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(7) ABSTRACT

An instrumented orthopaedic implant, such as an intramed-
ullary (IM) nail, is disclosed. The implant has the capacity to
provide an accurate measurement of the applied mechanical
load across the implant. The implant includes sensors and
associated electronic components located in recesses on the
outer surface of the implant. The implant houses the sensing
apparatus, the interface circuitry, the data transmitter, and the
power receiver. The hermetically sealed housing is adapted
for implantation in the body of a patient. The implant is used
with a controller which communicates with it by telemetry,
and there is an acting unit connected to the electronic com-
ponents which is adapted to carry out a function based upon a
condition detected by the sensors.
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TELEMETRIC ORTHOPAEDIC IMPLANT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/710,550, filed on Aug. 23, 2005;
U.S. Provisional Application No. 60/728,374, filed on Oct.
19, 2005; and U.S. Provisional Application No. 60/816,6735,
filed on Jun. 27, 2006. The disclosure of each application is
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention This invention relates gen-
erally to orthopaedic implants and, more particularly, ortho-
paedic implants having data acquisition capabilities.

[0003] 2. Related Art

[0004] Trauma products, such as intramedullary (IM) nails,
pins, rods, screws, plates and staples, have been used for
many years in the field of orthopaedics for the repair of
broken bones. These devices function well in most instances,
and fracture healing occurs more predictably than if no
implant is used. In some instances, however, improper instal-
lation, implant failure, infection or other conditions, such as
patient non-compliance with prescribed post-operative treat-
ment, may contribute to compromised healing of the fracture,
as well as increased risk to the health of the patient.

[0005] Health care professionals currently use non-inva-
sive methods, such as x-rays, to examine fracture healing
progress and assess condition of implanted bone plates. How-
ever, x-rays may be inadequate for accurate diagnoses. They
are costly, and repeated x-rays may be detrimental to the
patient’s and health care workers” health. In some cases, non-
unions of fractures may go clinically undetected until implant
failure. Moreover, X-rays may not be used to adequately diag-
nose soft tissue conditions or stress on the implant. In some
instances, invasive procedures are required to diagnose
implant failure early enough that appropriate remedial mea-
sures may be implemented.

[0006] The trauma fixation implants currently available on
the market are passive devices because their primary function
is to support the patient’s weight with an appropriate amount
of stability whilst the surrounding fractured bone heals. Cur-
rent methods of assessing the healing process, for example
radiography, patient testimonial, etc., do not provide physi-
cians with sufficient information to adequately assess the
progress of healing, particularly in the early stages of healing.
X-ray images only show callus geometry and cannot access
the mechanical properties of the consolidating bone. There-
fore, it is impossible to quantify the load sharing between
implant and bone during fracture healing from standard
radiographs, CT, or MRI scans. Unfortunately, there is no in
vivo data available quantifying the skeletal loads encountered
during fracture healing as well as during different patient and
physiotherapy activities. The clinician could use this infor-
mation to counsel the patient on life-style changes or to pre-
scribe therapeutic treatments if available. Continuous and
accurate information from the implant during rehabilitation
would help to optimize postoperative protocols for proper
fracture healing and implant protection and add significant
value in trauma therapy. Furthermore, improvements in secu-
rity, geometry, and speed of fracture healing will lead to
significant economic and social benefits. Therefore, an oppor-
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tunity exists to augment the primary function of trauma
implants to enhance the information available to clinicians.
[0007] Patient wellness before and after an intervention is
paramount. Knowledge of the patient’s condition can help the
caregiver decide what form of treatment may be necessary
given that the patient and caregiver are able to interact in an
immediate fashion when necessary. Many times the caregiver
does notknow the status of a would-be or existing patient and,
therefore, may only be able to provide information or incite
after it was necessary. If given information earlier, the car-
egiver can act earlier. Further, the earlier information poten-
tially allows a device to autonomously resolve issues or
remotely perform the treatment based on a series of inputs.
[0008] Surgeons have historically found it difficult to
assess the patient’s bone healing status during follow up clinic
visits. It would be beneficial if there was a device that allowed
the health care provider and patient to monitor the healing
cascade. Moreover, it would be beneficial if such a device
could assist in developing custom care therapies and/or reha-
bilitation.

[0009] Additionally, surgeons have found it difficult to
manage patient information. It would be beneficial if there
was available a portable memory device that stored patient
information, such as entire medical history files, fracture
specifics, surgery performed, X-ray images, implant informa-
tion, including manufacturer, size, material, etc. Further, it
would be beneficial if such portable memory device could
store comments/notes from a health care provider regarding
patient check-ups and treatments given.

[0010] Therefore, there is a need in the art for an instru-
mented orthopaedic trauma implant that can provide precise
and accurate information to doctors and patients concerning
the status of the implant, progress of fracture healing, and the
surrounding tissue without the need for x-rays or invasive
procedures.

SUMMARY OF THE INVENTION

[0011] Itis in view of the above problems that the present
invention was developed. The invention is an instrumented
orthopaedic implant, such as an intramedullary (IM) nail,
with the capacity to provide an accurate measurement of the
applied mechanical load across the implant. The implant
includes sensors and associated electronic components for
measurement of loads and transmission of the sensor data to
an external reader.

[0012] One aspect of the invention is that it allows for
information to be gathered and processed yielding conclusive
valuable data withrespect to a subject’s bone healing cascade.
The invention removes the guessing from the diagnosis by
providing objective unbiased data collected from them
throughout the healing process. Because the invention has a
memory function, patient data can be stored; thus, allowing
for the easy transmission of the data. The data may include
personal data, patient history information, as well as patient
activity. If the activity is captured, the surgeon could discern
if the patient has been accurately performing postoperative
rehabilitation regimens. This allows the surgeon to accurately
predict and prescribe further regimens, which currently is not
feasible with existing employed technology.

[0013] In another aspect of the invention, the captured
information also can be used as an input to an algorithm that
outputs a command for one or more reactions. The invention
may react in a number of ways. The device enables the sur-
geon to allow autonomous intervention when needed to aug-



US 2008/0300597 A1l

ment treatment using a biologic, such as injectable cements or
demineralized bone matrix, to aid in the speed healing or
informs the surgeon if a revision surgery may be necessary.
[0014] Thus, in furtherance of the above goals and advan-
tages, the present invention is, briefly, a telemetric ortho-
paedic implant system, the system including an orthopaedic
implant and a control unit. The orthopaedic implant includes
atleast one sensor; a first recess adapted to receive said at least
one sensor; an electronic component electrically connected to
said at least one sensor, the electronic component including at
least a power supply, a first transmitter, a first receiver, and a
first microprocessor; a second recess adapted to receive the
electronic component; potting material to seal said first recess
and said second recess; a power source electrically connected
to said electronic component; and an acting unit electrically
connected to said electronic component, said acting unit
adapted to carry out a function based upon a condition. The
control unit includes a second microprocessor; a second
transmitter electrically connected to said second micropro-
cessor, the second transmitter adapted to send a signal to said
first receiver of said electronic component; and a second
receiver electrically connected to said second microproces-
sor, the second receiver adapted to receive data from said first
transmitter of said electronic component.

