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Description

[0001] This invention relates to systems for transmit-
ting, receiving, and/or monitoring orthopaedic implant
sensor data.

[0002] Orthopaedic implants are implanted into pa-
tients by orthopaedic surgeons to, for example, correct
orotherwise alleviate bone and/or soft tissue loss, trauma
damage, and/or deformation of the bone(s) of the pa-
tients. Some orthopaedic implants include one or more
sensors for detecting or measuring various effects or
forces acting on the orthopaedic implants and/or the sur-
rounding environment. After initial implantation, it is often
desirable by orthopaedic healthcare providers to period-
ically 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
patientis 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 im-
plant sensors. However, such cumbersome electrical
equipment may alter the natural gait of the patient and
thereby adversely affect the data obtained from the im-
plant sensors.

[0003] In one aspect the invention provides a system
for monitoring implant sensor data which includes an or-
thopaedic 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 ex-
ample, the sensor may be a pressure sensor, aload sen-
sor, a temperature sensor, or a hall-effect sensor. The
transmitter may be electrically coupled to the sensor. Ad-
ditionally, the transmitter may be configured to wirelessly
transmit the implant sensor data at a data rate of less
than 100 kb.s™! (kilobits per second or kilobytes per
second) . The transmitter may transmit the implant sen-
sor data using a predetermined carrier frequency of lower
than 30 kHz.

[0004] The system may also include a patient exercise
machine such as, for example, a treadmill, a stair stepper
machine, a stationary bicycle, an elliptical trainer, a row-
ing machine, and a ski machine. The system may addi-
tionally include a loop antenna. The loop antenna may
be coupled to the patient exercise machine, to the floor
of an examination room, or to a movable structure. The
loop antenna may be configured to receive the implant
sensor data.

[0005] Further, the system may include a controller
electrically coupled to the loop 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 con-
figured to record the implant sensor data. In some em-
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bodiment, 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 orthopae-
dic implant and the primary coil may be electrically cou-
pled to the controller, In such embodiments, the trans-
mitter of the orthopaedic implant may be electrically cou-
pled to the secondary coil and configured to transmit the
implant sensor data in response to a power signal re-
ceived from the secondary coil when the secondary coil
is inductively coupled with the primary coil. In some em-
bodiments, the transmitter may form a portion of a trans-
ceiver 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 pro-
gramming data.

[0006] inanother aspect, the invention provides a sys-
tem for monitoring implant sensor data which includes
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 im-
plant 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 wire-
lessly transmit the implant sensor data at a data rate in
the range of 140 kb.s™! (kilobits per second or kilobytes
per second) to 1,000 kb.s-!. The transmitter may transmit
the implant sensor data using a predetermined carrier
frequency in the range of 3 0 MHz to 2,000 MHz.
[0007] The system may also include a patient exercise
machine such as, for example, a treadmill, a stair stepper
machine, a stationary bicycle, an elliptical trainer, a row-
ing machine, and a ski machine. The system may addi-
tionally include a monopole antenna such as, for exam-
ple, a quarter-wave monopole antenna, a half-wave mo-
nopole 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 examina-
tion room, or to a movable structure. The monopole an-
tenna may be configured to receive the implant sensor
data.

[0008] Further, the system may include a controller
electrically coupled to the monopole antenna. The con-
troller 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 trans-
mit 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 orthopae-
dic implant and the primary coil may be electrically cou-
pled to the controller. In such embodiments, the trans-
mitter of the orthopaedic implant may be electrically cou-
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pled to the secondary coil and configured to transmit the
implant sensor data in response to a power signal re-
ceived from the secondary coil when the secondary coil
is inductively coupled with the primary coil. In some em-
bodiments, the transmitter may form a portion of a trans-
ceiver 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 pro-
gramming data.

[0009] Inafurtheraspect, the invention provides a sys-
tem for monitoring implant sensor data which includes
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 im-
plant and capable of generating implant sensor data. For
example, the sensor may be a pressure sensor, a load
sensor, atemperature sensor, or a hall-effect sensor-The
transmitter may be electrically coupled to the sensor. Ad-
ditionally, the transmitter may be configured to wirelessly
transmit the implant sensor data at a data rate greater
than 1,000 kbs!. The transmitter may transmit the im-
plant sensor data using a predetermined carrier frequen-
cy greater than 2 GHz. In some embodiments, the trans-
mitter may form a portion of a transceiver configured to
receive programming data from the controller and trans-
mit implant sensor data from one of a number of implant
sensors selected based on the programming data.
[0010] 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 row-
ing machine, and a ski machine. The system may addi-
tionally include a patch antenna. The patch antenna may
be coupled to the patient exercise machine, to the floor
of an examination room, or to a movable structure. The
patch antenna may be configured to receive the implant
sensor data.

