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(57) ABSTRACT

Implantable sensors and methods for detecting changes in a
characteristic of a soft tissue is disclosed. In one embodiment,
an implantable sensor for detecting indicators of cartilage
wear in a joint is provided. The implantable sensor includes a
sensing element for detecting a signal indicative of a charac-
teristic of the cartilage of the joint and a telemetry circuit in
communication with the sensing element for transmitting a
data set representative of the detected signal. In another
embodiment, a system for detecting changes in joint cartilage
includes an implantable acoustic sensing element and an
external receiver in communication with the implantable
acoustic sensing element. In other embodiments, methods of
detecting cartilage degradation in a joint and methods of
using the disclosed sensors are provided.
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IMPLANTABLE SENSOR AND ASSOCIATED
METHODS

FIELD/BACKGROUND

[0001] The present disclosure is directed to improved
instrumentation and methods for measuring and monitoring
soft tissue. More particularly, in one aspect the present dis-
closure is directed to an implantable sensor for detecting
changes in soft tissue of a joint.

[0002] The present disclosure relates to the assessment of
soft tissue. The disclosure may have particularly useful appli-
cation in the assessment of soft tissues as it relates to joints
and monitoring the need for medical treatment, including
surgical procedures. In some aspects, the surgical procedure
is a total joint replacement surgery, such as the implantation
ofahip, knee, shoulder, arnkle, spinal, or wrist prosthesis. The
disclosure may also have particularly useful application in the
assessment of soft tissue as it relates to soft tissue repairs such
as ACL reconstruction, meniscal reconstruction, and other
soft tissue repairs, for example.

[0003] Joint prostheses are usually manufactured of
durable materials such as metals, ceramics, or hard plastics
and are affixed to articulating ends of the bones of the joint.
Joint prostheses usually include an articulating surface com-
posed of a material designed to minimize the friction between
the components of the joint prostheses. For example, in a hip
prosthesis the femoral component is comprised of a head (or
ball) and a stem attached to the femur. The acetabular com-
ponent is comprised of a cup (or socket) attached to the
acetabulum and most often includes a polyethylene articulat-
ing surface. The ball-in-socket motion between the femoral
head and the acetabular cup simulates the natural motion of
the hip joint and the polyethylene surface helps to minimize
friction during articulation of the ball and socket.

[0004] As described, total joint replacements often require
components to articulate against polyethylene or metal bear-
ing surfaces. This articulation has been shown to release
submicron particle wear debris, often polyethylene wear
debris. This debris can lead to osteolytic lesions, implant
loosing, and possibly the need for revision surgery. Early
detection of particle wear debris or the onset of osteolytic
lesions allows an orthopedic surgeon to treat the potential
problem before it escalates to the point of causing severe
medical harm to the patient and/or the need for revision
surgery.

[0005] Further, in soft tissue repairs, such as ACL recon-
struction, the tissue may have problems with graft incorpora-
tion and/or failure to fully heal the defect. Tracking the heal-
ing process and tissue integrity in soft tissue repairs can assist
the surgeon in determining the appropriate postoperative
treatments and physical therapy. Also, early detection of a
potential problem provides the surgeon with the potential
ability to treat the affected tissue before the problem becomes
more serious or requires revision surgery.

[0006] Therefore, there remains a need for improved instru-
mentation and methods for monitoring soft tissue and, in
particular, the soft tissue of joints.

SUMMARY

[0007] The present disclosure provides implantable sen-
sors and methods for detecting signals indicative of tissue
characteristics and, in particular, tissue degradation or wear.
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[0008] In one aspect, the present disclosure provides an
implantable sensor for detecting indicators of soft tissue wear
of ajoint. The implantable sensor includes a sensing element
having an external surface for engaging a portion of a bone
adjacent the joint. The external surface is shaped or otherwise
configured to maintain the sensing element in a fixed position
within the bone. The sensing element is for detecting a signal
indicative of a characteristic of the soft tissue of the joint. The
implantable sensor also includes a telemetry circuit in com-
munication with the sensing element. The telemetry circuit is
adapted for transmitting a data set representative of the
detected signal outside of the bone.

[0009] Inanother aspect, the present disclosure provides a
system for detecting changes in joint cartilage. The system
includes an implantable acoustic sensor for detecting an
acoustic signal indicative of a characteristic of the joint car-
tilage. The sensor is adapted to communicate a data set rep-
resentative of the detected signal to an external receiver. The
sensor is also suitable for injection into a tissue adjacent the
joint. The system also includes an external receiver in com-
munication with the sensor. The external receiver is config-
ured for receiving the data set representative of the detected
signal from the sensor.

[0010] Inanother aspect, the present disclosure provides a
method for detecting soft tissue degradation in a joint. The
method includes providing at least one acoustic sensor for
detecting a signal indicative of a characteristic of the soft
tissue of a joint, where the at least one sensor has an external
surface configured for implantation within a bone. The
method includes implanting the at least one sensor into a bone
adjacent the joint; operating the at least one sensor to detect a
reference signal indicative of the characteristic of the soft
tissue; and operating the at least one sensor to detect a sub-
sequent signal indicative of the characteristic of the soft tis-
sue. Finally, the method compares the subsequent signal to
the reference signal to detect any changes in the characteristic
of the soft tissue.

[0011] Inanother aspect, the present disclosure provides a
method that includes providing a plurality of implantable
sensors for detecting signals indicative of a characteristic of
cartilage of a joint and implanting each of the plurality of
sensors into a bone adjacent the joint. The method also
includes operating the plurality of sensors to detect a refer-
ence signal indicative of the characteristic of the cartilage and
operating the plurality of sensors to detect a subsequent signal
indicative of the characteristic of the cartilage. The method
compares the subsequent signal to the reference signal to
detect any changes in the characteristic of the cartilage.
[0012] Further aspects, forms, embodiments, objects, fea-
tures, benefits, and advantages of the present disclosure shall
become apparent from the detailed drawings and descriptions
provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a partial front view of a system for moni-
toring the soft tissue of a joint in use with a knee joint accord-
ing to one embodiment of the present disclosure.

[0014] FIG. 2 is a schematic illustration of a sensor of the
system of FIG. 1.

[0015] FIG. 3 is a schematic illustration of a sensor accord-
ing to another embodiment of the present disclosure.

[0016] FIG. 4 is a partial front view of a sensor for moni-
toring soft tissue of a joint in use with a hip joint according to
one embodiment of the present disclosure.
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[0017] FIG. 5 apartial front view of a system including the
sensor of FIG. 4 for monitoring soft tissue of a joint according
to one embodiment of the present disclosure.
[0018] FIG. 6 is aflowchart illustrating a method according
to one embodiment of the present disclosure.
[0019] FIG.7is aflowchart illustrating a method according
to one embodiment of the present disclosure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] For the purposes of promoting an understanding of
the principles of the present disclosure, reference will now be
made to the embodiments illustrated in the drawings, and
specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of
the disclosure is intended. Any alterations and further modi-
fications in the described devices, instruments, methods, and
any further application of the principles of the disclosure as
described herein are contemplated as would normally occur
to one skilled in the art to which the disclosure relates. In
particular, it is fully contemplated that the features, compo-
nents, and/or steps described with respect to one embodiment
may be combined with the features, components, and/or steps
described with respect to other embodiments of the present
disclosure.

