retract the infusion needle intermittently into/out of the joint such that lubri-
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cating fluid stored in the reservoir is intermittently injected into the joint. That is, the infusion
needle is placed in close relation to the dissected-free area of the joint such that it may by in-
termittently introduced into the joint for lubricating the joint and retracted thereafter by an ap-

propriate drive mechanism connected to a drive mechanism or the like.

[0109]  Another preferred method of treating a human or mammal patient by means of the
implantable lubrication device utilizes endoscopic or laparoscopic techniques for creating an
area of the joint via which lubricating fluid may be injected into the joint by the infusion mem-
ber. This area of the joint is provided by, first, expanding a cavity in close relation to the joint by
inserting a needle-like or a tube-like instrument in the patient’s body and introducing a gas
through the needle/tube-like instrument to fill gas into the tissue and thereby expand the cavity
near the joint. Thereafter, at least two laparoscopic/endoscopic trocars are placed in the cavity
and a camera and at least one dissecting tool are inserted through the laparoscopic trocars.
The area of the joint is then dissected with the inserted dissecting tool. Also, a proper location
for the remaining components of the lubrication device is dissected free, e.g. the reservoir, a
pump or motor, or the like. The lubrication device is then placed at the proper location, where-
as the fluid connection with the infusion member is arranged at the laparoscopically dissected
area of the joint such that lubricating fluid is introduced into the joint. After placement of the
lubrication device, the patient’s body is closed with the effect that the lubrication device is en-
tirely implanted in the patient’s body. Thereafter, the lubricating fluid can be post-operatively
introduced into the reservoir such that said joint is adequately lubricated through the fluid con-

nection device and the infusion member.

[0110] Using the laparoscopic approach, again, a lubrication device having either an infu-
sion tube or an infusion needle may be implanted. In the former case, the reservoir is placed at
the proper location and a hole is created in the joint capsule at the laparoscopically dissected
area of the joint and the infusion tube is inserted into the hole such that that an open end of the
tube is placed in continuous communication with the joint and the stored lubricating fluid may
continuously be injected into the joint. In the latter case, after placing the reservoir at the prop-
er location, an infusion needle and a drive mechanism are placed in close relation to the
laparoscopically dissected area of the joint such that the drive mechanism may intermittently
introduce (and retract) the infusion needle into (and out of) the joint in order to allow the stored
lubricating fluid to be intermittently injected into the joint.

[0111]  Closing the patient’s body, or particularly the skin, may for instance include suturing,

taping and other suitable techniques. The lubrication device may be placed subcutaneously in
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the patient’s body or within fat tissue or intramuscularly. If appropriate, the lubrication device
may also be placed within or adjacent the patient’s gastro-intestinal or urinary tract. When it is
placed adjacent the tract, it may be secured to the gastro-intestinal or urinary tract by means of
a holder connected to the lubrication device. As a further alternative, the lubrication device
may be placed in the patient’s thorax or in the patient’s abdomen. For instance, a reservoir
may be placed in the abdomen or thorax cavity. Alternatively, the lubrication device or part
thereof, such as a reservoir, may be implanted by open surgery, in which case the thorax or
abdominal wall is opened for placing the lubrication device at the proper location within the pa-
tient’s thorax or abdomen and, afterwards, the skin and other layers of tissue are closed, such
as by suturing, being preferably sutured in layers. Replenishing of the reservoir preferably
comprises the step of injecting a volume of lubrication liquid through the injection port connect-
ed to and/or integrated in the periphery of the reservoir, e.g. a reservoir.

[0112]  Functional hip movements are to be understood as movements of the hip that at
least partly correspond to the natural movements of the hip. On some occasions the natural
movements of the hip joint might be somewhat limited or altered after hip joint surgery, which
makes the functional hip movements of a hip joint with artificial surfaces somewhat different
than the functional hip movements of a natural hip joint.

[0113]  The functional position of an implantable medical hip device or prosthesis is the posi-
tion in which the hip joint can perform functional hip movements. The final position is to be un-
derstood as a functional position in which the medical device needs no further position change.

[0114]  Functional knee movements are to be understood as movements of the knee that at
least partly correspond to the natural movements of the knee. On some occasions the natural
movements of the knee joint might be somewhat limited or altered after knee joint surgery,
which makes the functional knee movements of a knee joint with artificial surfaces somewhat

different than the functional knee movements of a natural knee joint.

[0115]  The functional position of an implantable medical knee device or prosthesis is the

position in which the knee joint can perform functional knee movements.

[0116] Functional knee joint is a knee joint that can perform functional knee movements ei-
ther with or without an implanted medical device or prosthesis.
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[0117]  Full functional size is to be understood as the size of the medical knee device when
said medical device is implanted in the knee joint.

[0118]  Arthroscopy is to be understood as key hole surgery performed in a joint, since the
arthroscopic procedure could be performed in the abdomen of the patient some of the steps of
this arthroscopic procedure is more laparoscopic, however for the purpose of this invention the
two terms arthroscopy and laparoscopy is used synonymously and for the purpose of this in-
vention the main purpose of these methods are is that they are minimally invasive.

[0119] The medical device according to any of the embodiments could comprise at least
one material selected from a group consisting of: polytetrafluoroethylene (PTFE), perfluoro-
alkoxy (PFA) and fluorinated ethylene propylene (FEP). It is furthermore conceivable that the
material comprises a metal alloy, such as cobalt-chromium-molybdenum or titanium or
stainless steel, or polyethylene, such as cross-linked polyethylene or gas sterilized polyethyl-
ene. The use of ceramic material is also conceivable, in the artificial contacting surfaces or the
entire medical device such as zirconium or zirconium dioxide ceramics or alumina ceramics.
The part of the medical device in contact with human bone for fixation of the medical device to
human bone could comprise a poorhouse structure which could be a porous micro or nano-
structure adapted to promote the growth-in of human bone in the medical device for fixating
the medical device. The porous structure could be achieved by applying a hydroxy-apatite
(HA) coating, or a rough open-pored titanium coating, which could be produced by air plasma
spraying, a combination comprising a rough open-pored titanium coating and a HA top layer is
also conceivable. The contacting parts could be made of a self lubricated material such as a
waxy polymer, such as PTFE, PFA, FEP, PE or UHMWPE, or a powder metallurgy material
which could be infused with a lubricant, which preferably is a biocompatible lubricant such as a
Hyaluronic acid derivate. It is also conceivable that the material of contacting parts or surfaces
of the medical device herein is adapted to be constantly or intermittently lubricated. According
to some embodiments the parts or portions of the medical device could comprise a combina-
tion of metal materials and/or carbon fibers and/or boron, a combination of metal and plastic
materials, a combination of metal and carbon based material, a combination of carbon and
plastic based material, a combination of flexible and stiff materials, a combination of elastic
and less elastic materials, Corian or acrylic polymers.

[0120] Please note that any embodiment or part of embodiment as well as any method or
part of method could be combined in any way. All examples herein should be seen as part of
the general description and therefore possible to combine in any way in general terms. Please
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note that the description in general should be seen as describing both of an apparatus and a
method.

[0121]  The various aforementioned features of the embodiments may be combined in any
way if such combination is not clearly contradictory. Embodiments will now be described in
more detail in reference to the accompanying drawings. Again, individual features of the vari-
ous embodiments may be combined or exchanged unless such combination or exchange is

clearly contradictory to the overall function of the device.

Brief Description of the Drawings

[0122] Fig. 1 shows a patient’s body with an implanted lubrication device for lubrication of a
hip joint and/or a knee joint;

[0123] Fig. 1A and 1B illustrate the hip joint and the knee joint of fig. 1, respectively, having

an infusion member of the implanted lubrication device inserted therein;

[0124] Fig. 1C shows a lateral view of a knee joint when a medical device has been pro-
vided.

[0125] Fig. 1D shows the medical device according to one embodiment, in section.

[0126] Fig. 1E illustrates the main components of an implanted lubrication device;

[0127]  Fig. 1F shows a motor-driven implanted lubrication device establishing a circular flow
path.

[0128] Fig. 2A shows an implanted lubrication device with an infusion needle and a drive

mechanism.

[0129] Fig.2B  shows the lubrication device of fig. 2A diagrammatically with some modifi-

cations.

[0130] Fig. 2C shows a cross sectional view of a compact embodiment of the implantable

infusion device.
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[0131] Fig.2D shows a motor-driven pump unit suitable for use in connection with the
embodiment shown in fig. 1F.

[0132] Fig. 3 shows the medical device according to one embodiment comprising an artifi-

cial contacting surface.

[0133] Fig. 4 shows the medical device according to one embodiment comprising an artifi-

cial contacting surface, in section.

[0134] Fig. 5 shows a frontal view of a human patient displaying the hip joint.

[0135] Fig. 6 shows a lateral view of a human patient, in section, when a laparo-
scopic/arthroscopic procedure is being performed.

[0136] Fig. 7 shows the hip joint in section when a hole in the pelvic bone is being created.

[0137] Fig. 8a shows the hip joint in section when a small hole in the pelvic bone is being
created.

[0138] Fig. 8b shows the hip joint in section when a medical device has been provided
through a hole in the pelvic bone.

[0139] Fig. 9a shows the hip joint in section when a medical device is being provided
through a hole in the pelvic bone.

[0140] Fig. 9b shows the hip joint in section when a medical device has been provided
through a hole in the pelvic bone.

[0141]  Fig. 10 shows the hip joint is section when a medical device connected to an im-
plantable lubrication system is being provided.

[0142] Figs. 11a — ¢ show a surgical instrument for use in a method of providing a medical
device according to any of the embodiments herein.

[0143] Fig. 12 shows the hip joint in section when a medical device has been implanted and

connected to an implantable reservaoir.
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[0144] Fig. 13a shows the lateral view of a hip joint ion section when a hole is being created
through the femoral bone.

[0145]  Fig. 13b shows a hip joint in section when a medical device is being provided
through a hole in the femoral bone.

[0146] Fig. 13c shows a hip joint in section when a medical device has been provided
through a hole in the femoral bone.

[0147]  Fig. 13d shows a reservoir adapted to be connected to a medical device, in further
detail.

[0148] Fig. 14 shows the injection of a lubricating fluid into an implantable injection port.

[0149] Fig. 15 shows an implantable medical device in an opposite embodiment.

[0150] Fig. 16 shows a hip joint in section, when an implantable medical device in an oppo-
site embodiment has been placed.

[0151]  Fig. 17 shows a hip joint in section, when an implantable medical device in an oppo-
site embodiment has been placed.

[0152]  Fig. 18 shows a hip joint in section, when an implantable medical device in an oppo-
site embodiment has been placed and connected to a reservoir.

[0153] Fig. 19 shows a frontal view of a knee joint of a human patient.

[0154] Fig. 20 shows a frontal view of a knee joint of a human patient, when a medical de-
vice has been provided.

[0155] Fig. 21 shows an implantable lubricating system.

[0156] Fig. 22a shows a lateral view of a knee joint when a medical device has been pro-
vided to the femoral bone.

[0157]  Fig. 22b shows a lateral view of a knee joint when a medical device has been pro-
vided to the tibia bone.
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[0158] Fig 23 shows a medical device comprising an artificial knee joint surface.

[0159] Fig 24 shows a medical device comprising an artificial knee joint surface in section.

[0160] Fig. 25a shows a medical device comprising multiple medical device parts.

[0161] Fig. 25a shows a medical device comprising multiple medical device parts, when as-
sembled.

[0162] Fig. 26 shows the placing of a medical device comprising multiple medical device
parts, when being fixated to the tibia bone.

[0163] Fig. 27 shows the implantable medical device according to an embodiment, when
fixated to the tibia bone and connected to a reservoir and an injection port.

[0164] Fig. 28 shows a frontal view of a human patient when an implantable lubricating sys-
tem has been provided.

[0165]  Fig. 29 shows an implantable lubrication system in further detail.

[0166] Fig. 30 shows an implantable circling lubrication system in further detail.

[0167]  Fig. 31 shows an implantable circling lubrication system comprising a filter, in further
detail.

[0168] Fig. 32 shows an implantable lubrication system, when lubricating an artificial hip

joint surface.

[0169] Fig. 33a shows an implantable lubrication system comprising a retractable needle, in
a first state.

[0170] Fig. 33b shows an implantable lubrication system comprising a retractable needle, in
a second state.

[0171]  Fig. 34 illustrates a system for treating a disease, wherein the system includes an
apparatus of the invention implanted in a patient.
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[0172]  Figs. 35-49 schematically show various embodiments of the system for wirelessly
powering the apparatus shown in Fig. 34.

[0173]  Fig. 50 is a schematic block diagram illustrating an arrangement for supplying an ac-
curate amount of energy used for the operation of the apparatus shown in Fig. 34.

[0174]  Fig. 51 schematically shows an embodiment of the system, in which the apparatus is
operated with wire bound energy.

[0175] Fig. 52 is a more detailed block diagram of an arrangement for controlling the trans-
mission of wireless energy used for the operation of the apparatus shown in Fig. 34.

[0176] Fig. 53 is a circuit for the arrangement shown in Fig. 52, according to a possible im-

plementation example.

[0177]  Figs. 54-60 show various ways of arranging hydraulic or pneumatic powering of an
apparatus implanted in a patient.

Detailed Description

[0178] In the following a detailed description of preferred embodiments will be given. In the
drawing figures, like reference numerals designate identical or corresponding elements
throughout the several figures. It will be appreciated that these figures are for illustration only
and are not in any way restricting the scope. Thus, any references to direction, such as “up” or
“‘down”, are only referring to the directions shown in the figures. Also, any dimensions etc.

shown in the figures are for illustration purposes.

[0179] Please note that any embodiment or part of embodiment as well as any method or
part of method could be combined in any way. All examples herein should be seen as part of
the general description and therefore possible to combine in any way in general terms.

[0180] Fig. 1 shows a patient’s body with an implanted lubrication device consisting of a
main body 1401 and two fluid connection tubes 1402 that transport a lubricating fluid stored in
a reservoir into the joints to be lubricated, here a hip joint and a knee joint. For this reason, the
main body 1401 comprises a reservoir for storing the lubricating fluid and may also comprise
further components, such as a pump, a motor, a control unit or the like. The lubrication device,

i.e. all its components, is fully implantable into the patient’s body such that the joint can be ap-
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propriately lubricated post-operatively independently of any extracorporeal components or in-
jections, which significantly reduces the infection risk for the patient. Depending on the type of
joint and on the severity of the damage to the joint, a joint may be lubricated intermittent-
ly/periodically, continuously, or as required, e.g. depending on a lubricating fluid level within
the joint. Generally, the main body 1401 of the lubrication device may be implanted subcuta-
neously so that it is easily accessible, e.g. for refilling the reservoir or setting up functionalities

or modes of operation via a wireless control unit or the like.

