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1
SYSTEM AND METHOD FOR MONITORING
ORTHOPAEDIC IMPLANT DATA

TECHNICAL FIELD

The present disclosure relates generally to systems and
methods for transmitting, receiving, and/or monitoring ortho-
paedic implant sensor data.

BACKGROUND

Orthopaedic implants are implanted into patients by ortho-
paedic surgeons to, for example, correct or otherwise allevi-
ate bone and/or soft tissue loss, trauma damage, and/or defor-
mation of the bone(s) of the patients. Some orthopaedic
implants include one or more sensors for detecting or mea-
suring various effects or forces acting on the orthopaedic
implants and/or the surrounding environment. After initial
implantation, it is often desirable by orthopaedic healthcare
providers to periodically monitor the implant data generated
by the implant sensors. Such data may, for example, predict or
indicate orthopaedic implant wear or malfunction. To do so,
the patient is typically required to perform a physical exercise
while data from the implant sensor(s) is monitored. To allow
the monitoring of the implant data, the patient is required to
wear cumbersome electrical equipment near the site of the
orthopaedic implant to provide power to electronics housed in
the orthopaedic implant (e.g., the implant sensors) and/or to
receive the data from the implant sensors. However, such
cumbersome electrical equipment may alter the natural gait
of the patient and thereby adversely affect the data obtained
from the implant sensors.

SUMMARY

According to one aspect, a system for monitoring implant
sensor data may include an orthopaedic implant. A sensor and
a transmitter may be coupled to the orthopaedic implant. The
sensor may be any type of sensor coupleable to the ortho-
paedic implant and capable of generating implant sensor data.
For example, the sensor may be a pressure sensor, a load
sensor, a temperature sensor, or a hall-effect sensor. The
transmitter may be electrically coupled to the sensor. Addi-
tionally, the transmitter may be configured to wirelessly
transmit the implant sensor data at a data rate of less than 100
kilobytes per second. The transmitter may transmit the
implant sensor data using a predetermined carrier frequency
of lower than 30,000 hertz.

The system may also include a patient exercise machine
such as, for example, a treadmill, a stairstepper machine, a
stationary bicycle, an elliptical trainer, a rowing machine, and
a ski machine. The system may additionally include a loop
antenna. The loop antenna may be coupled to the patient
exercise machine, to the floor of an examination room, orto a
movable structure. The loop antenna may be configured to
receive the implant sensor data.

Further, the system may include a controller electrically
coupled to the loop antenna. The controller may be config-
ured to display the implant sensor data, or indicia thereof, on
a display device such as a display screen of a computer. The
controller may also be configured to record the implant sensor
data. In some embodiments, the controller may be configured
to transmit the implant sensor data to a database over a net-
work and store the implant sensor data in the database. The
system may also include a secondary coil and a primary coil.
The secondary coil may be coupled to the orthopaedic
implant and the primary coil may be electrically coupled to
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the controller. In such embodiments, the transmitter of the
orthopaedic implant may be electrically coupled to the sec-
ondary coil and configured to transmit the implant sensor data
in response to a power signal received from the secondary coil
when the secondary coil is inductively coupled with the pri-
mary coil. In some embodiments, the transmitter may form a
portion of a transceiver configured to receive programming
data from the controller and transmit implant sensor data
from one of anumber of implant sensors selected based on the
programming data.

According to another aspect, a system for monitoring
implant sensor data may include an orthopaedic implant. A
sensor and a transmitter may be coupled to the orthopaedic
implant. The sensor may be any type of sensor coupleable to
the orthopaedic implant and capable of generating implant
sensor data. For example, the sensor may be a pressure sensor,
a load sensor, a temperature sensor, or a hall-effect sensor.
The transmitter may be electrically coupled to the sensor.
Additionally, the transmitter may be configured to wirelessly
transmit the implant sensor data at a data rate in the range of
100 kilobytes per second to 1,000 kilobytes per second. The
transmitter may transmit the implant sensor data using a
predetermined carrier frequency in the range of 30 mega-
hertz to 2,000 mega hertz.

The system may also include a patient exercise machine
such as, for example, a treadmill, a stairstepper machine, a
stationary bicycle, an elliptical trainer, a rowing machine, and
a ski machine. The system may additionally include a mono-
pole antenna such as, for example, a quarter-wave monopole
antenna, a half-wave monopole antenna, a five-eighths-wave
monopole antenna, or the like. The monopole antenna may be
coupled to the patient exercise machine, to the floor of an
examination room, or to a movable structure. The monopole
antenna may be configured to receive the implant sensor data.

Further, the system may include a controller electrically
coupled to the monopole antenna. The controller may be
configured to display the implant sensor data, or indicia
thereof, on a display device such as a display screen of a
computer. The controller may also be configured to record the
implant sensor data. In some embodiments, the controller
may be configured to transmit the implant sensor data to a
database over a network and store the implant sensor data in
the database. The system may also include a secondary coil
and a primary coil. The secondary coil may be coupled to the
orthopaedic implant and the primary coil may be electrically
coupled to the controller. In such embodiments, the transmit-
ter of the orthopaedic implant may be electrically coupled to
the secondary coil and configured to transmit the implant
sensor data in response to a power signal received from the
secondary coil when the secondary coil is inductively coupled
with the primary coil. In some embodiments, the transmitter
may form a portion of a transceiver configured to receive
programming data from the controller and transmit implant
sensor data from one of a number of implant sensors selected
based on the programming data.

According to yet another aspect, a system for monitoring
implant sensor data may include an orthopaedic implant. A
sensor and a transmitter may be coupled to the orthopaedic
implant. The sensor may be any type of sensor coupleable to
the orthopaedic implant and capable of generating implant
sensor data. For example, the sensor may be a pressure sensor,
a load sensor, a temperature sensor, or a hall-effect sensor.
The transmitter may be electrically coupled to the sensor.
Additionally, the transmitter may be configured to wirelessly
transmit the implant sensor data at a data rate greater than
1,000 kilobytes per second. The transmitter may transmit the
implant sensor data using a predetermined carrier frequency
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greater than 2 giga-hertz. In some embodiments, the trans-
mitter may form a portion of a transceiver configured to
receive programming data from the controller and transmit
implant sensor data from one of a number of implant sensors
selected based on the programming data.

The system may also include a patient exercise machine
such as, for example, a treadmill, a stairstepper machine, a
stationary bicycle, an elliptical trainer, a rowing machine, and
a ski machine. The system may additionally include a patch
antenna. The patch antenna may be coupled to the patient
exercise machine, to the floor of an examination room, orto a
movable structure. The patch antenna may be configured to
receive the implant sensor data.

Further, the system may include a controller electrically
coupled to the patch antenna. The controller may be config-
ured to display the implant sensor data, or indicia thereof, on
a display device such as a display screen of a computer. The
controller may also be configured to record the implant sensor
data. In some embodiments, the controller may be configured
to transmit the implant sensor data to a database over a net-
work and store the implant sensor data in the database. The
system may also include a secondary coil and a primary coil.
The secondary coil may be coupled to the orthopaedic
implant and the primary coil may be electrically coupled to
the controller. In such embodiments, the transmitter of the
orthopaedic implant may be electrically coupled to the sec-
ondary coil and configured to transmit the implant sensor data
in response to a power signal received from the secondary coil
when the secondary coil is inductively coupled with the pri-
mary coil. In some embodiments, the transmitter may form a
portion of a transceiver configured to receive programming
data from the controller and transmit implant sensor data
from one of anumber of implant sensors selected based on the
programming data.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the following
figures, in which:

FIG. 1 is a simplified block diagram of a system for moni-
toring implant sensor data;

FIG. 2 is a simplified block diagram of one embodiment of
an orthopaedic implant of the system of FIG. 1;

FIG. 3 is a simplified block diagram of another embodi-
ment of an orthopaedic implant of the system of FIG. 1;

FIG. 4 is a simplified block diagram of another embodi-
ment of an orthopaedic implant of the system of FIG. 1,

FIG. S isaperspective view of one embodiment of a patient
exercise machine of the system of FIG. 1;

FIG. 6 is a perspective view of another embodiment of a
patient exercise machine of the system of FIG. 1;

FIG. 7 is a perspective view of another embodiment of a
patient exercise machine of the system of FIG. 1;

FIG. 8 is a simplified flowchart of one embodiment of an
algorithm for transmitting orthopaedic implant sensor data
used by an orthopaedic implant of the system of FIG. 1; and

FIG. 9 is a simplified flowchart of one embodiment of an
algorithm for monitoring orthopaedic implant sensor data
used by the system of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

While the concepts of the present disclosure are suscep-
tible to various modifications and alternative forms, specific
exemplary embodiments thereof have been shown by way of
example in the drawings and will herein be described in
detail. It should be understood, however, that there is no intent
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4

to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover
all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the
appended claims.