[0021] Referring now to FIG. 1, shown therein is a system
100 for monitoring changes of a characteristic in the soft
tissue of a joint according to one aspect of the present disclo-
sure. The system 100 is shown in use with a knee joint 102.
The knee joint 102 includes a plurality of bones, ligaments,
tendons, cartilage, and menisci. As shown in FIG. 1, the knee
joint 102 comprises a femur 104, a tibia 106, a fibula 108, and
a patella 110. The knee joint 102 also includes articular car-
tilage and menisci (not specifically illustrated) positioned
between the femur 104 and the tibia 106. In that regard, the
knee joint 102 includes a medial portion 112 comprised of a
medial section of the articular cartilage and the medial menis-
cus. The knee joint 102 also includes a lateral portion 114
comprised of a lateral section of the articular cartilage and the
lateral mensiscus.

[0022] In the current embodiment, the system 100 is con-
figured to monitor changes in the medial and lateral portions
112 and 114 of the articular cartilage and menisci. The system
100 includes a plurality of sensors 120 and an external device
200. Referring now to FIG. 2, shown therein is a schematic
view of a sensor 120 according to one embodiment of the
present disclosure. Each sensor 120 includes an acoustic
transducer 122 and a telemetry circuit 124. The acoustic
transducer 122 is adapted for detecting acoustic signals
indicative of a characteristic of a soft tissue. The telemetry
circuit 124 is adapted for providing power to the acoustic
transducer 122 and communicating with an external device
200. Tt is contemplated that the telemetry circuit 124 will
provide power to the acoustic transducer 122 via inductive
coupling or other known means of passive power supply. It is
also contemplated that the external device 200 may be uti-
lized to provide the power to the sensor 120 through coupling.
That is, the sensor 120 may be externally powered by the
external device 200. Powering the sensor 120 externally
allows the sensor 120 to remain in a dormant state whenever
an external power supply is not available and then become
active when the external power supply is present. In this
manner, the sensor 120 does not require a dedicated power
supply such as a battery. This allows the sensor 120 to be
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much smaller than would otherwise be possible with a dedi-
cated power supply, which allows placement of the sensor
120 in more locations without interfering with body mechan-
ics or functions.

[0023] Referring to FIGS. 1 and 2, the sensors 120 are
configured to detect and/or monitor changes in the medial and
lateral portions 112 and 114 of the articular cartilage and
menisci. In that regard, in the current embodiment the sensors
120 are acoustic sensors. Therefore, the sensors 120 are con-
figured to detect acoustic signals emitted by the knee joint 102
and, in particular, the articular cartilage and menisci. In that
regard, acoustic signals are intended to include both audible
sounds and vibrations created by the knee joint 102. For
example, in one embodiment, the sensors 120 listen to the
sounds created by the articular cartilage and meniscus during
natural motion of the knee joint 102. In a healthy knee joint,
the articular cartilage and menisci typically provide for a
smooth motion and a smooth sound is associated therewith.
However, as the articular cartilage and/or menisci begin to
degrade, the motion becomes rougher and a more jagged
sound is associated with the motion. Similarly, in a healthy
knee joint with smooth motion, the vibrations caused by
movement of the knee are minimal. However, as the articular
cartilage and/or menisci begin to degrade and the motion
becomes rougher, a more pronounced vibration is associated
with the motion. Thus, by detecting the changes in the acous-
tic signals (sounds and/or vibrations) emitted during motion
of the knee joint 102, changes in the articular cartilage and
menisci can be detected.

[0024] In some embodiments, the sensors 120 establish a
baseline or reference signal for the individual patient and then
compare subsequent acoustic signals to the reference signal.
Detected changes in the subsequent acoustic signals relative
to the reference signal can be analyzed to determine if the
change is indicative of soft tissue degradation, soft tissue
healing, or other changes in the soft tissue. Thus, in one aspect
of the current embodiment, changes in the detected acoustic
signal could indicate that the medial and/or lateral portions
112 and 114 of the articular cartilage and menisci are degrad-
ing. The magnitude of difference between the acoustic signals
may be correlated to the degree of degradation, such that a
sufficient change in the acoustic signal is an indication that
joint replacement surgery or other medical treatment should
be considered. In other embodiments, the detected acoustic
signals are compared to an established standard signal for a
healthy knee joint of a similar patient rather than a reference
signal from the patient’s knee. The standard signal may be
affected by such things as the patient’s age, weight, prior
medical procedures, and/or other medical conditions. In this
regard, comparing the acoustic signals to that of an estab-
lished standard can provide a more absolute determination of
the health of the soft tissue of the knee joint, while comparing
the acoustic signals to a patient-specific reference signal can
provide relative information for determining whether the
patient’s condition is improving, getting worse, or staying the
same. In some embodiments, these approaches are combined
to provide a more complete analysis of the patient’s condi-
tion.

[0025] In FIG. 1, the system 100 is shown having four
sensors 120, two of the sensors 120 implanted into a distal
portion of the femur 104 and two of the sensors 120 implanted
into a proximal portion of the tibia 106. In general, it is
advantageous to position the sensors 120 adjacent to or in
close proximity to the soft tissue to be monitored, but without
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affecting the motion of the joint and/or soft tissue. Thus, in the
current embodiment, two of the sensors 120 are positioned on
the medial side of the knee 102—one in the femur 104 and
one in the tibia 106—for monitoring the medial section of the
articular cartilage and the medial meniscus, and two of the
sensors 120 are positioned on the lateral side of the knee joint
102—one in the femur 104 and one in the tibia 106—for
monitoring the lateral section of the articular cartilage and the
lateral meniscus. In the current embodiment, each sensor 120
of the pair of sensors operates independently. For example,
the medial-femoral sensor 120 operates as a stand alone sen-
sor, providing data independent of the other sensors 120. In
this manner, each of the medial sensors 120 provides a data
point for the condition of the medial portion 112 and each of
the lateral sensors 120 provides a data point for the condition
of the lateral portion 114.