[0011] Further, the system may include a controller
electrically coupled to the patch 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 con-
figured to record the implant sensor data. In some em-
bodiments, 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 orthopae-
dic implant and the primary coil may be electrically cou-
pled to the controller. In such embodiments, the trans-
mitter of the orthopaedic implant may be electrically cou-
pled to the secondary coil and configured to transmit the
implant sensor data in response to a power signal re-
ceived from the secondary coil when the secondary coil
is inductively coupled with the primary coil. In some em-
bodiments, the transmitter may form a portion of a trans-
ceiver 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 pro-
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gramming data.

[0012] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 is a simplified block diagram of a system for
monitoring implant sensor data;

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

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

FIG. 4 is a simplified block diagram of another em-
bodiment of an orthopaedic implant of the system of
FIG. 1;

FIG. 5 is a perspective 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.

[0013] Referring to the drawings, FIG. 1 shows a sys-
tem 10 for monitoring implant sensor data which 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 transmitter
20, and other circuitry, as discussed in more detail below
with reference to FIGS. 2 and 3, are coupled to or other-
wise housed in the orthopaedic implant 12. The implant
sensor 18 may be embodied as any type of sensor ca-
pable of generating implant sensor data of a parameter
of interest. For example, the implant sensor 18 may be
embodied as a pressure sensor, a load sensor, a tem-
perature 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 similar and/or different
implant sensors coupled to or housed in the orthopaedic
implant 12.

[0014] The transmitter 20 may be embodied as or in-
clude any type of transmitter circuitry capable of trans-
mitting 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.
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 sam-
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pling rate employed, the transmitter 20 may be config-
ured 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.
[0015] The patient exercise machine 14 may be em-
bodied as any type of exercise machine on which the
patient may exercise. For example, the patient exercise
machine 14 may be embodied as a treadmill, a stairst-
epper machine, a stationary bicycle, an elliptical trainer,
a rowing machine, a ski machine, or the like. In the illus-
trative 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.

[0016] 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 pro-
vider as described in detail in EP-A-1374922. 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 Helm-
holtz coils produce an isotropic magnetic field, which is
received by the secondary coil of the implant 12.
[0017] The antenna 24 may be embodied as a loop
antenna, a monopole antenna, or a patch antenna de-
pending upon the data rate and/or carrier frequency uti-
lized by the transmitter 20 and/or sensor 18. That is, as
described in more detail below in regard to FIGS. 4 to 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 sensi-
tivity, a reduced size, or the like compared to other an-
tennas used in a particular embodiment.

[0018] The antenna 24 is connected to the controller
16 via communication links 26. Similarly, the primary coil
22 is communicatively coupled to the controller 16 via
communication 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 embod-
ied as or otherwise include any number of wires, cables,
printed circuit board traces, vias, and/or the like.

[0019] The controller 16 includes a processor 30 and
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amemory device 32. The processor 30 may be embodied
as any type of processor including, for example, discrete
processing circuitry (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 de-
vice 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 typically found in a
computer for performing the functions described herein
such as, for example, a hard drive, input/output circuitry,
and the like.

[0020] The controller 16 is communicatively coupled
with a display device 34 via a communication link 36.
Although shown in FIG. 1 as separate from the controller
16, the display device 34 may form a portion of the con-
troller 16 in some embodiments. Additionally or alterna-
tively, the display device 34 or an additional display de-
vice 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 in which the or-
thopaedic examination procedure is to be performed. Ad-
ditionally or alternatively, the display device 34 may be
embodied as a virtual display such as a holographic dis-
play, 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.
[0021] The controller 16 is also communicatively cou-
pled to a patient database 40 via a network 42. The pa-
tient database 40 may be embodied as any type of da-
tabase capable of storing patient-related data. Although
shown in FIG. 1 as a single database, it should be ap-
preciated 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 re-
ceived 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 association with, indexed by, or otherwise retriev-
able based on patient identification data such as the pa-
tient's name, address, etc. The patient database 40 may
be located in the doctor’s office or hospital in which the
system 10 is incorporated or may be located remotely
therefrom. In one particular embodiment, the patient da-
tabase 40 forms a portion of a hospital network that is
accessible by the controller 16 via the network 42.
[0022] The network 42 may be embodied as any type
of network capable of facilitating communication be-
tween 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 Inter-
net. In addition, the network 42 may be a wired network,
a wireless network, or a combination thereof. In one par-
ticular embodiment, the network 42 is embodied as or
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forms a portion of a hospital network and, as such, may
include additional computers, routers, communication
links, and/or the like.