[0015] Further features, aspects, and advantages of the
present invention, as well as the structure and operation of
various embodiments of the present invention, are described
in detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are incorpo-
rated in and form a part of the specification, illustrate the
embodiments of the present invention and together with the
description, serve to explain the principles of the invention. In
the drawings:

[0017] FIG. 1 is a perspective view of a telemetric ortho-
paedic implant in a first embodiment;

[0018] FIG.2isatop view of the implant shown in FIG. 1,
[0019] FIG. 3is a partial sectional side view of the implant
shown in FIG. 1;

[0020] FIG. 4 is a detailed perspective view of the implant
shown in FIG. 1;

[0021] FIG. 5 is a perspective view of a telemetric ortho-
paedic implant in a second embodiment;

[0022] FIG. 6 is a perspective view of the telemetric ortho-
paedic implant shown in FIG. 5;

[0023] FIG. 7 is a perspective view of an insert;

[0024] FIG. 8 is a perspective view of a telemetric ortho-
paedic implant in a third embodiment;

[0025] FIG.9 is a perspective view of the telemetric ortho-
paedic implant shown in FIG. 8;

[0026] FIG. 10 is a perspective view of a telemetric ortho-
paedic implant illustrating the results of finite element analy-
sis;

[0027] FIG. 11 is a graph illustrating data output vs. force;
[0028] FIG. 12 is a schematic illustrating an electronic
component and a data receiver;

[0029] FIG. 13 illustrates use of a handheld device;
[0030] FIG. 14 illustrates a control unit;
[0031] FIG. 15 is a schematic illustrating a telemetric

orthopaedic implant system;
[0032] FIG. 16 is a graph illustrating a fracture healing
curve;
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[0033] FIG. 17 is a graph illustrating a non-union fracture
healing curve;

[0034] FIG. 18 illustrates an artificial fracture gap;

[0035] FIG. 19 illustrates an in vitro biomechanical test
setup;

[0036] FIG. 20 is a graph illustrating strain vs. fracture gap

depth as a function of load,
[0037] FIG. 21 is a graph illustrating strain vs. load as
function of gap volume;

[0038] FIG. 22 is a graph illustrating accelerometer output
vs. time;
[0039] FIG. 23 is a graph illustrating magnitude vs. fre-
quency;
[0040] FIG. 24 is a graph illustrating magnitude vs. fre-
quency;
[0041] FIG. 25 is a graph illustrating magnitude vs. fre-
quency;
[0042] FIG. 26 is a graph illustrating magnitude vs. fre-
quency; and
[0043] FIG. 27 is a flowchart illustrating steps to analyze
gait.

DETAILED DESCRIPTION OF THE

EMBODIMENTS

[0044] A “smart implant” is an implant that is able to sense

its environment, apply intelligence to determine whether
action is required, and act on the sensed information to
change something in a controlled, beneficial manner. One
attractive application of smart implant technology is to mea-
sure loads on an orthopaedic implant. For example, an
intramedullary nail is subjected to three types of loading:
bending, torsional, and compression. These loads may be
measured indirectly by measuring sensor output of a series of
strain gauges mounted to the orthopaedic implant. In the case
of an intramedullary nail, diametrically apposed strain
gauges mounted on the outer surfaces of the nail are subjected
to tensile and compressive forces, respectively. Typically, the
strain measured from the sensors is higher when the implant
is loaded in bending than in compression. A fundamental
parameter of the strain gauge is its sensitivity to strain,
expressed quantitatively as the gauge factor (G). Gauge factor
is defined as the ratio of fractional change in electrical resis-
tance to the fractional change in length (strain),

AR M
Re’

[0045] where R=nominal resistance, AR=resulting change
in resistance and e=strain. This change in resistance arises
from two important factors: (a) the change in the resistivity of
the material, and (b) the change in the physical dimensions of
the resistor as the material is deformed. For a foil strain gauge,
Gis found to be 2.1. Voltage recordings are converted to strain
using the following equation:—

-4V, ( RL] @

=— yxl+=
Tora+2 vy U TR

[0046] where R, is the lead resistance, R, is the nominal
gauge resistance, which is specified by the gauge manufac-



US 2008/0300597 A1l

turer, GF is the Gauge Factor, which is also specified by the
gauge manufacturer, and V, is the voltage ratio defined by the
following equation:—

Vey (strained) — Vg (Unstrained) 3
r= ( P /EX )s

[0047] where V., and V., are the measured signal’s volt-
age and excitation voltage respectively.

[0048] Strain is related to stress using Hooke’s Law which
can be rearranged to calculate the compression and bending
loads experienced by the implant (F),

E.eA=F 4)

[0049] whereE is the stiffness of the implant in gigapascals
(GPa), e=strain measured from the output of the instrumented
implant, and A is the cross-sectional area of the implant in
square meters (m°). The corresponding load on the bone
could be deduced by subtracting the implant load from the
total downward force exerted by the limb measured using
either a force plate or a balance.

[0050] Incorporation of sensors and other electronic com-
ponents within an implantable medical device, such as an
intramedullary nail, alters its primary function from a passive
load-supporting device to a smart “intelligent” system with
the ability to record and monitor patient activity and compli-
ance.

Telemetric Intramedullary Nail

[0051] Referring to the accompanying drawings in which
like reference numbers indicate like elements, F1G. 1 illus-
trates a telemetric intramedullary (IM) nail 10. The telemetric
IM nail 10 includes at least one sensor 12. One particular
sensor configuration is illustrated in FIG. 1. In this embodi-
ment, sensors 12 are located in a proximal region 20, a central
or mid-shaft region 22, and a distal region 24 of the IM nail
10. In the embodiment depicted in FIG. 1, the telemetric IM
nail 10 includes three sensors 12a, 124, 12¢ with a sensor
corresponding to each region. However, those of ordinary
skill in the art would understand that a greater or lesser num-
ber of sensors may be used and that sensors may be applied in
other configurations. The telemetric nail 10 continuously
measures a set of strain values generated from the sensors 12.
As explained in greater detail below, the telemetric IM nail 10
transmits the measurements from the nail to a reader device
for calculation of the forces components without disturbing
fracture healing.

