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(57) ABSTRACT 

A sensing insert device (100) is disclosed for measuring a 
parameter of the muscular- skeletal system. The sensing insert 
device (100) can be temporary or permanent. Used intra 
operatively, the sensing insert device (100) comprises an 
insert dock 202 and a sensing module 200. The sensing mod 
ule (200) is a self-contained encapsulated measurement 
device having at least one contacting surface that couples to 
the muscular-skeletal system. The sensing module (200) 
comprises one or more sensors (303), electronic circuitry 
(307), a capacitor (1410), and communication circuitry (320). 
The electronic circuitry (3 07) operatively couples to the one 
or more sensors (303) to measure the parameter. A transmitter 
(309) transmits parameter measurements. The capacitor 
(1410) can store su?icient charge to poWer the sensing mod 
ule (200) for a total joint reconstruction operation. Energy is 
Wirelessly coupled to an induction coil (1404) thereby gen 
erating a poWer signal that provides charge to the capacitor 
(1410). 
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WIRELESS POWER MODULATION 
TELEMETRY FOR MEASURING A 

PARAMETER OF THE 
MUSCULAR-SKELETAL SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the priority bene?t of US. 
provisional patent applications No. 61/221,761, 61/221,767, 
61/221,779, 61/221,788, 61/221,793, 61/221,801, 61/221, 
808, 61/221,817, 61/221,867, 61/221,874, 61/221,879, 
61/221,881, 61/221,886, 61/221,889, 61/221,894, 61/221, 
901, 61/221,909, 61/221,916, 61/221,923, and61/221,929 all 
?led 30 Jun. 2009; the disclosures of Which are hereby incor 
porated herein by reference in their entirety. 

FIELD 

[0002] The present relates generally to the communication 
of data, and more particularly, but not exclusively, to secure 
communication of data and measurements in real-time. 

BACKGROUND 

[0003] The skeletal system of a mammal is subject to varia 
tions among species. Further changes can occur due to envi 
ronmental factors, degradation through use, and aging. An 
orthopedic joint of the skeletal system typically comprises 
tWo or more bones that move in relation to one another. 

Movement is enabled by muscle tissue and tendons attached 
to the skeletal system of the joint. Ligaments hold and stabi 
liZe the one or more joint bones positionally. Cartilage is a 
Wear surface that prevents bone-to-bone contact, distributes 
load, and loWers friction. 
[0004] There has been substantial groWth in the repair of 
the human skeletal system. In general, orthopedic joints have 
evolvedusing information from simulations, mechanical pro 
totypes, and patient data that is collected and used to initiate 
improved designs. Similarly, the tools being used for ortho 
pedic surgery have been re?ned over the years but have not 
changed substantially. Thus, the basic procedure for replace 
ment of an orthopedic joint has been standardized to meet the 
general needs of a Wide distribution of the population. 
Although the tools, procedure, and arti?cial joint meet a 
general need, each replacement procedure is subject to sig 
ni?cant variation from patient to patient. The correction of 
these individual variations relies on the skill of the surgeon to 
adapt and ?t the replacement joint using the available tools to 
the speci?c circumstance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Various features of the system are set forth With 
particularity in the appended claims. The embodiments 
herein, can be understood by reference to the folloWing 
description, taken in conjunction With the accompanying 
draWings, in Which: 
[0006] FIG. 1 is an illustration of an application of sensing 
insert device in accordance With an exemplary embodiment; 
[0007] FIG. 2 is an illustration of a sensing insert device 
placed in a joint of the muscular-skeletal system for measur 
ing a parameter in accordance With an exemplary embodi 
ment; 
[0008] FIG. 3 is a perspective vieW of a medical sensing 
platform comprising an encapsulating enclosure in accor 
dance With one embodiment; 
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[0009] FIG. 4 is a perspective vieW of a medical sensing 
device suitable for use as a bi-compartmental implant and 
comprising an encapsulating enclosure in accordance With 
one embodiment; 
[0010] FIG. 5 is an exemplary block diagram of the com 
ponents of the sensing module in accordance With an exem 
plary embodiment; 
[0011] FIG. 6 is a diagram of an exemplary communica 
tions system for short-range telemetry according to one 
embodiment; 
[0012] FIG. 7 is an illustration of a block model diagram of 
the sensing module in accordance With an exemplary embodi 
ment; 
[0013] FIG. 8 is an exemplary assemblage that illustrates 
propagation of ultrasound Waves Within the Waveguide in the 
bi-directional mode of operation of this assemblage in accor 
dance With one embodiment; 
[0014] FIG. 9 is an exemplary cross-sectional vieW of an 
ultrasound Waveguide to illustrate changes in the propagation 
of ultrasound Waves With changes in the length of the 
Waveguide in accordance With one embodiment; 
[0015] FIG. 10 is an exemplary block diagram ofa propa 
gation tuned oscillator (PTO) to maintain positive closed 
loop feedback in accordance With an exemplary embodiment; 
[0016] FIG. 11 is a cross-sectional vieW ofa layout archi 
tecture of the sensing module in accordance With an exem 
plary embodiment; 
[0017] FIG. 12 is a simpli?ed cross-sectional vieW of an 
embodiment of the load sensing platform in accordance With 
an exemplary embodiment; 
[0018] FIG. 13 is an illustration of an exemplary data 
packet containing sensor data; and 
[0019] FIG. 14 is an exemplary block diagram schematic of 
a compact loW-poWer energy source integrated into an exem 
plary electronic assembly of the sensing module in accor 
dance With one embodiment. 