[0023] The controller 16 is communicatively coupled
to the network 42 via a number of communication links
44. Similarly, the patient database 40 is communicatively
coupled to the network 42 via any number of communi-
cation links 46. The communication links 44, 46 may be
any type of communication 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. Additionally, any
one or more of the communication links 44, 46 may be
embodied as wired or wireless communication links. In
embodiments in which 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 commu-
nication with the network 42.

[0024] In operation, the system 10 is usable by a
healthcare provider 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 health-
care provider or, in some embodiments, may be coupled
to the patient exercise machine 14 in an appropriate lo-
cation. Regardless, the primary coil 22 is positioned in
such a location that an electromagnetic field 48 generat-
ed 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 induc-
tively 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 dis-
cussed 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 sam-
pling rate employed- The controller 16 receives the im-
plant 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 deter-
mined based on the implant sensor data on the display
device 34. For example, the controller 16 may be config-
ured to display a graph or chart determined based on the
implant data on the display device 34. To do so, the con-
troller 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 stor-
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age therein.

[0025] FIG. 2 shows an orthopaedic implant 12 which
includes a transmitter circuit 60, an antenna 62, a power
coil 64, and one or more implant sensors 66. The trans-
mitter circuit 60 is communicatively coupled to the anten-
na 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 commu-
nication links 72. The communication links 68,70,72 may
be embodied as any type of communication links capable
of facilitating communication between the transmitter cir-
cuit60 and the antenna 62, power coil 64, and the implant
sensor(s) 66, respectively. For example, the communi-
cation links 68,70,72 may be embodied as wires, cables,
printed circuit board (PCB) traces, fiber optic cables, or
the like.

[0026] Similar to the transmitter 20 discussed above
with reference to FIG. 1. the transmitter circuit 60 may
be embodied as orinclude any type of transmitter circuitry
capable of transmitting the implant sensor data received
from the implant sensor(s) 66 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 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 kb.s™'. In another embodiment, the transmitter
circuit 60 is configured to transmit the implant sensor
data using a data rate in the range of 100 kb.s"" to 1,000
kb.s-1. In a further embodiment, the transmitter circuit 60
is configured to transmit the implant sensor data using a
data rate greater than 1,000 kb.s™".

[0027] 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 transmit 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 be-
low 30 kHz). 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 MHz to 2,000 MHz). Still further, in another
embodiment, the transmitter circuit 60 is configured 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 GHz).
[0028] 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 in-
ductor-capacitor (LC) circuit or a crystal oscillator circuit
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and associated circuitry.

[0029] 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 pri-
mary coil 22 receives a power signal from the controller
16. The power coil 64 may include any number of indi-
vidual 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) electromagnetic field
48 generated by the primary coil 22. In other embodi-
ments, 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 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 em-
bodied as three separate coils positioned orthogonally
with respect to each other. As discussed above with ref-
erence to FIG. 1, the primary coil 22 may be embodied
as any type of power source capable of inductively cou-
pling with the power coil 64 and generating a current
therein.

[0030] Similar to the implant sensor 18 described
above with reference 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 tem-
perature sensor, a hall-effect sensor, or the like. The im-
plant sensor 66 may continually, periodically, or respon-
sively generate the implant data. For example, in some
embodiments, the implant sensor 66 is configured to gen-
erate the implant data only while the power coil 64 is
inductively coupled to the primary coil 22.

[0031] Insome embodiments, the orthopaedic implant
12 also includes a memory device 67. In such embodi-
ments, the memory device 67 is communicatively cou-
pled to the transmitter circuitry 60 via a number of com-
munication links 73, which may be embodied as any type
of communication links capable of facilitating communi-
cation between the transmitter circuitry 60 and the mem-
ory 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 embodi-
ments, the transmitter circuitry 60, or other processing
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 sub-
sequently retrieved from the memory device 67 and
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transmitted via the transmitter circuitry 60 as discussed
above.