[0026] In some embodiments, by using a pair of indepen-
dentsensors to monitor each ofthe medial and lateral portions
112 and 114, a redundancy or check is built into the system for
each side. For example, in one embodiment, each sensor 120
of the pair of sensors operates to monitor overlapping por-
tions of the medial or lateral portions 112 and 114. In one such
embodiment, the medial-femoral sensor and the medial-tibial
sensor are configured to monitor changes to the medial sec-
tion of the articular cartilage and the medial meniscus. Thus,
each of the medial-femoral and medial-tibial sensors 120
should detect similar changes in the acoustic signals for the
medial section of the articular cartilage and the medial menis-
cus. If for some reason the medial-femoral sensor and the
medial-tibial sensor detect divergent acoustic signals, then
that could be an indication of amalfunction in the system 100.
In other embodiments, each sensor 120 of the pair of sensors
operates to monitor separate portions of the medial or lateral
portions 112 and 114. For example, in one embodiment, the
medial-femoral sensor is configured to monitor changes to
the medial section of the articular cartilage while the medial-
tibial sensor is configured to monitor changes to the medial
meniscus. In this way, the medial-femoral sensor and the
medial-tibial sensor operate together to monitor the medial
portion 112, but each of the sensors 120 operates indepen-
dently.

[0027] Tt is fully contemplated that the sensors 120 may
work together to form a sensing network. Under such an
approach, the sensors 120 may be configured to monitor
changes in soft tissue and also where those changes are occur-
ring. Utilizing a plurality of sensors 120 allows a spatial
relationship to be determined based on the location of the
sensors 120 and then based on the signals detected the loca-
tion of any tissue density changes may be mapped accord-
ingly. The plurality of sensors 120 may triangulate the loca-
tion of the signals. In this regard, the plurality of sensors 120
may be spaced apart to allow for accurate triangulation. In one
embodiment, the plurality of sensors 120 are spaced apart by
at least 5 mm. In another embodiment, the sensors 120 are
spaced apart by at least 20 mm.

[0028] In addition or alternatively, the plurality of sensors
120 may function as redundancies to one another. That is,
rather than working together each individual sensor 120
would function independently. Then, the data obtained by
eachsensor 120 could be compared to the data obtained by the
other sensors 120 to make a determination of changes in soft
tissue. Under such an approach, the failing of a single sensor
120 would not create a need to replace the sensor 120 and
therefore eliminate the need for an additional medical proce-
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dure. Further, it is fully contemplated that all of the sensors
120 of the present disclosure may be utilized independently
or as part of a plurality of sensors 120.

[0029] Inyetother embodiments, each pair of sensors (me-
dial and lateral in the current embodiment) may operate
together in a send-and-receive manner. For example, in some
embodiments, one sensor is adapted for emitting an energy
signal and the other sensor is adapted for receiving an energy
signal. Energy signal in this context is intended to include
acoustic signals, electromagnetic signals, magnetic signals,
ultrasound, and other suitable energy signals. Continuing the
example of FIG. 1, the medial-femoral sensor may be con-
figured to emit an energy signal through the medial section of
the articular cartilage and the medial meniscus towards the
medial-tibial sensor. The medial-tibial sensor may be adapted
to receive the energy signal. Based on the received energy
signal, characteristics of the medium the energy signal passed
through can be determined. In one particular embodiment, the
received energy signal is used to measure the impedance of
the soft tissue. Generally, a reduction in the impedance of the
soft tissue is indicative of tissue degradation. This can be the
result of holes forming in the soft tissue and/or a decrease in
the density of the soft tissue. As described above, in some
embodiments a baseline or reference point for the received
energy signal can be established and any subsequently
received energy signals can be compared to the baseline to
detect changes in the articular cartilage and/or menisci. On
the other hand, the received energy signals can be compared
to an established standard signal for a healthy knee joint of a
similar patient. In some embodiments, these approaches may
be combined.

[0030] Inother embodiments, the system 100 may include
greater or fewer sensors 120. In some embodiments, the sen-
sors 120 operate together in sensor arrays comprised of three
or more sensors. In at least one embodiment, the system 100
includes a single sensor 120. In other embodiments, the sen-
sors 120 may be positioned elsewhere around and/or within
the knee joint 102. In particular, the sensors 120 may be
arranged and/or positioned based on the specific type(s) of
soft tissue of the knee joint 102 to be monitored. It is fully
contemplated that the sensors 120 may be disposed at a plu-
rality of locations including, but not limited to, within a bone
or tissue, attached to a bone or tissue, adjacent to a bone or
tissue, within or integral to an artificial implant, attached to an
artificial implant, adjacent to an artificial implant, or any
combination of these locations. Where the sensor 120 is
adapted for being disposed at least partially within bone, it is
contemplated that the sensor 120 may be shaped or coated in
a substance to facilitate bone growth and incorporation of the
sensor 120 into the bone. In that regard, in some embodi-
ments, the sensor 120 is sized and shaped such that it may be
injected into the bone using an injection gun and/or catheter.
In some embodiments, the sensor 120 has a substantially
spherical shape. In other embodiments, the sensor 120 has a
substantially cylindrical shape. However, it is understood that
the sensor 120 may have any shape suitable for implantation.
Further, the sensor 120 may be incorporated into implantable
fixation devices, such as but not limited to bone screws, nails,
and staples.

[0031] FIG. 1 shows the implantable sensors 120 in wire-
less communication with the external device 200. In particu-
lar, the telemetry circuit 124 is adapted for communicating
wirelessly with the external device 200. There are several
types of wireless telemetry circuits that may be employed for
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communication between the implantable sensors 120 and the
external device 200. For example, RFID, inductive telemetry,
acoustic energy, near infrared energy, “Bluetooth,” computer
networks, and other wireless communication networks are all
possible means of wireless communication. In some embodi-
ments, the telemetry circuit 124 is adapted for RFID commu-
nication such that at least a portion of the telemetry circuit 124
includes a passive RFID tag. Using a passive RFID tag helps
to limit the power requirements of the telemetry circuit 124
and, therefore, the implantable sensor 120 as a whole, yet still
allows wireless communication to the external device 200.
Through the wireless communication, the external device 200
is able to retrieve data signals representative of the acoustic
signals detected by the acoustic transducer 122. In some
embodiments, the external device 200 includes a processor
for analyzing the acoustic signals detected by the implantable
sensors 120 and determining any changes in the soft tissue. In
some embodiments, the external device 200 includes an out-
put, such as a display, speaker, tactile feedback, or other
output, for communicating the raw data and/or analyzed
acoustic signals in a human intelligible form.

[0032] Insome embodiments, the external device 200 is a
computer system or part thereof. In one particular embodi-
ment, the external device 200 is a laptop computer. A com-
puter system typically includes at least hardware capable of
executing machine readable instructions, as well as the soft-
ware for executing acts (typically machine-readable instruc-
tions) that produce a desired result. In addition, a computer
system may include hybrids of hardware and software, as
well as computer sub-systems. Hardware generally includes
at least processor-capable platforms, such as client-machines
(also known as personal computers or servers), and hand-held
processing devices (such as smart phones, cell phones, per-
sonal digital assistants (PDAs), hand-held writing tablets, or
personal computing devices (PCDs)). Further, hardware may
include any physical device that is capable of storing
machine-readable instructions, such as memory or other data
storage devices. Other forms of hardware include hardware
sub-systems, including transfer devices such as modems,
modem cards, ports, and port cards, for example.