[0052] The telemetric IM nail 10 may include features to
allow fixation of the nail to bone. For example, the telemetric
IM nail 10 may include proximal apertures 26 and/or distal
apertures 28. In the embodiment depicted in FIG. 1, the
telemetric IM nail 10 includes two proximal holes 26, a distal
hole 28, and a distal slot 28, but those of ordinary skill in the
art would understand that a greater or lesser number of apet-
tures may be provided.

[0053] Asbestseenin FIG. 5, the telemetric IM nail 10 also
includes one or more electronic components 18, such as a
printed circuit board. The electronic components 18 form an
instrumentation circuit with the sensors 12. The electronic
components 18 may include associated signal conditioning
circuitry, one or more microprocessors, one or more memory
devices, a power supply, and communications components.
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The electronic components 18 allow in situ measurement of
changes in the local environment. The combination of the
sensor 12 and the electronic components 18 provide a pow-
erful tool for indirect measurement of the changing load over
time due to fracture consolidation using the algorithm
described above. In turn, these indirect measurements may be
used to provide information to clinicians on the environment
for use in clinical decision making.

[0054] In order to maintain the integrity of the telemetric
IM nail 10, the implant design must protect the components,
provide an accurate and stable connection between the sensor
and its environment, and maintain the functionality of the
implant itself. Incorporating sensors within the structure of
internal implants raises the “packaging problem” of main-
taining the insulation of electronics, as biological tissues are
an extremely hostile environment. Furthermore, the risk of
damage to the electronic components 18 from common ster-
ilization methods cannot be underestimated. Design consid-
erations for instrumenting the IM nail 10 requires minimiza-
tion of any damage to the mechanical and physical properties
of the nail and allow for large scale commercialization and
manufacture. Certain designs may be confirmed by measur-
ing the bending stiffness and fatigue behavior of the IM nail
10 before and after instrumentation.

[0055] As best seen in FIGS. 2-5, the IM nail 10 includes at
least one recess 14. As examples, the recess 14 may be rect-
angular, square, circular, elliptical, or some combination
thereof. The recess 14 may be made using various manufac-
turing techniques including, but not limited to machining,
milling, grinding, forging, casting, stamping, and injection
molding. The recess 14 has a depth D, which ranges from
about 0.1 mmto about 2.0 mm. The length L of the recess may
be in the range from about 1 mm to about 100 mm. In the
embodiment depicted in FIG. 3, the recess 14 is about 0.5 mm
thick and about 5 mm long. The recess 14 receives the sensor
12 and conductor wires 16. The recess 14 protects the sensor
12 and conductor wires 16 from abrasive damage during the
surgical insertion process. The recess 14 is located on either
an anterior surface or a posterior surface enabling the sensors
12 to experience tensile and compression forces respectively.
The sensor 12 may be fixed in the recess 14 using a range of
high stiffness adhesives including epoxy resins, polyure-
thanes, UV curable adhesives, and medical grade cyanoacry-
lates. These types of fixation methods do not adversely affect
the performance of the sensor 12.

[0056] Additionally, the telemetric IM nail 10 may include
arecess 14 in the proximal region 20 to receive the electronic
components 18. The recess 14 is dimensioned to accept the
electronic components 18. For example, the electronic com-
ponents may be about 56 mm long, about 6.2 mm wide, and
about 0.25 mm thick, and the recess 14 is sized accordingly.
The recess 14 may be of the same size as the electronic
components 18 or slightly larger.

[0057] Alternatively, installation of the strain gauges 12
and other electronic components may be carried out using a
more evasive method, such as electro-discharge milling a
longitudinal section in the implant, installing the components
in the IM nail 10, and laser welding the tube segments. How-
ever, there are several disadvantages to using this approach.
Localized heat of welding tends to cause distortion and warp-
ing ofthe base metals or stresses around the weld area, which
could affect the corrosion resistance of the implant. More-
over, laser beam welding has a tremendous temperature dif-
ferential between the molten metal and the base metal imme-
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diately adjacent to the weld. Heating and cooling rates are
much higher in laser beam welding than in arc welding, and
the heat-affected zones are much smaller. Rapid cooling rates
can create problems such as cracking in high carbon steels.
[0058] There are a number of ways to encapsulate the sen-
sors 12 and other electronic components. Some components
may require more durable methods of encapsulation than
others. For example, if a battery or other potentially hazard-
ous device is included in the electronics system a titanium
case may be required. Alternatively, if the components are
biologically benign, then a simple potting material, such as
polyurethane or a silicone, may prove to be sufficient. Those
skilled in the art would understand that various materials may
be used for the potting material. What is significant is that the
potting material acts as a cover to separate the electronic
components from the surrounding environment. Soldering
and welding techniques may also be used to help permanently
seal the sensors 12 and other electronic components inside the
instrumented nail 10. Substituting the standard foil gauge
with platinum strain gauges may also enhance durability and
resistance to sterilization and attack by biological fluids.
[0059] Inone particular embodiment in FIG. 6, the sensors
12 and the electronic components 18 are covered with a
biocompatible potting material 30, such as polyurethane or
silicone, in order to provide a hermetic seal. Because the
sensors 12 and the electronic components 18 are sealed her-
metically from the patient tissues and fluids, long term func-
tion of the telemetric IM nail 10 is achievable. At the same
time, leakage of non-biocompatible or toxic materials is
eliminated. The potting material 30 is an electrically insula-
tive, moisture resistant material, supplied in either a liquid or
putty-like form and is used as a protective coating on sensitive
areas of electrical and electronic equipment. The potting
material 30 may be optically opaque or colorless. The strain
gauges 12 and conductor wires 16 are covered in potting
material 30 with suitable mechanical characteristics required
to survive the implantation process and restore the mechani-
cal envelope.

[0060] An alternative arrangement of the electronic com-
ponents 18 in the telemetric instrumented nail 10 is shown in
FIGS. 7,8, and 9. In this particular design, passive electronic
components 40 are located in the recess 14 of the proximal
region 20 and active electronic components 42, such as a
power supply, microprocessor, data storage device, and exter-
nal communication device, are contained in a separate nail
head insert 44. As best seen in F1G. 9, the passive electronic
components 40 may be covered with the potting material 30
to hermetically seal the electronic components 40. In this
configuration, the telemetric IM nail 10 is implanted in the
usual manner, and, once the nail has been implanted into the
bone, the nail head insert 44 is attached to the telemetric IM
nail 10. For example, the nail head insert 44 may be threaded
into a hole 46 (best seen in FIG. 5). This particular design
avoids any sensitive electronics being damaged by the
implantation process. Connections between the passive and
active electronic components 40, 42 can be made using either
an inductively coupled link or physical connections via slip
rings.