[0181] In Figs. 1A and 1B the two lubricated joints shown in fig. 1, the hip joint and the knee
joint, are illustrated respectively in greater detail. In fig. 1A and 1B it can be seen that the fluid
connection tube 1402 has at its end an infusion member being inserted into the joint space
which finally brings the lubricating fluid into the joint. fig. 1A shows an infusion needle 1403
which is injected through the joint capsule into the joint space of the hip joint. The infusion
needle 1403 may, in connection with a drive mechanism (not shown), be advanced into the
joint space and retracted from it in order to intermittently lubricate the joint. Alternatively, in fig.
1B, the infusion member is an infusion tube 1404 that is permanently placed in the joint space
such that a continuous flow of lubricating fluid reaches the joint. The material of the infusion
tube 1404 may be a soft material not or only minimally disturbing the joint in its regular opera-
tion. A drive mechanism is not required for the infusion tube 1404 of fig. 1B.

[0182] Generally, there are two basic methods for implanting the lubrication device, a con-
ventional method in which an area of the joint is dissected free and the infusion needle 1403 or
infusion tube 1404 is arranged at the free-dissected area, and a laparoscopic method in which
a cavity at the joint is expanded laparoscopically and the infusion needle 1403 or infusion tube
1404 is placed in the cavity through laparoscopic trocars. If the fluid connection tube 1402
ends in an infusion needle 1403, as shown in fig. 1A, the infusion needle 1403 is placed in
close relation to the joint capsule or into a hole in the capsule in such a way that a drive mech-
anism of the needle may introduce and retract the infusion needle 1403 intermittently into and
out of the joint space such that lubricating fluid stored in the reservoir is intermittently injected.
If, alternatively, the fluid connection tube 1402 ends in an infusion tube 1404, as shown in fig.
1B, a permanent hole is created in the joint capsule in which the tube is continuously placed
such that the lubricating fluid may be continuously injected into the joint.

[0183] Fig. 1C shows a medical device according to an embodiment in which the medical
device comprises a first artificial contacting surface 1101 adapted to replace the distal surface
of the femoral bone 102, being part of the knee joint. The first artificial contacting surface 1101



08 Nov 2018

2018260921

32

could be adapted to replace the surface of the lateral condyle, the medial condyle or both the
lateral and medial condyles. The medical device of fig. 1C further comprises a second artificial
contacting surface 1102 being adapted to replace the contacting surface of the tibia bone be-
ing the other contacting surface of the knee joint. The implantable medical device comprises
an inlet 1104 adapted to receive a lubricating fluid from a reservoir 1108, which according to
this embodiment is placed on the rear side of the tibia bone 102 and the rear side of the femo-
ral bone 102, respectively. The reservoir 1108 is according to this embodiment adapted to be
refilled by means of an injection port 1107 being placed in fluid contact with the reservoir 1108.
The reservoir 1108 supplies the inlet 1104;1123 with a lubricating fluid through a conduit 1106
which supplies a fluid connection between the medical device and the reservoir 1108. The
reservoir is according to this embodiment adapted to be placed under pressure through said
injection port 1108 comprising chamber for pressurized gas which is further compressed when
the reservoir 1108 is being filled through the injection port 1107. The inlet 1104;1123 trans-
ports the lubricating fluid to a channel 1105 which is at least partly integrated in said artificial
contacting surfaces 1101,1102. According to the embodiment of fig. 1 the channel 1105 is fully
integrated in the medical device. The channel 1105 distributes the lubricating fluid over the arti-
ficial contacting surfaces 1101, 1102 and thereby lubricates the artificial contacting surfaces
1101,1102 and improves the function thereof by reducing the friction. The implantable medical
device could just as well be adapted to be implanted in the knee joint of another mammal, such
as a horse.

[0184] Fig. 1D shows the implantable medical device according to an embodiment where
the medical device is adapted to replace parts of the hip joint. The medical device comprises a
plurality of channels 1105 adapted to lubricate the artificial contacting surface of the hip joint by
a lubricating fluid being injected to the channel through a conduit 1106 placed centrally in the
implantable medical device. The conduit 1106 places the plurality of channels 1105 in fluid
connection with a reservoir 1108 which is located in the stem part, adapted for fixation in the
femoral bone of a human patient, of said medical device. The conduit 1106 transports lubricat-
ing fluid to the inlet 1123 for further distribution to the channels 1105. The reservoir 1108 ac-
cording to the embodiment of fig. 1D is spring loaded by a spring 1109 which pushes a mov-
able wall portion in the shape of a piston 1110 for placing said lubricating fluid under pressure.
The reservoir 1108 is adapted to be refilled through the injection port 1107, which is placed on
the lateral side of the medical device. The injecting of lubricating fluid through the injection port
1107 compresses the spring 1109 which thereby places the lubricating fluid under pressure,
which pressure presses the lubricating fluid through the conduit 1106 and to the channels 1105
for lubricating the hip joint of a human patient. The spring loaded reservoir 1108 could be re-
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placed by other types of reservoirs adapted to place a pressure on the lubricating fluid, such as
a reservoir 1108 comprising a chamber filled with a pressurized gas which is further pressur-
ized by the injecting of a lubricating fluid through an injection port, it is furthermore conceivable
that the reservoir 1108 is an elastic reservoir in which case the elastic properties of the elastic
reservoir pressurized the lubricating fluid.

[0185] fig. 1E illustrates an implanted lubrication device and its main components. The lu-
brication device of fig. 1E comprises a reservoir R for storing the lubricating fluid and a fluid
connection tube 1402 that connects the reservoir R with a infusion tube 1404 placed with its
open end permanently within a joint space. In order to create an appropriate pressure for forc-
ing the lubricating fluid from the reservoir R through the fluid connection tube 1402 and the in-
jection tube 1404 into the joint, a gas chamber 1407 is arranged within the reservoir R that
may produce the required pressure upon expanding its volume. Further, the reservoir is subcu-
taneously implanted such that a refill injection port 1406 arranged in the outer wall of the res-
ervoir R is accessible through the patient’s skin 1405 such that lubricating fluid can be replen-
ished into the reservoir R by a syringe injected through the patient’s skin 1405. The refill injec-
tion port 1406 may thus be made of an appropriate membrane, e.g. a polymer material, which
is self-sealing with respect to the penetration of an injection syringe.

[0186] Fig. 1F shows another embodiment of the lubrication device according to the present
invention. A pump P driven by a motor M connects a reservoir R with a circular fluid connection
tube 1402 consisting of two tube portions 1402a, 1402b that form a full circular flow path for
the lubricating fluid via the reservoir R and the lubricated joint. Each of the two tube portions
1402a, 1402b comprises an individual infusion tube 1404a, 1404b inserted into the joint space,
whereas the lubricating fluid stored in the reservoir is introduced into the joint space via the
tube portion 1402a with the infusion tube 1404a, while the used lubricating fluid is led from the
joint back to the reservoir via the tube portion 1402b with the infusion tube 1404b via a filter
device 1427 with a filter 1428 placed within the flow path partially defined by tube portion
1402b. Under the pressure created by the pump P the lubricating fluid is circulated continuous-
ly within the circular flow path formed by the fluid connection tube portions 1402a, 1402b, such
that the lubricating fluid may be at least partly re-used after passing the joint. However, in order
to enable re-usage of the lubricating fluid flowing out of the joint and into infusion tube 1404b,
possible soiling and impurities or other foreign particles which have been added to the lubricat-
ing fluid on its way through the joint are removed by the filtering device 1427 in order to secure
the quality and desired effects of the lubricating fluid upon re-usage. The filtering device 1427
has a filter 1428 which is placed within the flow path such that the complete lubricating fluid
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passes through the filter. The filtering device 1427 is adapted to regularly clean the filter 1428
by removing the filtered particles from the filter 1428 and depositing them in a sealed deposi-
tion space 1433. Alternatively, the removed particles can also be given back to the patient’s

body, e.g. into a blood vessel or the like.

[0187]  Although the embodiment shown in fig. 1F may comprise a great variety of reservoir
types, a particular reservoir type will be described below. The volume of reservoir R shown in
fig. 1F is divided into two sections by means of a membrane 1429. One section is filled with
gas, whereas the other section is filled with lubricating fluid. A refill injection port 1430 allows
for refilling reservoir R with infusion liquid by means of a replenishing needle through the pa-
tient’s skin 1405. When reservoir R is in its full state, the gas section is at ambient pressure or
over-pressurized. As lubricating fluid is drawn from reservoir R upon each lubrication cycle, the
pressure in the gas section will decrease below ambient pressure, i.e. to a negative relative
value. Depending upon the particular type of pump P, it may be advantageous to provide an
active ball valve 1431 to prevent any back-flow from pump P to reservoir R and another active
ball valve 1432 to prevent any back-flow from the reservoir R into the fluid connection conduit
1402b.

[0188] Motor M is wirelessly controlled by a control unit C implanted in the patient’s body as
well. However, it is also possible to place the control unit C outside the patient’s body and es-
tablish a wireless communication between control unit C and motor M or provide galvanic con-
tacts through the patient’s skin. Preferably, the control unit C is implanted along with motor M,
in which case control unit C is preferably programmable from outside the patient’'s body, either
wirelessly or through galvanic contacts, so as to allow proper configuration of the control unit
according to changing demands. Control unit C determines the time period between the infu-
sion cycles as well as the amount of lubricating fluid to be injected into the space upon each
infusion cycle. In addition to or instead of control unit C, a pressure sensitive switch for activat-
ing motor M may be arranged subcutaneously.

[0189] There are various ways of providing motor M with energy. For instance, energy may
be supplied from outside the patient’s body e.g. for charging an accumulator A, such as a re-
chargeable battery and/or a capacitor. In the embodiment shown in fig. 1F, an extracorporeal
primary energy source E transmits energy of a first form through the patient’s skin 1405 to an
energy transforming device T which transforms the energy of the first form into energy of a se-
cond form, such as electric energy. The electric energy is used to recharge accumulator A
which provides secondary energy to motor M upon demand.
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[0190] In general, external energy source E may be adapted to create an external field,
such as an electromagnetic field, magnetic field or electric field, or create a wave signal, such
as an electromagnetic wave or sound wave signal. For instance, energy transforming device T
as shown in fig. 1F may act as a solar cell, but be adapted to the particular type of wave signal
of primary energy source E. Energy transforming device T may also be adapted to transform
temperature changes into electric energy. Instead of an external primary energy source E, an
implantable primary energy source E may be used, such as a regular long-life battery instead
of accumulator A. The energy signal can also be used to transmit a control signal of the control
unit C by appropriate modulation of the energy signal, regardless of whether the energy is
transmitted wirelessly or by wire, the energy signal thereby serving as a carrier wave signal for
the digital or analog control signal. More particularly, the control signal may be a frequency,
phase and/or amplitude modulated signal.

[0191] fig. 2A shows in further detail an implanted lubrication device comprising an infusion
needle 1403 having a tip end 1408. Tip end 1402 is closed at its distal end and has a lateral
lubricating fluid delivery exit port 1409. Needle 1403 is arranged for longitudinal displacement
within an open-ended fluid connection tube 1402 upon activation by a drive mechanism D.

[0192] The fluid connection tube 1402 is attached to an implanted pump P. Pump P is
schematically shown and can be designed in many ways. In fig. 2A, reservoir R holding the
lubricating fluid to be injected into a patent’s joint space is part of pump P. Alternatively, reser-
voir R could be separate from pump P and connected thereto, e.g. as basically shown in fig.
2B. In fig. 2A, however, a movable or flexible wall 1410 of a pump P, which may be realized as
a piston or the like, is electrically (or manually) displaceable so as to intermittently pump lubri-
cating fluid from reservoir R through fluid connection tube 1402 towards infusion needle 1403.
The pump P could e.g. be motor-driven, and the motor could be automatically controlled so as
to intermittently inject a certain amount of lubricating fluid at certain time intervals via the infu-
sion needle 1403 into the joint space. Reservoir R, pump P and/or other components of the
implanted lubrication device, such as the aforementioned motor, an automatic control for the
motor, etc., are preferably implanted along with infusion needle 1403 and drive mechanism D.
Of course, other appropriate modifications are possible, as will become apparent upon further
consideration of other embodiments of the present invention.

[0193] In the lubrication device shown in fig 2A, as the pressure is increased in reservoir R
by actuation of the movable/flexible wall 1410 this will result in a displacement of infusion nee-
dle 3 against the force of a spring 1411 of drive mechanism D. Thus, tip end 1408 of infusion
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needle 1403 will penetrate into the joint space to be lubricated. When return spring 1411 is
completely compressed and the pressure exerted on the lubricating fluid by means of the mov-
ing/flexible wall 1410 is further increased, a ball valve 1412 will be displaced against a second
return spring 1413 which is stronger than the first return spring 1411. That way, as long as the
pressure is held at a sufficiently high level, lubricating fluid will be pumped from reservoir R
through fluid connection tube 1402, hollow infusion needle 1403 and the needle’s exit port
1409 into the patient’s joint space. Upon pressure release, ball valve 1412 will close due to re-
turn springs 1411 and 1413, and then infusion needle 1403 will be retracted to its initial posi-
tion as shown in fig. 2A. This process will be periodically repeated depending on the condition
and type of the joint to be lubricated such that an intermittent lubrication of the particular joint is
achieved.

[0194] It should be noted that the force acting on infusion needle 1403 to advance the same
may be calculated as the product of the actual pressure and the cross section of needle 1403.
Since the cross section of a typical infusion needle is relatively small, high pressure will have
to be exerted in order to penetrate into the joint space and to overcome the counteracting forc-
es of return springs 1411 and 1413. It is therefore advantageous to construct drive mechanism
D such that two strictly separated chambers are formed in front of and behind the drive mech-
anism. Thus, when the chamber behind drive mechanism D is kept at low pressure, such as
ambient pressure, the force acting on infusion needle 1403 would correspond to the product of
the actual pressure and the entire cross section of drive mechanism D and, thus, be substan-
tially higher.

[0195]  This is shown in fig. 2B. Drive mechanism D comprises a piston 1414 to which infu-
sion needle 1403 is attached as shown in fig. 3. Piston 1414 separates a first chamber 1415a
in front of piston 1414 and a second chamber 1415b behind piston 1414. While the pressure in
first chamber 1415a corresponds to the pressure exerted by pump P, the pressure in second
chamber 1415b can be kept at a lower value. For instance, chamber 1415b could be filled with
a compressible gas. In that case, return spring 1411 could be dispensed with as the com-
pressed air would already create a needle retraction force.

[0196] Itis difficult to securely seal a gas chamber, however. Therefore, second chamber
1415b is instead filled with fluid, such as the lubricating fluid, and the liquid may be urged into
a flexible volume 1416. The flexible volume 1416 could be of simple balloon type so as to fill
up without exerting any strong counterforce. Alternatively, the flexible volume 1416 may com-
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prise a gas chamber separated from the fluid of second chamber 1415b by a flexible mem-
brane. Again, return spring 1411 could be dispensed with in this case.