[0033] Software includes any machine code stored in any
memory medium, such as RAM or ROM, and machine code
stored on other devices (such as floppy disks, flash memory,
ora CD ROM, for example). Software may include source or
object code, for example. In addition, software encompasses
any set of instructions capable of being executed on a com-
puter system. It is recognized that combinations of software
and hardware could also be used for providing enhanced
functionality and performance for certain embodiments of the
present disclosure. Accordingly, it should be understood that
combinations of hardware and software are also included
within the definition of a computer system and are envisioned
by the present disclosure as possible equivalent structures and
equivalent methods.

[0034] It is contemplated that the system 100 and sensors
120 may be utilized to detect indicators of soft tissue condi-
tion over a regular interval, such as every 6 months, monthly,
weekly, daily, or otherwise as determined by a treating phy-
sician. In this regard, it is contemplated that the patient may
return to the doctor’s office for each reading. At such time, the
doctor would place the external device 200 in the vicinity of
the sensors 120. Through inductive coupling via the telemetry
unit 124 the sensor 120 would be powered by the external
device 200. The acoustic transducer 122 would then take a
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reading by detecting acoustic signals associated with motion
of the knee joint 102. This reading would then be relayed to
the external device 200 via the telemetry circuit 124. The
reading may then be analyzed to determine any changes to the
soft tissue. Appropriate medical treatment may then be taken
based on the reading. It is also contemplated that the patient
may obtain these readings without going to the doctor’s
office. For example, the patient may be provided with an
external device 200 that is capable of powering the sensors
120, obtaining the readings, and then relaying the readings to
the doctor’s office. For example, the external device may
transfer the readings to the doctors office via a telecommuni-
cations or computer network. It is contemplated that a system
similar to that of Medtronic’s CareLink may be utilized.
[0035] While the sensors 120 have been described as hav-
ing an acoustic transducer 122 and a telemetry unit 124, it is
fully contemplated that the sensors 120 may include addi-
tional components, including but not limited to a stored-
energy power supply (e.g., a battery), a signal processor, a
memory unit, a microcontroller, a micromotor, and/or other
components. Further, it is fully contemplated that the func-
tions of the various components of the sensor 120 may be
combined or grouped into a single component or distributed
among a plurality of components. Sensors 120 that include
one or more of the additional components listed above may
have enhanced functionality and/or may function in a variety
of ways.

[0036] Referring to FIG. 3, shown therein is a sensor 121
according to one embodiment of the present disclosure. The
sensor 121 includes an acoustic transducer 122, a telemetry
circuit 124, a signal processor 126, and a memory unit 128,
and a power supply 130. The memory unit 128 is configured
to store data it receives from the signal processor 126. It is
fully contemplated that the memory unit 128 may utilize
known compression algorithms and functions to save on
memory and size requirements. In this regard, it is also con-
templated that the memory unit 128 may store additional data
with respect to each signal such as a timestamp, the specific
characteristics of the signal, or any other relevant data. In this
respect, the signal processor 126 and memory 128 may be
configured to keep the various types of data the orthopedic
surgeon or treating physician would like to have to monitor
the softtissue. In that regard, the treating physician may select
the types and/or amounts of data to be obtained and stored by
the sensor 121.

[0037] Supplying the power requirements of the implant-
able sensor 121 is a power source 130. In some embodiments,
the power source 130 is a battery. In this manner, the sensor
121 may be internally powered. The battery may be a lithium
iodine battery similar to those used for other medical implant
devices such as pacemakers. However, it is understood that
the battery may be any type of battery suitable for implanta-
tion. It is fully contemplated that the battery may be recharge-
able. Itis also contemplated that the battery may be recharged
by an external device so as to avoid the necessity of a surgical
procedure to recharge the battery. For example, in one
embodiment, the battery is rechargeable via inductive cou-
pling.

[0038] It is also contemplated that the sensor 121 may be
self-powered and not require a separate stored-energy power
supply. For example, a piezoelectric transducer may be uti-
lized as the acoustic transducer 122 such that signals detected
by the transducer 122 also provide power to the sensor 121. In
one embodiment, the piezoelectric transducer detects the sig-
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nal and converts the detected signal into an electrical signal
thatis passively filtered and stored only if it satisfies the signal
thresholds. Then, as in the current embodiment, the sensor
121 may utilize a passive RFID tag or other passive telemetry
unit to communicate the tissue density data to an external
device 200. Thus, in such embodiments, the sensor 121 func-
tions without a dedicated or continuously draining power
source. Further, the sensor 121 may utilize a piezoelectric
and/or an electromagnetic power source that is not used as the
acoustic transducer 122. In one embodiment, such a power
source utilizes patient motion to create power for the sensor
121.

[0039] The sensor 121 may use the signal processor 126
and the memory unit 128 in combination with the acoustic
transducer 122 to perform a type of comparative analysis to
detect changes in the soft tissue of a joint. That is, an initial
baseline or threshold range of acoustic signals will either be
determined by the sensor 121 itself or provided to the sensor
121 by a caretaker. Then, the sensor 121 will subsequently
monitor the acoustic signals emitted by the knee joint 102 and
when the signals detected are outside of the baseline range of
signals, the sensor 121 will store those signals or a data point
representing the signals in its memory unit 128. This data can
then be communicated to the caretaker. In some embodi-
ments, the data is retrieved from the sensor 121 using the
external device 200. Using the data obtained from the sensor
121, the caretaker may then choose an appropriate treatment
plan for the patient. Further, the caretaker may choose to have
the patient undergo additional examinations such as an MR,
a CT scan, or an x-ray. Based on the additional examinations
and/or other factors, the caretaker may choose to adjust the
threshold range in lieu of or in addition to choosing a treat-
ment plan.

[0040] Itis fully contemplated that a treating physician may
want to change what the sensor considers the normal range of
signals overtime. For example, as a soft tissue implant or graft
is incorporated into the body the signals associated with soft
tissue will change until the implant is fully integrated. Once
the implant is fully integrated, the normal range of signals
may be consistent for a period of months or years, but still
may change over time requiring modification of the range.
Thus, it is contemplated that the sensors of the present dis-
closure be programmable, self-learning, or both.

[0041] Self-learning implies that the sensor is able to deter-
mine the proper range of signals by monitoring the signals
over a period of time and then via algorithms in its signal
processing unit decide on the range of signals indicative of
normal tissue density. In this regard, it is fully contemplated
that the caretaker may be able to override the determinations
made by the sensor by programming in the thresholds or, on
the other hand, the caretaker may reset the sensor’s determi-
nations and simply have the sensor recalculate the proper
range based on current signals detected. Thus, as described
above when an implant becomes fully integrated the caretaker
may decide to reset the self-learning sensor so that the ranges
are based on the signals associated with the fully integrated
implant.