[0032] FIG. 3 shows an orthopaedic implant 12 which
includes a transmitter circuit 80, a switching circuit 82, a
power/antenna coil 84, and one or more implant sensors
86. The transmitter circuit 80 is communicatively 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 cou-
pled to the power/antenna coil 84 via a number of com-
munication links 90. Similar to the communication links
68, 70, 72 described above in regard to FIG. 2, the com-
munication links 88, 90, 92 may be embodied as any type
of communication links capable of facilitating communi-
cation 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 embodied as wires, cables, printed circuit
board (PCB) traces, fiber optic cables, or the like.
[0033] 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 determined based on, for ex-
ample, the type and number of implant sensors 86 used,
the parameter of interest, the type and format of the im-
plant sensor data, and the sampling rate employed. For
example, in one embodiment, the transmitter circuit 80
is configured to transmit the implant sensor data using a
data rate less than 100 kb.s™!. In another embodiment,
the transmitter circuit 80 is configured to transmit the im-
plant sensor data using a data rate in the range of 104
kb.s™1to 1,000 kb.s™!, In a further embodiment, the trans-
mitter circuit 80 is configured to transmit the implant sen-
sor data using a data rate greater than 1,000 kb.s™".
[0034] 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 transmit 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 be-
low 34 kHz). Alternatively, in another embodiment, the
transmitter circuit 80 is configured to transmit the implant
sensor data using a frequency or range of frequencies
in the Very High Frequency (VIIF) or the lower Ultra High
Frequency (UHF) band (e.g., using a frequency in the
range of 30 MHz to 2,000 MHz). Still further, in another
embodiment, the transmitter circuit 80 is configured 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 GHz).
[0035] In some embodiments, the transmitter circuitry
80 may include additional circuitry such as processing
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circuitry or the like. However, in other embodiments, the
transmitter circuit 80 may be embodied as a simple in-
ductor-capacitor (LC) circuit or a crystal oscillator circuit
and associated circuitry.

[0036] Similar to the implant sensor 66 described
above with reference 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 tem-
perature sensor, a hall-effect sensor, or the like. The im-
plant sensor 86 may be Continually, periodically, or re-
sponsively 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.
[0037] In the embodiment shown in FIG. 3, the trans-
mitter circuit 80 receives power and transmits the implant
data the same caill, 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 8D when power is to be provided
thereto and to connect the power/antenna coil 84 to an
outputterminal(s) or port of the transmitter circuit 80 when
power is not being provided and transmission of the wire-
less 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 out-
put terminal of the transmitter circuit 80 to the power ter-
minal. As such, when the primary coil 22 is positioned
near the skin of the patient in the vicinity of the orthopae-
dic 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 switch-
ing circuit 82.

[0038] As discussed above with reference to FIG. 3,
the orthopaedic implant 12 may also include a memory
device 87 in some embodiments. The memory device 87
is connected to the transmitter circuitry 80 via a number
of communication 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 87 such as, for example, wires, ca-
bles, 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.e., ROM). In such em-
bodiments, the transmitter circuitry 80, or other process-
ing circuit, may be configured to store implant sensor
data received from the implant sensor (s) 86 in the mem-
ory device 87. The stored implant sensor data may be
subsequently retrieved from the memory device 87 and
transmitted via the transmitter circuitry 80 as discussed
above.

[0039] As discussed above with reference to FIGS. 2
and 3, the orthopaedic implant 12 may include more than
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one implant sensor 18, 65, 86 in some embodiments. In
such embodiments as shown in FIG. 4, the orthopaedic
implant 12 may include a switching circuit 400 commu-
nicatively 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 proc-
essor 406 via a number of communication links 408. The
processor 406 is also communicatively coupled to a pow-
er 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 com-
munication capable of facilitating electrical communica-
tion between the devices of the orthopaedic implant 12.
For example, the communication 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.

[0040] The processor may be embodied as any type
of processor including, for example, discrete processing
circuitry (e.g., a collection of logic devices), general pur-
pose integrated circuit(s), and/or application specific in-
tegrated 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 pow-
er coil 410 is substantially similar to the power coil 64
described above in regard to FIGS. 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 substan-
tially similar to the transmitter circuitry 60 and antenna
62 described above inregard 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 shown 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 described above with reference to FIG. 3 may be used
instead.