[0197] Instead of the flexible volume 1416, a conduit 1417 (acting as fluid connection tube
1402) may connect second chamber 1415b with reservoir R. Thus, when infusion needle 1403
is advanced, fluid will be expelled from second chamber 1415b through conduit 1417 into res-
ervoir R, and as infusion needle 1403 is retracted by means of return spring 1411, fluid will be
drawn from reservoir R through conduit 1417 back into second chamber 1415b. Pump P and
reservoir R are be implanted into the patient’s body along with drive mechanism D and needle

1403, either remote thereof or as a single unit, if desired.

[0198] Fig. 2C shows a very compact lubrication device to be implanted subcutaneously
and in close vicinity and in an appropriate relative position to the joint to be lubricated, such
that the needle 1403 may intermittently advance into the joint upon activation by the drive
mechanism D. The individual components of the device are contained within a unitary body
1418 comprising an outer wall 1419a, 1419b. The volume defined by outer wall 1419a, 1419b
is completely filled with lubricating fluid. A wall portion 1419a is flexible so as to allow for vol-
ume changes occurring with each injection and refill. Wall portion 1419a is made from a poly-
mer material which is self-sealing with respect to the penetration of an infusion needle 1403.
The lubrication device can thus be refilled with lubricating fluid through the polymer wall portion
1419a while being implanted subcutaneously.

[0199] The other wall portion 1419b is rigid to provide some stability for the individual com-
ponents contained within body 1418. A window area 1420 is formed in rigid wall portion 1419b
and a penetration membrane 1421 is sealingly press fitted in window area 1420. Penetration
membrane 1421 is made from a self-sealing material in respect of penetrations resulting from
infusion needle 1403, which infusion needle is arranged for penetrating window area 1420 and
thereby penetrating into the joint space to be lubricated.

[0200] Needle 1403 is connected to a piston 1414 separating a first chamber 1415a in front
of piston 1414 and a second chamber 1415b behind piston 1414, as discussed above in refer-
ence to fig. 2B. A return spring 1411 and a ball valve 1412 with a return spring 1413 are also
provided. Openings 1422 are provided to connect second chamber 1415b to reservoir R so
that when the pressure is raised in first chamber 1415a piston 1414 may expel lubricating fluid
from second chamber 1415b through openings 1422 into reservoir R, which reservoir R is ap-
proximately at ambient pressure.
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[0201]  The pressure in first chamber 1415a is increased by means of a pump P comprising
a movable/flexible wall 1410 moved forth and back by an appropriate drive mechanism, motor
or the like. A flow passage 1423 is formed in a housing 1424 in which piston 1410 is slidably
arranged. The flow passage has a flow constriction 1425 and an exit opening 1426 within the
housing 1424.

[0202] The infusion device shown in fig. 2C functions as follows. When the movable/flexible
wall 1410 is actuated (i.e. moved in the direction of the arrow), the lubricating fluid contained in
first chamber 1415a will not flow back into reservoir R through flow passage 1423, due to flow
constriction 1425 in flow passage 1423, but will urge piston 1412 with needle 1403 towards
window area 1420 while expelling lubricating fluid from second chamber 1415b through open-
ings 1422 into reservoir R. When piston 1412 is in its end position and the movable/flexible
wall 1410 is further moved in arrow direction, the pressure in first chamber 1415a will eventual-
ly rise to a level sufficiently high to overcome the spring force of return spring 1413, thereby
opening ball valve 1412 and allowing lubricating fluid to be discharged through hollow needle
1403, the tip end 1408 of which has meanwhile penetrated membrane 1418 and the joint at
which the body 1418 of the lubrication device is appropriately positioned. Upon a release of the
pressure in the first chamber 1415a due to backward sliding of movable/flexible wall 1410, ball
valve 1412 will immediately close and piston 1412 with infusion needle 1403 will be simultane-
ously drawn back into its retracted position. The flow passage 1423 is needed to allow mova-
ble/flexible wall 1410 to move further backwardly even after piston 1412 has reached its start-
ing position, thereby drawing additional lubricating fluid from reservoir R into first chamber
1415a, which additional lubricating fluid compensates the amount of lubrication liquid delivered
to the patient during the intermittent injection cycles. In addition to the intermittent advancing
and retracting capabilities of drive mechanism D, the drive mechanism of the lubrication device
shown in fig. 2C may further comprise means for laterally displacing the tip end 1408 of infu-
sion needle 1403 as to prevent fibrosis or the like.

[0203] The lubrication device shown in fig. 2C provides several advantages such as not in-
volving any gas chambers and not requiring any particular sealing of movable/flexible wall
1410 and piston element 1412. It should be noted that all components of the infusion device
shown in fig. 2B may be made from polymer material, although it is preferable that at least in-
fusion needle 1403 and return springs 1411, 1413 be made from an inert metal.

[0204] Fig. 2D shows a cross-sectional view of a motor-pump unit that could be used in

connection with the arrangement shown in fig. 1F. This motor-pump unit is extensively de-
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scribed in WO 2004/012806 A1 and the other pump units disclosed therein may be employed
in connection with the present invention as well. The motor-pump unit comprises a valve pump
assembly, wherein a membrane pump P and a valve pump device 1434 constitute two main
elements of the assembly mounted in a cylindrical housing 1435. Valve device 1434 includes a
first valve member in the form of a ceramic disc 1436 stationary mounted on and fixed to hous-
ing 1435, and a second valve member in the form of a ceramic disc 1437 facing and touching
ceramic disc 1436 and rotatable relative to stationary disc 1436. A motor 1438 is mounted on
housing 1435 enclosing ceramic discs 1436 and 1437. Motor 1438 includes a splined motor
shaft coupled to corresponding splines in a lower central hole in rotatable disc 1437 to allow
disc 1437 to move somewhat in an axial direction relative to motor shaft 1439, although disc
1437 follows the rotation of motor 1435. On motor shaft 1439 there are mounted a stop mem-
ber 1440 and a spring washer 1441 that exerts a slight amount of pressure against disc 1437
to urge it against stationary disc 1436.

[0205] Pump P includes a pump membrane 1451 that can be any kind of membrane. Pref-
erably, membrane 1451 is a metal membrane, for example a titanium membrane, or a type of
coated plastic material for achieving long life and avoiding diffusion of liquid through mem-
brane 1451 over time. An operation device, which in this embodiment is incorporated in the
valve pump assembly, includes a cam sleeve 1452 which has a cut-out groove with two oppo-
site cam surfaces 1453, a cam wheel 1454, which rotates in the cut-out groove pushing
against cam surfaces 1453, and a pump shaft 1455 connected to rotary disc 1437. Cam wheel
1454 is mounted via a cam wheel shaft 1456 onto pump shaft 1455. Pump shaft 1455 rotates
because it is connected to rotating disc 1437 via a splined shaft 1461 that is coupled to corre-
sponding splines in an upper central hole 1461 in rotatable disc 1437. The described spline
coupling allows disc 1437 to move somewhat in an axial direction relative to pump shaft 1455.
Pump shaft 1455 is mounted in an encapsulated ball-bearing 1458 and is stationary in an axial
direction with respect to ball-bearing 1458. Several elongated grooves 1459 on pump shaft
1455 extend past ball-bearing 1458 and serve as liquid flow passages between first channel
1442 of stationary disc 1436 and a pump chamber 1460 under membrane 1451.

[0206] When motor 1438 is rotating, membrane 1451 moves up and down. As membrane
1451 moves up and down, rotatable disc1437 connects first channel 1442 alternately to se-
cond and third channels 1444 and 1445 so that liquid is either transmitted from second chan-
nel 1444 or third channel 1445 to pump chamber 1460 or received from pump chamber 1456
by second channel 1444 or third channel 1445. In fig. 2D, first channel 1442 is shown as being
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connected to second channel via opened channel 1450 so that second channel 1444 receives
liquid through first channel 1442 from chamber 1460.

[0207]  The particular material selected for discs 1436 and 1437 is important because the
selected material must be able to function using very fine tolerances without such discs stick-
ing to one another over time. There are several materials available on the market that are suit-
able for this purpose, e. g. ceramic or ceramic mixed with other materials, such as carbon fi-
ber.

[0208] Fig. 3 shows the medical device according to an embodiment in which the medical
device is adapted to replace the contacting surface of the caput femur of the femoral bone of a
human patient. The medical device according to this embodiment the artificial contacting sur-
face 1103b of the medical device comprises a plurality of channels adapted to lubricate the hip
joint of a human patient with a lubricating fluid. The medical device further comprises a fixating
portion 44 for fixating the medical device to the caput femur and/or the collum femur of the

femoral bone.

[0209] Fig. 4 shows the medical device according to fig. 3 in section, showing the medical
device comprising a plurality of channels in fluid connection with a reservoir (not shown)
through a conduit 1106 placed centrally in the fixating portion 44, the channels 1105 being fully
integrated in the medical device. The conduit 1106 transports lubricating fluid to the inlet 1123
for further distribution to the channels 1105. The conduit ends up in a connecting section 1111
which is adapted to connect the conduit to a second conduit 1106 or a reservoir, or additional

channels.

[0210] Fig. 5 shows a frontal view of the body of a human patient, illustrating a laparo-
scopic/arthroscopic method of operating the hip joint to provide a medical device according to
any of the embodiments herein from the opposite side from acetabulum 8. The hip joint com-
prises the acetabulum 8 and the caput femur 5. The small incisions 14 in the abdominal wall of
the human patient allows the insertion of laparoscopic/arthroscopic trocars 33a,b,c into the
body of the patients. Whereafter one or more camera 34, a surgical instrument adapted to cre-
ate a hole in the pelvic bone 35, or instruments 36 for introducing, placing, connecting, attach-
ing, creating or filling an implantable medical device, can be inserted into the body through
said laparoscopic/arthroscopic trocars 33a,b,c.
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[0211]  Fig. 6 shows a lateral view of the body of a human patient, with the hip joint shown in
section. The hip joint comprises a caput femur 5 placed at the very top of collum femur 6 which
is the top part of the femur bone 7. The caput femur 5 is in connection with the acetabulum 8
which is a bowl shaped part of the pelvic bone 9. Laparoscopic/arthroscopic trocars 33a,b,c is
being used to reach the hip joint 39 with one or more camera 34, a surgical instrument 35
adapted to create a hole in the pelvic bone 9, or instruments 36 for introducing, placing, con-
necting, attaching, creating or filling an implantable medical device.

[0212]  Fig. 7 shows the creation of a hole 18 in the pelvic bone 9, after the pelvic bone 9
has been dissected. The hole 18 is created from the abdominal side of the pelvic bone 9
through repetitive or continuous movement of a hole creating device 22 placed into the human
patient from the abdominal side of the pelvic bone 9. The hole 18 passes through the pelvic
bone 9 from the opposite side from acetabulum 8 and into the hip joint 19. According to a first
embodiment the hole 18 is large which allows an implantable medical device to pass through
the hole 18 in its full functional size.

[0213] Fig. 8a shows a second embodiment in which the hole 20 created in a surgical or
laparoscopic/arthroscopic method is much smaller as shown in fig. 8a allowing the hole creat-
ing device 22 creating the hole 20 to be smaller, and thus also the incision and dissection per-

formed in the human body.

[0214]  Fig. 8b shows the hip joint in section when a medical device has been provided be-
tween the caput femur 5 and the acetabulum. The medical device according to this embodi-
ment comprises multiple channels 1105 connected to a conduit 1106 which in turn is con-
nected to a connecting portion placed in the hole in the pelvic bone 9. The conduit 1106 trans-
ports lubricating fluid to the inlet 1123 for further distribution to the channels 1105. For insertion
through a hole 18 in the pelvic bone 9 being smaller than the medical device the medical de-
vice could be rolled or compressed, or according to another embodiment, moulded in place
either in a mould adapted to be resorbed by the human body, melt or serve as the surface of
the medical device. The medical device could be adapted to be fixated using adhesive or a

mechanical fixating element.

[0215]  Fig. 9a shows a hip joint in section when a medical device is being provided, through
a hole 18 in the pelvic bone 9 for replacing the contacting surface of the caput femur 5. The
medical device comprises an artificial contacting surface 1103b and a fixating portion 44
placed centrally in the medical device and adapted to fixate the medical device to the caput
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femur 5. The medical device comprises a plurality of channels 1105 which exits at the artificial
contacting surface for lubricating the hip joint. The channels are in fluid connection with a con-
duit 1106 which in turn is connected to an interconnecting part 1111b adapted to connect the
conduit to a second conduit 1106b or a second portion of the conduit 1106b, which in turn is in
fluid connection with a reservoir 1108 placed in the femoral bone 7 of the human patient. The
reservoir 1108 is placed in the femoral bone 7 and is adapted to hold a pressurized lubricating
fluid, which according to the embodiment shown in fig. 9a is pressurized by means of said res-
ervoir 1108 being spring loaded by means of a spring 1109 in connection with a movable wall
portion in the form of a piston 1110 pressurizing the lubricating fluid. The reservoir 1108 is fur-
thermore connected to an injection port 1107 which is positioned in connection with the femo-
ral bone 7 below the greater trochanter 1186, however, any other suitable placement is also
conceivable, in connection with bone, in a cavity or subcutaneously. The medical device is ac-
cording to the embodiment of fig. 9a operable using a pressurized reservoir, however accord-
ing to other embodiments the medical device is operable by a powered operating device, such
as an implantable pump, which could be powered by direct propulsion, such as inductive or
magnetic propulsion, or by an accumulated energy source, such as a battery. The channels or
conduits could according to one embodiment (not shown) comprise a valve for closing the flow
of lubricating fluid through the conduit 1106 or channel 1105, thereby closing the connection
between the reservoir and the artificial contacting surface. The valve could be powered and
adapted to be controlled form outside of the human body by means of for example a remote

control.

[0216] Fig. 9b shows the hip joint in section when a medical device according to another
embodiment has been provided to the hip joint, replacing the contacting surface of the caput
femur. The medical device comprises an artificial contacting surface 1103b comprising a plu-
rality of channels 1105 which are connected to a conduit 1106, 1106b placed in fixating part of
the medical device. The conduit is in turn in fluid connection with a reservoir 1108 placed in-
side of the femoral bone, preferably in the cancellous parts of the femoral bone, the reservoir is
thereby in fluid connection with the channels of the medical device for lubricating the artificial
contacting surface 1103b of the medical device.

[0217]  Fig. 10 shows the hip joint in section when an implantable medical device adapted to
replace the acetabulum contacting surface is being provided. The medical device comprises
an artificial acetabulum surface 65 comprising a plurality of channels connected to a conduit
1106 by an inter-connecting part 1111. The medical device is according to the embodiment
shown in fig. 10 adapted to be placed in a hole 18 in the pelvic bone 9 for replacing the
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acetabulum contacting surface 65. Fig. 10 furthermore shows a unit to which the conduit 1106
is connected, according to one embodiment the unit comprises a reservoir 1108 and two pres-
sure creating devices 1113a, 1113b adapted to create a pressure for pressurizing the lubricat-
ing fluid for pressing said lubricating fluid through the conduit 1106 and further through the plu-
rality of channels 1105 for lubricating the implantable medical device. The conduit 1106 trans-
ports lubricating fluid to the inlet 1123 for further distribution to the channels 1105. The pres-
sure creating devices could be spring loaded or comprise of a pressurized gas filled element
which is further pressurized by the injecting of a lubricating fluid into the reservoir 1108. The
unit further comprises an injection port 1107 which comprises a self sealing membrane 1112,
which preferably is a Parylene coated silicone membrane. According to another embodiment
the unit comprises a powered operation device such as a pump housed in the container 1113a
which pumps the lubricating fluid from the reservoir 1108 through the conduit 1106 to the plu-
rality of channels 1105. According to one embodiment the pump is powered by a battery
housed in the compartment 1113b.