[0061] The telemetric IM nail 10 may be constructed from
a biocompatible material using standard manufacturing tech-
niques. For example, the nail may be forged out of metal,
hand or machine laid composite, or machined from stock.
Alternatively, the telemetric IM nail 10 may be cast, injection
molded, or compacted through hot isostatic processing (HIP).
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The HIP manufacturing process is particularly suited for pro-
ducing nails with preformed recesses designed to receive
sensors and electronic components.

[0062] In yet another alternative embodiment, the telemet-
ric IM nail 10 may be constructed using a biodegradable
composite whose degradation rate is controlled by sensed
strain data. Such a device is more compliant than a conven-
tional metal implant because the mechanical modulus of the
implant changes according to the degree of healing of the
adjacent bone. Increased load bearing capacity on the healing
bone triggers the release of an active agent that accelerates the
degradation rate of the nail in order to reduce its load sharing
ability. On the other hand, slow healers require the release of
active agents that inhibit the degradation rate of the implant
material. The release of the active agent may be controlled
using a micro-electromechanical structures (MEMS) reser-
voir system that releases a chemical manipulation on demand
that either accelerates or decelerates the rate of degradation of
the nail. The instrumented components may be manufactured
using restorable materials, such as degradable, porous silicon
wafers. Otherwise, non-degradable electronic components
may remain in the patient, which may be acceptable in some
cases.

FE Modeling to Determine Optimum Position of
Sensors

[0063] Referring now to FIG. 10, the sensors 12 may be
devices capable of measuring mechanical strain, such as foil
or semiconductor strain gauges. Alternatively, the sensors 12
may be load cells used to directly measure mechanical load.
The embodiment depicted in FIG. 1 utilizes foil strain gauges
to measure strain. The optimum location of the sensors 12 for
the purpose of measuring strain may be determined through
finite element (FE) analysis. The sensors 12 may be located,
for example, but not limited to, in the working region of the
implant 10. The working region is defined as the region
between two fixation apertures 26, 28. The fixation apertures
26, 28 are adapted to receive fasteners, such as screws, to
attach the implant 10 to bone. As can be seen in FIG. 10, the
darker, shaded areas represent stress concentrations. The
stress distribution results from the way in which the nail 10 is
loaded through the patient’s hip joint and results in high
bending stresses on the outer surface of the nail 10, aligned
with the proximal apertures 26. Typically, a 50% reduction in
stress is observed between sensors placed inside the implant
as opposed to an external mounting.

Sensor

[0064] The telemetric IM nail 10 includes the sensor 12.
The sensor 12 senses at least one item, event, condition, etc.
The sensor 12 may be any number of types including, but not
limited to, a foil strain gauge, a semi-conductor strain gauge,
a vibrating beam sensor, a force sensor, a piezoelectric ele-
ment, a fibre Bragg grating, a gyrocompass, or a giant mag-
neto-impedance (GMI) sensor. Further, the sensor 12 may
indicate any kind of condition including, but not limited to,
strain, pH, temperature, pressure, displacement, flow, accel-
eration, direction, acoustic emissions, voltage, pulse, biom-
arker indications, such as a specific protein indications,
chemical presence, such as by an oxygen detector, by an
oxygen potential detector, or by a carbon dioxide detector, a
metabolic activity, or biologic indications to indicate the pres-
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ence of white blood cells, red blood cell, platelets, growth
factors, or collagens. Finally, the sensor 12 may be an image
capturing device.

[0065] Some orthopaedic applications may require more
than one sensor to measure more than one item, event, or
condition. Thus, some implants require multi-channel capa-
bilities. For example, the telemetric IM nail 10 may include
six or more strain gauges. The sensor 12 may be an array of
sensors or a series of discrete sensors. The telemetric IM nail
10 also may be designed with multiaxial strain gauges in a
rosette configuration to enable loads to be measured in x, y
and/or z planes. The configuration of the sensors 12 also may
be tailored to meet the requirements of the patients fracture.
The sensor 12 is designed in such way that it does not com-
promise the performance of the implant. For example, the
sensor 12 must be unobtrusive, biocompatible, and in no way
affect the established biomechanical performance of the
implant. It has been shown that nails with a tight fit between
implant and the adjacent bone may be deformed significantly
during insertion. As a result, the resolution of the selected
sensor is better than 8 bit (0.05%). The output of the sensor
may be investigated by applying an axial load to the instru-
mented nail. The loading configuration is designed to match
the loading pattern typically observed in a human femur, i.e.
an offset vertical load transmitted through the nail via the
proximal fastener. Strain vs. load plots for three instrumented
IM nails with two strain sensors 12 located on the inner
(compression) and outer (tensile) surfaces at either the mid-
shaft region (nail 1), distal region (nail 2), or proximal region
(nail 3) respectively are shown in FIG. 11. In all cases, the
responses from the sensor pairs are fairly linear when the load
on the nail is ramped up to 500 N. In addition, there is little or
no hysteresis observed when the load is applied and removed
from the nail.

Communication

[0066] The electronic components 18 are in communica-
tion with a data receiver 50. The electronic components 18
receive data from the sensor 12 and transmit the data to the
data receiver 50. The electronic components 18 transmit the
data by wire or through a wireless connection. The transmis-
sion may use available technologies, such as ZIGBEE™,
BLUETOOTH™, Matrix technology developed by The
Technology Partnership Plc. (TTP), or other Radio Frequency
(RF) technology. ZigBee is a published specification set of
high level communication protocols designed for wireless
personal area networks (WPANs). The ZIGBEE trademark is
owned by ZigBee Alliance Corp., 2400 Camino Ramon, Suite
375, San Ramon, Calif., U.S.A. 94583. Bluetooth is a tech-
nical industry standard that facilitates short range communi-
cation between wireless devices. The BLUETOOTH trade-
mark is owned by Bluetooth Sig, Inc., 500 108th Avenue NE,
Suite 250, Bellevue Washington, U.S.A. 98004. RF is a wire-
less communication technology using electromagnetic waves
to transmit and receive data using a signal above approxi-
mately 0.1 MHz in frequency. Due to size and power con-
sumption constraints, the telemetric IM nail 10 may utilize
the Medical Implantable Communications Service (MICS)in
order to meet certain international standards for communica-
tion.