[0041] In use, the processor 406 is configured to be
responsive to a control signal received from the trans-
mitter 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 pro-
grammed 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
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implant sensor data from any one or more of the sensors
402 as described in more detail below with reference to
FIGS. 8 and 9.

[0042] Although the embodiments of the orthopaedic
implant 12 described above in with reference 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.
[0043] Referring now to FIGS. 5 to 7, several embod-
iments of particular patient exercise machines will be de-
scribed. It should be appreciated, however, that the type
of patient exercise machines so described are only ex-
emplary 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.
[0044] As shown 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 cou-
pled 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 orthopaedic implant 12 when the
patient is operating the treadmill 100. For example, in the
embodiment shown in 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 communica-
tion with orthopaedicimplants 12 located in other portions
of the patient’s body. For example, in embodiments in
which 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 em-
bodiments, the loop antenna 102 can be movably cou-
pled 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 sec-
ond loop antenna 108 coupled to a second longitudinal
side 110 of the frame 106.

[0045] It should be appreciated that the treadmill 100
is configured for communication with an orthopaedic im-
plant 12 using a relatively low data rate and carrier fre-
quency. That is, in embodiments of the system 10 in
which the sensor 18, 66, 86 is configured to generate the
implant sensor data at a data rate of less than 100 kb.s™!
and/or the transmitter 20, 60, 80, 414 is configured to
transmitthe implant sensor data using a carrier frequency
lower than 30 kHz, the antenna 24 of the patient exercise
machine 14 is embodied as a loop antenna (e.g., loop
antenna 102), Because arelatively lower carrier frequen-
cy (e.g., below 30 kHz) 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
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of the patient. The use of a lower carrier frequency may
also reduce the amount of heat generated. In addition,
because a relatively lower data rate (e.g., less than 100
kb.s™1) is used in the illustrative embodiment, a relatively
lower carrier frequency (e.g., less than 30 kHz) may be
used because of the small bandwidth required to transmit
the lower amount of data. As such, it should be appreci-
ated 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 kb.s-1) and/or a relatively low carrier
frequency (e.g., less than 30 kHz) are used due to the
improved sensitivity of a loop antenna to low frequency
and low power signals.

[0046] Again, it should be appreciated that although
the embodiment of FIG. 5 has been described above with
reference to a treadmill 100, other types of patient exer-
cise machines may be used in other embodiments. That
is, the loop antenna 102 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 row-
ing machine, a ski machine, or the like.

[0047] Referring now to FIG. 6, in another embodi-
ment, the patient exercise machine 14 is embodied as a
stationary bike 200. The stationary bike 200 includes a
monopole antenna 202 coupled to a frame 204 of the
bike 200. The monopole antenna 202 is coupled to the
frame 204 in a location 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 ex-
ample, in the illustrative embodiment of FIG. 6, the mo-
nopole 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 im-
plants 12 located in other portions of the patient’s body.
For example, in embodiments in which the implant 12 is
an orthopaedic 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 monopole antenna 202 rel-
ative to the patient may be altered. Additionally or alter-
natively, the stationary bike 200 may include multiple mo-
nopole antennas (for example monopole antennas 204
and 206) in some embodiments to improve the reception
of the implant sensor data from the orthopaedic implant
12.

[0048] Itshould 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 in
which the sensor 18, 66, 86 is configured to generate the
implant sensor data at a data rate in the range of 100
kb.s*1 to 1,000 kb.s-! and/or the transmitter 20, 60, 80,
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414 is configured to transmit the implant sensor data us-
ing a carrier frequency in the range of 30 MHz to 2,000
MHz, the antenna 24 of the patient exercise machine 14
is embodied as a monopole antenna (e.g., monopole an-
tenna 202 and/or 206). Because a relatively medium car-
rier frequency (e.g., in the range of 30 to 2,000 MHz) is
used, a larger bandwidth (relative to the embodiment il-
lustrated and described above in regard to FIG. 5) may
be used to transmit the increased amount of implant sen-
sor 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. Ad-
ditionally, the monopole antenna 202 may have a de-
creased overall size compared to the loop antenna 102.
As such, it should be appreciated that the operation of
the patient exercise machine 14 by a patient may be im-
proved by use of a monopole antenna when a relatively
medium data rate (e.g., inthe range of 100 kb.s*'to 1,040
kb.s-1 and/or a relatively medium carrier frequency (e.g.,
in the range of 30 to 2,000 MHz) due to the decreased
size of the monopole antenna.