Referring to FIG. 1, a system 10 for monitoring implant
sensor data includes an orthopaedic implant 12, a patient
exercise machine 14, and a controller 16. The orthopaedic
implant 12 may be embodied as any type of orthopaedic
implant such as, for example, a knee implant, a hip implant, a
shoulder implant, or the like. An implant sensor 18, a trans-
mitter 20, and other circuitry, as discussed in more detail
below in regard to FIGS. 2 and 3. are coupled to or otherwise
housed in the orthopaedic implant 12. The implant sensor 18
may be embodied as any type of sensor capable of generating
implant sensor data of a parameter of interest. For example,
the implant sensor 18 may be embodied as a pressure sensor,
aload sensor, a temperature sensor, a hall-effect sensor, or the
like. It should be appreciated that although only a single
sensor 18 is illustrated in FIG. 1, in other embodiments, the
system 10 may include any number of similarand/or different
implant sensors coupled to or housed in the orthopaedic
implant 12.

The transmitter 20 may be embodied as or include any type
of transmitter circuitry capable of transmitting the implant
sensor data at a predetermined data rate or within a predeter-
mined data rate range using a predetermined carrier fre-
quency or range of frequencies. It should be appreciated that
depending on the type and number of sensors used, the
parameter of interest, the type and format of the implant
sensor data, and the sampling rate employed, the transmitter
20 may be configured to transmit the implant data at any one
or more of a number of different data rates and using any one
or more of a number of different carrier frequencies.

The patient exercise machine 14 may be embodied as any
type of exercise machine on which the patient may exercise.
For example, the patient exercise machine 14 may be embod-
ied as a treadmill, a stairstepper machine, a stationary bicycle,
an elliptical trainer, a rowing machine, a ski machine, or the
like. In the illustrative embodiment of FIG. 1, a primary coil
22 and an antenna 24 are coupled to the patient exercise
machine 14. The primary coil 22 may be embodied as any
type of primary coil capable of being inductively coupled to a
secondary coil (not shown in FIG. 1) housed in or coupled to
the orthopaedic implant 12 and generating a current therein.

Although described above as being coupled to the patient
exercise machine, in other embodiments, the primary coil 22
may be portable rather than coupled to the patient exercise
machine 14. For example, in some embodiments, the primary
coil 22 is configured to be held by a healthcare provider and
in the vicinity of the implant 12 while the patient is exercising
on the patient exercise machine 14. In such embodiments, the
primary coil 22 may embodied as, for example, a toroidal
primary coil configured to receive a limb of the patient or a
“c”-shaped primary coil configured to be held by a healthcare
provider as described in detail in U.S. patent application Ser.
No. 11/172,316 entitled “APPARATUS, SYSTEM, AND
METHOD FOR TRANSCUTANEOUSLY TRANSFER-
RING ENERGY,” which was filed on Jun. 30, 2005 by Jason
T. Sherman, the entirety of which is expressly incorporated
herein by reference. In another embodiment, the primary coil
22 includes two patches couplable to the skin of the patient in
the vicinity of the orthopaedic implant 12. The patches each
include a Helmholtz-like coil and are powered such that the
Helmbholtz coils produce an isotropic magnetic field, which is
received by the secondary coil of the implant 12.
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The antenna 24 may be embodied as a loop antenna, a
monopole antenna, or a patch antenna depending upon the
data rate and/or carrier frequency utilized by the transmitter
20 and/or sensor 18. That is, as described in more detail below
in regard to FIGS. 4-6, the antenna 24 is selected based the
predetermined data rate or range of data rates and/or carrier
frequency or range of frequencies used by the orthopaedic
implant 12. As such, the antenna 24 may have an increased
sensitivity, a reduced size, or the like compared to other
antennas used in a particular embodiment.

The antenna 24 is communicatively coupled to the control-
ler 16 via communication links 26. Similarly, the primary coil
22 is communicatively coupled to the controller 16 via com-
munication links 28. The communications links 24, 26 may
be embodied as any type of communication links capable of
facilitating electrical communication between the antenna 24
and the controller 16 and between the primary coil 22 and the
controller 16, respectively. For example, the communication
link 24, 26 may be embodied as or otherwise include any
number of wires, cables, printed circuit board traces, vias,
and/or the like.

The controller 16 includes a processor 30 and a memory
device 32. The processor 30 may be embodied as any type of
processor including, for example, discrete processing cir-
cuitry (e.g., a collection of logic devices), general purpose
integrated circuit(s), and/or application specific integrated
circuit(s) (i.e., ASICs). The memory device 32 may be
embodied as any type of memory device and may include one
or more memory types, such as, random access memory (i.e.,
RAM) and/or read-only memory (i.e., ROM). In addition, the
controller 16 may include other devices and circuitry typi-
cally found in a computer for performing the functions
described herein such as, for example, a hard drive, input/
output circuitry, and the like.

The controller 16 is communicatively coupled with a dis-
play device 34 via a communication link 36. Although illus-
trated in FIG. 1 as separate from the controller 16, the display
device 34 may form a portion of the controller 16 in some
embodiments. Additionally or alternatively, the display
device 34 or an additional display device may be positioned
away from the controller 16. For example, the display device
34 may be coupled with the ceiling or wall of the examination
room wherein the orthopaedic examination procedure is to be
performed. Additionally or alternatively, the display device
34 may be embodied as a virtual display such as aholographic
display, a body mounted display such as a heads-up display,
or the like. The controller 16 may also be coupled with a
number of input devices such as a keyboard and/or a mouse
for providing data input to the controller 16.

The controller 16 is also communicatively coupled to a
patient database 40 via a network 42. The patient database 40
may be embodied as any type of database capable of storing
patient-related data. Although illustrated in FIG. 1 as a single
database, it should be appreciated that the patient database 40
may be embodied as any number of separate databases, file
folders, flat files, or other storage locations. Such patient-
related data may include, for example, the implant sensor data
received from the orthopaedic implant 12 and other data
derived therefrom such as graphs, charts, and the like. The
patient-related data may be stored in the database 40 in asso-
ciation with, indexed by, or otherwise retrievable based on
patient identification data such as the patient’s name, address,
etc. The patient database 40 may be located in the doctor’s
office or hospital wherein the system 10 is incorporated or
may be located remotely therefrom. In one particular embodi-
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ment, the patient database 40 forms a portion of a hospital
network that is accessible by the controller 16 via the network
42.

The network 42 may be embodied as any type of network
capable of facilitating communication between the controller
16 and the patient database 40. For example, the network 42
may be a local area network (LAN), a wide area network
(WAN), or form a portion of a publicly-accessible, global
network such as the Internet. In addition, the network 42 may
be a wired network, a wireless network, or a combination
thereof. In one particular embodiment, the network 42 is
embodied as or forms a portion of a hospital network and, as
such, may include additional computers, routers, communi-
cation links, and/or the like.