DETAILED DESCRIPTION 

[0020] Embodiments of the invention are broadly directed 
to measurement of physical parameters. Many physical 
parameters of interest Within physical systems or bodies can 
be measured by evaluating changes in the characteristics of 
energy Waves or pulses. As one example, changes in the 
transit time or shape of an energy Wave or pulse propagating 
through a changing medium can be measured to determine 
the forces acting on the medium and causing the changes. The 
propagation velocity of the energy Waves or pulses in the 
medium is affected by physical changes in of the medium. 
The physical parameter or parameters of interest can include, 
but are not limited to, measurement of load, force, pressure, 
displacement, density, viscosity, localiZed temperature. 
These parameters can be evaluated by measuring changes in 
the propagation time of energy pulses or Waves relative to 
orientation, alignment, direction, or position as Well as move 
ment, rotation, or acceleration along an axis or combination 
of axes by Wireless sensing modules or devices positioned on 
or Within a body, instrument, appliance, vehicle, equipment, 
or other physical system. 
[0021] In all of the examples illustrated and discussed 
herein, any speci?c materials, temperatures, times, energies, 
etc. for process steps or speci?c structure implementations 
should be interpreted to illustrative only and non-limiting. 
Processes, techniques, apparatus, and materials as knoWn by 
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one of ordinary skill in the art may not be discussed in detail 
but are intended to be part of an enabling description Where 
appropriate. 
[0022] Note that similar reference numerals and letters 
refer to similar items in the following ?gures. In some cases, 
numbers from prior illustrations Will not be placed on subse 
quent ?gures for purposes of clarity. In general, it should be 
assumed that structures not identi?ed in a ?gure are the same 
as previous prior ?gures. 
[0023] In the present invention these parameters are mea 
sured With an integrated Wireless sensing module or device 
comprising an i) encapsulating structure that supports sensors 
and contacting surfaces and ii) an electronic assemblage that 
integrates a poWer supply, sensing elements, ultrasound reso 
nator or resonators or transducer or transducers and ultra 