[0049] Again, it should be appreciated that although
the embodiment of FIG. 6 has been illustrated and de-
scribed above in regard to a stationary bike 200, other
types of patient exercise machines may be used in other
embodiments. That is, the monopole antenna 202 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. 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 mo-
nopole antennas, such as a quarter-wave monopole an-
tenna, a fifth-eighths-wave monopole antenna, or the
like, may be used.

[0050] Referring now to FIG. 7, in another embodi-
ment, the patient exercise machine 14 is illustratively em-
bodied as a stairstepper machine 300. The stair stepper
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 com-
munication with orthopaedic implants 12 located in the
lower portion of the body of the patient (e.g., a knee im-
plant). However, in other embodiments, the patch anten-
na 202 may be positioned for communication with ortho-
paedic implants 12 located in other portions of the pa-
tient’s body. For example, in embodiments in which the
implant 12 is an orthopaedic shoulder implant, the patch
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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 embod-
iments, the patch antenna 302 may be movably coupled
to the frame 304 such that the location of the patch an-
tenna 302 relative to the patient may be altered. Addi-
tionally or alternatively, the stairstepper machine 300
may include multiple patch antennas in some embodi-
ments to improve the reception of the implant sensor data
from the orthopaedic implant 12.

[0051] 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 in which the sensor 18, 66, 86 is configured
to generate the implant sensor data at a data rate greater
than 1,000 kb.s-! and/or the transmitter 20, 60, 80, 414
is configured to transmit the implant sensor data using a
carrier frequency greater than 2 GHz, 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 GHz) 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 trans-
mission 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
exercise 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 kb.s™') and/or a relatively high
carrier frequency (e.g., greater than 2 GHz) due to the
decreased size of the patch antenna.

[0052] Again, it should be appreciated that although,
the embodiment of FIG. 7 has been illustrated and de-
scribed 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.

[0053] In operation, the orthopaedic implant 12 (e.g.,
the electronics coupled to or included in the implant 12)
may be configured to execute an algorithm 500 for trans-
mitting sensor data. As illustrated in FIG. 8, the algorithm
500 begins with a process step 502 in which the trans-
mitter 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 induc-
tively coupled to the primary coil 22. The algorithm 500
advances to process step 504 when a power signal has
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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.
[0054] 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 frequen-
cies. 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 kb.s™! and/or a carrier frequency
less than 30 kHz. 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 sen-
sor data using a data rate in the range of 100 kb.s*! to
1,000 kb.s"1 and/or a carrier frequency in the range of 30
MHz to 2,000 MHz. 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 kb.s™! and/or
a carrier frequency greater than 2 GHz.

[0055] Once the implant sensor data from the implant
sensor(s) 18, 66, 86,402 has been transmitted, the algo-
rithm 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 trans-
mit 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 exer-
cise 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.

[0056] Referring back to process step 502, in some
embodiments, the algorithm 500 also advances to proc-
ess 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 sequential order or con-
temporaneously with each other once a power 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 transmitter circuitry 20, 60, 80, 414 and/or processor
406, depending on the embodiment, may be pro-
grammed or otherwise configured to transmit or not trans-
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mit the stored implant sensor data. Additionally or alter-
natively, the transmitter circuitry 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.

[0057] 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 re-
ceived or is still being received from the power coil 64,
84, 410. If, however, the transmitter circuitry 24, 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 subse-
quently transmitted to the antenna 24 in process step
512. Once the retrieved implant sensor data has been
transmitted to the antenna 24, 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.

[0058] Referring back to process step 514, the ortho-
paedic implant 12 also determines if any programming
data is available in some embodiments. In such embod-
iments, the transmitter 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 proc-
ess step 502 in which the transmitter circuitry 20, 60, 80,
414 determines if another power signal has been re-
ceived 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 program-
ming data is available, the algorithm 500 advances to
process step 516. In process step 516, the orthopaedic
implant 12 receives programming data from the controller
16 via the antenna 24. Subsequently, in process step
518, the transmitter circuitry 20, 60, 80, 414 and/or proc-
essor 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 embodi-
ments in which the orthopaedie 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 circuit400 such
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that the implant sensor data from any one or more implant
sensors 402 may be monitored.