[0042] In regards to setting the ranges, it is contemplated
that the patient may be instructed through a series of move-
ments. The series of movements will depend on the location
and type of soft tissue being monitored. For example, where
the soft tissue being monitored is the soft tissue of the knee,
the movements may include sitting down, standing up, walk-
ing, climbing stairs, cycling, and/or other movements. Based
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on the sensed signals during the series of movements, the
sensor threshold ranges may be set. Thus, instructing the
patient through many of the normal motions and movements
of everyday life may provide a good variety of signals that
may be used to base the threshold signal range upon. Over
time, the patient may again be put through a similar series of
movements to reset or calibrate the sensor as seen fit by the
caretaker.

[0043] Again, it is fully contemplated that the sensor 121
may be active or passive. Where the sensor 121 is active, the
acoustic transducer 122 may be active and use a pulse-echo
approach to monitor characteristics of the soft tissue. For
example, in one embodiment, the sensor 121 utilizes ultra-
sonic waves in a pulse-echo manner to determine a density of
the soft tissue. In such an embodiment, the transducer 122
emits a pulse signal into the soft tissue and receives a reflec-
tion of the pulse signal from the soft tissue. Based on the
characteristics of the reflected signal, the density of the soft
tissue can be determined. This density may be compared to a
previously established baseline or aknown value to detect any
changes in the soft tissue and/or the need for medical treat-
ment.

[0044] Utilizing sensors to monitor tissue characteristics
has numerous applications in addition to those described
above. For example, several applications of sensors are
described in U.S. patent application Ser. No. 11/344,667 filed
Feb. 1, 2006, which are hereby incorporated by reference in
their entirety. Several methods of using sensors to monitor
soft tissues according to the present disclosure will now be
described. The methods described below are intended to be
exemplary and should not be considered limiting. Numerous
other methods of using the sensors to monitor soft tissue will
be apparent to one skilled in the art based on the following.

[0045] Generally, the sensors of the present disclosure may
be utilized to monitor changes in soft tissue. In that respect,
the sensors may be utilized to monitor healing of the soft
tissue, degradation of the soft tissue, and/or integration of the
soft tissue. Thus, the sensors may be used in diagnosing,
treating, and monitoring medical conditions. In that regard,
the sensors may be used in pre-surgical applications, during a
surgical procedure, and in post-surgical applications. For
example, in some embodiments the sensors are configured for
use in connection with surgical procedures such as ligament
reconstruction, joint replacement, arthroscopy, meniscec-
tomy, and other orthopedic surgical procedures.

[0046] Referring now to FIGS. 4 and 5, shown therein is
one embodiment of a sensor 150 for use in connection with a
joint replacement surgery and, in particular, the implantation
of a hip prosthesis. FIG. 4 is a partial front view of a patient
with the sensor 150 positioned adjacent the hip joint. FIG. 51s
apartial front view of a patient with the sensor 150 positioned
adjacent an artificial hip prosthesis 154. In the current
embodiment, the sensor 150 is positioned within a portion of
the acetabulum 152. The sensor 150 may be substantially
similar to the sensors 120 and 121 described above. In that
regard, although a single sensor 150 is shown in FIGS. 4 and
5, it is fully contemplated that additional sensors may be used
to monitor the soft tissue of the hip joint. Thus, it is contem-
plated that the sensor 150 and any additional sensors may be
placed in numerous positions and arrangements in and around
the hip joint. For example and without limitation, the sensor
(s) may be placed on or within portions of the acetabulum,
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femur, iliac crest, and/or pelvis. Further, in other embodi-
ments, the sensor(s) may be positioned within muscle or other
tissue adjacent the hip joint.

[0047] The sensor 150 may be programmable such that the
function of sensor 150 may be modified according to the type
of sensing desired. For example, in the current embodiment,
the sensor 150 may be reprogrammed to monitor the hip
prosthesis instead of the soft tissue after implantation of the
hip prosthesis 154. In that regard, reprogramming the sensor
150 may comprise changing the threshold levels of the sensor
150 and/or may comprise changing the characteristic being
monitored by the sensor 150. For example, in some embodi-
ments, the sensor 150 may be reprogrammed to monitor wear,
load, chemical presence, pH, temperature, motion, and/or
other characteristics that may be associated with the prosthe-
sis. In some embodiments, the sensor 150 may be repro-
grammed wirelessly. In this manner, the sensor 150 may be
reprogrammed in vivo without the need for an additional
surgical procedure.

[0048] Referring now to FIG. 6, shown therein is a flow
chart representing a method 300 according to one embodi-
ment of the present disclosure. The method 300 begins at step
302 with implanting a sensor. The sensor is implanted in the
vicinity of a soft tissue to be monitored. In some embodi-
ments, the soft tissue is the soft tissue of a joint. In some
embodiments, the sensor is implanted into a portion of bone
in proximity to the soft tissue. The sensor may be implanted
using minimally invasive procedures. For example, in some
embodiments the sensor is implanted transcutaneously via a
catheter. In other embodiments, the sensor is implanted using
aninjection gun. Any suitable implantation technique may be
used. Further, a plurality of sensors may be implanted.
[0049] The method continues at step 304 with determining
a threshold or baseline measurement. This threshold is uti-
lized to identify changes in the soft tissue and/or characterize
the condition of the soft tissue. In some embodiments, the
threshold is determined by utilizing the sensor to detect a
signal associated with the soft tissue of a particular patient. In
that regard, the signal may be obtained during movement of
the joint connected with the soft tissue. In some embodi-
ments, the patient is put through a series of movements to
obtain the threshold measurement. In other embodiments, the
threshold measurement is based on an established standard
for signals associated with the soft tissue, rather than a refer-
ence signal from the actual patient. The value of the standard-
ized signal may be affected by such things as the patient’s age,
weight, prior medical procedures, and/or other medical con-
ditions.

[0050] The method 300 continues at step 306 with detect-
ing a signal. The implanted sensor detects a signal associated
with the soft tissue. In some embodiments, the signal is an
acoustic signal. In other embodiments, the sensor monitors an
impedance. The method 300 then continues at step 308 with
comparing the detected signal to the threshold signal. Any
changes in the detected signal relative to the threshold can be
analyzed to determine if the change is indicative of soft tissue
degradation, soft tissue healing, or other changes in the soft
tissue. Thus, in one aspect of the current embodiment a dif-
ference between the detected signal and the threshold is
indicative of soft tissue degradation. The magnitude of dif-
ference between the signals may be correlated to the degree of
degradation, such that the greater the difference between the
detected signal the greater the degradation of the soft tissue.
The detected degree of degradation may be utilized to estab-
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lish an appropriate treatment plan. If the soft tissue is
degraded enough, joint replacement surgery or other medical
treatment should be considered.