sound Waveguide or Waveguides, biasing spring or springs or 
other form of elastic members, an accelerometer, antennas 
and electronic circuitry that processes measurement data as 
Well as controls all operations of energy conversion, propa 
gation, and detection and Wireless communications. The 
Wireless sensing module or device can be positioned on or 
Within, or engaged With, or attached or af?xed to or Within, a 
Wide range of physical systems including, but not limited to 
instruments, appliances, vehicles, equipments, or other 
physical systems as Well as animal and human bodies, for 
sensing and communicating parameters of interest in real 
time. 
[0024] FIG. 1 is an illustration of an application of sensing 
insert device 100 in accordance With an exemplary embodi 
ment. The illustration shoWs the device 100 measuring a 
force, pressure, or load applied by the muscular-skeletal sys 
tem. The insert device 100 includes a compact loW-poWer 
energy source 117. By Way of the compact loW-poWer energy 
source 117 and associated integrated electronics, the load 
sensor insert device 100 can transmit measured load data to a 
receiver for permitting visualization of the level and distribu 
tion of load at various points on the prosthetic components. 
This can aid the surgeon in making any adjustments needed to 
achieve optimal joint balancing. 
[0025] In general, device 100 has at least one contacting 
surface that couples to the muscular-skeletal system. As 
shoWn, a ?rst and a second contacting surface respectively 
couple to a femoral prosthetic component 104 and a tibial 
prosthetic component 106. Device 100 is designed to be used 
in the normal How of an orthopedic surgical procedure With 
out special procedures, equipment, or components. Typically, 
one or more natural components of the muscular-skeletal 
system are replaced When joint functionality substantially 
reduces a patient quality of life. A joint replacement is a 
common procedure in later life because it is prone to Wear 
over time, can be damaged during physical activity, or by 
accident. 
[0026] A joint of the muscular-skeletal system provides 
movement of bones in relation to one another that can com 
prise angular and rotational motion. The joint can be sub 
jected to loading and torque throughout the range of motion. 
The joint typically comprises tWo bones that move in relation 
to one another With a loW friction ?exible connective tissue 
such as cartilage betWeen the bones. The joint also generates 
a natural lubricant that Works in conjunction With the cartilage 
to aid in ease of movement. Sensing insert device 100 mimics 
the natural structure betWeen the bones of the joint. Insert 
device 100 has a contacting surface on Which a bone or a 
prosthetic component can moveably couple. A knee joint is 
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disclosed for illustrative purposes but sensing insert device 
100 is applicable to other joints of the muscular-skeletal 
system. For example, the hip, spine, and shoulder have similar 
structures comprising tWo or more bones that move in relation 
to one another. In general, insert device 100 can be used 
betWeen tWo or more bones alloWing movement of the bones 
during measurement or maintaining the bones in a ?xed posi 
tion. 
[0027] The load sensor insert device 100 and the receiver 
station 110 forms a communication system for conveying 
data via secure Wireless transmission Within a broadcasting 
range over short distances on the order of a feW meters to 
protect against any form of unauthorized or accidental query. 
In one embodiment, the transmission range is ?ve meters or 
less Which is approximately a dimension of an operating 
room. In practice, it can be a shorter distance 1-2 meters to 
transmit to a display outside the sterile ?eld. The transmit 
distance Will be even shorter When device 100 is used in a 
prosthetic implanted component. Transmission occurs 
through the skin of the patient and is likely limited to less than 
0.5 meters. A combination of cyclic redundancy checks and a 
high repetition rate of transmission during data capture per 
mits discarding of corrupted data Without materially affecting 
display of data 
[0028] In the illustration, a surgical procedure is performed 
to place a femoral prosthetic component 104 onto a prepared 
distal end of the femur 102. Similarly, a tibial prosthetic 
component 106 is placed to a prepared proximal end of the 
tibia 108. The tibial prosthetic component 106 can be a tray or 
plate af?xed to a planariZed proximal end of the tibia 108. The 
sensing insert device 100 is a third prosthetic component that 
is placed betWeen the plate of the tibial prosthetic component 
106 and the femoral prosthetic component 104. The three 
prosthetic components enable the prostheses to emulate the 
functioning of a natural knee joint. In one embodiment, sens 
ing insert device 100 is used during surgery and replaced With 
a ?nal insert after quantitative measurements are taken to 
ensure optimal ?t, balance, and loading of the prosthesis. 
[0029] In one embodiment, sensing insert device 100 is a 
mechanical replica of a ?nal insert. In other Words, sensing 
insert device 100 has substantially equal dimensions to the 
?nal insert. The substantially equal dimensions ensure that 
the ?nal insert When placed in the reconstructed joint Will 
have similar loading and balance as that measured by sensing 
insert device 100 during the trial phase of the surgery. More 
over, passive trial inserts are commonly used during surgery 
to determine the appropriate ?nal insert. Thus, the procedure 
remains the same. It can measure loads at various points (or 
locations) on the femoral prosthetic component 104 and 
transmit the measured data to a receiving station 110 by Way 
of an integrated loop antenna. The receiving station 110 can 
include data processing, storage, or display, or combination 
thereof and provide real time graphical representation of the 
level and distribution of the load. 
[0030] As one example, the sensing insert device 100 can 
measure forces (Fx, Fy, and P2) With corresponding locations 
and torques (e.g. Tx, Ty, and T2) on the femoral prosthetic 
component 104 and the tibial prosthetic component 106. It 
can then transmit this data to the receiving station 110 to 
provide real-time visualization for assisting the surgeon in 
identifying any adjustments needed to achieve optimal joint 
balancing. 
[0031] In a further example, an external Wireless energy 
source 125 can be placed in proximity to the medical sensing 
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device 100 to initiate a Wireless power recharging operation. 
As an example, the external Wireless energy source 125 gen 
erates energy transmissions that are Wirelessly directed to the 
medical sensing device 100 and received as energy Waves via 
resonant inductive coupling. The external Wireless energy 
source 125 can modulate a poWer signal generating the 
energy transmissions to convey doWnlink data that is then 
demodulated from the energy Waves at the medical sensing 
device 100. As described above, the sensing insert device 100 
is a sensing insert device 100 suitable for use in knee joint 
replacement surgery. The external Wireless energy source 125 
can be used to poWer the sensing insert device 100 during the 
surgical procedure or thereafter When the surgery is complete 
and the sensing insert device 100 is implanted for long-term 
use. The method can also be used to provide poWer and 
communication Where the sensing insert device 100 is in a 
?nal insert that is part of the ?nal prosthesis implanted in the 
patient. 
[0032] In one system embodiment, the sensing insert 
device 100 transmits measured parameter data to a receiver 
110 via one-Way data communication over the up-link chan 
nel for permitting visualiZation of the level and distribution of 
the parameter at various points on the prosthetic components. 
This, combined With cyclic redundancy check error checking, 
provides high security and protection against any form of 
unauthoriZed or accidental interference With a minimum of 
added circuitry and components. This can aid the surgeon in 
making any adjustments needed to optimiZe the installation. 
In addition to transmitting one-Way data communications 
over the up -link channel to the receiver station 110, the sens 
ing insert device 100 can receive doWnlink data from the 
external Wireless energy source 125 during the Wireless 
poWer recharging operation. The doWnlink data can include 
component information, such as a serial number, or control 
information, for controlling operation of the sensing insert 
device 100. This data can then be uploaded to the receiving 
system 110 upon request via the one-Way up-link channel, in 
effect providing tWo-Way data communications over separate 
channels. 