Instrumentation System

[0067] FIG. 12 illustrates the electronic components 18,
such as a printed circuit board, and the data receiver 50. The
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electronic component 18 includes a power transmitter 32, a
DC power supply 34, a combination analog/digital converter
and microprocessor 36, and a sensor data transmitter 38. The
data receiver 50 includes a sensor data receiver 52 and a
power transmitter 54. Although illustrated as separate com-
ponents, those of ordinary skill in the art would understand
that the transmitter and the receiver may be combined in a
single unit, sometimes referred to as a transceiver. In the
embodiment depicted in FIG. 12, power consumption and
data transmission are contactless. The electronic component
18 may include any of the following: (1) any number of foil
strain gauges; (2) matching number of low noise, low power
instrumentation amplifiers; (3) matching number of Wheat-
stone bridge resistor networks; (4) matching number of strain
gauge zero-adjustments; and (5) on-board power supply with
noise filtering.

Power Management

[0068] The telemetric IM nail 10 may incorporate one or
more power management strategies. Power management
strategies may include implanted power sources or inductive
power sources. Implanted power sources may be something
simple, such as a battery, or something more complex, such as
energy scavenging devices. Energy scavenging devices may
include motion powered piezoelectric or electromagnetic
generators and associated charge storage devices. Inductive
power sources include inductive coupling systems and Radio
Frequency (RF) electromagnetic fields.

[0069] Finally, the telemetric IM nail 10 may incorporate a
storage device (not shown). The storage device may be
charged by an inductive/RF coupling or by an internal energy
scavenging device. The storage device must have sufficient
capacity to store enough energy at least to perform a single
shot measurement and to subsequently process and commu-
nicate the result.

[0070] FIG. 13 illustrates a handheld device 60 being
placed on a leg 102 of a patient 100. The handheld device 60
generates RF waves that excite the electronic component 18.
The excited electronic component 18 retrieves stored sensor
readings and sends them to the handheld device 60 via a
carrier wave. The handheld device 60 may be equipped with
a processor (not shown) for direct analysis of the sensor
readings or the handheld device 60 may be connected to a
computer for analysis of the sensor readings.

Communication

[0071] The demands on an implantable telemetry system
are severe and robust methods must be utilized to capture data
from the orthopaedic implant. Prior attempts in the art have
not provided a signal in the range needed for an instrumented
intramedullary nail. Thus, the telemetric IM nail 10 has a
wired interface in its most simplified version. In other words,
the electronic components 18 are connected to an external
control unit 62 via a wire (not shown). The control unit 62
may be placed on the patient 100 as a wearable device, such
as an arm band, wrist band, thigh band, or anklet bracelet.
Alternatively, the control unit 62 may be connected to a cast
64, such as by placing the control unit inside the cast or
attaching the control unit to the exterior of the cast.

[0072] The control unit 62 may include a display 66 and/or
a speaker 68. The display 66 may be used to display sensor
readings, provide warning lights, a count down timer allow-
ing the patient to anticipate an important event, such as cast
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removal, or an entertainment device, such as an electronic
game, to occupy time. The speaker 68 may be used to provide
sounds, such as pre-recorded instruction, warning sounds, or
game sounds. The patient actively wears the control unit 62
which constantly monitors the patient’s activity. In the case of
amajor event, such as a traumatic incident or loss of essential
body function, the control unit 62 senses this change and
sends out an alert which could be audible and/or visual.
Alternatively or in addition to the alert, the control unit 62
may send information to another device which could prompt
the wearer for information to confirm the patient’s status. The
control unit 62 could also be used to notify emergency assis-
tance groups of impending danger and other pertinent infor-
mation, such as location of the patient. In this last example,
the control unit 62 may include a global positioning system
(GPS) module to locate the control unit and patient.

[0073] The control unit 62 may be housed in virtually any
type of material, such as plastic, rubber, metal, glass, ceramic,
wood, stone, long fiber composites, short fiber composites,
non-fiber composites, etc. The display 66 may be a liquid
crystal display, a light emitting diode display, a plasma dis-
play, a digital light processing, a liquid crystal on silicon
display, cathode ray tube, etc.

[0074] In other embodiments, however, the telemetric IM
nail 10 has a wireless communications facility to allow the
patient to move around freely. This embodiment is partially
depicted in FIG. 12.

[0075] Not only does the telemetric IM nail 10 include a
sensor, but also the telemetric IM nail may include an acting
unit to perform certain functions based on sensor readings or
external commands. FIG. 15 illustrates a telemetric implant
system 110. The telemetric implant system 110 includes a
telemetric orthopaedic implant 112, a control unit 114, a
reader 116, and a computing device 118. The reader 116
wirelessly communicates with the control unit 114 to transmit
and receive data. The reader 116 is connected to the comput-
ing device 118 either by wires or wirelessly. The computing
device 118 may be any number of known devices, such as a
personal digital assistant, a desktop computer, a laptop com-
puter, a notepad PC, a biometric monitoring device, a hand-
held computer, or a server. The computing device 118 is used
to analyze the data received from the orthopaedic implant
112. The computing device 118 may be used to store data
and/or to program the telemetric orthopaedic implant 112.
The reader 116 and the computing device 118 may be incor-
porated into a single device.

[0076] The orthopaedic implant 112 includes one or more
sensors 120, a microcontroller 122, one or more stored deliv-
erables 124, and one or more acting units 126. The sensor 120
outputs an induced signal to a preamplifier (not shown), then
to an amplifier (not shown), and then to a filter (not shown).
The signal travels then to the microcontroller 122 which
processes the sensor signal via an algorithm and decides if the
information is to be stored or sent to the acting unit 126. The
algorithm used to decide how to act can be pre-programmed
from the manufacturer or by surgeon preference. The acting
unit 126 may communicate with the microcontroller 122
either by wire or wirelessly. Upon receiving the signal from
the controlunit 114 or the microcontroller 122, the acting unit
126 deploys a stored deliverable 124, which includes, but is
not limited to, biological manipulations, an antibiotic, an
anti-inflammatory agent, a pain medication, an osteogenic
factor, radio-markers, angiogenic factors, vasodilator, and/or
growth factors.
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[0077] Theacting unit 126 may be a MEMS device, such as
apump that delivers a specific volume of medicament or other
stored deliverable 124. The orthopaedic implant 112 may
include several of these pumps that all contain the same stored
deliverable 124 as to offer redundancy in case one or more of
the pumps fail. The pump contains a reservoir or reservoirs of
stored deliverable 124 to be delivered. The stored deliverable
124 is delivered using any type of microfluidic mechanism,
suich as a rotary pump, a piston pump, a shape memory mate-
rial pump, etc.

[0078] The control unit 114 includes a power generator
128, an energy storage device 130, a logic circuit 132, a
microcontroller 134, an RF detector coil 136, and an RF load
switch 138.