The controller 16 is communicatively coupled to the net-
work 42 via a number of communication links 44. Similarly,
the patient database 40 is communicatively coupled to the
network 42 via any number of communication links 46. The
communication links 44, 46 may be any type of communica-
tion links capable of facilitating communication between the
controller 16 and the patient database 40. For example, the
communication links 44, 46 may be embodied as any number
of wires, cables such as fiber optic cables, or the like. Addi-
tionally, any one or more of the communication links 44, 46
may be embodied as wired or wireless communication links.
In embodiments wherein the communication links 44, 46 are
wireless communication links, the controller 16 and/or the
patient database 40 may include a wireless transmitter and/or
receiver to facilitate wireless communication with the net-
work 42.

In operation, the system 10 is usable by a healthcare pro-
vider such as an orthopaedic surgeon, doctor, or nurse to
monitor implant sensor data received from the orthopaedic
implant 12. To do so, the controller 16 is configured to provide
a power signal to the primary coil 22 via the communication
link 28. The primary coil 22 is located in a position near the
orthopaedic implant 12, which is implanted in the patient,
while the patient is operating the patient exercise machine 14.
The primary coil 22 may be so positioned by an orthopaedic
healthcare provider or, in some embodiments, may be
coupled to the patient exercise machine 14 in an appropriate
location. Regardless, the primary coil 22 is positioned in such
a location that an electromagnetic field 48 generated by the
primary coil 22 is capable of inductively coupling the primary
coil 22 and a secondary coil located in or coupled to the
orthopaedic implant 12. Once so inductively coupled, the
transmitter 20 is configured to transmit implant sensor data
received from the sensor 18 to the antenna 24 via a wireless
communication link 50. As discussed above, the transmitter
20 may be configured to transmit the implant sensor data at a
data rate or range of data rates and/or at a carrier frequency or
range of frequencies based on, for example, the type and
number of implant sensors used, the parameter of interest, the
type and format of the implant sensor data, and the sampling
rate employed. The controller 16 receives the implant data via
the antenna 24 and communication link 26. The controller 16
may be configured to display the implant sensor data, indicia
thereof, or other data determined based on the implant sensor
data on the display device 34. For example, the controller 16
may be configured to display a graph or chart determined
based on the implant data on the display device 34. To do so,
the controller 16 may be configured to store the implant data
in the memory device 32. Alternatively or additionally, the
controller 16 may be configured to transmit the implant data
to the patient database via the network 42 for storage therein.

Referring now to FIG. 2, in one embodiment, the ortho-
paedic implant 12 includes a transmitter circuit 60, an antenna
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62, a power coil 64, and one or more implant sensors 66. The
transmitter circuit 60 is communicatively coupled to the
antenna 62 via a number of communication links 68, to the
power coil 64 via a number of communication links 70, and to
the implant sensor(s) 66 via a number of communication links
72. The communication links 68, 70, 72 may be embodied as
any type of communication links capable of facilitating com-
munication between the transmitter circuit 60 and the antenna
62, power coil 64, and the implant sensor(s) 66, respectively.
For example, the communication links 68, 70, 72 may be
embodied as wires, cables, printed circuit board (PCB) traces,
fiber optic cables, or the like.

Similar to the transmitter 20 discussed above in regard to
FIG. 1, the transmitter circuit 60 may be embodied as or
include any type of transmitter circuitry capable of transmit-
ting the implant sensor data received from the implant
sensor(s) 66 at a predetermined data rate or within a prede-
termined data rate range using a predetermined carrier fre-
quency or range of frequencies. The particular data rate or
range of data rate used may be determined based on, for
example, the type and number of implant sensors 66 used, the
parameter of interest, the type and format of the implant
sensor data, and the sampling rate employed. For example, in
one embodiment, the transmitter circuit 60 is configured to
transmit the implant sensor data using a data rate less than 100
kilobytes per second. In another embodiment, the transmitter
circuit 60 is configured to transmit the implant sensor data
using a data rate in the range of 100 kilobytes per second to
1,000 kilobytes per second. In a further embodiment, the
transmitter circuit 60 is configured to transmit the implant
sensor data using a data rate greater than 1,000 kilobytes per
second.

Additionally, the transmitter circuit 60 may be configured
to transmit the implant sensor data using a predetermined
carrier frequency or range of frequencies. For example, in one
embodiment, the transmitter circuit 60 is configured to trans-
mit the implant sensor data using a frequency or range of
frequencies in or below the Very Low Frequency (VLF) band
(e.g., using a frequency below 30,000 hertz). Alternatively, in
another embodiment, the transmitter circuit 60 is configured
to transmit the implant sensor data using a frequency or range
of frequencies in the Very High Frequency (VHF) or the lower
Ultra High Frequency (UHF) band (e.g., using a frequency in
the range of 30 mega-hertz to 2,000 mega-hertz). Still further,
in another embodiment, the transmitter circuit 60 is config-
ured to transmit the implant sensor data using a frequency or
range of frequencies in the higher Ultra High Frequency
(UHF) band (e.g., using a frequency greater than 2 giga-
hertz).

In some embodiments, the transmitter circuitry 60 may
include additional circuitry such as processing circuitry or the
like. However, in other embodiments, the transmitter circuit
60 may be embodied as a simple inductor-capacitor (LC)
circuit or a crystal oscillator circuit and associated circuitry.

The transmitter circuit 60 receives power via the power coil
64. The power coil 64 is configured to be inductively coupled
to the primary coil 22 when the primary coil 22 receives a
power signal from the controller 16. The power coil 64 may
include any number of individual coils. For example, the
power coil 64 may include a single coil that is inductively
coupled to the external primary coil 22 by positioning the
primary coil 22 near the skin of the patient such that the power
coil 64 lies within the alternating current (AC) electromag-
netic field 48 generated by the primary coil 22. In other
embodiments, the power coil 64 includes more than a single
coil to thereby improve the inductive coupling of the power
coil 64 and the primary coil 22. That is, because the amount of
inductive coupling of the power coil 64 and the primary coil
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22 is dependent upon the alignment of the power coil 64 and
the electromagnetic field generated by the primary coil 22, a
secondary coil having multiple coils at different orientations
decreases the likelihood of poor inductive coupling with the
external power source. For example, in one embodiment, the
power coil 64 is embodied as three separate coils positioned
orthogonally with respect to each other. As discussed above in
regard to FIG. 1, the primary coil 22 may be embodied as any
type of power source capable of inductively coupling with the
power coil 64 and generating a current therein.

Similar to the implant sensor 18 described above in regard
to FIG. 1, the implant sensor 66 may be embodied as any
number and type of sensor(s) capable of generating implant
sensor data of a parameter of interest. For example, the
implant sensor 66 may be embodied as a pressure sensor, a
load sensor, a temperature sensor, a hall-effect sensor, or the
like. The implant sensor 66 may continually, periodically, or
responsively generate the implant data. For example, in some
embodiments, the implant sensor 66 is configured to generate
the implant data only while the power coil 64 is inductively
coupled to the primary coil 22.

In some embodiments, the orthopaedic implant 12 also
includes a memory device 67. In such embodiments, the
memory device 67 is communicatively coupled to the trans-
mitter circuitry 60 via a number of communication links 73,
which may be embodied as any type of communication links
capable of facilitating communication between the transmit-
ter circuitry 60 and the memory device 67 such as, for
example, wires, cables, printed circuit board (PCB) traces,
fiber optic cables, or the like. The memory device 67 may be
embodied as any type of memory device and may include one
or more memory types, such as, random access memory (i.e.,
RAM) and/or read-only memory (i.e., ROM). In such
embodiments, the transmitter circuitry 60, or other process-
ing circuit, may be configured to store implant sensor data
received from the implant sensor(s) 66 in the memory device
67. The stored implant sensor data may be subsequently
retrieved from the memory device 67 and transmitted via the
transmitter circuitry 60 as discussed above.