[0033] Separating uplink and doWnlink telemetry elimi 
nates the need for transmit-receive circuitry Within the sens 
ing insert device 100. TWo unidirectional telemetry channels 
operating on different frequencies or With different forms of 
energy enables simultaneous up and doWnlink telemetry. 
Modulating energy emissions from the external Wireless 
energy source 125 as a carrier for instructions achieves these 
bene?ts With a minimum of additional circuitry and compo 
nents by leveraging existing circuitry and antenna, induction 
loop, or pieZoelectric components on the load sensor insert 
device 100. The frequencies of operation of the up and doWn 
link telemetry channels can also be selected and optimiZed to 
interface With other devices, instruments, or equipment as 
needed. Separating uplink and doWnlink telemetry also 
enables addition of doWnlink telemetry Without altering or 
upgrading existing chip-set telemetry for the one-Way trans 
mit. That is, existing chip-set telemetry can be used for encod 
ing and packaging data and error checking Without modi?ca 
tion, yet remain communicatively coupled to the separate 
Wireless poWer doWn-link telemetry operation for doWnload 
operations herein contemplated. 
[0034] As shoWn, the Wireless energy source 125 can 
include a poWer supply 126, a modulation circuit 127, and a 
data input 128. The poWer supply 126 can be a battery, a 
charging device, a capacitor, a poWer connection, or other 
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energy source for generating Wireless poWer signals to poWer 
the sensing insert device 100. The external Wireless energy 
source can transmit energy in the form of, but not limited to, 
electromagnetic induction, or other electromagnetic or ultra 
sound emissions. In at least one exemplary embodiment, the 
Wireless energy source 125 includes a coil to electromagneti 
cally couple With an induction coil in sensing device 100 
When placed in close proximity. The data input 128 can be a 
user interface component (e.g., keyboard, keypad, or touch 
screen) that receives input information (e. g., serial number, 
control codes) to be doWnloaded to the load sensor insert 
device 100. The data input 128 can also be an interface or port 
to receive the input information from another data source, 
such as from a computer via a Wired or Wireless connection 