[0051] In some embodiments, the detected signal is com-
pared the standardized threshold. The difference between the
detected signal and the standardized threshold provides a
relative indication of the health of the soft tissue compared to
that standard. Thus, using the standardized threshold can
provide an indication of the overall health of the soft tissue,
while comparing the detected signal to a patient-specific
threshold signal can provide information for determining
whether the patient’s condition is improving, getting worse,
or staying the same. Thus, in some embodiments, these
approaches are combined to provide a more complete analy-
sis of the patient’s condition.

[0052] The method 300 continues at step 310 with deter-
mining an appropriate treatment plan. The treatment plan is at
least partially based on the detected differences between the
detected signal and the threshold signal. In some instances,
the treatment plan may include physical therapy, pharmaceu-
ticals, surgical procedures, and/or other medical treatments.
In some instances, the treatment plan includes total joint
replacement. The appropriate treatment plan may be deter-
mined by a treating physician based on the detected signals.

[0053] Referring now to FIG. 7, shown therein is a flow
chart representing a method 350 according to one embodi-
ment of the present disclosure. In some aspects, the method
350 may be similar to the method 300 described above. The
method 350 begins at step 352 with implanting sensors into a
patient. In at least one embodiment, a plurality of sensors are
implanted into the body such that sensors may provide posi-
tioning data. In that regard, the positioning data may include
the position of the soft tissue; the position of lesions and/or
holes in the soft tissue; anatomical positioning of bones and/
or soft tissue; and/or other positioning data. In that regard, the
sensors may be implanted such that the sensors can triangu-
late sensed signals and/or be used as fiducial markers for
positioning information. The method 350 continues at step
354 with monitoring the soft tissue with the implanted sen-
sors. Again, the sensors may detect changes in the soft tissue
as previously described. In some embodiments, the sensors
are further adapted to provide positioning data for the changes
in the tissue. Thus, in some embodiments the treatment plan
may be based at least partially on the location of the tissue
changes.

[0054] Themethod 350 continues at step 356 with perform-
ing a joint replacement surgery. In some embodiments, a
treatment plan is selected based on the data obtained from the
implanted sensors. In the current embodiment, the treatment
plan includes joint replacement surgery. In that regard, the
implanted sensors may be utilized to assist in the surgery. In
some embodiments, the sensors are utilized to provide posi-
tioning data for aligning and positioning the joint prosthesis.
In some embodiments, the sensors are configured to commu-
nicate with a image guided surgery system. The image guided
surgery system may then utilize the positioning data obtained
from the sensors to properly implant the joint prosthesis. In
that regard, in some embodiments the sensors act as fiducial
markers. The sensors may be utilized to triangulate the posi-
tion of the joint prosthesis relative to the sensors. In other
embodiments, the sensors actively sense the position of the
joint prosthesis and can provide the relevant 3-D positioning
information to the image guided system and/or a surgeon.
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[0055] The method 350 continues at step 358 with moni-
toring the joint prosthesis with the implanted sensors. In some
embodiments, the implanted sensors are configured to moni-
tor the wear, load, and/or other characteristic associated with
the joint prosthesis. In that regard, the sensors may include a
separate transducer configured for monitoring the character-
istics of the joint prosthesis. In some embodiments, the sen-
sors are programmable such that the sensors may be pro-
grammed to monitor the characteristics of the joint prosthesis
after implantation. In yet other embodiments, at least some of
the implanted sensors are configured for monitoring the char-
acteristics of the joint prosthesis and soft tissue initially. The
sensors can monitor the joint prosthesis for such potential
problems as particle wear debris, misalignment, grinding,
load-bearing, and/or other problems. The sensors may assist
in early detection of the potential problems allowing early
correction of the problem. In some instances, the sensors can
prevent the need for a revision surgery.

[0056] While the methods 300 and 350 have been described
with particular steps, it is fully contemplated that the methods
may include additional or fewer steps. Further, it is fully
contemplated that the order of the steps may be changed. It is
also contemplated that one or more of the steps from each of
the methods 300 and 350 may be combined. It is also con-
templated that steps and methods of use apparent from the
description of the sensors 120 and 121 may be incorporated
into the methods 300 and 350.

[0057] Inthe context of the present disclosure, soft tissue is
intended to include ligaments, tendons, cartilage, menisci,
and other soft tissue of a joint. In some embodiments particu-
lar attention will be given to one or more of the specific types
of soft tissue. However, this is not to be considered limiting.
For example, as described above with respect to the knee joint
102 particular attention was given to the articular cartilage
and menisci. In thatregard, the system 100 has been described
as being particularly configured to monitor changes in the
articular cartilage and menisci. While the system 100 has
been described in this manner, it is understood that the system
100 may be configured to monitor other soft tissue of the knee
joint 102, including but not limited to the anterior cruciate
ligament (“ACL”), medial collateral ligament (“MCL”), pos-
terior cruciate ligament (“PCL”), lateral collateral ligament,
and/or patellar tendon. Further, though the system 100 has
been described with respect to the knee joint 102, the system
may be used with other joints, such as a hip, an ankle, a
shoulder, an elbow, a wrist, and/or other joint.

[0058] As mentioned above, it is contemplated that the
sensors according to the present disclosure may utilize a
variety of alternative techniques to power the sensor. For
example, it is fully contemplated that the sensor may be
piezoelectric. It is also contemplated that the sensor may
simply use the kinematics of the body for power. Further,
though the sensors described above have mostly been
described as passive in the sense that they listen for indicators
created by the body itself, it is also contemplated that the
sensor may be powered such that it can send out a signal.
Under such an approach, the sensor may utilize pulse-echo
type sensing. The sensor would send out a signal and then
listen for the echo. Based on the echo, the sensor could then
detect changes in soft tissue. Similarly, instead of a pulse-
echo system, a signal generator and asensor could be utilized.
The signal generator would send out a signal and the sensor
would receive the signal and based on changes in the detected
signals indicate changes in soft tissue. When detecting an
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emitted signal, either in pulse-echo or generator-sensor
mode, it is contemplated that the signal may be acoustic,
electric, or any other type of transmission that may be utilized
to detect changes in tissue density.

[0059] In some embodiments, the sensors of the present
disclosure may be accelerometers. An accelerometer can be
utilized to detect vibrations related to the soft tissue. In some
embodiments accelerometers and other sensing means may
be used in combination. For example, accelerometer and an
acoustic sensor may be used in combination. In that regard, it
is contemplated that the vibrations detected by an accelerom-
eter may be a result of acoustic emissions or the producing
cause of the acoustic emissions. The accelerometer may be a
single or multi-axis device. Also, a plurality of single-axis
accelerometers—in the same or different axis—may be uti-
lized to simulate the advantages found with a multi-axis
accelerometer. For example, the use of a multi-axis acceler-
ometer or a plurality of single-axis accelerometers may be
used to produce vectored data to better differentiate between
locations and types of soft tissue degradation.