[0218] Fig. 11a shows a surgical instrument adapted to insert a medical device according to
any of the embodiments herein, or a mould for creating a medical device, according to a first
embodiment. The surgical instrument comprises a gripping portion 76 and a handling portion
77. According to the embodiments shown in fig. 11a,b,c the instrument further comprises a ro-
tation element 78 that enables the gripping part 76 to rotate in relation to the handling part 77,
however it is equally conceivable that the surgical instrument lacks this rotation element 78.

[0219] Fig. 11b shows the surgical instrument adapted to insert a prosthesis, prosthetic
parts or parts needed to create or provide a hip joint surface, according to a second embodi-
ment. According to this embodiment the surgical instrument further comprises a parallel dis-
placed section 79, which increases the reach of the instrument and facilitates the reaching of
the hip joint through a hole in the pelvic bone from the opposite side from acetabulum.

[0220] Fig. 11c shows the surgical instrument adapted to insert a prosthesis, prosthetic
parts or parts needed to create or provide a hip joint surface, according to a third embodiment.
According to this embodiment the surgical instrument further comprises two angle adjusting
members 80a,b. The angle adjusting members could be adjustable for varying the angle of
said gripping part 76 in relation to the handling portion 77, or fixed in an angle suitable for cre-
ating operating in a hip joint through a hole in the pelvic bone from the opposite side from
acetabulum 8.
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[0221]  Fig. 12 shows the hip joint in section when a medical device has been provided. The
implantable medical device is adapted to replace the acetabulum surface and is inserted
through a hole 18 in the pelvic bone 9, however, in other embodiments it is equally conceivable
that the medical device is adapted to be inserted through a hole in the femoral 7 bone or the
hip joint capsule. The medical device comprises a plurality of channels 1105 interconnected
through a conduit 1106 which places the channels 1105 in fluid connection with each other.
The conduit 1106 transports lubricating fluid to the inlet 1123 for further distribution to the
channels 1105. The conduit 1106 is further connected to a first portion of an interconnecting
part 1111 which is adapted to be connected to a second portion of an interconnecting part
1111b. The interconnecting part 1111 connects a first portion of the conduit 1106 to a second
portion of the conduit 1106, enabling a first portion of the conduit 1106 to be inserted from the
acetabulum side of the pelvic bone 9 and a second portion of the conduit 1106 to be inserted
from the pelvic side, or opposite acetabulum side of the pelvic bone 9. The connection of two
portions of the conduit 1106 is particularly beneficial when the medical device has been in-
serted through a hole 18 in the femoral bone 7 or the hip joint capsule and the reservoir 1108
is implanted in the abdominal region of the human patient, or in another area on the abdominal
side of the pelvic bone 9. The conduit 1106 is then further connected to the reservoir 1108 and
adapted to transport a lubricating fluid from the reservoir 1108 to an area of the hip joint. The
reservoir 1108 is according to the embodiment shown in fig. 12 adapted to place the lubricating
fluid under pressure by means of a spring 1109 exerting a force on a movable wall portion in
the form of a piston 1110 pressing the lubricating fluid through the conduit 1106 and further
through the channels 1105. The reservoir 1108 further comprises an injection port 1107 placed
in the top part of the reservoir 1108 for refilling the reservoir 1108 and in the same event in-
creasing the pressure of the lubricating fluid.

[0222]  Fig. 13a shows a human patient in a lateral view showing the hip joint in section. The
femoral bone 7 has a proximal part comprising the collum femur 6 and most proximal the caput
femur 5. In fig. 13a a hole 82 is being created from an incision made in the thigh, the hole trav-
els into the femoral bone 7, following the collum femur 6 and exiting through the caput femur 5
and thus into the hip joint. The hole is used to provide the hip joint with a medical device which
preferably is possible to roll or bend for insertion through said hole 82.

[0223]  Fig. 13b shows the hip joint in section when the medical device has been provided
through the hole 82 in the femoral bone 7 and fixated in the acetabulum bowl! 8. The medical
device comprises a plurality of channels 1105 connected to each other by a conduit 1106. Ac-
cording to other embodiments, the medical device could be provided through the hip joint cap-
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sule, or a hole in the pelvic bone 9. After the medical device has been provided, a tool 1180
housing a reservoir 1108 connected to a conduit 1106” is used to provide the reservoir 1108 to
the hole 82 in the femoral bone 7 and to connect the reservoir to the conduit 1106 of the medi-
cal device.

[0224]  Fig. 13c shows the hip joint in section when the reservoir 1108, placed in the hole 82
in the femoral bone 7 has been connected to the medical device. Furthermore a conduit 1106’
reaching from the reservoir 1108 to an injection port 1107 for refilling and/or pressurizing the
reservoir 1108.

[0225]  Fig. 13d shows the reservoir unit in further detail, the reservoir unit comprises an in-
ter-connecting portion 1111 placed at the end part of the reservoir unit, a pressurized reservoir
1108, which according to the embodiment of fig. 13d is pressurized by means of a spring 1109
pushing a movable wall portion 1110 in the form of a piston 1110. The reservoir unit further
comprises a conduit 1106’ in connection with the reservoir, and in connection with an injection
port 1107, for filling the and/or pressurizing the reservoir 1108 comprising the lubricating fluid.
The injection port 1107comprises a self sealing membrane, which could be a self sealing Pary-
lene coated silicone membrane, to inhibit cell migration on the surface of the injection port. The
section A — A shows the centrally placed conduit 1106 in the center of the reservoir 1108 for
filling and/or pressurizing the reservoir 1108.

[0226] Fig. 14 shows a lateral view of a human patient in section, when a lubricating fluid is
being injected into an injection port 1107, by means of an injecting member 92 comprising a
container 1115 adapted to contain the lubricating fluid to be injected. The injection port is con-
nected to an implantable medical device placed in the hip joint through a conduit 1106 adapted
to supply the fluid connection between the injection port and the medical device. The medical
device in turn comprises a plurality of channels 1105 for lubricating the artificial contacting sur-
faces and thereby lubricating the hip joint. According to the embodiment shown in fig. 14 the
medical device has been supplied from the abdominal side of the pelvic bone 9 through a hole
made in the pelvic bone which afterwards has been refilled with the removed bone plug and
sealed and fixated with a mechanical fixating part attached with screws. According to other
embodiments the medical device is provided from the hip joint side of the pelvic bone 9
through the hip joint capsule 12 or the femoral bone 7 and thereafter connected to the conduit
1106 on the abdominal side of the pelvic bone 9 through an interconnecting part 1111. This
enables the placing of the injection port 1107 in the abdominal region, subcutaneously, in a
cavity and/or supported by the muscular or fascia tissue.
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[0227]  Fig. 15 shows the medical device in an opposite embodiment where the medical de-
vice comprises a first artificial contacting surface 112 comprising a convex shape towards a
centre of the hip joint. The first artificial contacting surface 112 is adapted to be fixated to the
pelvic bone 9 of the human patient. The artificial convex hip joint surface 112 is adapted to be
fixated to the pelvic bone 9, and is adapted to be inserted through a hole 18 in the pelvic bone
9. The medical device comprises a nut 120, comprising threads for securely fixating the medi-
cal device to the pelvic bone 9. The medical device further comprises a prosthetic part 118
adapted to occupy the hole 18 created in the pelvic bone 9 after the medical device has been
implanted in the patient. The prosthetic part 118 comprises supporting members 119 adapted
to be in contact with the pelvic bone 9 and assist in the carrying of the load placed on the
medical device from the weight of the human patient in normal use. Normal use is defined as
the same as a person would use a natural hip joint. Further the medical device comprises a
locking element 116 comprising a surface 117 adapted to be in contact with the artificial con-
vex hip joint surface 112. The locking element 116 further comprises fixating members 115
which are adapted to assist in the fixation of the locking member 116 to the caput femur 5 or
collum femur 6, which in turns fixates the artificial convex hip joint surface 112. The artificial
convex hip joint surface 112 is fixated to a attachment rod 113 comprising a thread 114 that
corresponds to the thread of the nut 120 in connection with the prosthetic part 118. The medi-
cal device comprises a plurality of channels 1105 adapted to lubricate the artificial contacting
surface 112. The plurality of channels 1105 are connected to each other through a conduit
1106 adapted to transport a lubricating fluid from a reservoir 1108 to the plurality of channels
1105 which are fully integrated in the artificial contacting surface 112 of the medical device for
lubricating the artificial contacting surface 112 and thereby lubricating the hip joint.

[0228] Fig. 16 shows the medical device according to fig. 15 when said medical device is
placed inside of the hip joint. The first artificial contacting surface 112 comprising a convex
shape towards a centre of the hip joint is positioned in a second artificial contacting surface
109 comprising a concave shape towards the centre of the hip joint. The second artificial con-
tacting surface 109 is placed and fixated in the caput 5 and collum femur 6 of the femoral bone
an secured by a locking element 116 comprising a surface 117 facing the first artificial convex
contacting surface 112. The medical device comprises a plurality of channels 1105 which are
connected to a conduit 1106 placed centrally in the medical device for providing a lubricating
fluid to the medical device and lubricate the artificial contacting surface 112 and thereby the
hip joint.
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[0229]  Fig. 17 shows the providing of a prosthetic part 118 to the hole 18 in the pelvic bone
9. The prosthetic part 118 comprises supporting members 119 adapted to be in contact with
the pelvic bone 9 and assist in the carrying of the load placed on the medical device from the

weight of the human patient in normal use.

[0230] Fig. 18 shows an alternative embodiment of the medical device in the opposite em-
bodiment in which the part of the medical device comprising an artificial concave hip joint sur-
face placed in the caput 5 and collum femur 6 comprises a plurality of lubricating channels
1105 which are connected to a conduit 1106b establishing a fluid connection between the
medical device and the reservoir located in the cancellous bone of the collum femur 6. The
reservoir is adapted to be refilled through an injection port 1107 which according to the em-
bodiment of fig. 18 is placed in connection with the femoral bone 7 and situated below the
greater trochanter 1186. The reservoir unit, and the function thereof, is described in further de-
tail with reference to figs. 9a and 9b. Fig. 18 furthermore shows the prosthetic part 118, when
fixated to the pelvic bone 9 using screws 121. The screws could be assisted or replaced by an
adhesive which could be applied in connection to the screws or at the surface S between the
prosthetic part and the pelvic bone 9.

[0231]  Fig. 19 shows the right leg of a human patient. The femoral bone 102 having a distal
part comprising the lateral condyle 105, the medial condyle 106 and an area between said lat-
eral and said medial condyle. The sections of the distal part of the femoral bone 102 comprise
contacting surfaces of the knee joint. The knee joint furthermore comprises the patella 101,
which is a triangular bone which articulates with the femur 102 and covers and protects the
knee joint. The knee joint also comprises the minisci 107, 108 which are cartilaginous ele-
ments within the knee joint which serve as articulating surfaces to protect the ends of the
bones from rubbing on each other. The minisci 107, 108 also acts as shock absorbers in the
knee joint, to absorb the shocks from the movement of the human patient. There are two me-
nisci 107,108 in each knee, the medial meniscus 107 and the lateral meniscus 108. In patients
with osteoarthritis the menisci 107, 108 which acts as articulating surfaces i.e. weight carrying
surfaces are worn away and, in extreme cases, bone can be exposed in the joint. The knee
joint is protected by the knee joint capsule also known as the articular capsule of the knee joint
or the capsular ligament of the knee joint. The knee joint capsule is wide and lax; thin in front
and at the side; and contains the patella 101, ligaments, menisci 107,108, and bursae, which
are small fluid-filled sacs made of white fibrous tissue. The knee joint capsule consists of a
synovial and a fiborous membrane separated by fatty deposits anteriorly and posteriorly.
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[0232]  Fig. 20 shows the knee joint when artificial knee joint surfaces 130, 116a has been
provided to the distal part of the femoral bone 102 and the proximal part of the tibia bone 104.
A lateral and medial channel 125a,b supplies the contacting surfaces and thereby the knee
joint with lubricating fluid for reducing the friction of the knee joint.

[0233] Fig. 21 shows the body of a human patient in a frontal view where a reservoir unit
127 is implanted subcutaneously in the abdominal region of the human patient. The reservoir
unit according to this embodiment comprises an operating device in the form of a pump 130
which is powered by a battery 128 for pumping a fluid from the reservoir 129 through a conduit
to a channel 125 supplying the artificial contacting surfaces of the knee joint with a lubricating
fluid. The reservoir unit is fixated to the muscular or fascia tissue 1181 of the abdominal wall
through the muscular or fascia 1181 tissue being clamped between the reservoir unit and the
injection port 1107 arranged at the outside of the muscular or fascia tissue 1181.

[0234] Fig. 22a shows an embodiment where the medical device comprises an artificial
knee joint 115 surface clamps the medial, lateral or both the medial and lateral condyle 106 of
the knee joint, being the distal portion of the femoral bone 7. The medical device, according to
this embodiment comprises a plurality of channels 1105 for lubricating the artificial contacting
surfaces, the plurality of channels are in fluid connection with each other through a conduit
1106 which in turn is in fluid connection with a reservoir 1108 comprising an injection port 1107
for refilling the reservoir or pressurizing the lubricating fluid contained in said reservoir 1108.
The conduit 1106 transports lubricating fluid to the inlet 1123 for further distribution to the
channels 1105.

[0235] Fig. 22b shows the knee joint in a lateral view when a medical device comprising an
artificial contacting surface 1102 has been provided to the proximal part of the tibia bone 104,
which together with the fibula bone 103 makes up the lower part of the leg. The artificial knee
joint surface comprises a plurality of channels 1105 which are in fluid connection with a conduit
1106 adapted to transport lubricating fluid from a reservoir 1108. The reservoir 1108 is accord-
ing to the embodiment of fig. 22b placed at the rear side of the tibia bone 104 and fixated to
the tibia bone 104 and comprises an injection port 1107 for injecting a lubricating fluid into the
reservoir 1108 and/or pressurizing a lubricating fluid contained in the reservoir 1108. The con-
duit 1106 transports lubricating fluid to the inlet 1123 for further distribution to the channels
1105.
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[0236] Fig. 23 shows the medical device for implantation in a knee joint in further detail. The
medical device comprises a plurality of channels 1105 placed along the artificial contacting
surface of the medical device, for lubricating the contacting surface of the medical device. The
channels 1105 are connected to a conduit 1106 for transport of the lubricating fluid along the
artificial contacting surface 1101 of the medical device. The conduit 1106 transports lubricat-
ing fluid to the inlets 1123 for further distribution to the channels 1105.