(e.g., USB, IEEE802.16, etc.). The modulation circuitry 127 
can modulate the input information onto the poWer signals 
generated by the poWer supply 126. 
[0035] FIG. 2 is an illustration of a sensing insert device 
100 placed in a joint of the muscular-skeletal system for 
measuring a parameter in accordance With an exemplary 
embodiment. In particular, sensing insert device 100 is placed 
in contact betWeen a femur 102 and a tibia 108 for measuring 
a parameter. In the example, a force, pressure, or load is being 
measured. The device 100 in this example can intra-opera 
tively assess a load on prosthetic components during the 
surgical procedure. As mentioned previously, sensing insert 
device 100 collects data for real-time vieWing of the load 
forces over various applied loads and angles of ?exion. It can 
measure the level and distribution of load at various points on 
the prosthetic component and transmit the measured load data 
by Way data communication to a receiver station 110 for 
permitting visualiZation. This can aid the surgeon in making 
any adjustments needed to achieve optimal joint balancing. 
[0036] A proximal end of tibia 108 is prepared to receive 
tibial prosthetic component 106. Tibial prosthetic component 
106 is a support structure that is fastened to the proximal end 
of the tibia and is usually made of a metal or metal alloy. The 
tibial prosthetic component 106 also retains the insert in a 
?xed position With respect to tibia 108. Similarly, a distal end 
of femur 102 is prepared to receive femoral prosthetic com 
ponent 104. The femoral prosthetic component 104 is gener 
ally shaped to have an outer condylar articulating surface. The 
preparation of femur 102 and tibia 108 is aligned to the 
mechanical axis of the leg. The sensing insert device 100 
provides a concave or ?at surface against Which the outer 
condylar articulating surface of the femoral prosthetic com 
ponent 104 rides relative to the tibia prosthetic component 
106. In particular, the top surface of the sensing module 200 
faces the condylar articulating surface of the femoral pros 
thetic component 104, and the bottom surface of the insert 
dock 202 faces the top surface of the tibial prosthetic compo 
nent 106. 

[0037] A ?nal insert is subsequently ?tted betWeen femoral 
prosthetic component 104 and tibial prosthetic component 
106 that has a bearing surface that couples to femoral com 
ponent 104 alloWing the leg a natural range of motion. The 
?nal insert is has a Wear surface that is typically made of a loW 
friction polymer material. Ideally, the prosthesis has an 
appropriate loading, alignment, and balance that mimics the 
natural leg and maximiZes the life of the arti?cial compo 
nents. It should be noted that sensing module 200 can be 
placed a ?nal insert and operated similarly as disclosed 
herein. The sensing module 200 can be used to periodically 
monitor status of the permanent joint. 
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[0038] The sensing insert device 100 is used to measure, 
adjust, and test the reconstructed joint prior to installing the 
?nal insert. As mentioned previously, the sensing insert 
device 100 is placed betWeen the femur 102 and tibia 108. The 
condyle surface of femoral component 104 contacts a major 
surface of device 100. The major surface of device 100 
approximates a surface of a ?nal insert. Tibial prosthetic 
component 106 can include a cavity or tray on the major 
surface that receives and retains an insert dock 202 and a 
sensing module 200 during a measurement process. It should 
be noted that sensing insert device 100 is coupled to and 
provides measurement data in conjunction With other 
implanted prosthetic components. In other Words, the pros 
thetic components are the permanent installed components of 
the patient. 
[0039] Insert dock 202 is provided in different siZes and 
shapes. Insert dock 202 can comprise many different siZes 
and shapes to interface appropriately With different manufac 
turer prosthetic components. Prosthetic components are 
made in different siZes to accommodate anatomical differ 
ences over a Wide population range. Insert dock 202 is 
designed for different prosthetic siZes Within the same manu 
facturer. In at least one embodiment, multiple docks of dif 
ferent dimensions are provided for a surgery. For example, the 
thickness of the ?nal insert is determined by the surgical cuts 
to the muscular-skeletal system and measurements provided 
by sensing module 200. The surgeon may try tWo insert docks 
202 of different thicknesses before making a ?nal decision. In 
one embodiment, sensing insert device 100 selected by the 
surgeon has substantially equal dimensions to the ?nal insert 
used. In general, insert dock 202 alloWs standardization on a 
single sensing module 200 for different prosthetic platforms. 
Thus, the sensing module 200 is common to the different 
insert docks 202 alloWing improved quality, reliability, and 
performance. 
[0040] In one embodiment, one or more insert docks 202 
are used to determine an appropriate thickness that yields an 
optimal loading. In general, the absolute loading over the 
range of motion is kept Within a predetermined range. Soft 
tissue tensioning can be used to adjust the absolute loading. 
The knee balance can also be adjusted Within a predetermined 
range if a total knee reconstruction is being performed and a 
sensing module 202 is used in each compartment. Tibial 
prosthetic component 106 and device 100 have a combined 
thickness that represents a combined thickness of tibial pros 
thetic component 106 and a ?nal (or chronic) insert of the 
knee joint. Thus, the ?nal insert thickness or depth is chosen 
based on the trial performed using device 100. Typically, the 
?nal insert thickness is identical to the device 100 to maintain 
the measured loading and balance. In one embodiment, sens 
ing module 200 and insert docks 202 are disposed of after 
surgery. Alternatively, the sensing module 200 and insert 
docks 202 can be cleaned, sterilized, and packaged for reuse. 
[0041] The prosthesis incorporating device 100 emulates 
the function of a natural knee joint. Device 100 can measure 
loads or other parameters at various points throughout the 
range of motion. Data from device 100 is transmitted to a 
receiving station 110 via Wired or Wireless communications. 
In a ?rst embodiment, device 100 is a disposable system. 
Device 100 can be disposed of after using the sensing insert 
device 100 to optimally ?t the joint implant. Device 100 is a 
loW cost disposable system that reduces capital costs, oper 
ating costs, facilitates rapid adoption of quantitative measure 
ment, and initiates evidentiary based orthopedic medicine. In 
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a second embodiment, a methodology can be put in place to 
clean and steriliZe device 100 for reuse. In a third embodi 
ment, device 100 can be incorporated in a tool instead of 
being a component of the replacement joint. The tool can be 
disposable or be cleaned and steriliZed for reuse. In a fourth 
embodiment, device 100 can be a permanent component of 
the replacement joint. Device 100 can be used to provide both 
short term and long term po st-operative data on the implanted 
joint. In a ?fth embodiment, device 100 can be coupled to the 
muscular-skeletal system. In all of the embodiments, receiv 
ing station 110 can include data processing, storage, or dis 
play, or combination thereof and provide real time graphical 
representation of the level and distribution of the load. 
Receiving station 110 can record and provide accounting 
information of device 100 to an appropriate authority. 