User Interface

[0079] In some embodiments, the computing device 118
includes a graphical user interface (GUI). The GUI allows a
healthcare provider and/or patient to display information
based on the collected data either locally or remotely, for
example telemedicine, from the telemetric orthopaedic
implant 112. The GUI identifies the system to communicate
with, prompts the user for security clearance, verifies the
security clearance, and downloads the data from the telemet-
ric orthopaedic implant 112 or the reader 116. The data could
then be further processed into various forms from simple
discrete healing progress status numbers or verbiage to com-
plex information such as a graphical reproduction of the
patient gait cycle curve, patient activity, patient compliance,
patient data, healthcare provider information, implant manu-
facture information, surgical techniques, x-radiograph infor-
mation, computed tomography imaging information, mag-
netic resonance imaging information.

[0080] Further, the patient could be alerted by the GUIl as a
result of sensed information. The logic circuit 132 may be
used to monitor data received from the telemetric orthopaedic
implant 112 and send a signal if a certain variable exceeds a
preconfigured limit. The alert could let the user know when a
clinic visit is necessary for doctor intervention, the device has
been overloaded, or how to manage a situation that has
occurred without surgeon intervention.

[0081] The telemetric implant system 110 has many uses.
For example, a patient may undergo a surgical intervention to
repair a sustained injury or joint reconstruction, during which
time the patient receives a telemetric orthopaedic implant to
aid in the repair of the injury. The implant may utilize an
electromechanical system designed to monitor various
aspects of the patient’s recovery with one or more sensors,
decide if an action needs to take place, and hence act as
programmed.

Early Monitoring of Bone Healing

[0082] While immobilization and surgery may facilitate
bone healing, the healing of a fracture still requires adequate
physiological healing which can be achieved through con-
tinuously monitoring changes in the in situ load distribution
between the implant and the surrounding bone using sensors
and a biotelemetry system. The mass and architecture of bone
are known to be influenced by mechanical loading applied to
them. In the absence of appropriate loading due to stress
shielding caused by poor management of internal orthopaedic
fixation systems, bone mass is reduced resulting in compro-
mised healing of the fracture. The primary function of an
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telemetric orthopaedic implant is to carry the load immedi-
ately after surgical placement. For example, the telemetric
orthopaedic nail carries the load immediately after surgical
placement in the intramedullary canal. With progression of
fracture healing, the load sharing between the implant and the
bone changes. This can be tracked using strain gauges opti-
mally positioned within the orthopaedic implant according to
the location of the fracture. The sensors are used to monitor
the progress of union in the case of fracture by continuously
monitoring the load component of the healing bone in all
spatial components, which is unobtainable from X-rays. Peri-
odic follow-up will provide a graph that shows the gradual
decrease of relative motion of the fragments until union
occurs. Each fracture patient generates his or her own unique
healing curve; however, the general shape of the healing
curve indicates whether the fracture will progress to either a
union condition or a non-union condition. The healing curve
generated from a patient is dependent upon a number of
factors including the type and location of the fracture, health
status (underlying disease), age, activity, rehabilitation, and
time to reach weight bearing.

[0083] Hypothetical load vs. healing time curves showing
the loading distribution between an instrumented IM nail and
the surrounding bone are schematically illustrated in FIG. 16
and FIG. 17. In FIG. 16, the fracture is progressing to a union
condition, and in FIG. 17, the fracture maintains a non-union
condition. Although fracture healing results in a reduction in
implant load, the remaining load of the nail can be significant
and are expected to increase with patient activity. It has been
suggested that loading of the bone may increase up to 50%
after implant removal. The load measured in the adjacent
bone can be determined by subtracting the implant load from
the load exerted through the limb, which is determined using
either a force plate or balance. The clinician can also measure
the load acting through the contralateral limb in order to
provide a reference measurement for a fully functional limb.

[0084] The healing curve may be used in several different
ways. First, in the case of an active telemetric orthopaedic
implant, the implant or control unit continuously records
data. In the case of an intramedullary nail as an example, the
strain on the implant is recorded as the patient ambulates. The
surgeon or other healthcare provider may download the data
from the implant or control unit in a clinical setting. The data
is processed and a healing curve is generated from the data. If
the surgeon observes that the strain on the implant is decreas-
ing with time, similar to the graph of FIG. 16, this implies that
the surrounding hard tissue is accepting some of the load and,
thus, the fracture is healing. However, if the strain on the
implant is unchanged with time and at the approximate level
as when the patient was discharged from the hospital or other
health care facility, similar to the graph of FIG. 17, then this
implies that the surrounding hard tissue is not bearing the load
and, therefore, the fracture is not healing.

[0085] Second, the telemetric orthopaedic implant may be
a passive device that does not record data continuously but
only when it is exposed to an energy source. In this embodi-
ment, the hospital or healthcare facility provides an energy
source which energizes the telemetric orthopaedic implant
and allows it to record data. In this example, the telemetric
orthopaedic implant is energized, a load is placed on the
affected bone with the implant at to a set level, and sensor
readings are captured. For example, the implant may be an
intramedullary nail and the sensors may measure strain on the
nail as the load is applied. The sensed data is downloaded and
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processed. In this example, the sensed data must be compared
to previous measurements. For example, measurements may
be taken at predetermined time periods, such as daily or
weekly. If the load applied to the bone is unchanged and the
strain has decreased compared to previous measurements
over time, then it is implied that the hard tissue is sharing
some of the load and, thus, the fracture is healing. However, if
the strain on the implant remains unchanged compared to
previous measurements over time, this implies that the sur-
rounding hard tissues is not bearing any of the load and,
therefore, the fracture is not healing.

[0086] Telemetric orthopaedic implants of the kind
described herein utilize an algorithm that gives an early indi-
cation as to whether the fracture will heal or not based on the
rate of change in the initial load measurements. The informa-
tion provided by the sensors also may be used to design a new
class of orthopaedic implants that are more compliant with
the surrounding bone in terms of strength and stiffness.
[0087] The functionality of a telemetric orthopaedic
implant may be demonstrated in vitro using a plastic fracture
model. In this test shown in FIGS. 18 and 19, a telemetric
intramedullary nail 220 is implanted in an intact femur model
200 and gradually, a circumferential fracture gap 210 is intro-
duced while observing changes in the strain as a function of
load. Thus, reversing the fracture conditions typically
observed in vivo. The strain gauges are applied to the medial
and lateral sides of the nail 220, positioned on the shaft of the
nail to correspond with the fracture gap placement. Interpre-
tation of the data obtained from this study represents the
ability to measure bone healing in vivo. The nail construct is
loaded at a stepwise displacement from 0 Ibf to 300 Ibf in
predetermined increments and the strain is measured at each
load increment. The first series of strain measurements are
made with the bone model completely intact. The next series
of strain measurements are made with 75% ofthe fracture gap
210in place. Subsequently, the third, fourth, and fifth series of
strain measurements are made with 50%, 25%, and 0% of the
fracture gap 210 in place, respectively. A final series of strain
measurements is made with the fracture gap segments re-
inserted to their original position. The fracture gap 210 is
approximately 5 mm thick, positioned on the shaft of the bone
model such that it will be at half of the working distance of the
nail 200, which means it is half of the distance between the
locking fasteners.