[0237]  Fig. 24 shows a sectional side-view of the medical device displaying the channels
1105 being fully integrated in the artificial contacting surface and connected to each other, the
conduit 1106 supplies the 1105 channels with lubricating fluid for lubricating the artificial con-
tacting surface of the medical device. The conduit 1106 transports lubricating fluid to the inlet
1123 for further distribution to the channels 1105.

[0238] Fig. 25a shows a medical device for implantation in a knee joint of a human patient,
the medical device comprises a several medical device parts 119 adapted to be connected to
each other and to a medical device base part 118 by means of mechanical fixation elements
120 supplying a form fitting between the plurality of medical device parts 119 and the base part
118. The medical device base part 118 furthermore comprises a fixation portion 117 which is
adapted to supply mechanical fixation of the medical device to a human bone, such as the
proximal part of the tibia bone. The medical device base part 118 furthermore comprises a
channel for supplying a lubricating fluid to the artificial contacting surface of the knee joint.

[0239] Fig. 25b shows the medical device according to fig. 25a, when assembled.

[0240] Fig. 26 shows the medical device according to figs. 25a and 25b when the medical
device is being fixated to the tibia bone 104.

[0241]  Fig. 27 shows the proximal part of the tibia bone when a medical device comprising
an artificial contacting surface 116 has been fixated to the tibia bone 104. The channel 1105 of
the artificial contacting surface is connected to a conduit 1106 which supplies a fluid connec-
tion between the channel 1105 of the medical device and a first and second reservoir 1108
placed inside of the tibia bone 1104 on the medial and lateral side. The conduit further con-
nects the first and second reservoir to an injection port 1107 placed on the medial side of the
pelvic bone for refilling and/or pressurizing the reservoirs 1108. The reservoirs 1108, according
to the embodiment shown in fig. 27 are adapted to place the lubricating fluid under pressure,
thereby pressing the lubricating fluid out of the channels 1105 onto the artificial contacting sur-



08 Nov 2018

2018260921

50

face, for lubricating the knee joint. For this purpose, the reservoir 1108 comprises a spring
1109 which is in connection with a movable wall portion in the form of a piston 1110, for press-
ing the lubricating fluid.

[0242]  Fig. 28 shows the human patient in a frontal view when an implantable lubrication
system 120 has been implanted. The implantable lubrication system 120 is adapted to inject a
lubricating fluid continuously, intermittently or when needed into said hip joint. According to the
embodiment shown in fig. 61 the implantable lubricating system comprises two interconnected
units 121, 122. The two interconnected units are placed in the abdominal region of the human
patient and is in connection with the hip joint through a conduit 1106.

[0243]  Fig. 29 shows the implantable lubricating system 120, which could be used in com-
bination with any of the medical devices described herein, in further detail. According to the
embodiment shown, the implantable lubricating system comprises a first unit 121 comprising a
pumping member 123 adapted to pump the lubricating fluid from a reservoir 1108 to an area of
the hip joint. The first unit 121 furthermore comprises an injection port 1107 for filling the reser-
voir 1108 from outside of the human body without having to perform a surgical procedure. The
injection port 1107 comprises a self-sealing membrane which is penetratable with a needle at-
tached to a syringe. The first unit 121 further comprises a receiver of wireless energy 124 pref-
erably comprising a coil. Said receiver of wireless energy is used to charge a battery 126. Ac-
cording to this embodiment the implantable lubrication system 120 further comprises a second
unit 122 which in turn comprises a battery 126 and a fluid reservoir 1108. The lubricating fluid
128 is pumped from the reservoir 1108, through the first unit 121 with the pumping device,
through the conduit 1106 and into the area of the hip joint where it helps lubricating the hip
joint surfaces or the artificial contacting surfaces of the implantable medical device. The lubri-
cating fluid is preferably a biocompatible lubricating fluid such as hyaluronic acid.

[0244] Fig. 30 shows the implantable lubricating system adapted to be used with any of the
medical device herein, according to an embodiment wherein the implantable lubricating system
is a circulating lubricating system comprising one inlet 130 into the joint to be lubricated and
one outlet 131. Preferably this system is a system for continuous lubrication where the pump-
ing member 123 continuously circulates the lubricating fluid 128 inside of the hip joint.

[0245]  Fig. 31 shows an implantable lubricating system for circulating lubrication adapted to
be used with any of the medical device herein, wherein the lubricating system further com-
prises a filtering member 132 for filtering the lubricating fluid. The filter is adapted to be self
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cleaning and the out filtered matter is disposed through the disposal channel 133, either into
the abdomen of the human patient, or into a container attached to the disposal channel 133.
Through the filtering of the lubricating fluid 128 the circulating lubricating system can operate
for long periods without the need of any surgical procedures.

[0246] Fig. 32 shows the lubricating fluid of fig. 29, when lubricating an implantable medical
device comprising an artificial contacting surface 45 by providing a lubricating fluid 128.

[0247]  Fig. 33a shows a lubricating system, which could be adapted to be used in combina-
tion with any of the medical devices herein, according to another embodiment wherein the lu-
bricating system comprises a unit 1310 comprising a retractable needle 1311 fixated to an op-
erating system for operating said retractable needle 1311. The needle is adapted to penetrate
a self sealing membrane 1314 placed in the pelvic bone 9 for injecting a lubricating fluid into
the hip joint. A conduit 1106 is adapted to supply the unit 1310 with a lubricating fluid from an
injection port and/or from an additional reservoir which could be implanted subcutaneously or
in a cavity of the body.

[0248] Fig. 33b shows the lubricating system in a state in which the retractable needle 1311
is in its advanced position by the operating device having operated the retractable needle
1311. The needle thereby penetrates the self sealing membrane 1314 and is placed in a posi-
tion in which injection of a lubricating fluid is possible.

[0249] Fig. 34 illustrates a system for treating a disease comprising an apparatus 10 of the
present invention placed in the abdomen of a patient. An implanted energy-transforming de-
vice 1002 is adapted to supply energy consuming components of the apparatus with energy
via a power supply line 1003. An external energy-transmission device 1004 for non-invasively
energizing the apparatus 10 transmits energy by at least one wireless energy signal. The im-
planted energy-transforming device 1002 transforms energy from the wireless energy signal
into electric energy which is supplied via the power supply line 1003.

[0250] The implanted energy-transforming device 1002 may also comprise other compo-
nents, such as: a coil for reception and/or transmission of signals and energy, an antenna for
reception and/or transmission of signals, a microcontroller, a charge control unit, optionally
comprising an energy storage, such as a capacitor, one or more sensors, such as temperature

sensor, pressure sensor, position sensor, motion sensor etc., a transceiver, a motor, optionally
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including a motor controller, a pump, and other parts for controlling the operation of a medical

implant.

[0251] The wireless energy signal may include a wave signal selected from the following: a
sound wave signal, an ultrasound wave signal, an electromagnetic wave signal, an infrared
light signal, a visible light signal, an ultra violet light signal, a laser light signal, a micro wave
signal, a radio wave signal, an x-ray radiation signal and a gamma radiation signal. Alterna-
tively, the wireless energy signal may include an electric or magnetic field, or a combined elec-
tric and magnetic field.

[0252] The wireless energy-transmission device 1004 may transmit a carrier signal for car-
rying the wireless energy signal. Such a carrier signal may include digital, analogue or a com-
bination of digital and analogue signals. In this case, the wireless energy signal includes an
analogue or a digital signal, or a combination of an analogue and digital signal.

[0253] Generally speaking, the energy-transforming device 1002 is provided for transform-
ing wireless energy of a first form transmitted by the energy-transmission device 1004 into en-
ergy of a second form, which typically is different from the energy of the first form. The im-
planted apparatus 10 is operable in response to the energy of the second form. The energy-
transforming device 1002 may directly power the apparatus with the second form energy, as
the energy-transforming device 1002 transforms the first form energy transmitted by the en-
ergy-transmission device 1004 into the second form energy. The system may further include
an implantable accumulator, wherein the second form energy is used at least partly to charge

the accumulator.

[0254]  Alternatively, the wireless energy transmitted by the energy-transmission device
1004 may be used to directly power the apparatus, as the wireless energy is being transmitted
by the energy-transmission device 1004. Where the system comprises an operation device for
operating the apparatus, as will be described below, the wireless energy transmitted by the
energy-transmission device 1004 may be used to directly power the operation device to create
kinetic energy for the operation of the apparatus.

[0255] The wireless energy of the first form may comprise sound waves and the energy-
transforming device 1002 may include a piezo-electric element for transforming the sound
waves into electric energy. The energy of the second form may comprise electric energy in the

form of a direct current or pulsating direct current, or a combination of a direct current and pul-
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sating direct current, or an alternating current or a combination of a direct and alternating cur-
rent. Normally, the apparatus comprises electric components that are energized with electrical
energy. Other implantable electric components of the system may be at least one voltage level
guard or at least one constant current guard connected with the electric components of the ap-
paratus.

[0256] Optionally, one of the energy of the first form and the energy of the second form may
comprise magnetic energy, kinetic energy, sound energy, chemical energy, radiant energy,
electromagnetic energy, photo energy, nuclear energy or thermal energy. Preferably, one of
the energy of the first form and the energy of the second form is non-magnetic, non-kinetic,

non-chemical, non-sonic, non-nuclear or non-thermal.

[0257]  The energy-transmission device may be controlled from outside the patient’s body to
release electromagnetic wireless energy, and the released electromagnetic wireless energy is
used for operating the apparatus. Alternatively, the energy-transmission device is controlled
from outside the patient’s body to release non-magnetic wireless energy, and the released

non-magnetic wireless energy is used for operating the apparatus.

[0258] The external energy-transmission device 1004 also includes a wireless remote con-
trol having an external signal transmitter for transmitting a wireless control signal for non-
invasively controlling the apparatus. The control signal is received by an implanted signal re-
ceiver which may be incorporated in the implanted energy-transforming device 1002 or be
separate there from.

[0259] The wireless control signal may include a frequency, amplitude, or phase modulated
signal or a combination thereof. Alternatively, the wireless control signal includes an analogue
or a digital signal, or a combination of an analogue and digital signal. Alternatively, the wireless
control signal comprises an electric or magnetic field, or a combined electric and magnetic
field.

[0260] The wireless remote control may transmit a carrier signal for carrying the wireless
control signal. Such a carrier signal may include digital, analogue or a combination of digital
and analogue signals. Where the control signal includes an analogue or a digital signal, or a
combination of an analogue and digital signal, the wireless remote control preferably transmits
an electromagnetic carrier wave signal for carrying the digital or analogue control signals.
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[0261]  Fig. 35 illustrates the system of Fig. 34 in the form of a more generalized block dia-
gram showing the apparatus 10, the energy-transforming device 1002 powering the apparatus
10 via power supply line 1003, and the external energy-transmission device 1004, The pa-
tient’s skin 1005, generally shown by a vertical line, separates the interior of the patient to the

right of the line from the exterior to the left of the line.

[0262]  Fig. 36 shows an embodiment of the invention identical to that of Fig. 35, except that
a reversing device in the form of an electric switch 1006 operable for example by polarized en-
ergy also is implanted in the patient for reversing the apparatus 10. When the switch is oper-
ated by polarized energy the wireless remote control of the external energy-transmission de-
vice 1004 transmits a wireless signal that carries polarized energy and the implanted energy-
transforming device 1002 transforms the wireless polarized energy into a polarized current for
operating the electric switch 1006. When the polarity of the current is shifted by the implanted
energy-transforming device 1002 the electric switch 1006 reverses the function performed by
the apparatus 10.

[0263] Fig. 37 shows an embodiment of the invention identical to that of Fig. 35, except that
an operation device 1007 implanted in the patient for operating the apparatus 10 is provided
between the implanted energy-transforming device 1002 and the apparatus 10. This operation
device can be in the form of a motor 1007, such as an electric servomotor. The motor 1007 is
powered with energy from the implanted energy-transforming device 1002, as the remote con-
trol of the external energy-transmission device 1004 transmits a wireless signal to the receiver
of the implanted energy-transforming device 1002.

[0264] Fig. 38 shows an embodiment of the invention identical to that of Fig. 35, except that
it also comprises an operation device in the form of an assembly 1008 including a motor/pump
unit 1009 and a fluid reservoir 1010 is implanted in the patient. In this case the apparatus 10 is
hydraulically operated, i.e. hydraulic fluid is pumped by the motor/pump unit 1009 from the fluid
reservoir 1010 through a conduit 1011 to the apparatus 10 to operate the apparatus, and hy-
draulic fluid is pumped by the motor/pump unit 1009 back from the apparatus 10 to the fluid
reservoir 1010 to return the apparatus to a starting position. The implanted energy-
transforming device 1002 transforms wireless energy into a current, for example a polarized

current, for powering the motor/pump unit 1009 via an electric power supply line 1012.
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[0265] Instead of a hydraulically operated apparatus 10, it is also envisaged that the opera-
tion device comprises a pneumatic operation device. In this case, the hydraulic fluid can be
pressurized air to be used for regulation and the fluid reservoir is replaced by an air chamber.

[0266] In all of these embodiments the energy-transforming device 1002 may include a re-
chargeable accumulator like a battery or a capacitor to be charged by the wireless energy and
supplies energy for any energy consuming part of the system.

[0267] As an alternative, the wireless remote control described above may be replaced by
manual control of any implanted part to make contact with by the patient’s hand most likely in-

direct, for example a press button placed under the skin.

[0268] Fig. 39 shows an embodiment of the invention comprising the external energy-
transmission device 1004 with its wireless remote control, the apparatus 10, in this case hy-
draulically operated, and the implanted energy-transforming device 1002, and further compris-
ing a hydraulic fluid reservoir 1013, a motor/pump unit 1009 and an reversing device in the
form of a hydraulic valve shifting device 1014, all implanted in the patient. Of course the hy-
draulic operation could easily be performed by just changing the pumping direction and the hy-
draulic valve may therefore be omitted. The remote control may be a device separated from
the external energy-transmission device or included in the same. The motor of the motor/pump
unit 1009 is an electric motor. In response to a control signal from the wireless remote control
of the external energy-transmission device 1004, the implanted energy-transforming device
1002 powers the motor/pump unit 1009 with energy from the energy carried by the control sig-
nal, whereby the motor/pump unit 1009 distributes hydraulic fluid between the hydraulic fluid
reservoir 1013 and the apparatus 10. The remote control of the external energy-transmission
device 1004 controls the hydraulic valve shifting device 1014 to shift the hydraulic fluid flow
direction between one direction in which the fluid is pumped by the motor/pump unit 1009 from
the hydraulic fluid reservoir 1013 to the apparatus 10 to operate the apparatus, and another
opposite direction in which the fluid is pumped by the motor/pump unit 1009 back from the ap-
paratus 10 to the hydraulic fluid reservoir 1013 to return the apparatus to a starting position.