Referring now to FIG. 3, in another embodiment, the ortho-
paedic implant 12 includes a transmitter circuit 80, a switch-
ing circuit 82, a power/antenna coil 84, and one or more
implant sensors 86. The transmitter circuit 80 is communica-
tively coupled to the switching circuit 82 via a number of
communication links 88 and to the implant sensor(s) 86 via a
number of communication links 92. The switching circuit 82
is coupled to the power/antenna coil 84 via a number of
communication links 90. Similar to the communication links
68, 70, 72 described above in regard to FIG. 2, the commu-
nication links 88, 90, 92 may be embodied as any type of
communication links capable of facilitating communication
between the transmitter circuit 80, the switching circuit 82,
the power/antenna coil 84, and the implant sensor(s) 86. For
example, the communication links 88, 90, 92 may be embod-
ied as wires, cables, printed circuit board (PCB) traces, fiber
optic cables, or the like.

The transmitter circuit 80 is substantially similar to the
transmitter 60 described above in regard to FIG. 2 and, as
such, may be embodied as or include any type of transmitter
circuit capable of transmitting the implant sensor data
received from the implant sensor(s) 86 at a predetermined
data rate or within a predetermined data rate range using a
predetermined carrier frequency or range of frequencies. The
particular data rate or range of data rate used may be deter-
mined based on, for example, the type and number of implant
sensors 86 used, the parameter of interest, the type and format
of the implant sensor data, and the sampling rate employed.
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For example, in one embodiment, the transmitter circuit 80 is
configured to transmit the implant sensor data using a data
rate less than 100 kilobytes per second. In another embodi-
ment, the transmitter circuit 80 is configured to transmit the
implant sensor data using a data rate in the range of 100
kilobytes per second to 1,000 kilobytes per second. In a
further embodiment, the transmitter circuit 80 is configured to
transmit the implant sensor data using a data rate greater than
1,000 kilobytes per second.

Additionally, the transmitter circuit 80 may be configured
to transmit the implant sensor data using a predetermined
carrier frequency or range of frequencies. For example, in one
embodiment, the transmitter circuit 80 is configured to trans-
mit the implant sensor data using a frequency or range of
frequencies in or below the Very Low Frequency (VLF) band
(e.g., using a frequency below 30,000 hertz). Alternatively, in
another embodiment, the transmitter circuit 80 is configured
to transmit the implant sensor data using a frequency orrange
of frequencies in the Very High Frequency (VHF) or the lower
Ultra High Frequency (UHF) band (e.g., using a frequency in
the range of 30 mega-hertz to 2,000 mega-hertz). Still further,
in another embodiment, the transmitter circuit 80 is config-
ured to transmit the implant sensor data using a frequency or
range of frequencies in the higher Ultra High Frequency
(UHF) band (e.g., using a frequency greater than 2 giga-
hertz).

In some embodiments, the transmitter circuitry 80 may
include additional circuitry such as processing circuitry or the
like. However, in other embodiments, the transmitter circuit
80 may be embodied as a simple inductor-capacitor (LC)
circuit or a crystal oscillator circuit and associated circuitry.

Similar to the implant sensor 66 described above in regard
to FIG. 2, the implant sensor 86 may be embodied as any
number and type of sensor capable of generating implant
sensor data of a parameter of interest. For example, the
implant sensor 86 may be embodied as a pressure sensor, a
load sensor, a temperature sensor, a hall-effect sensor, or the
like. The implant sensor 86 may be continually, periodically,
or responsively generate the implant data. For example, in
some embodiments, the implant sensor 86 is configured to
generate the implant data only while the power/power coil 64
is inductively coupled to the primary coil 22.

In the embodiment illustrated in FIG. 3, the transmitter
circuit 80 receives power and transmits the implant data the
same coil, i.e., the power/antenna coil 84. To do so, the
switching circuit 82 is operable to connect the power/antenna
coil 84 to a power terminal(s) or port of the transmitter circuit
80 when power is to be provided thereto and to connect the
power/antenna coil 84 to an output terminal(s) or port of the
transmitter circuit 80 when power is not being provided and
transmission of the wireless signal is desired. For example,
the switching circuit 82 may include a coil or other device
responsive to the magnetic field generated by the primary coil
22 to switch the connection of the power/antenna coil 84 from
the output terminal of the transmitter circuit 80 to the power
terminal. As such, when the primary coil 22 is positioned near
the skin of the patient in the vicinity of the orthopaedic
implant 12, the power/antenna coil 84 is inductively coupled
with the primary coil 22 and connected to the power terminal
of the transmitter circuit 80 via the switching circuit 82.

As discussed above in regard to FIG. 3, the orthopaedic
implant 12 may also include a memory device §7 in some
embodiments. The memory device 87 is communicatively
coupled to the transmitter circuitry 80 via a number of com-
munication links 93, which may be embodied as any type of
communication links capable of facilitating communication
between the transmitter circuitry 80 and the memory device
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87 such as, for example, wires, cables, printed circuit board
(PCB) traces, fiber optic cables, or the like. The memory
device 87 may be embodied as any type of memory device
and may include one or more memory types, such as, random
access memory (i.e., RAM) and/or read-only memory (i.c.,
ROM). In such embodiments, the transmitter circuitry 80, or
other processing circuit, may be configured to store implant
sensor data received from the implant sensor(s) 86 in the
memory device 87. The stored implant sensor data may be
subsequently retrieved from the memory device 87 and trans-
mitted via the transmitter circuitry 80 as discussed above.

As discussed above in regard to FIGS. 2 and 3, the ortho-
paedic implant 12 may include more than one implant sensor
18, 66, 86 in some embodiments. In such embodiments as
illustrated in FIG. 4, the orthopaedic implant 12 may include
a switching circuit 400 communicatively coupled to each
implant sensor 402 via a number of communication links 404.
The switching circuit 400 is controlled by a processor 406 to
selectively couple any one or more of the implant sensors 402
to the processor 406 via a number of communication links
408. The processor 406 is also communicatively coupled to a
power coil 410, a transmitter circuitry and antenna 414, and a
memory device 418 via a number of communication links
412, 416, 420, respectively. The communication links 404,
408, 412, 416, and 420 may be any type of communication
capable of facilitating electrical communication between the
devices of the orthopaedic implant 12. For example, the com-
munication links 404, 408, 412, 416, 420 may be embodied as
or otherwise include any number of wires, cables, printed
circuit board traces, vias, and/or the like.

The processor may be embodied as any type of processor
including, for example, discrete processing circuitry (e.g., a
collection of logic devices), general purpose integrated cir-
cuit(s), and/or application specific integrated circuit(s) (i.e.,
ASICs). The memory device 418 is similar to the memory
devices 67, 87 described above in regard to FIGS. 2 and 3 and
may be embodied as any type of memory device and include
one or more memory types, such as, random access memory
(i.e., RAM) and/or read-only memory (i.e., ROM). Similarly,
the power coil 410 is substantially similar to the power coil 64
described above in regard to FIG. 2 and is configured to be
inductively coupled to the primary coil 22 when the primary
coil 22 receives a power signal from the controller 16. The
transmitter circuitry and antenna 414 is substantially similar
to the transmitter circuitry 60 and antenna 62 described above
in regard to FIG. 2 and, as such, may be embodied as or
include any type of transmitter circuit capable of transmitting
the implant sensor data received from the implant sensor(s)
402 at a predetermined data rate or within a predetermined
data rate range using a predetermined carrier frequency or
range of frequencies. It should be appreciated that although
the orthopaedic implant 12 illustrated in FIG. 4 includes a
separate power coil 410 and transmitter antenna, in other
embodiments, a power/antenna coil similar to the power/
antenna coil 84 illustrated in and described above in regard to
FIG. 3 may be used instead.