[0059] 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 exercise machine 14 is inductively
coupled with the secondary 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 communica-
tion link 28 to thereby energize the coil 22. In response,
the primary coil 22 generates the electromagnetic field
48, which is received by the secondary coil (e.g., the pow-
er coil 64 or the power/antenna coil 84) of the orthopaedic
implant 12. It should be appreciated that the controller
16 may be configured to continuously energize the pri-
mary coil 22, periodically energize the primary coil 22, or
selectively 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 presence of the patient. In such embodi-
ments, the pressure, motion, or other sensor output is
transmitted to the controller 16 and, in response, the con-
troller 16 transmits the power signal to the primary coil
22.Inthis way, the primary coil 22 is only energized when
a patient is operating or in the vicinity of the patient ex-
ercise machine 14.

[0060] Once the power signal has been transmitted to
the power coil 22, the controller 16 determines if any im-
plant 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 in which
the controller 16 continuously, periodically, or selectively
transmits the power signal to the primary coil 22. How-
ever, if implant sensor data is being transmitted by the
orthopaedic implant 12, the algorithm 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 communi-
cation links 26.

[0061] Once the implant sensor data has been re-
ceived 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 exam-
ple, in some embodiments, the controller 16 may be con-
figured to determine a graph or chartbased on the implant
sensor data received from the orthopaedic implant sen-
sor 12 and display the graph or chart to the healthcare
provider on the display device 34.

[0062] Once the implant sensor has been displayed to
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the healthcare provider in process step 608, the controller
16 determines if the healthcare provider desires to record
the implant sensor data in process step 610. The health-
care 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. Alternatively, 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 im-
plant sensor 12 is temporarily stored in the memory de-
vice 32 or other storage location (e.g., hard drive, floppy
disk, portable memory device, etc.) of the controller 16.
Theimplant sensor data may be recorded for use in many
different applications such as, for example, for calculating
or determining other data such as a graph or chart of
implant data received over a predetermined period of
time or as temporary storage.

[0063] Once the implant sensor data has been record-
ed 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 deter-
mines if the healthcare provider desires to store the im-
plant 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 configured to always store the implant 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 pa-
tient 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 sur-
gery 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 proc-
ess step 614, the algorithm 600 loops back to process
step 602 in which the controller 16 is configured to trans-
mit the power signal to the primary coil 22.

[0064] Referring back to process step 602, the control-
ler 16 is also configured to determine if the orthopaedic
healthcare provider 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
in which the controller 16 continuously, periodically, or
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selectively transmits the power signal to the primary coil
22. However, if controller 16 determines that the ortho-
paedic healthcare provider desires to program the ortho-
paedic implant 12 in process step 620, the algorithm 600
proceeds to process step 622. In process step 622, the
orthopaedic healthcare provider supplies the program-
ming data to the controller 16. The orthopaedic health-
care provider may supply the programming data via man-
ually typing in the data or otherwise operating the con-
troller 16 such that the programming data is transmitted
to the orthopaedic implant 12 via the antenna 24. Once
the orthopaedic healthcare provider has entered or oth-
erwise supplied the programming data via the controller
16, the programming data is transmitted to the orthopae-
dic 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 se-
lected by the orthopaedic healthcare provider. In this
way, the orthopaedic healthcare provider may individu-
ally monitor each of the orthopaedic implant sensors 402
while the patient is exercising on the patient excise ma-
chine 14.

Claims

1. Asystem for monitoring implant sensor data, the sys-
tem comprising:

an orthopaedic implant;

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

a transmitter coupled to the orthopaedic implant
and electrically coupled to the sensor, the trans-
mitter being configured to wirelessly transmit the
implant sensor data at a data rate of less than
100 kb.s™";

a patient exercise machine;

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

a controller electrically coupled to the loop an-
tenna and configured to display indicia of the
implant sensor data on a display device.

2. Thesystem ofclaim 1, in which the sensoris asensor
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, in which the transmitter is
configured to transmit the implant sensor data using
a predetermined carrier frequency of lower than 30
kHz.

4. The system of claim 1, in which the patient exercise
machine is an exercise machine selected from the
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group consisting of: a treadmill, a stairstepper ma-
chine, a stationary bicycle, an elliptical trainer, a row-
ing machine, and a ski machine.