[0269] Fig. 40 shows an embodiment of the invention comprising the external energy-
transmission device 1004 with its wireless remote control, the apparatus 10, the implanted en-
ergy-transforming device 1002, an implanted internal control unit 1015 controlled by the wire-
less remote control of the external energy-transmission device 1004, an implanted accumula-

tor 1016 and an implanted capacitor 1017. The internal control unit 1015 arranges storage of
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electric energy received from the implanted energy-transforming device 1002 in the accumula-
tor 1016, which supplies energy to the apparatus 10. In response to a control signal from the
wireless remote control of the external energy-transmission device 1004, the internal control
unit 1015 either releases electric energy from the accumulator 1016 and transfers the released
energy via power lines 1018 and 1019, or directly transfers electric energy from the implanted
energy-transforming device 1002 via a power line 1020, the capacitor 1017, which stabilizes
the electric current, a power line 1021 and the power line 1019, for the operation of the appara-
tus 10.

[0270] The internal control unit is preferably programmable from outside the patient’s body.
In a preferred embodiment, the internal control unit is programmed to regulate the apparatus
10 according to a pre-programmed time-schedule or to input from any sensor sensing any
possible physical parameter of the patient or any functional parameter of the system.

[0271]  In accordance with an alternative, the capacitor 1017 in the embodiment of Fig. 40,
10 may be omitted. In accordance with another alternative, the accumulator 1016 in this em-
bodiment may be omitted.

[0272]  Fig. 41 shows an embodiment of the invention identical to that of Fig. 35, except that
a battery 1022 for supplying energy for the operation of the apparatus 10 and an electric switch
1023 for switching the operation of the apparatus 10 also are implanted in the patient. The
electric switch 1023 may be controlled by the remote control and may also be operated by the
energy supplied by the implanted energy-transforming device 1002 to switch from an off mode,
in which the battery 1022 is not in use, to an on mode, in which the battery 1022 supplies en-
ergy for the operation of the apparatus 10.

[0273]  Fig. 42 shows an embodiment of the invention identical to that of Fig. 41, except that
an internal control unit 1015 controllable by the wireless remote control of the external energy-
transmission device 1004 also is implanted in the patient. In this case, the electric switch 1023
is operated by the energy supplied by the implanted energy-transforming device 1002 to switch
from an off mode, in which the wireless remote control is prevented from controlling the inter-
nal control unit 1015 and the battery is not in use, to a standby mode, in which the remote con-
trol is permitted to control the internal control unit 1015 to release electric energy from the bat-
tery 1022 for the operation of the apparatus 10.
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[0274]  Fig. 43 shows an embodiment of the invention identical to that of Fig. 42, except that
an accumulator 1016 is substituted for the battery 1022 and the implanted components are in-
terconnected differently. In this case, the accumulator 1016 stores energy from the implanted
energy-transforming device 1002. In response to a control signal from the wireless remote con-
trol of the external energy-transmission device 1004, the internal control unit 1015 controls the
electric switch 1023 to switch from an off mode, in which the accumulator 1016 is not in use, to
an on mode, in which the accumulator 1016 supplies energy for the operation of the apparatus
10. The accumulator may be combined with or replaced by a capacitor.

[0275]  Fig. 44 shows an embodiment of the invention identical to that of Fig. 43, except that
a battery 1022 also is implanted in the patient and the implanted components are intercon-
nected differently. In response to a control signal from the wireless remote control of the exter-
nal energy-transmission device 1004, the internal control unit 1015 controls the accumulator
1016 to deliver energy for operating the electric switch 1023 to switch from an off mode, in
which the battery 1022 is not in use, to an on mode, in which the battery 1022 supplies electric
energy for the operation of the apparatus 10.

[0276]  Alternatively, the electric switch 1023 may be operated by energy supplied by the
accumulator 1016 to switch from an off mode, in which the wireless remote control is pre-
vented from controlling the battery 1022 to supply electric energy and is not in use, to a
standby mode, in which the wireless remote control is permitted to control the battery 1022 to
supply electric energy for the operation of the apparatus 10.

[0277] It should be understood that the switch 1023 and all other switches in this application
should be interpreted in its broadest embodiment. This means a transistor, MCU, MCPU,
ASIC, FPGA or a DA converter or any other electronic component or circuit that may switch
the power on and off. Preferably the switch is controlled from outside the body, or alternatively

by an implanted internal control unit.

[0278]  Fig. 45 shows an embodiment of the invention identical to that of Fig. 41, except that
a motor 1007, a mechanical reversing device in the form of a gear box 1024, and an internal
control unit 1015 for controlling the gear box 1024 also are implanted in the patient. The inter-
nal control unit 1015 controls the gear box 1024 to reverse the function performed by the appa-
ratus 10 (mechanically operated). Even simpler is to switch the direction of the motor electroni-
cally. The gear box interpreted in its broadest embodiment may stand for a servo arrangement
saving force for the operation device in favor of longer stroke to act.
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[0279]  Fig. 46 shows an embodiment of the invention identical to that of Fig. 52 except that
the implanted components are interconnected differently. Thus, in this case the internal control
unit 1015 is powered by the battery 1022 when the accumulator 1016, suitably a capacitor, ac-
tivates the electric switch 1023 to switch to an on mode. When the electric switch 1023 is in its
on mode the internal control unit 1015 is permitted to control the battery 1022 to supply, or not
supply, energy for the operation of the apparatus 10.

[0280] Fig. 47 schematically shows conceivable combinations of implanted components of
the apparatus for achieving various communication options. Basically, there are the apparatus
10, the internal control unit 1015, motor or pump unit 1009, and the external energy-
transmission device 1004 including the external wireless remote control. As already described
above the wireless remote control transmits a control signal which is received by the internal

control unit 1015, which in turn controls the various implanted components of the apparatus.

[0281] A feedback device, preferably comprising a sensor or measuring device 1025, may
be implanted in the patient for sensing a physical parameter of the patient. The physical pa-
rameter may be at least one selected from the group consisting of pressure, volume, diameter,
stretching, elongation, extension, movement, bending, elasticity, muscle contraction, nerve im-
pulse, body temperature, blood pressure, blood flow, heartbeats and breathing. The sensor
may sense any of the above physical parameters. For example, the sensor may be a pressure
or motility sensor. Alternatively, the sensor 1025 may be arranged to sense a functional pa-
rameter. The functional parameter may be correlated to the transfer of energy for charging an
implanted energy source and may further include at least one selected from the group of pa-
rameters consisting of; electricity, any electrical parameter, pressure, volume, diameter,

stretch, elongation, extension, movement, bending, elasticity, temperature and flow.

[0282] The feedback may be sent to the internal control unit or out to an external control
unit preferably via the internal control unit. Feedback may be sent out from the body via the

energy transfer system or a separate communication system with receiver and transmitters.

[0283]  The internal control unit 1015, or alternatively the external wireless remote control of
the external energy-transmission device 1004, may control the apparatus 10 in response to
signals from the sensor 1025. A transceiver may be combined with the sensor 1025 for send-
ing information on the sensed physical parameter to the external wireless remote control. The
wireless remote control may comprise a signal transmitter or transceiver and the internal con-

trol unit 1015 may comprise a signal receiver or transceiver. Alternatively, the wireless remote
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control may comprise a signal receiver or transceiver and the internal control unit 1015 may
comprise a signal transmitter or transceiver. The above transceivers, transmitters and receiv-
ers may be used for sending information or data related to the apparatus 10 from inside the
patient's body to the outside thereof.

[0284]  Where the motor/pump unit 1009 and battery 1022 for powering the motor/pump unit
1009 are implanted, information related to the charging of the battery 1022 may be fed back.
To be more precise, when charging a battery or accumulator with energy feed back information
related to said charging process is sent and the energy supply is changed accordingly.

[0285]  Fig. 48 shows an alternative embodiment wherein the apparatus 10 is regulated from
outside the patient’s body. The system 1000 comprises a battery 1022 connected to the appa-
ratus 10 via a subcutaneous electric switch 1026. Thus, the regulation of the apparatus 10 is
performed non-invasively by manually pressing the subcutaneous switch, whereby the opera-
tion of the apparatus 10 is switched on and off. It will be appreciated that the shown embodi-
ment is a simplification and that additional components, such as an internal control unit or any
other part disclosed in the present application can be added to the system. Two subcutaneous
switches may also be used. In the preferred embodiment one implanted switch sends informa-
tion to the internal control unit to perform a certain predetermined performance and when the

patient press the switch again the performance is reversed.

[0286] Fig. 49 shows an alternative embodiment, wherein the system 1000 comprises a hy-
draulic fluid reservoir 1013 hydraulically connected to the apparatus. Non-invasive regulation is
performed by manually pressing the hydraulic reservoir connected to the apparatus. Alterna-
tively, the hydraulic fluid reservoir 1013 is adapted to work with an injection port for the injec-
tion of hydraulic fluid, preferably for calibration of hydraulic fluid.

[0287] The system may include an external data communicator and an implantable internal
data communicator communicating with the external data communicator. The internal commu-
nicator feeds data related to the apparatus or the patient to the external data communicator
and/or the external data communicator feeds data to the internal data communicator.

[0288]  Fig. 50 schematically illustrates an arrangement of the system that is capable of
sending information from inside the patient’s body to the outside thereof to give feedback in-
formation related to at least one functional parameter of the apparatus or system, or related to
a physical parameter of the patient, in order to supply an accurate amount of energy to an im-
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planted internal energy receiver 1002 connected to implanted energy consuming components
of the apparatus 10. Such an energy receiver 1002 may include an energy source and/or an
energy-transforming device. Briefly described, wireless energy is transmitted from an external
energy source 1004a located outside the patient and is received by the internal energy re-
ceiver 1002 located inside the patient. The internal energy receiver is adapted to directly or
indirectly supply received energy to the energy consuming components of the apparatus 10 via
a switch 1026. An energy balance is determined between the energy received by the internal
energy receiver 1002 and the energy used for the apparatus 10, and the transmission of wire-
less energy is then controlled based on the determined energy balance. The energy balance
thus provides an accurate indication of the correct amount of energy needed, which is suffi-
cient to operate the apparatus 10 properly, but without causing undue temperature rise.

[0289] In Fig. 50 the patient’s skin is indicated by a vertical line 1005. Here, the energy re-
ceiver comprises an energy-transforming device 1002 located inside the patient, preferably just
beneath the patient’s skin 1005. Generally speaking, the implanted energy-transforming device
1002 may be placed in the abdomen, thorax, muscle fascia (e.g. in the abdominal wall), subcu-
taneously, or at any other suitable location. The implanted energy-transforming device 1002 is
adapted to receive wireless energy E transmitted from the external energy-source 1004a pro-
vided in an external energy-transmission device 1004 located outside the patient’s skin 1005 in

the vicinity of the implanted energy-transforming device 1002.

[0290] Asis well known in the art, the wireless energy E may generally be transferred by
means of any suitable Transcutaneous Energy Transfer (TET) device, such as a device includ-
ing a primary coil arranged in the external energy source 1004a and an adjacent secondary
coil arranged in the implanted energy-transforming device 1002. When an electric current is
fed through the primary coil, energy in the form of a voltage is induced in the secondary coil
which can be used to power the implanted energy consuming components of the apparatus,
e.g. after storing the incoming energy in an implanted energy source, such as a rechargeable
battery or a capacitor. However, the present invention is generally not limited to any particular
energy transfer technique, TET devices or energy sources, and any kind of wireless energy
may be used.

[0291]  The amount of energy received by the implanted energy receiver may be compared
with the energy used by the implanted components of the apparatus. The term “energy used”
is then understood to include also energy stored by implanted components of the apparatus. A
control device includes an external control unit 1004b that controls the external energy source
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1004a based on the determined energy balance to regulate the amount of transferred energy.
In order to transfer the correct amount of energy, the energy balance and the required amount
of energy is determined by means of a determination device including an implanted internal
control unit 1015 connected between the switch 1026 and the apparatus 10. The internal con-
trol unit 1015 may thus be arranged to receive various measurements obtained by suitable
sensors or the like, not shown, measuring certain characteristics of the apparatus 10, some-
how reflecting the required amount of energy needed for proper operation of the apparatus 10.
Moreover, the current condition of the patient may also be detected by means of suitable
measuring devices or sensors, in order to provide parameters reflecting the patient’s condition.
Hence, such characteristics and/or parameters may be related to the current state of the appa-
ratus 10, such as power consumption, operational mode and temperature, as well as the pa-
tient’s condition reflected by parameters such as; body temperature, blood pressure, heart-
beats and breathing. Other kinds of physical parameters of the patient and functional parame-
ters of the device are described elsewhere.

[0292]  Furthermore, an energy source in the form of an accumulator 1016 may optionally be
connected to the implanted energy-transforming device 1002 via the control unit 1015 for ac-
cumulating received energy for later use by the apparatus 10. Alternatively or additionally,
characteristics of such an accumulator, also reflecting the required amount of energy, may be
measured as well. The accumulator may be replaced by a rechargeable battery, and the
measured characteristics may be related to the current state of the battery, any electrical pa-
rameter such as energy consumption voltage, temperature, etc. In order to provide sufficient
voltage and current to the apparatus 10, and also to avoid excessive heating, it is clearly un-
derstood that the battery should be charged optimally by receiving a correct amount of energy
from the implanted energy-transforming device 1002, i.e. not too little or too much. The accu-
mulator may also be a capacitor with corresponding characteristics.

[0293] For example, battery characteristics may be measured on a regular basis to deter-
mine the current state of the battery, which then may be stored as state information in a suit-
able storage means in the internal control unit 1015. Thus, whenever new measurements are
made, the stored battery state information can be updated accordingly. In this way, the state of
the battery can be “calibrated” by transferring a correct amount of energy, so as to maintain the

battery in an optimal condition.

[0294]  Thus, the internal control unit 1015 of the determination device is adapted to deter-
mine the energy balance and/or the currently required amount of energy, (either energy per
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time unit or accumulated energy) based on measurements made by the above-mentioned
sensors or measuring devices of the apparatus 10, or the patient, or an implanted energy
source if used, or any combination thereof. The internal control unit 1015 is further connected
to an internal signal transmitter 1027, arranged to transmit a control signal reflecting the de-
termined required amount of energy, to an external signal receiver 1004c connected to the ex-
ternal control unit 1004b. The amount of energy transmitted from the external energy source
1004a may then be regulated in response to the received control signal.

[0295]  Alternatively, the determination device may include the external control unit 1004b.
In this alternative, sensor measurements can be transmitted directly to the external control unit
1004b wherein the energy balance and/or the currently required amount of energy can be de-
termined by the external control unit 1004b, thus integrating the above-described function of
the internal control unit 1015 in the external control unit 1004b. In that case, the internal control
unit 1015 can be omitted and the sensor measurements are supplied directly to the internal
signal transmitter 1027 which sends the measurements over to the external signal receiver
1004c and the external control unit 1004b. The energy balance and the currently required
amount of energy can then be determined by the external control unit 1004b based on those

sensor measurements.