In use, the processor 406 is configured to be responsive to
a control signal received from the transmitter circuitry 414 to
control the switching circuit 400. The processor 406 may
control the switching circuit 400 to thereby couple any one or
more of the sensors 402 to the processor 406 such that the
processor 406 receives the implant sensor data from the
coupled sensors 402. In this way, the orthopaedic implant 12
may be programmed to transmit data from all of the sensors
402 or from a selective number of the sensors 402. As such, an
orthopaedic healthcare provider is able to monitor the implant
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sensor data from any one or more of the sensors 402 as
described in more detail below in regard to FIGS. 8 and 9.

Although the embodiments of the orthopaedic implant 12
described above in regard to FIGS. 2, 3, and 4 each receive
power via the primary coil 22, in some embodiments, the
orthopaedic implant 12 includes an internal power source (not
shown). The internal power source may be embodied as, for
example, a battery or the like and electrically coupled to the
transmitter circuit 60, 80 or processor 406 to provide power
thereto.

Referring now to FIGS. 5-7, several embodiments of par-
ticular patient exercise machines will be described. It should
be appreciated, however, that the type of patient exercise
machines so described are only exemplary and that, in other
embodiments, other types of patient exercise machines may
be used with any of the combination of antennas, transmitters,
implant sensors, data rates, and/or carrier frequencies
described below.

As illustrated in FIG. 5, in one embodiment, the patient
exercise machine 14 is embodied as a treadmill 100. The
treadmill 100 includes a loop antenna 102 coupled to a first
longitudinal side 104 of a frame 106 of the treadmill 100. The
loop antenna 102 is coupled to the frame 106 in a location
such that the loop antenna 102 is in the vicinity of the ortho-
paedic implant 12 when the patient is operating the treadmill
100. For example, in the illustrative embodiment of FIG. 5,
the loop antenna 102 is positioned for communication with
orthopaedic implants 12 located in the lower portion of the
body of the patient (e.g., a knee implant). However, in other
embodiments, the loop antenna 102 may be positioned for
communication with orthopaedic implants 12 located in other
portions of the patient’s body. For example, in embodiments
wherein the implant 12 is an orthopaedic shoulder implant,
the loop antenna 102 may be coupled to the frame 106 in a
more upwardly location. Additionally, in some embodiments,
the loop antenna 102 may be movably coupled to the frame
106 such that the location of the loop antenna 102 relative to
the patient may be altered. To improve reception from the
orthopaedic implant 12, in some embodiments, the treadmill
100 may include a second loop antenna 108 coupled to a
second longitudinal side 110 of the frame 106.

It should be appreciated that the treadmill 100 is configured
for communication with an orthopaedic implant 12 using a
relatively low data rate and carrier frequency. That is, in
embodiments of the system 10 wherein the sensor 18, 66, 86
is configured to generate the implant sensor data at a data rate
of less than 100 kilobytes per second and/or the transmitter
20, 60, 80, 414 is configured to transmit the implant sensor
data using a carrier frequency lower than 30,000 hertz, the
antenna 24 of the patient exercise machine 14 is embodied as
a loop antenna (e.g., loop antenna 102). Because a relatively
lower carrier frequency (e.g., below 30,000 hertz) is used, the
implant data signal transmitted by the transmitter 20, 60, 80,
414 may be less attenuated due to passage of the signal
through skin of the patient. The use of a lower carrier fre-
quency may also reduce the amount of heat generated. In
addition, because a relatively lower data rate (e.g., less than
100 kilobytes per second) is used in the illustrative embodi-
ment, a relatively lower carrier frequency (e.g., less than
30,000 hertz) may be used because of the small bandwidth
required to transmit the lower amount of data. As such, it
should be appreciated that the reception of the system 10 may
be improved by use of a loop antenna when a relatively low
data rate (e.g., less than 100 kilobytes per second) and/or a
relatively low carrier frequency (e.g., less than 30,000 hertz)
are used due to the improved sensitivity of a loop antenna to
low frequency and low power signals.
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Again, it should be appreciated that although the embodi-
ment of FIG. 5 has been illustrated and described above in
regard to a treadmill 100, other types of patient exercise
machines may be used in other embodiments. That s, the loop
antenna 102 may be coupled to any one of a number of
different types of patient exercise machines including, butnot
limited to, a treadmill, a stairstepper machine, a stationary
bicycle, anelliptical trainer, a rowing machine, a ski machine,
or the like.

Referring now to FIG. 6, in another embodiment, the
patient exercise machine 14 is illustratively embodied as a
stationary bike 200. The stationary bike 200 includes a mono-
pole antenna 202 coupled to a frame 204 of the bike 200. The
monopole antenna 202 is coupled to the frame 204 in a loca-
tion such that the monopole antenna 202 is in the vicinity of
the orthopaedic implant 12 when the patient is operating the
stationary bike 200. For example, in the illustrative embodi-
ment of FIG. 6, the monopole antenna 202 is positioned for
communication with orthopaedic implants 12 located in the
lower portion of the body of the patient (e.g., a knee implant).
However, in other embodiments, the monopole antenna 202
may be positioned for communication with orthopaedic
implants 12 located in other portions of the patient’s body. For
example, in embodiments wherein the implant 12 is an ortho-
paedic shoulder implant, the monopole antenna 202 may be
coupled to the frame 204 in a more upwardly location such as
on a display panel 208 of the stationary bike 200 as indicated
in FIG. 6 by monopole antenna 206. Additionally, in some
embodiments, the monopole antenna 202 may be movably
coupled to the frame 204 such that the location of the mono-
pole antenna 202 relative to the patient may be altered. Addi-
tionally or alternatively, the stationary bike 200 may include
multiple monopole antennas (e.g., monopole antennas 204
and 206) in some embodiments to improve the reception of
the implant sensor data from the orthopaedic implant 12.

It should be appreciated that the stationary bike 200 is
configured for communication with an orthopaedic implant
12 using a relatively medium data rate and carrier frequency.
That is, in embodiments of the system 10 wherein the sensor
18, 66, 86 is configured to generate the implant sensor data at
a data rate in the range of 100 kilobytes per second to 1,000
kilobytes per second and/or the transmitter 20, 60, 80, 414 is
configured to transmit the implant sensor data using a carrier
frequency in the range of 30 mega-hertz to 2,000 mega-hertz,
the antenna 24 of the patient exercise machine 14 is embodied
as a monopole antenna (e.g., monopole antenna 202 and/or
206). Because a relatively medium carrier frequency (e.g., in
the range of 30 to 2,000 mega-hertz) is used, a larger band-
width (relative to the embodiment illustrated and described
above in regard to FIG. 5) may be used to transmit the
increased amount of implant sensor data. In addition, the
increased bandwidth may allow “burst” implant data signal
transmission during periods when an increase in the amount
of data is desired. Additionally, the monopole antenna 202
may have a decreased overall size compared to the loop
antenna 102. As such, it should be appreciated that the opera-
tion of the patient exercise machine 14 by a patient may be
improved by use of a monopole antenna when a relatively
medium data rate (e.g., in the range of 100 kilobytes per
second to 1,000 kilobytes per second) and/or a relatively
medium carrier frequency (e.g., in the range of 30 to 2,000
mega-hertz) due to the decreased size of the monopole
antenna.