[0060] An implantable sensor for detecting indicators of
soft tissue wear of a joint is disclosed. The sensor comprises
a sensing element for implantation into a portion of a bone
adjacent the joint. The sensing element includes an external
surface to maintain the sensing element in a fixed position
within the bone and the sensing element is for detecting a
signal indicative of a characteristic of the soft tissue of the
joint. The sensor also comprises a telemetry circuit in com-
munication with the sensing element adapted for transmitting
a data set representative of the detected signal outside of the
bone. The sensing element detects acoustic signals in some
embodiments. The signal indicative of a characteristic of the
soft tissue of the joint is an audible sound produced during
movement of the joint in some embodiments. The signal
indicative of a characteristic of the soft tissue of the joint is a
vibration produced during movement of the joint in some
embodiments. The implantable sensor is externally powered
in some embodiments. The implantable sensor further com-
prises a power circuit for transferring power from an external
device to the sensing element in some embodiments. The
power circuit includes a coil for inductive coupling in some
embodiments. The sensing element includes at least two sen-
sors operable to determine an impedance between the at least
two sensors in some embodiments, each of the at least two
sensors having an outer surface for engaging a portion of a
bone adjacent the joint and for maintaining each sensor in a
fixed position within the bone. At least one of the at least two
sensors is configured for placement in a distal portion of a
femur adjacent a knee joint in some embodiments. At least
one of the at least two sensors is configured for placement in
a proximal portion of a tibia adjacent the knee joint in some
embodiments. The sensing element is configured to serve as a
reference marker in a joint replacement surgery in some
embodiments. The sensing element is configured to interface
with an image guided surgery system in some embodiments.
The sensing element is further adaptable to monitor wear of
an artificial joint in some embodiments. The implantable
sensor is utilized in conjunction with a bone adjacent to a joint
selected from the group consisting of an acetabulum, a pelvis,
and a femur.

[0061] A system for detecting changes in joint cartilage is
disclosed. The system comprises animplantable acoustic sen-
sor for detecting an acoustic signal indicative of a character-
istic of the joint cartilage and communicating a data set rep-
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resentative of the detected signal to an external receiver; and
an external receiver in communication with the implantable
acoustic sensor, the external receiver for receiving the data set
representative of the detected signal from the implantable
acoustic sensor. The implantable acoustic sensor is suitable
for injection into a tissue adjacent the joint in some embodi-
ments. The sensor is adapted for detecting sounds associated
with joint motion in some embodiments. The sensor is
adapted for detecting vibrations associated with joint motion
in some embodiments. The sensor is externally powered in
some embodiments. The external receiver is adapted for pro-
viding power to the sensor in some embodiments. The exter-
nal receiver includes a signal processing unit for analyzing
the data set communicated by the sensor in some embodi-
ments. The external receiver includes a memory unit for stor-
ing the data set in some embodiments. The external receiver
includes an output mechanism in some embodiments. The
output mechanism is configured for outputting the data set in
a human intelligible form in some embodiments. The human
intelligible form is a visual display in some embodiments.
The output mechanism is configured for sending the data set
over a network in some embodiments. Communication
between the sensor and the external receiver is wireless in
some embodiments. The wireless communication is a RFID
communication in some embodiments. The system further
comprises a plurality of implantable acoustic sensors in some
embodiments. The plurality of implantable acoustic sensors
operate as redundancies in some embodiments. The plurality
ofimplantable acoustic sensors operate together as an array in
some embodiments. The sensor is adapted for percutaneous
implantation in some embodiments. The sensor is substan-
tially cylindrical in some embodiments. The sensor has a
diameter less than 10 mm in some embodiments. The sensor
has a diameter less than 4 mm in some embodiments.

[0062] A method of detecting soft tissue degradation in a
joint s disclosed. The method comprises providing at least
one acoustic sensor for detecting a signal indicative of a
characteristic of the soft tissue of a joint, the at least one
sensor having an external surface configured for implantation
within a bone; implanting the at least one sensor into a bone
adjacent the joint; operating the at least one sensor to detect a
reference signal indicative of the characteristic of the soft
tissue; operating the at least one sensor to detect a subsequent
signal indicative of the characteristic of the soft tissue; and
comparing the subsequent signal to the reference signal to
detect changes in the characteristic of the soft tissue. The at
least one sensor is implanted into a bone selected from the
group consisting of a femur, a tibia, an acetabulum, and a
pelvis in some embodiments. The at least one sensor is
implanted into a portion of a bone selected from the group
consisting of a distal portion of the femur and a proximal
portion of the tibia in some embodiments. The method further
comprises operating the at least one sensor to detect a plural-
ity of subsequent signals indicative of the characteristic of the
soft tissue; and comparing each of the plurality of subsequent
signals to the reference signal to detect changes in the char-
acteristic of the soft tissue in some embodiments. The method
further comprises determining the detected changes in the
characteristic of the soft tissue are indicative of soft tissue
degradation; and performing a joint replacement procedure,
including implanting an artificial joint in some embodiments.
Performing the joint replacement procedure includes utiliz-
ing the at least one sensor as a reference marker in some
embodiments. The at least one sensor is further configured to
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detect wear of the artificial joint in some embodiments. The
method further comprises operating the at least one sensor to
monitor wear of the artificial joint in some embodiments.
Implanting the at least one sensor is performed percutane-
ously in some embodiments. Implanting the at least one sen-
sor includes passing the sensor through a catheter in some
embodiments.

[0063] A method comprises providing a plurality of
implantable sensors for detecting signals indicative of a char-
acteristic of cartilage of a joint; implanting each of the plu-
rality of sensors into a bone adjacent the joint; operating the
plurality of sensors to detect a reference signal indicative of
the characteristic of the cartilage; operating the plurality of
sensors to detect a subsequent signal indicative of the char-
acteristic of the cartilage; and comparing the subsequent sig-
nal to the reference signal to detect any changes in the char-
acteristic of the cartilage. The plurality of implantable sensors
are configured for detecting impedance in some embodi-
ments. The plurality of implantable sensors are paired such
that each pair of sensors is capable of detecting an impedance
indicative of the characteristic of the cartilage in some
embodiments. The detected characteristic of the cartilage is a
density in some embodiments. The method further comprises
determining the detected changes in the characteristic of the
cartilage are indicative of cartilage degradation; and perform-
ing a joint replacement procedure, including implanting an
artificial joint in some embodiments. The joint replacement
procedure is selected from the group consisting of knee
replacement and hip replacement in some embodiments. The
joint replacement procedure is performed using image guided
surgery and the image guided surgery system utilizes the
plurality of sensors as reference markers in some embodi-
ments. The method further comprises operating the at least
one sensor to monitor wear of the artificial joint in some
embodiments. The plurality of implantable sensors are con-
figured for detecting acoustic signals in some embodiments.