[0296] Hence, the present solution according to the arrangement of Fig. 50 employs the
feed back of information indicating the required energy, which is more efficient than previous
solutions because it is based on the actual use of energy that is compared to the received en-
ergy, e.g. with respect to the amount of energy, the energy difference, or the energy receiving
rate as compared to the energy rate used by implanted energy consuming components of the
apparatus. The apparatus may use the received energy either for consuming or for storing the
energy in an implanted energy source or the like. The different parameters discussed above
would thus be used if relevant and needed and then as a tool for determining the actual energy
balance. However, such parameters may also be needed per se for any actions taken inter-
nally to specifically operate the apparatus.

[0297]  The internal signal transmitter 1027 and the external signal receiver 1004c may be
implemented as separate units using suitable signal transfer means, such as radio, IR (Infra-
red) or ultrasonic signals. Alternatively, the internal signal transmitter 1027 and the external
signal receiver 1004c may be integrated in the implanted energy-transforming device 1002 and
the external energy source 1004a, respectively, so as to convey control signals in a reverse
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direction relative to the energy transfer, basically using the same transmission technique. The
control signals may be modulated with respect to frequency, phase or amplitude.

[0298] Thus, the feedback information may be transferred either by a separate communica-
tion system including receivers and transmitters or may be integrated in the energy system. In
accordance with the present invention, such an integrated information feedback and energy
system comprises an implantable internal energy receiver for receiving wireless energy, the
energy receiver having an internal first coil and a first electronic circuit connected to the first
coil, and an external energy transmitter for transmitting wireless energy, the energy transmitter
having an external second coil and a second electronic circuit connected to the second coil.
The external second coil of the energy transmitter transmits wireless energy which is received
by the first coil of the energy receiver. This system further comprises a power switch for switch-
ing the connection of the internal first coil to the first electronic circuit on and off, such that
feedback information related to the charging of the first coil is received by the external energy
transmitter in the form of an impedance variation in the load of the external second coil, when
the power switch switches the connection of the internal first coil to the first electronic circuit on
and off. In implementing this system in the arrangement of Fig. 50, the switch 1026 is either
separate and controlled by the internal control unit 1015, or integrated in the internal control
unit 1015. It should be understood that the switch 1026 should be interpreted in its broadest
embodiment. This means a transistor, MCU, MCPU, ASIC FPGA or a DA converter or any
other electronic component or circuit that may switch the power on and off.

[0299] To conclude, the energy supply arrangement illustrated in Fig. 50 may operate basi-
cally in the following manner. The energy balance is first determined by the internal control unit
1015 of the determination device. A control signal reflecting the required amount of energy is
also created by the internal control unit 1015, and the control signal is transmitted from the in-
ternal signal transmitter 1027 to the external signal receiver 1004c. Alternatively, the energy
balance can be determined by the external control unit 1004b instead depending on the im-
plementation, as mentioned above. In that case, the control signal may carry measurement
results from various sensors. The amount of energy emitted from the external energy source
1004a can then be regulated by the external control unit 1004b, based on the determined en-
ergy balance, e.g. in response to the received control signal. This process may be repeated
intermittently at certain intervals during ongoing energy transfer, or may be executed on a

more or less continuous basis during the energy transfer.
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[0300] The amount of transferred energy can generally be regulated by adjusting various
transmission parameters in the external energy source 1004a, such as voltage, current, ampli-

tude, wave frequency and pulse characteristics.

[0301]  This system may also be used to obtain information about the coupling factors be-
tween the coils in a TET system even to calibrate the system both to find an optimal place for
the external colil in relation to the internal coil and to optimize energy transfer. Simply compar-
ing in this case the amount of energy transferred with the amount of energy received. For ex-
ample if the external coil is moved the coupling factor may vary and correctly displayed move-
ments could cause the external coil to find the optimal place for energy transfer. Preferably, the
external coil is adapted to calibrate the amount of transferred energy to achieve the feedback

information in the determination device, before the coupling factor is maximized.

[0302]  This coupling factor information may also be used as a feedback during energy
transfer. In such a case, the energy system of the present invention comprises an implantable
internal energy receiver for receiving wireless energy, the energy receiver having an internal
first coil and a first electronic circuit connected to the first coil, and an external energy transmit-
ter for transmitting wireless energy, the energy transmitter having an external second coil and
a second electronic circuit connected to the second coil. The external second coil of the energy
transmitter transmits wireless energy which is received by the first coil of the energy receiver.
This system further comprises a feedback device for communicating out the amount of energy
received in the first coil as a feedback information, and wherein the second electronic circuit
includes a determination device for receiving the feedback information and for comparing the
amount of transferred energy by the second coil with the feedback information related to the
amount of energy received in the first coil to obtain the coupling factor between the first and
second coils. The energy transmitter may regulate the transmitted energy in response to the
obtained coupling factor.

[0303] With reference to Fig. 51, although wireless transfer of energy for operating the ap-
paratus has been described above to enable non-invasive operation, it will be appreciated that
the apparatus can be operated with wire bound energy as well. Such an example is shown in
Fig. 51, wherein an external switch 1026 is interconnected between the external energy source
1004a and an operation device, such as an electric motor 1007 operating the apparatus 10. An
external control unit 1004b controls the operation of the external switch 1026 to effect proper
operation of the apparatus 10.
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[0304] Fig. 52 illustrates different embodiments for how received energy can be supplied to
and used by the apparatus 10. Similar to the example of Fig. 50, an internal energy receiver
1002 receives wireless energy E from an external energy source 1004a which is controlled by
a transmission control unit 1004b. The internal energy receiver 1002 may comprise a constant
voltage circuit, indicated as a dashed box "constant V" in the figure, for supplying energy at
constant voltage to the apparatus 10. The internal energy receiver 1002 may further comprise
a constant current circuit, indicated as a dashed box "constant C" in the figure, for supplying
energy at constant current to the apparatus 10.

[0305] The apparatus 10 comprises an energy consuming part 10a, which may be a motor,
pump, restriction device, or any other medical appliance that requires energy for its electrical
operation. The apparatus 10 may further comprise an energy storage device 10b for storing
energy supplied from the internal energy receiver 1002. Thus, the supplied energy may be di-
rectly consumed by the energy consuming part 10a, or stored by the energy storage device
10b, or the supplied energy may be partly consumed and partly stored. The apparatus 10 may
further comprise an energy stabilizing unit 10c for stabilizing the energy supplied from the in-
ternal energy receiver 1002. Thus, the energy may be supplied in a fluctuating manner such
that it may be necessary to stabilize the energy before consumed or stored.

[0306] The energy supplied from the internal energy receiver 1002 may further be accumu-
lated and/or stabilized by a separate energy stabilizing unit 1028 located outside the apparatus
10, before being consumed and/or stored by the apparatus 10. Alternatively, the energy stabi-
lizing unit 1028 may be integrated in the internal energy receiver 1002. In either case, the en-
ergy stabilizing unit 1028 may comprise a constant voltage circuit and/or a constant current

circuit.

[0307] It should be noted that Fig. 50 and Fig. 52 illustrate some possible but non-limiting
implementation options regarding how the various shown functional components and elements
can be arranged and connected to each other. However, the skilled person will readily appre-
ciate that many variations and modifications can be made within the scope of the present in-

vention.

[0308] Fig. 53 schematically shows an energy balance measuring circuit of one of the pro-
posed designs of the system for controlling transmission of wireless energy, or energy balance
control system. The circuit has an output signal centered on 2.5V and proportionally related to
the energy imbalance. The derivative of this signal shows if the value goes up and down and
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how fast such a change takes place. If the amount of received energy is lower than the energy
used by implanted components of the apparatus, more energy is transferred and thus charged
into the energy source. The output signal from the circuit is typically feed to an A/D converter
and converted into a digital format. The digital information can then be sent to the external en-
ergy-transmission device allowing it to adjust the level of the transmitted energy. Another pos-
sibility is to have a completely analog system that uses comparators comparing the energy
balance level with certain maximum and minimum thresholds sending information to external

energy-transmission device if the balance drifts out of the max/min window.

[0309] The schematic Fig. 53 shows a circuit implementation for a system that transfers en-
ergy to the implanted energy components of the apparatus of the present invention from out-
side of the patient’s body using inductive energy transfer. An inductive energy transfer system
typically uses an external transmitting coil and an internal receiving coil. The receiving coil, L1,
is included in the schematic Fig. 36; the transmitting parts of the system are excluded.

[0310] The implementation of the general concept of energy balance and the way the infor-
mation is transmitted to the external energy transmitter can of course be implemented in nu-
merous different ways. The schematic Fig. 53 and the above described method of evaluating
and transmitting the information should only be regarded as examples of how to implement the

control system.

CIRCUIT DETAILS

[0311] In Fig. 53 the symbols Y1, Y2, Y3 and so on symbolize test points within the circuit.
The components in the diagram and their respective values are values that work in this particu-
lar implementation which of course is only one of an infinite number of possible design solu-

tions.

[0312]  Energy to power the circuit is received by the energy receiving coil L1. Energy to im-
planted components is transmitted in this particular case at a frequency of 25 kHz. The energy
balance output signal is present at test point Y1.

[0313] Those skilled in the art will realize that the above various embodiments of the system
could be combined in many different ways. For example, the electric switch 1006 of Fig. 36
could be incorporated in any of the embodiments of Figs. 39-45, the hydraulic valve shifting
device 1014 of Fig. 39 could be incorporated in the embodiment of Fig. 38, and the gear box
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1024 could be incorporated in the embodiment of Fig. 37. Please observe that the switch sim-

ply could mean any electronic circuit or component.

[0314] The embodiments described in connection with Figs. 50, 52 and 53 identify a method
and a system for controlling transmission of wireless energy to implanted energy consuming
components of an electrically operable apparatus. Such a method and system will be defined

in general terms in the following.

[0315] A method is thus provided for controlling transmission of wireless energy supplied to
implanted energy consuming components of an apparatus as described above. The wireless
energy E is transmitted from an external energy source located outside the patient and is re-
ceived by an internal energy receiver located inside the patient, the internal energy receiver
being connected to the implanted energy consuming components of the apparatus for directly
or indirectly supplying received energy thereto. An energy balance is determined between the
energy received by the internal energy receiver and the energy used for the apparatus. The
transmission of wireless energy E from the external energy source is then controlled based on
the determined energy balance.

[0316] The wireless energy may be transmitted inductively from a primary coil in the exter-
nal energy source to a secondary coil in the internal energy receiver. A change in the energy
balance may be detected to control the transmission of wireless energy based on the detected
energy balance change. A difference may also be detected between energy received by the
internal energy receiver and energy used for the medical device, to control the transmission of
wireless energy based on the detected energy difference.

[0317]  When controlling the energy transmission, the amount of transmitted wireless energy
may be decreased if the detected energy balance change implies that the energy balance is
increasing, or vice versa. The decrease/increase of energy transmission may further corre-

spond to a detected change rate.

[0318] The amount of transmitted wireless energy may further be decreased if the detected
energy difference implies that the received energy is greater than the used energy, or vice
versa. The decrease/increase of energy transmission may then correspond to the magnitude
of the detected energy difference.
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[0319] As mentioned above, the energy used for the medical device may be consumed to
operate the medical device, and/or stored in at least one energy storage device of the medical
device.

[0320] When electrical and/or physical parameters of the medical device and/or physical
parameters of the patient are determined, the energy may be transmitted for consumption and
storage according to a transmission rate per time unit which is determined based on said pa-
rameters. The total amount of transmitted energy may also be determined based on said pa-

rameters.

[0321]  When a difference is detected between the total amount of energy received by the
internal energy receiver and the total amount of consumed and/or stored energy, and the de-
tected difference is related to the integral over time of at least one measured electrical parame-
ter related to said energy balance, the integral may be determined for a monitored voltage
and/or current related to the energy balance.

[0322] When the derivative is determined over time of a measured electrical parameter re-
lated to the amount of consumed and/or stored energy, the derivative may be determined for a
monitored voltage and/or current related to the energy balance.

[0323] The transmission of wireless energy from the external energy source may be con-
trolled by applying to the external energy source electrical pulses from a first electric circuit to
transmit the wireless energy, the electrical pulses having leading and trailing edges, varying
the lengths of first time intervals between successive leading and trailing edges of the electrical
pulses and/or the lengths of second time intervals between successive trailing and leading
edges of the electrical pulses, and transmitting wireless energy, the transmitted energy gener-
ated from the electrical pulses having a varied power, the varying of the power depending on
the lengths of the first and/or second time intervals.

[0324] In that case, the frequency of the electrical pulses may be substantially constant
when varying the first and/or second time intervals. When applying electrical pulses, the elec-
trical pulses may remain unchanged, except for varying the first and/or second time intervals.
The amplitude of the electrical pulses may be substantially constant when varying the first
and/or second time intervals. Further, the electrical pulses may be varied by only varying the
lengths of first time intervals between successive leading and trailing edges of the electrical
pulses.
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[0325] A train of two or more electrical pulses may be supplied in a row, wherein when ap-
plying the train of pulses, the train having a first electrical pulse at the start of the pulse train
and having a second electrical pulse at the end of the pulse train, two or more pulse trains may
be supplied in a row, wherein the lengths of the second time intervals between successive
trailing edge of the second electrical pulse in a first pulse train and leading edge of the first
electrical pulse of a second pulse train are varied.

[0326] When applying the electrical pulses, the electrical pulses may have a substantially
constant current and a substantially constant voltage. The electrical pulses may also have a
substantially constant current and a substantially constant voltage. Further, the electrical
pulses may also have a substantially constant frequency. The electrical pulses within a pulse
train may likewise have a substantially constant frequency.

[0327]  The circuit formed by the first electric circuit and the external energy source may
have a first characteristic time period or first time constant, and when effectively varying the
transmitted energy, such frequency time period may be in the range of the first characteristic

time period or time constant or shorter.

[0328] A system comprising an apparatus as described above is thus also provided for con-
trolling transmission of wireless energy supplied to implanted energy consuming components
of the apparatus. In its broadest sense, the system comprises a control device for controlling
the transmission of wireless energy from an energy-transmission device, and an implantable
internal energy receiver for receiving the transmitted wireless energy, the internal energy re-
ceiver being connected to implantable energy consuming components of the apparatus for di-
rectly or indirectly supplying received energy thereto. The system further comprises a determi-
nation device adapted to determine an energy balance between the energy received by the
internal energy receiver and the energy used for the implantable energy consuming compo-
nents of the apparatus, wherein the control device controls the transmission of wireless energy
from the external energy-transmission device, based on the energy balance determined by the

determination device.

[0329] In one embodiment at least one battery may be a part of or replace the energy-
transforming device 1002 to supply energy to the apparatus 10 over a power supply line. In
one embodiment the battery is not rechargeable. In an alternative embodiment the battery is
rechargeable. The battery supply may of course be placed both remote to and incorporated in
the device.
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[0330]  Further, the system may comprise any of the following:

[0331] - A primary coil in the external energy source adapted to transmit the wireless energy
inductively to a secondary coil in the internal energy receiver.