Again, it should be appreciated that although the embodi-
ment of FIG. 6 has been illustrated and described above in
regard to a stationary bike 200, other types of patient exercise
machines may be used in other embodiments. That is, the
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monopole antenna 202 may be coupled to any one of a num-
ber of different types of patient exercise machines including,
but not limited to, a treadmill, a stairstepper machine, a sta-
tionary bicycle, an elliptical trainer, a rowing machine, a ski
machine, or the like. Additionally, it should be appreciated
that the monopole antenna 202 may be any type of monopole
antenna 202 able to be coupled to a patient exercise machine.
For example, in one particular embodiment, the monopole
antenna 202 is embodied as a half-wave monopole antenna to
further reduce the overall size of the antenna. In other
embodiments, other types of monopole antennas, such as a
quarter-wave monopole antenna, a fifth-eighths-wave mono-
pole antenna, or the like, may be used.

Referring now to FIG. 7, in another embodiment, the
patient exercise machine 14 is illustratively embodied as a
stairstepper machine 300. The stairstepper machine 300
includes a patch antenna 302 coupled to a frame 304 of the
stairstepper machine 300. The patch antenna 302 is coupled
to or positioned in a panel 306, which is coupled to the frame
304, in a location such that the patch antenna 302 is in the
vicinity of the orthopaedic implant 12 when the patient is
operating the stairstepper machine 300. For example, in the
illustrative embodiment of FIG. 7, the patch antenna 302 is
positioned for communication with orthopaedic implants 12
located in the lower portion of the body of the patient (e.g., a
knee implant). However, in other embodiments, the patch
antenna 202 may be positioned for communication with
orthopaedic implants 12 located in other portions of the
patient’s body. For example, in embodiments wherein the
implant 12 is an orthopaedic shoulder implant, the patch
antenna 302 may be coupled to the frame 304 in a more
upwardly location such as on a display panel 308 of the
stairstepper machine 300. Additionally, in some embodi-
ments, the patch antenna 302 may be movably coupled to the
frame 304 such that the location of the patch antenna 302
relative to the patient may be altered. Additionally or alterna-
tively, the stairstepper machine 300 may include multiple
patch antennas in some embodiments to improve the recep-
tion of the implant sensor data from the orthopaedic implant
12.

It should be appreciated that the stairstepper machine 300
is configured for communication with an orthopaedic implant
12 using a relatively high data rate and carrier frequency. That
is, in embodiments of the system 10 wherein the sensor 18,
66, 86 is configured to generate the implant sensor data at a
data rate greater than 1,000 kilobytes per second and/or the
transmitter 20, 60, 80, 414 is configured to transmit the
implant sensor data using a carrier frequency greater than 2
giga-hertz, the antenna 24 of the patient exercise machine 14
is embodied as a patch antenna (e.g., patch antenna 302).
Because a relatively high carrier frequency (e.g., greater than
2 giga-hertz) is used, a larger bandwidth (relative to the
embodiment illustrated and described above in regard to
FIGS. 4 and 5) may be used to transmit the increased amount
of implant sensor data. In addition, the increased bandwidth
may allow and increased amount of “burst” implant data
signal transmission during periods when an increase in the
amount of data is desired. Additionally, the patch antenna 202
may have a decreased overall size compared to the loop
antenna 102 and/or the monopole antenna 302. As such, it
should be appreciated that the operation of the patient exer-
cise machine 14 by a patient may be improved by use of a
patch antenna when a relatively high data rate (e.g., greater
than 1,000 kilobytes per second) and/or a relatively high
carrier frequency (e.g., greater than 2 giga-hertz) due to the
decreased size of the patch antenna.
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Again, it should be appreciated that although the embodi-
ment of FIG. 7 has been illustrated and described above in
regard to a stairstepper machine 300, other types of patient
exercise machines may be used in other embodiments. That
is, the patch antenna 302 may be coupled to any one of a
number of different types of patient exercise machines
including, but not limited to, a treadmill, a stairstepper
machine, a stationary bicycle, an elliptical trainer, a rowing
machine, a ski machine, or the like.

In operation, the orthopaedic implant 12 (e.g., the electron-
ics coupled to or included in the implant 12) may be config-
ured to execute an algorithm 500 for transmitting sensor data.
As illustrated in FIG. 8, the algorithm 500 begins with a
process step 502 in which the transmitter circuitry 20, 60, 80,
414 activates when a power signal has been received from the
power coil 64, 84 via the communication links 70, 90. The
power coil 64, 85 generates the power signal when the coil 64,
84 is inductively coupled to the primary coil 22. The algo-
rithm 500 advances to process step 504 when a power signal
has been received. In process step 504, the transmitter cir-
cuitry 20, 60, 80, 414 receives implant sensor data from the
implant sensor(s) 18, 66, 86 via the communication links 72,
92. Depending on the type of the implant sensor(s) 18, 66, 86
170, the implant sensor data may be, for example, pressure
data, temperature data, or the like.

Subsequently, in process step 506, the implant sensor data
is transmitted by the transmitter circuitry 20, 60, 80, 414 to
the antenna 24 (e.g., the loop antenna 102, the monopole
antenna 202, or the patch antenna 304 depending on the
particular embodiment) using the antenna 62 or the power/
antenna coil 84. To do so, the transmitter circuitry 20, 60, 80,
414 may be configured to transmit the implant sensor data at
a predetermined data rate or within a predetermined data rate
range using a predetermined carrier frequency or range of
frequencies. For example, as discussed in detail above in
regard to FIG. 5, the transmitter circuitry 20, 60, 80, 414 may
be configured to transmit the implant sensor data using a data
rate less than 100 kilobytes per second and/or a carrier fre-
quency less than 30,000 hertz. Alternatively, as discussed in
detail above in regard to FIG. 6, the transmitter circuitry 20,
60, 80, 414 may be configured to transmit the implant sensor
data using a data rate in the range of 100 kilobytes per second
to 1,000 kilobytes per second and/or a carrier frequency in the
range of 30 mega-hertz to 2,000 mega-hertz. Still further, as
discussed in detail above in regard to FIG. 7, the transmitter
circuitry 20, 60, 80, 414 may be configured to transmit the
implant sensor data using a data rate greater than 1,000 kilo-
bytes per second and/or a carrier frequency greater than 2
giga-hertz.

Once the implant sensor data from the implant sensor(s)
18, 66, 86, 402 has been transmitted, the algorithm 500 loops
back to process step 502 in which the transmitter circuitry 20,
60, 80, 414 determines if another power signal has been
received or is still being received from the power coil 64, 84,
410. In this way, the transmitter circuitry 20, 60, 80, 414 is
configured to periodically transmit the implant sensor data
while power coil 64, 84, 410 is indicatively coupled to the
primary coil 22. That is, for example, while the patient is
operating the patient exercise machine 14, the orthopaedic
implant 12 (i.e., the transmitter circuitry 20, 60, 80, 414) will
transmit implant sensor data to the antenna 24, which is
received by the controller 16 via the communication links 26.

Referring back to process step 502, in some embodiments,
the algorithm 500 also advances to process step 508 and 514
once a power signal has been received. In such embodiments,
the process steps 504, 508, 514 may be executed in a sequen-
tial order or contemporaneously with each other once a power
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signal is received. In process step 508, the orthopaedic
implant 12 determines if any stored implant sensor data
should be transmitted to the antenna 24 (e.g., the loop antenna
102, the monopole antenna 202, or the patch antenna 304
depending on the particular embodiment). To do so, the trans-
mitter circuitry 20, 60, 80, 414 and/or processor 406, depend-
ing on the embodiment, may be programmed or otherwise
configured to transmit or not transmit the stored implant
sensor data. Additionally or alternatively, the transmitter cir-
cuitry 20, 60, 80, 414 and/or processor 406 may be configured
to access or otherwise retrieve data from the associated
memory 67, 87, 418 and determine if the stored implant
sensor data should be transmitted based on such data (e.g.,
based on the value of the retrieved data). In this way, the
orthopaedic implant 12 may be programmed to transmit
stored data or not to transmit stored data depending on the
particular application and/or implementation of the system 10
and/or the orthopaedic implant 12.