[0064] While the foregoing description has been made in
reference to the knee and hip joints particularly, it is contem-
plated that the disclosed sensor may have further applications
throughout the body. Specifically, such disclosed sensors may
be useful to evaluate soft tissue and detect changes to soft
tissue throughout the body. It is contemplated that the sensors
may have particular application with respect to detecting
changes in soft tissue of the joints. Further, the sensor may be
applied to changes in soft tissue around fixation implants,
joint implants, or any other type of implant. The sensors may
also be applied to detect disc bulges or tears of the annulus
when applied in the spinal region. Further, the sensor may be
used in cooperation and/or communication with an implanted
treatment device such as a pump or a stimulator. The pump or
stimulator may be controlled based on the readings sensed by
the sensor. These examples of potential uses for the sensor are
for example only and in no way limit the ways in which the
current disclosure may be utilized.

[0065] Further, while the foregoing description has often
described the external device as the means for displaying
sensor data in human intelligible form, it is fully contem-
plated that the sensor itself may include components designed
to display the data in a human intelligible form. For example,
it is fully contemplated that the sensor may include a portion
disposed subdermally that emits a visible signal for certain
applications. Under one approach, the sensor might display a
visible signal when it detects indicators indicative of soft
tissue degradation. The sensor might also emit an audible
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sound in response to such indicators. In this sense, the sensor
might act as an alarm mechanism for not only detecting
potential problems but also alerting the patient and doctor to
the potential problems. This can facilitate the early detection
of problems. Under another approach, the sensor might dis-
play a different color visible signal depending on the indica-
tors detected. For example, but without limitation, in the case
of measuring changes in soft tissue, the sensor might emit a
greenish light if the signals detected by the sensor indicate
that changes in the soft tissue is within the normal range, a
yellowish light if in a borderline range, or a red light if in a
problematic range.

[0066] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present dis-
closure as a basis for designing or modifying other processes
and structures for carrying out the same purposes and/or
achieving the same advantages of the embodiments intro-
duced herein. Those skilled in the art should also realize that
such equivalent constructions do not depart from the spirit
and scope of the present disclosure, and that they may make
various changes, substitutions and alterations herein without
departing from the spirit and scope of the present disclosure.

What is claimed is:

1. An implantable sensor for detecting indicators of soft
tissue wear of a joint, comprising:

a sensing element for implantation into a portion of a bone
adjacent the joint, the sensing element having an exter-
nal surface to maintain the sensing element in a fixed
position within the bone, the sensing element for detect-
ing a signal indicative of a characteristic of the soft tissue
of the joint; and

atelemetry circuit in communication with the sensing ele-
ment adapted for transmitting a data set representative of
the detected signal outside of the bone.

2. The implantable sensor of claim 1, wherein the sensing

element detects acoustic signals.

3. The implantable sensor of claim 2, wherein the signal
indicative of a characteristic of the soft tissue of the jointis an
audible sound produced during movement of the joint.

4. The implantable sensor of claim 2, wherein the signal
indicative of a characteristic of the soft tissue of the joint is a
vibration produced during movement of the joint.

5. The implantable sensor of claim 1, wherein the sensing
element includes at least two sensors operable to determine an
impedance between the at least two sensors, each of the at
least two sensors having an outer surface for engaging a
portion of a bone adjacent the joint and for maintaining each
sensor in a fixed position within the bone.

6. The implantable sensor of claim 5, wherein at least one
of the at least two sensors is configured for placement in a
distal portion of a femur adjacent a knee joint.

7. The implantable sensor of claim 6, wherein at least one
of the at least two sensors is configured for placement in a
proximal portion of a tibia adjacent the knee joint.

8. The implantable sensor of claim 1, wherein the sensing
element is further adaptable to monitor wear of an artificial
Jjoint.

9. A system for detecting changes in joint cartilage, com-
prising:

an implantable acoustic sensor for detecting an acoustic
signal indicative of a characteristic of the joint cartilage
and communicating a data set representative of the
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detected signal to an external receiver, wherein the
implantable acoustic sensor is suitable for injection into
a tissue adjacent the joint; and

an external receiver in communication with the implant-
able acoustic sensor, the external receiver for receiving
the data set representative of the detected signal from the
implantable acoustic sensor.

10. The system of claim 9, wherein the sensor is adapted for
detecting sounds associated with joint motion.

11. The system of claim 9, wherein the sensor is adapted for
detecting vibrations associated with joint motion.

12. The system of claim 9, further comprising a plurality of
implantable acoustic sensors.

13. The system of claim 12, wherein the plurality of
implantable acoustic sensors operate as redundancies.

14. The system of claim 12, wherein the plurality of
implantable acoustic sensors operate together as an array.

15. The system ofclaim 9, wherein the sensor is adapted for
percutaneous implantation.

16. The system of claim 15, wherein the sensor is substan-
tially cylindrical.

17. The system of claim 16, wherein the sensor has a
diameter less than 4 mm.

18. A method of detecting soft tissue degradation in a joint,
comprising;

providing at least one acoustic sensor for detecting a signal

indicative of a characteristic of the soft tissue of a joint,
the at least one sensor having an external surface con-
figured for implantation within a bone;

implanting the at least one sensor into a bone adjacent the

joint;
operating the at least one sensor to detect a reference signal
indicative of the characteristic of the soft tissue;

operating the at least one sensor to detect a subsequent
signal indicative of the characteristic of the soft tissue;
and

comparing the subsequent signal to the reference signal to

detect changes in the characteristic of the soft tissue.

19. The method of claim 18, further comprising:

operating the at least one sensor to detect a plurality of

subsequent signals indicative of the characteristic of the
soft tissue; and

comparing each of the plurality of subsequent signals to the

reference signal to detect changes in the characteristic of
the soft tissue.

20. The method of claim 19, further comprising:

determining the detected changes in the characteristic of

the soft tissue are indicative of soft tissue degradation;
and

performing a joint replacement procedure, including

implanting an artificial joint.

21. The method of claim 20, wherein performing the joint
replacement procedure includes utilizing the at least one sen-
sor as a reference marker.

22. The method of claim 18, wherein the at least one sensor
is further configured to detect wear of the artificial joint.

23. The method of claim 18, wherein implanting the at least
one sensor is performed percutaneously.

24. A method, comprising:

providing a plurality of implantable sensors for detecting

signals indicative of a characteristic of cartilage of a
joint, the plurality of implantable sensors configured for
detecting impedance;
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implanting each of the plurality of sensors into a bone
adjacent the joint;

operating the plurality of sensors to detect a reference
signal indicative of the characteristic of the cartilage;

operating the plurality of sensors to detect a subsequent

signal indicative of the characteristic of the cartilage;
and
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comparing the subsequent signal to the reference signal to
detect any changes in the characteristic of the cartilage.

25. The method of claim 24, wherein the plurality of
implantable sensors are paired such that each pair of sensors

is capable of detecting an impedance indicative of the char-
acteristic of the cartilage.
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