[0332] - The determination device is adapted to detect a change in the energy balance, and
the control device controls the transmission of wireless energy based on the detected energy
balance change

[0333] - The determination device is adapted to detect a difference between energy re-
ceived by the internal energy receiver and energy used for the implantable energy consuming
components of the apparatus, and the control device controls the transmission of wireless en-
ergy based on the detected energy difference.

[0334] - The control device controls the external energy-transmission device to decrease
the amount of transmitted wireless energy if the detected energy balance change implies that
the energy balance is increasing, or vice versa, wherein the decrease/increase of energy
transmission corresponds to a detected change rate.

[0335] - The control device controls the external energy-transmission device to decrease
the amount of transmitted wireless energy if the detected energy difference implies that the
received energy is greater than the used energy, or vice versa, wherein the decrease/increase

of energy transmission corresponds to the magnitude of said detected energy difference.

[0336] - The energy used for the apparatus is consumed to operate the apparatus, and/or
stored in at least one energy storage device of the apparatus.

[0337] - Where electrical and/or physical parameters of the apparatus and/or physical pa-
rameters of the patient are determined, the energy-transmission device transmits the energy
for consumption and storage according to a transmission rate per time unit which is deter-
mined by the determination device based on said parameters. The determination device also
determines the total amount of transmitted energy based on said parameters.

[0338] - When a difference is detected between the total amount of energy received by the
internal energy receiver and the total amount of consumed and/or stored energy, and the de-
tected difference is related to the integral over time of at least one measured electrical parame-
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ter related to the energy balance, the determination device determines the integral for a moni-
tored voltage and/or current related to the energy balance.

[0339] - When the derivative is determined over time of a measured electrical parameter
related to the amount of consumed and/or stored energy, the determination device determines
the derivative for a monitored voltage and/or current related to the energy balance.

[0340] - The energy-transmission device comprises a coil placed externally to the human
body, and an electric circuit is provided to power the external coil with electrical pulses to
transmit the wireless energy. The electrical pulses have leading and trailing edges, and the
electric circuit is adapted to vary first time intervals between successive leading and trailing
edges and/or second time intervals between successive trailing and leading edges of the elec-
trical pulses to vary the power of the transmitted wireless energy. As a result, the energy re-

ceiver receiving the transmitted wireless energy has a varied power.

[0341] - The electric circuit is adapted to deliver the electrical pulses to remain unchanged
except varying the first and/or second time intervals.

[0342] - The electric circuit has a time constant and is adapted to vary the first and second
time intervals only in the range of the first time constant, so that when the lengths of the first

and/or second time intervals are varied, the transmitted power over the coil is varied.

[0343] - The electric circuit is adapted to deliver the electrical pulses to be varied by only
varying the lengths of first time intervals between successive leading and trailing edges of the
electrical pulses.

[0344] - The electric circuit is adapted to supplying a train of two or more electrical pulses in
a row, said train having a first electrical pulse at the start of the pulse train and having a sec-
ond electrical pulse at the end of the pulse train, and

[0345] - the lengths of the second time intervals between successive trailing edge of the
second electrical pulse in a first pulse train and leading edge of the first electrical pulse of a
second pulse train are varied by the first electronic circuit.

[0346] - The electric circuit is adapted to provide the electrical pulses as pulses having a
substantially constant height and/or amplitude and/or intensity and/or voltage and/or current
and/or frequency.
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[0347] - The electric circuit has a time constant, and is adapted to vary the first and second
time intervals only in the range of the first time constant, so that when the lengths of the first

and/or second time intervals are varied, the transmitted power over the first coil are varied.

[0348] - The electric circuit is adapted to provide the electrical pulses varying the lengths of
the first and/or the second time intervals only within a range that includes the first time con-
stant or that is located relatively close to the first time constant, compared to the magnitude of
the first time constant.

[0349] Figs. 54-57 show in more detail block diagrams of four different ways of hydraulically
or pneumatically powering an implanted apparatus according to the invention.

[0350] Fig. 54 shows a system as described above with. The system comprises an im-
planted apparatus 10 and further a separate regulation reservoir 1013, a one way pump 1009
and an alternate valve 1014.

[0351]  Fig. 55 shows the apparatus 10 and a fluid reservoir 1013. By moving the wall of the
regulation reservoir or changing the size of the same in any other different way, the adjustment
of the apparatus may be performed without any valve, just free passage of fluid any time by

moving the reservoir wall.

[0352] Fig. 56 shows the apparatus 10, a two way pump 1009 and the regulation reservoir
1013.

[0353] Fig. 57 shows a block diagram of a reversed servo system with a first closed system
controlling a second closed system. The servo system comprises a regulation reservoir 1013
and a servo reservoir 1050. The servo reservoir 1050 mechanically controls an implanted ap-
paratus 10 via a mechanical interconnection 1054. The apparatus has an expand-
able/contactable cavity. This cavity is preferably expanded or contracted by supplying hydrau-
lic fluid from the larger adjustable reservoir 1052 in fluid connection with the apparatus 10. Al-
ternatively, the cavity contains compressible gas, which can be compressed and expanded
under the control of the servo reservoir 1050.

[0354] The servo reservoir 1050 can also be part of the apparatus itself.

[0355] In one embodiment, the regulation reservoir is placed subcutaneous under the pa-

tient’s skin and is operated by pushing the outer surface thereof by means of a finger. This
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system is illustrated in Figs 58a-c. In Fig. 58a, a flexible subcutaneous regulation reservoir
1013 is shown connected to a bulge shaped servo reservoir 1050 by means of a conduit 1011.
This bellow shaped servo reservoir 1050 is comprised in a flexible apparatus 10. In the state
shown in Fig. 58a, the servo reservoir 1050 contains a minimum of fluid and most fluid is found
in the regulation reservoir 1013. Due to the mechanical interconnection between the servo
reservoir 1050 and the apparatus 10, the outer shape of the apparatus 10 is contracted, i.e., it
occupies less than its maximum volume. This maximum volume is shown with dashed lines in

the figure.

[0356] Fig. 58b shows a state wherein a user, such as the patient in with the apparatus is
implanted, presses the regulation reservoir 1013 so that fluid contained therein is brought to
flow through the conduit 1011 and into the servo reservoir 1050, which, thanks to its bellow
shape, expands longitudinally. This expansion in turn expands the apparatus 10 so that it oc-
cupies its maximum volume, thereby stretching the stomach wall (not shown), which it con-

tacts.

[0357]  The regulation reservoir 1013 is preferably provided with means 1013a for keeping
its shape after compression. This means, which is schematically shown in the figure, will thus
keep the apparatus 10 in a stretched position also when the user releases the regulation res-
ervoir. In this way, the regulation reservoir essentially operates as an on/off switch for the sys-

tem.

[0358] An alternative embodiment of hydraulic or pneumatic operation will now be described
with reference to Figs. 59 and 60a-c. The block diagram shown in Fig. 59 comprises with a first
closed system controlling a second closed system. The first system comprises a regulation
reservoir 1013 and a servo reservoir 1050. The servo reservoir 1050 mechanically controls a
larger adjustable reservoir 1052 via a mechanical interconnection 1054. An implanted appara-
tus 10 having an expandable/contactable cavity is in turn controlled by the larger adjustable
reservoir 1052 by supply of hydraulic fluid from the larger adjustable reservoir 1052 in fluid
connection with the apparatus 10.

[0359] An example of this embodiment will now be described with reference to Fig. 60a-c.
Like in the previous embodiment, the regulation reservoir is placed subcutaneous under the

patient’s skin and is operated by pushing the outer surface thereof by means of a finger. The
regulation reservoir 1013 is in fluid connection with a bellow shaped servo reservoir 1050 by
means of a conduit 1011. In the first closed system 1013, 1011, 1050 shown in Fig. 60a, the
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servo reservoir 1050 contains a minimum of fluid and most fluid is found in the regulation res-

ervoir 1013.

[0360] The servo reservoir 1050 is mechanically connected to a larger adjustable reservoir
1052, in this example also having a bellow shape but with a larger diameter than the servo
reservoir 1050. The larger adjustable reservoir 1052 is in fluid connection with the apparatus
10. This means that when a user pushes the regulation reservoir 1013, thereby displacing fluid
from the regulation reservoir 1013 to the servo reservoir 1050, the expansion of the servo res-
ervoir 1050 will displace a larger volume of fluid from the larger adjustable reservoir 1052 to
the apparatus 10. In other words, in this reversed servo, a small volume in the regulation res-
ervoir is compressed with a higher force and this creates a movement of a larger total area

with less force per area unit.

[0361] Like in the previous embodiment described above with reference to Figs. 58a-c, the
regulation reservoir 1013 is preferably provided with means 1013a for keeping its shape after
compression. This means, which is schematically shown in the figure, will thus keep the appa-
ratus 10 in a stretched position also when the user releases the regulation reservoir. In this
way, the regulation reservoir essentially operates as an on/off switch for the system.

[0362]  Although the different parts described above have specific placements on the draw-
ings it should be understood that these placements might vary, depending on the application.

[0363] The lubricating fluid used in any of the embodiments herein is preferably a biocom-
patible lubricating fluid imitating the synovial fluid of the natural hip joint. According to one em-
bodiment the lubricating fluid is Hyaluronic acid.

[0364] In all of the embodiments above it is conceivable that the conduit is excluded and
that the channel or channels are in direct connection with the reservoir or the injection port.
Please note that any embodiment or part of embodiment as well as any method or part of
method could be combined in any way. All examples herein should be seen as part of the gen-
eral description and therefore possible to combine in any way in general terms. Please note
that the description in general should be seen as describing both of an apparatus and a
method.

[0365] The various aforementioned features of the invention may be combined in any way if
such combination is not clearly contradictory. The invention will now be described in more de-
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tail in respect of preferred embodiments and in reference to the accompanying drawings.
Again, individual features of the various embodiments may be combined or exchanged unless
such combination or exchange is clearly contradictory to the overall function of the device.

[0366] This application is a divisional application of Australian patent application number
2010269171, whose specification as originally filed is hereby incorporated by reference in its
entirety.
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1. An implantable medical device, for implantation in a mammal knee joint,
comprising:

an artificial contacting surface adapted to replace at least one contacting surface
of a joint and to be lubricated when implanted in said joint;

a reservoir comprising a movable wall portion defining the volume of the
reservoir;

at least one inlet adapted to receive a lubricating fluid from the reservoir;

at least one channel at least partly integrated in said artificial contacting surface,
wherein the channel is fluidly connected with said at least one inlet for distributing said
lubricating fluid to the surface of said artificial contacting surface;

an operation device adapted to non-invasively transport said lubricating fluid
from said reservoir to said artificial contacting surface; and

an implantable injection port for refilling said reservoir, wherein the movable
wall portion is moved when the reservoir is refilled, such that the volume of the reservoir

1s increased.

2. The implantable medical device according to claim 1, wherein the artificial
contacting surface is an artificial tibia contacting surface adapted to replace at least one of

the medial part and the lateral part of the tibia contacting surface of the knee joint.

3. The implantable medical device according to claim 1, wherein the artificial
contacting surface is an artificial femoral bone contacting surface adapted to replace at
least one of the medial part and the lateral part of the femoral bone contacting surface of

the knee joint.

4. The implantable medical device according to claim 1, wherein the artificial
contacting surface is one of an artificial caput femur or an artificial acetabulum adapted to
replace the anatomic caput femur or anatomic acetabulum contacting surface,

respectively.
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S. The implantable device according to any one of the preceding claims, wherein

the reservoir is adapted to be pre-loaded with pressurized lubricating fluid.

6. The implantable device according to any one of the preceding claims, wherein
said operation device is at least one of:

a. an energized operation device;

b. a powered operation device; and

c. a pump adapted to pump the lubricating fluid from the reservoir to the

artificial contacting surface for lubricating the artificial contacting surface.

7. The implantable medical device according to any one of the preceding claims,
further comprising a valve adapted to close the connection between the reservoir and the

artificial contacting surface.

8. The implantable medical device according to any one of the preceding claims,
wherein the reservoir is placed in a unit separate from the artificial contacting surface and

adapted to be connected to the artificial contacting surface with a conduit.

9. The implantable medical device according to any one of the preceding claims,
wherein the movable wall portion is powered and adapted to move and change the volume

of the reservoir.

10. The implantable medical device according to any one of the preceding claims,
further comprising at least one outlet and at least one further channel at least partly
integrated in the artificial contacting surface, wherein the medical device is adapted to
allow circulation of a lubricating fluid out from the artificial contacting surface through

the outlet and in to the artificial surface through the inlet.

11. The implantable medical device according to claim 10, further comprising at
least one of?:

a. an operation device adapted to circulate the lubricating fluid;

b. areservoir adapted to add fluid to the circulating lubricating fluid; and

c. a filter adapted to clean the circulating lubricating fluid.
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12. The implantable medical device according to any one of the preceding claims,

wherein the reservoir is adapted to provide a pressure to the lubricating fluid.

13. The implantable medical device according to claim 12, wherein the reservoir is
at least one of:
. spring loaded;

a
b. comprising a chamber adapted to hold a compressed gas;

o

comprising an elastic wall adapted to create the pressure; and

d. comprising a Parylene coated elastic silicone wall.

14. The implantable medical device according to any one of the preceding claims,
comprising a system for manually and non-invasively controlling the implantable medical
device, comprising at least one of:

a switch that is implantable in the patient;

a wireless remote control; and

an implantable hydraulic reservoir that is hydraulically connected to the
implantable medical device and adapted to be regulated by manually pressing the

hydraulic reservoir.

15. The implantable medical device according to any one of the preceding claims,
comprising a system comprising at least one of:

an internal energy source for powering implantable energy consuming
components of the implantable medical device;

an internal energy receiver;

adapted to be energized non-invasively and wirelessly by an energy
transmission device from outside the patient’s body, adapted for sending wireless energy
to at least one of:

an implantable internal energy source comprised in the system, being chargeable
by the energy transferred from the energy transmission device, and

at least one implantable energy consuming component of the system being

energized with the wireless energy.
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16. The implantable medical device according to anyone of the preceding claims,
comprising a system further comprising a sensor and/or a measuring device sensing or
measuring at least one of;
at least one physical parameter of the patient, and
at least one functional parameter related to the implantable medical device,
comprising at least one of: a functional parameter correlated to the transfer of
energy for charging the internal energy source according to claim 15, and a
functional parameter related to the implantable medical device;
wherein the implantable medical device further comprising a feedback device
for sending feedback information from inside the patient’s body to at least one
of:
an implantable internal control unit;
an external control unit outside of the patient’s body; and
an external control unit outside of the patient’s body, via the internal control
unit;
an external control unit outside of the patient’s body, via the internal control
unit according to the programming of the internal control unit performed by the
external control unit;
wherein the feedback information being related to at least one of the at least one
physical parameter of the patient and the at least one functional parameter related to the

implantable medical device.
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Fig. 1E
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