[0088] FIG. 20 illustrates reverse simulated bone healing
using an artificially induced circumferential gap. FIG. 21
illustrates load vs. strain curves obtained from the plastic
fracture model with 100% (fully intact), 75%, 50%, 25%, and
0% (fully fractured) of the fracture gap in place.

Gait Analysis

[0089] The invention also includes a gait analysis tool in
which gait data is gathered, processed, and stored until an
external device accesses the data and presents it to a reviewer,
such as a patient, surgeon, healthcare provider, or physical
therapist. The telemetric orthopaedic implant may include an
accelerometer, which can output acceleration changes over
time at a sampling rate ranging from aboutl to about 2000 Hz.
Reference FIG. 22 for an example of graphically represented
data output resulting from wearing an accelerometer and the
wearer undergoing normal unassisted gait. The sensor output
data can then be manipulated as desired for analysis. Qne
such method is to convert the data from the time domain to the
frequency domain and look for biometric markers or patterns.
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FIGS. 23-25 show data similar to that in FIG. 22 transformed
into the frequency domain. In these figures, distinct peaks are
seen at various frequencies which define the wearer’s gait
signature seen as the differences in FIGS. 23-25. The patient’s
gait changes gradually with time and aging or abruptly as
would be the case when a patient sustains a severe traumatic
injury to any of the bone in their lower extremity. The fre-
quency domain gait signature for an artificially induced anta-
lgic gait pattern is seen in FIG. 26.

[0090] Thegait analysis tool allows for basic information to
be gathered and processed yielding conclusive valuable data
with respect to a subject’s gait cycle. This data can be used to
diagnose the patient’s healing status in at least their lower
extremities, which when injured impede the normal gait
cycle. Historically, surgeons have had to rely on radiographs
or other imaging techniques to determine the stage of the
patient’s bone healing cascade. These tools are helpful but
allow for error in diagnosis. There are several areas for this
opportunity including but not limited to image quality, paral-
lax, and misdiagnosis. Further, even though these diagnosis
tools exist, the surgeon relies on patient testimonial more
heavily than the images. The gait analysis tool removes the
guessing from the diagnosis by providing the surgeon objec-
tive unbiased data collected from the patient throughout the
healing process. The gait analysis tool allows the surgeon to
understand earlier in the healing process if intervention is
needed to augment treatment using a biologic, such as an
injectable cement or demineralized bone matrix, to speed
healing or ifa revision surgery may be necessary. Because the
telemetric orthopaedic implant described herein has a
memory function, patient data may be stored thus allowing
for the easy transmission of the data. This data could include
personal data, patient history information, as well as patient
activity. If the activity is captured, the surgeon could discern
if the patient has been accurately performing postoperative
rehabilitation regimens. This allows the surgeon to accurately
predict and prescribe further regimens, which currently is not
feasible with existing employed technology.

[0091] FIG. 27 illustrates steps to implement gait analysis.
A person, such as a doctor or healthcare provider, begins at
step 310. Instep 312, the person reads the data from the
patient. For example, the patient may have an active telemet-
ric orthopaedic that continuously measures data as the patient
ambulates. In the case of an intramedullary nail as an
example, the acceleration of the implant is recorded as the
patient ambulates. The surgeon or other healthcare provider
may download the data from the implant or control unit in a
clinical setting. After the data is downloaded, it is processed
in step 314 to convert the data from the time domain to the
frequency domain. This allows the doctor, healthcare pro-
vider, or software to look for biometric markers or patterns.

[0092] Because data is continuously monitored, extraneous
data is also downloaded in step 312. For example, data may be
recorded when the patient is sitting. In optional step 316, a
decision is used to look for peak stride and peak step data
within the global download. By utilizing the decision 316, it
can be ensured that gait information is present in the global
data. If gait information is not present, the doctor or health-
care provider returns to step 312 at another time to retrieve
global data.

[0093] Instep 318 to 332, the gait information is extracted
and placed into groups for analysis. In this way, it can be
ensured that the doctor or healthcare provider is looking at
how the gait changes from one group to the next. For example,
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the first group of gait information may be from a first time
period and the second group of gait information may be from
a second time period.

[0094] Instep 318, stride amplitude, step amplitude, stride
frequency, and step frequency is estimated. In step 320, a
simplified single gait cycle group is generated. The global
data is broken down and correlated to the simplified single
gait cycle group in step 322. The data is processed iteratively
in step 324. In step 326, a decision is made whether the
correlation is above an adaptive threshold. If so, the correlated
cycle is identified as a gait group in step 330. If not, the cycle
is determined to be non-gait data in step 328. The data is
processed iteratively until all the data is analyzed as being gait
data or non-gait data in step 332. Once the gait cycles are
identified, the gait cycles are analyzed in step 334 and the
process completes in step 336.

[0095] Alternatively, gait data may be collected and ana-
lyzed at the hospital or healthcare facility. In other words, the
patient ambulates and data is recorded in the presence of a
doctor or healthcare provider. However, this type of data
collection does not allow for analysis over long periods of
time. Moreover, this type of data collection does not allow for
measurement of patient compliance because a patient is more
likely to be non-compliant when outside of the hospital or
healthcare facility and compliant when in the presence of the
doctor or healthcare provider. However, gait data taken at
discrete periods of time still provide an indication whether or
not a fracture is progressing to a union condition.

CONCLUSION

[0096] Although the depicted embodiments concentrate on
the function of an instrumented intramedullary nail designed
specifically for bone healing, alternative embodiments
include incorporation of the sensor and other electronic com-
ponents within other implantable trauma products, such as a
plate, a bone screw, a cannulated screw, a pin, a rod, a staple
and a cable. Further, the instrumentation described herein is
extendable to joint replacement implants, such a total knee
replacements (TKR) and total hip replacements (THR), den-
tal implants, and craniomaxillofacial implants.

[0097] A patient receives a wireless instrumented joint
reconstruction product. The electromechanical system within
the implant may be used to monitor patient recovery using
one or more sensors, and make a decision as to whether any
intervention is required in the patient’s rehabilitation. The
telemetric joint replacement continuously measures a com-
plete set of strain values generated in the implant and trans-
mits them from the patient to a laboratory computer system
without disturbing the primary function of the implant. Alter-
natively, a wired system may be utilized in the form of a
wearable device external to the patient. Again, the electrome-
chanical system could be designed to monitor various aspects
of the patient’s recovery.