If the transmitter circuitry 20, 60, 80, 414 and/or processor
406 determines that any stored implant sensor data should not
be transmitted in process step 508, the algorithm 500 loops
back to process step 502 in which the transmitter circuitry 20,
60, 80, 414 and/or processor 406 determines if another power
signal has been received or is still being received from the
power coil 64, 84, 410. If, however, the transmitter circuitry
20, 60, 80, 414 and/or processor 406 determines that the
implant sensor data stored in the memory device 67, 87, 418
should also be transmitted, the algorithm 500 advances to
process step 510. In process step 510, the implant sensor data
stored in the memory device 67, 87, 418 is retrieved. The
retrieved implant sensor data is subsequently transmitted to
the antenna 24 in process step 512. Once the retrieved implant
sensor data has been transmitted to the antenna 24, the algo-
rithm 500 loops back to process step 502 wherein the trans-
mitter circuitry 20, 60, 80, 414 determines if another power
signal has been received or is still being received from the
power coil 64, 84, 410.

Referring back to process step 514, the orthopaedic
implant 12 also determines if any programming data is avail-
able in some embodiments. In such embodiments, the trans-
mitter circuitry 60, 80, 414 is embodied as or otherwise
includes a transceiver configured to transmit and receive data
from the antenna 24. If the transmitter circuitry 20, 60, 80,
414 and/or processor 406 determines that programming data
is not available in process step 514, the algorithm 500 loops
back to process step 502 in which the transmitter circuitry 20,
60, 80, 414 determines if another power signal has been
received or is still being received from the power coil 64, 84,
410. If, however, the transmitter circuitry 20, 60, 80, 414
and/or processor 406 determines that the programming data is
available, the algorithm 500 advances to process step 516. In
process step 516, the orthopaedic implant 12 receives pro-
gramming data from the controller 16 via the antenna 24.
Subsequently, in process step 518, the transmitter circuitry
20, 60, 80, 414 and/or processor 406 is configured to update
one or more programs or programming data used by the
electronic circuitry of the orthopaedic implant 12. For
example, in embodiments wherein the orthopaedic implant
12 is embodied as the implant 12 illustrated in and described
above in regard to FIG. 4, the programming data may be used
by the processor 406 to control the switching circuit 400 such
that the implant sensor data from any one or more implant
sensors 402 may be monitored.

Referring now to FIG. 9, in use, the controller 16 of the
system 10 may execute an algorithm 600 for monitoring
orthopaedic implant data. 10. The algorithm 600 begins with
a process step 602 in which the primary coil 22 of the patient

15

20

25

30

40

45

50

55

60

65

16

exercise machine 14 is inductively coupled with the second-
ary coil (e.g., the power coil 64 or the power/antenna coil 84)
of the orthopaedic implant 12. To do so, the controller 16 is
configured to transmit a power signal to the primary coil 22
via the communication link 28 to thereby energize the coil 22.
In response, the primary coil 22 generates the electromag-
netic field 48, which is received by the secondary coil (e.g.,
the power coil 64 or the power/antenna coil 84) of the ortho-
paedic implant 12. It should be appreciated that the controller
16 may be configured to continuously energize the primary
coil 22, periodically energize the primary coil 22, or selec-
tively energize the primary coil 22. For example, in some
embodiments, the patient exercise machine 14 may include a
pressure or motion sensor configured to determine the pres-
ence of the patient. In such embodiments, the pressure,
motion, or other sensor output is transmitted to the controller
16 and, in response, the controller 16 transmits the power
signal to the primary coil 22. In this way, the primary coil 22
is only energized when a patient is operating or in the vicinity
of the patient exercise machine 14.

Once the power signal has been transmitted to the power
coil 22, the controller 16 determines if any implant sensor
data is available (i.e., if any implant sensor data is being
transmitted) in process step 604. If not, the algorithm 600
loops back to the process step 602 wherein the controller 16
continuously, periodically, or selectively transmits the power
signal to the primary coil 22. However, if implant sensor data
is being transmitted by the orthopaedic implant 12, the algo-
rithm 600 advances to process step 606. In process step 606,
the implant sensor data is received from the orthopaedic
implant 12. That is, the implant sensor data is received by the
antenna 24 (e.g., the loop antenna 102, the monopole antenna
202, or the patch antenna 302) of the patient exercise machine
14 and transmitted to the controller 16 via the communication
links 26.

Once the implant sensor data has been received in process
step 606, the implant sensor data is displayed to the healthcare
provider on the display device 34. To do so, the controller 16
is configured to transmit the implant sensor data to the display
device 34 via the communication links 36. Additionally or
alternatively, the controller 16 may be configured to calculate
or determine other data based on the implant sensor data. For
example, in some embodiments, the controller 16 may be
configured to determine a graph or chart based on the implant
sensor data received from the orthopaedic implant sensor 12
and display the graph or chart to the healthcare provider on
the display device 34.

Once the implant sensor has been displayed to the health-
care provider in process step 608, the controller 16 deter-
mines if the healthcare provider desires to record the implant
sensor data in process step 610. The healthcare provider may
require that the implant sensor data be recorded by supplying
the appropriate commands to the controller 16 via, for
example, a keyboard, mouse, or other input device. Alterna-
tively, the controller 16 may be configured to always record
the implant sensor data. Regardless, if the controller 16 has
determined that the implant sensor data is to be recorded, the
algorithm 600 advances to process step 612. In process step
612, the implant sensor data received from the orthopaedic
implant sensor 12 is temporarily stored in the memory device
32 or other storage location (e.g., hard drive, floppy disk,
portable memory device, etc.) of the controller 16. The
implant sensor data may be recorded for use in many different
applications such as, for example, for calculating or deter-
mining other data such as a graph or chart of implant data
received over a predetermined period of time or as temporary
storage.
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Once the implant sensor data has been recorded in process
step 612 or if the controller 16 determined that the implant
sensor data should not be recorded in process step 610, the
algorithm 600 advances to process step 614. In process step
614, the controller 16 determines if the healthcare provider
desires to store the implant sensor data. As described above,
the healthcare provider may require that the implant sensor
data be stored by supplying the appropriate commands to the
controller 16 via, for example, a keyboard, mouse, or other
input device. Alternatively, the controller 16 may be config-
ured to always store theimplant sensor data. Regardless, if the
controller 16 has determined that the implant sensor data is to
be stored, the algorithm 600 advances to process step 618. In
process step 618, the controller 16 transmits the implant
sensor data received from the orthopaedic implant sensor 12
to the patient database 40 via the communication links 44, the
network 42, and the communication links 46. The implant
sensor data may be stored in the patient database 40 for later
use such as for examination by an orthopaedic surgeon or
other healthcare provider. In addition, because the patient
database 40 forms a portion of a hospital network in some
embodiments, the implant sensor data may be accessible from
other locations (e.g., an orthopaedic surgery room) in the
hospital once stored in the database 40. Once the implant
sensor data has been stored in process step 618 or if the
controller 16 has determined that the implant sensor data
should not be stored in process step 614, the algorithm 600
loops back to process step 602 in which the controller 16 is
configured to transmit the power signal to the primary coil 22.