5. The system of claim 1, in which tbe controller is con-
figured to record the implant sensor data.

6. The system of claim 1, in which the controller is con-
figured to transmit the implant sensor data to a da-
tabase over a network and store the implant sensor
data in the database.

7. The system of claim 1, which includes:

a secondary coil coupled to the orthopaedic im-
plant; and

a primary coil electrically coupled to the control-
ler,

in which the transmitter is 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.

8. The system of claim 1, in which:

(i) the transmitter forms a portion of a transceiv-
er,

(i) the controller is configured to transmit pro-
gramming data to the transceiver; and

(iii) the transceiver is configured to transmit im-
plant sensor data from one of a number of im-
plant sensors selected based on the program-
ming data.

9. Asystemformonitoringimplant sensordata, the sys-
tem comprising:

an orthopaedic implant;

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

a transmitter coupled to the orthopaedic implant
and electrically coupled to the sensor, the trans-
mitter being configured to wirelessly transmit the
implant sensor data at a data rate in the range
of 100 kb.s™1 to 1,000 kb.s;

a patient exercise machine;

a monopole antenna coupled to the patient ex-
ercise machine and configured to receive the
implant sensor data; and

a controller electrically coupled to the monopole
antenna and configured to display indicia of the
implant sensor data on a display device.

10. Thesystemofclaim9,inwhichthe sensoris asensor
selected from the group consisting of: a pressure
sensor, a load sensor, a temperature sensor, and a



11.

12.

13.

14,

15.

16.

17.

23
hall-effect sensor.

The system of claim 9, in which the transmitter is
configured to transmit the implant sensor data using
a predetermined carrier frequency in the range of 30
MHz to 2,000 MHz.

The system of claim 9, in which the patient exercise
machine is a exercise machine selected from the
group consisting of: a treadmill, a stairstepper ma-
chine, a stationary bicycle, an elliptical trainer, a row-
ing machine, and a ski machine.

The system of claim 9. in which the monopole an-
tennais an antenna selected from the group consist-
ing of: a quarter-wave monopole antenna, a half-
wave monopole antenna, and a five-eighths-wave
monopole antenna.

The system of claim 9, in which the controller is con-
figured to transmit the implant sensor data to a da-
tabase over a network and store the implant sensor
data in the database.

The system of claim 9, further comprising:

a secondary coil coupled to the orthopaedic im-
plant; and

a primary coil electrically coupled to the control-
ler,

in which the transmitter is electrical 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.

The system of claim 9, in which:

(i) the transmitter forms a portion of a transceiv-
er;

(ii) the controller is configured to transmit pro-
gramming data to the transceiver; and

(iii) the transceiver is configured to transmit im-
plant sensor data from one of a number of im-
plant sensors selected based on the program-
ming data.

A system for monitoring implant sensor data, the sys-
tem comprising:

an orthopaedic implant;

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

a transmitter coupled to the orthopaedic implant
and electrically coupled to the sensor, the trans-
mitter being configured to wirelessly transmit the
implant sensor data at a data rate greater than
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18.

19.

20.

21,

22,

23.

24

1,000 kb.s™1;

a patient exercise machine;

a patch antenna coupled to the patient exercise
machine and configured to receive the implant
sensor data; and

a controller electrically coupled to the patch an-
tenna and configured to display indicia of the
implant sensor data on a display device.

The system of claim 17, in which the sensor is a
sensor selected from the group consisting of: a pres-
sure sensor, a load sensor, a temperature sensor,
and a hall-effect sensor.

The system of claim 17, in which the transmitter is
configured to transmit the implant sensor data using
a predetermined carrier frequency greater than 2
GHz.

The system of claim 17, in which the patient exercise
machine is a exercise machine selected from the
group consisting of: a treadmill, a stairstepper ma-
chine, a stationary bicycle, an elliptical trainer, a row-
ing machine, and a ski machine.

The system of claim 17, in which the controller is
configured to transmit the implant sensor data to a
database over a network and store the implant sen-
sor data in the database.

The system of claim 17, which comprises:

a secondary coil coupled to the orthopaedic im-
plant; and

a primary coil electrically coupled to the control-
ler,

in which the transmitter is 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.

The system of claim 17, in which:

(i) the transmitter forms a portion of a transceiv-
er,

(i) the controller is configured to transmit pro-
gramming data to the transceiver; and

(iii) the transceiver is configured to transmit im-
plant sensor data from one of a number of im-
plant sensors selected based on the program-
ming data.
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