[0098] The wireless technology may be introduced into
dental implants to enable early detection of implant overload-
ing. Overloading occurs when prolonged excessive occlusal
forces applied to the implant exceeded the ability of the
bone-implant interface to withstand and adapt to these forces,
leading to fibrous replacement at the implant interface,
termed “osseodisintegration,” and ultimately to implant fail-
ure. Again, a communication link may be used to selectively
access the strain data in the memory from an external source.
[0099] Thetechnology associated with the instrumentation
procedure also may be adapted to monitor soft tissue repair
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(e.g. skin muscle, tendons, ligaments, cartilage etc.) and the
repair and monitoring of internal organs (kidney’s, liver,
stomach, lungs, heart, etc.).

[0100] The advantage of the invention over the prior art
concerns the incorporation of the components within the fixa-
tion device in a manner that protects the components, pro-
vides an accurate and stable connection between the sensor
and its environment, maintains the functionality of the
implant itself, and is suitable for large scale manufacture. The
device allows for information to be gathered and processed
yielding useful clinical data with respect to a patient’s bone
healing cascade.

[0101] Theinstrumented device removes the guessing from
the conventional diagnostic techniques, such as x-ray, CT and
MRI imaging, by providing the patient objective quantitative
data collected from them through the healing process. Cur-
rently, there is no device which quantifies the skeletal loads
encountered during fracture healing, as well as during differ-
ent patient and physiotherapy activities. Furthermore, the
load distribution between the implant and the adjacent bone
during fracture healing is also unknown. Such data would
help to optimize postoperative protocols for improved frac-
ture healing. The device described herein addresses this by
having on board sensors and a memory facility enabling
patient data to be stored thus allowing for early transmission
of data. This data includes patient history and patient activity.
The device also enables early intervention by the surgeon, if
required, such as administration of drugs, injection of ortho-
biologics, cements or demineralized bone matrix to help pro-
mote/accelerate bone healing or a revision surgery.

[0102] In view of the foregoing, it will be seen that the
several advantages of the invention are achieved and attained.
Among other things, potential clinical benefits include
reduced number of clinic visits, reduced pain suffered by the
patient, improved data on fracture healing, and early notifi-
cation of delayed or non-union.

[0103] The embodiments were chosen and described in
order to best explain the principles of the invention and its
practical application to thereby enable others skilled in the art
to best utilize the invention in various embodiments and with
various modifications as are suited to the particular use con-
templated.

[0104] As various modifications could be made in the con-
structions and methods herein described and illustrated with-
out departing from the scope of the invention, it is intended
that all matter contained in the foregoing description or
shown in the accompanying drawings shall be interpreted as
illustrative rather than limiting. Thus, the breadth and scope
of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims
appended hereto and their equivalents.

1. A telemetric orthopaedic implant system, the system
comprising:

a. an orthopaedic implant, the orthopaedic implant com-
prising:

1. at least one sensor;

il. a first recess adapted to receive said at least one
sensor;

ili. an electronic component electrically connected to
said at least one sensor. the electronic component
including at least a power supply, a first transmitter, a
first receiver, and a first microprocessor;
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iv. a second recess adapted to receive the electronic
component;

v. potting material to seal said first recess and said sec-
ond recess;

vi. a power source electrically connected to said elec-
tronic component; and

vii. an acting unit electrically connected to said elec-
tronic component, said acting unit adapted to carry
out a function based upon a condition; and

b. a control unit, the control unit comprising:

1. a second microprocessor;

il. a second transmitter electrically connected to said
second microprocessor, the second transmitter
adapted to send a signal to said first receiver of said
electronic component; and

iii. a second receiver electrically connected to said sec-
ond microprocessor, the second receiver adapted to
receive data from said first transmitter of said elec-
tronic component.

2. The telemetric orthopaedic implant system of claim 1,
wherein said orthopaedic implant is an intramedullary nail.

3. The telemetric orthopaedic implant system of claim 1,
wherein said at least one sensor is selected from the group
consisting of a foil strain gauge, a semi-conductor strain
gauge, a vibrating beam sensor, a force sensor, a piezoelectric
element, a fibre Bragg grating, and a giant magneto-imped-
ance (GM]) sensor.

4. The telemetric orthopaedic implant system of claim 1,
wherein said control unit further comprises a graphical user
interface.

5. The telemetric orthopaedic implant system of claim 1,
wherein said orthopaedic implant further comprises a cap
insert.

6. The telemetric orthopaedic implant system of claim 1,
wherein said first transmitter and said first receiver are com-
bined into a single first transceiver, and second transmitter
and second receiver are combined into a single second trans-
ceiver.

7. The telemetric orthopaedic implant system of claim 1,
further comprising a handheld device.

8. The telemetric orthopaedic implant system of claim 1,
further comprising a reader.

9. The telemetric orthopaedic implant system of claim 1,
further comprising a computing device.

10. The telemetric orthopaedic implant system of claim 1,
further comprising a gait analysis tool.

11. The telemetric orthopaedic implant system of claim 1,
wherein said function is delivery of a stored deliverable.

12. The telemetric orthopaedic implant system of claim 1,
wherein said condition is based upon data acquired by said at
least one sensor.

13. The telemetric orthopaedic implant system of claim 1,
wherein said condition is based upon a command provided by
said control unit.

14. The telemetric orthopaedic implant system of claim 1,
wherein said at least one sensor is selected from the group
consisting of a strain gauge, a pH sensor, a temperature sen-
sor, a pressure sensor, a flow sensor, an accelerometer, a
gyroscope, an acoustic sensor, a voltage sensor, a pulse meter,
an image capturing device, a biomarker indicator, chemical
detector, and a biologic indicator.

15. The telemetric orthopaedic implant system of ¢claim 14,
wherein said a biomarker indicator is a specific protein indi-
cator.
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16. The telemetric orthopaedic implant system of claim 14,
wherein said chemical detector is selected from the group
consisting of an oxygen detector, an oxygen potential detec-
tor, and a carbon dioxide detector.

17. The telemetric orthopaedic implant system of claim 1,
wherein said power source is selected from the group con-
sisting of a battery, an energy scavenging device, and an
inductive power source.

18. The telemetric orthopaedic implant system of claim 17,
wherein said energy scavenging device is selected from the
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group consisting of a motion powered piezoelectric device
and an electromagnetic generator.

19. The telemetric orthopaedic implant system of claim 17,
further comprising a charge storage device electrically con-
nected to said energy scavenging device.

20. The telemetric orthopaedic implant system of claim 18,
further comprising a charge storage device electrically con-
nected to said energy scavenging device.

LI T T
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