Referring back to process step 602, the controller 16 is also
configured to determine if the orthopaedic healthcare pro-
vider desires to program the orthopaedic implant in a process
step 620 in some embodiments. If not, the algorithm 600
loops back to the process step 602 wherein the controller 16
continuously, periodically, or selectively transmits the power
signal to the primary coil 22. However, if controller 16 deter-
mines that the orthopaedic healthcare provider desires to
program the orthopaedic implant 12 in process step 620, the
algorithm 600 proceeds to process step 622. In process step
622, the orthopaedic healthcare provider supplies the pro-
gramming data to the controller 16. The orthopaedic health-
care provider may supply the programming data via manually
typing in the data or otherwise operating the controller 16
such that the programming data is transmitted to the ortho-
paedic implant 12 via the antenna 24. Once the orthopaedic
healthcare provider has entered or otherwise supplied the
programming data via the controller 16, the programming
data is transmitted to the orthopaedic implant 12 via the
antenna 24 in process step 624. As discussed above, the
programming data may cause the orthopaedic implant 12 to
transmit implant sensor data generated by one or more
implant sensors 402 selected by the orthopaedic healthcare
provider. In this way, the orthopaedic healthcare provider
may individually monitor each of the orthopaedic implant
sensors 402 while the patient is exercising on the patient
excise machine 14.

While the disclosure has been illustrated and described in
detail in the drawings and foregoing description, such an
illustration and description is to be considered as exemplary
and not restrictive in character, it being understood that only
illustrative embodiments have been shown and described and
that all changes and modifications that come within the spirit
of the disclosure are desired to be protected. For example,
although specific data rate values and ranges and specific
frequency values and ranges have been disclosed in various
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embodiments, it should be appreciated that data rates and/or
frequencies near such values may be in used in other embodi-
ments.

Thereare aplurality of advantages of the present disclosure
arising from the various features of the systems and methods
described herein. It will be noted that alternative embodi-
ments of the systems and methods of the present disclosure
may not include all of the features described yet still benefit
from at least some of the advantages of such features. Those
of ordinary skill in the art may readily devise their own
implementations of the systems and methods that incorporate
one or more of the features of the present invention and fall
within the spirit and scope of the present disclosure as defined
by the appended claims.

The invention claimed is:

1. A system for monitoring implant sensor data, the system
comprising:

an orthopaedic implant;

a secondary coil coupled to the orthopaedic implant;

a sensor secured to the orthopaedic implant and configured
to generate implant sensor data;

a transmitter coupled to the orthopaedic implant and elec-
trically coupled to the secondary coil and to the sensor,
the transmitter being configured to wirelessly transmit
the implant sensor data at a data rate of less than 100
kilobytes per second;

a patient exercise machine;

a loop antenna secured to the patient exercise machine and
configured to receive the implant sensor data;

a controller electrically coupled to the loop antenna and
configured to (i) receive the implant sensor data from the
loop antenna and (ii) display indicia of the implant sen-
sor data on a display device; and

a primary coil electrically coupled to the controller,

wherein the transmitter wirelessly transmits the implant
sensor data and the controller receives the implant sen-
sordata from the loop antenna and displays indicia of the
implant sensor data on the display device in response to
a power signal received from the secondary coil when
the secondary coil is inductively coupled with the pri-
mary coil.

2. The system of claim 1, wherein the sensor is a sensor
selected from the group consisting of: a pressure sensor, a
load sensor, a temperature sensor, and a hall-effect sensor.

3. The system of claim 1, wherein the transmitter is con-
figured to transmit the implant sensor data using a predeter-
mined carrier frequency of lower than 30,000 hertz.

4. The system of claim 1, wherein the patient exercise
machine is an exercise machine selected from the group con-
sisting of: a treadmill, a stairstepper machine, a stationary
bicycle, an elliptical trainer, a rowing machine, and a ski
machine.

5. The system of claim 1, the controller is configured to
record the implant sensor data.

6. The system of claim 1, wherein the controller is config-
ured to transmit the implant sensor data to a database over a
network and store the implant sensor data in the database.

7. The system of claim 1, wherein:

(i) the transmitter forms a portion of a transceiver;

(i1) the controller is configured to transmit programming

data to the transceiver; and

(iii) the transceiver is configured to transmit implant sensor
data from one of a number of implant sensors selected
based on the programming data.
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8. A system for monitoring implant sensor data, the system
comptrising:

an orthopaedic implant;

a secondary coil coupled to the orthopaedic implant;

asensor secured to the orthopaedic implant and configured
to generate implant sensor data;

a transmitter coupled to the orthopaedic implant and elec-
trically coupled to the secondary coil and to the sensor,
the transmitter being configured to wirelessly transmit
the implant sensor data at a data rate in the range of 100
kilobytes per second to 1,000 kilobytes per second;

a patient exercise machine;

a monopole antenna secured to the patient exercise
machine and configured to receive the implant sensor
data;

a controller electrically coupled to the monopole antenna
and configured to receive the implant sensor data from
the monopole antenna and (ii) display indicia of the
implant sensor data on a display device; and

aprimary coil electrically coupled to the controller,

wherein the transmitter wirelessly transmits the implant
sensor data and the controller receives the implant sen-
sor data from the monopole antenna and displays indicia
of the implant sensor data on the display device in
response to a power signal received from the secondary
coil when the secondary coil is inductively coupled with
the primary coil.

9. The system of claim 8, wherein the sensor is a sensor
selected from the group consisting of> a pressure sensor, a
load sensor, a temperature sensor, and a hall-effect sensor.

10. The system of claim 8, wherein the transmitter is con-
figured to transmit the implant sensor data using a predeter-
mined carrier frequency in the range of 30 mega-hertz to
2,000 mega-hertz.

11. The system of claim 8, wherein the patient exercise
machine is an exercise machine selected from the group con-
sisting of: a treadmill, a stairstepper machine, a stationary
bicycle, an elliptical trainer, a rowing machine, and a ski
machine.

12. The system of claim 8, wherein the monopole antenna
is an antenna selected from the group consisting of: a quarter-
wave monopole antenna, a half-wave monopole antenna, and
a five-eighths-wave monopole antenna.

13. The system of claim 8, wherein the controller is con-
figured to transmit the implant sensor data to a database over
a network and store the implant sensor data in the database.
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14. The system of claim 8, wherein:

(1) the transmitter forms a portion of a transceiver;

(ii) the controller is configured to transmit programming
data to the transceiver; and

(iii) the transceiver is configured to transmit implant sensor
data from one of a number of implant sensors selected
based on the programming data.

15. A system for monitoring implant sensor data, the sys-

tem comprising:

an orthopaedic implant;

a secondary coil coupled to the orthopaedic implant;

a sensor secured to the orthopaedic implant and configured
to generate implant sensor data;

a transmitter coupled to the orthopaedic implant and elec-
trically coupled to the secondary coil and to the sensor,
the transmitter being configured to wirelessly transmit
the implant sensor data at a data rate greater than 1,000
kilobytes per second;

a patient exercise machine;

apatch antennasecured to the patient exercise machine and
configured to receive the implant sensor data;

a controller electrically coupled to the patch antenna and
configured to (i) receive the implant sensor data from the
patch antenna and (ii) display indicia of the implant
sensor data on a display device; and

a primary coil electrically coupled to the controller,

wherein the transmitter wirelessly transmits the implant
sensor data and the controller receives the implant sen-
sor data from the patch antenna and displays indicia of
the implant sensor data on the display device in response
to a power signal received from the secondary coil when
the secondary coil is inductively coupled with the pri-
mary coil.

16. The system of claim 15, wherein the transmitter is
configured to transmit the implant sensor data using a prede-
termined carrier frequency greater than 2 giga-hertz.

17. The system of claim 15, wherein:

(i) the transmitter forms a portion of a transceiver;

(i1) the controller is configured to transmit programming

data to the transceiver; and

(ii1) the transceiver is configured to transmit implant sensor
data from one of a number of implant sensors selected
based on the programming data.
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