[0042] The sensing insert device 100, in one embodiment, 
comprises a load sensing platform 121, an accelerometer 122, 
and sensing assemblies 123. This permits the sensing device 
100 to assess a total load on the prosthetic components When 
it is being moved. The system accounts for forces due to 
gravity and motion. In one embodiment, load sensing plat 
form 121 includes tWo or more load bearing surfaces, at least 
one energy transducer, at least one compressible energy 
propagating structure, and at least one member for elastic 
support. The accelerometer 122 can measure acceleration. 
Acceleration can occur When the sensing device 100 is moved 
or put in motion. Accelerometer 122 can sense orientation, 
vibration, and impact. In another embodiment, the femoral 
component 104 can similarly include an accelerometer 135, 
Which by Way of a communication interface to the sensing 
insert device 100, can provide reference position and accel 
eration data to determine an exact angular relationship 
betWeen the femur and tibia. The sensing assemblies 123 can 
reveal changes in length or compression of the energy propa 
gating structure or structures by Way of the energy transducer 
or transducers. Together the load sensing platform 121, accel 
erometer 122 (and in certain cases accelerometer 135), and 
sensing assemblies 123 measure force or pressure external to 
the load sensing platform 121 or displacement produced by 
contact With the prosthetic components. 

[0043] In at least one exemplary embodiment, an energy 
pulse is directed Within one or more Waveguides in device 100 
by Way of pulse mode operations and pulse shaping. The 
Waveguide is a conduit that directs the energy pulse in a 
predetermined direction. The energy pulse is typically con 
?ned Within the Waveguide. In one embodiment, the 
Waveguide comprises a polymer material. For example, ure 
thane or polyethylene are polymers suitable for forming a 
Waveguide. The polymer Waveguide can be compressed and 
has little or no hysteresis in the system. Alternatively, the 
energy pulse can be directed through the muscular-skeletal 
system. In one embodiment, the energy pulse is directed 
through bone of the muscular-skeletal system to measure 
bone density. A transit time of an energy pulse is related to the 
material properties of a medium through Which it traverses. 
This relationship is used to generate accurate measurements 
of parameters such as distance, Weight, strain, pressure, Wear, 
vibration, viscosity, and density to name but a feW. 

[0044] Incorporating data from the accelerometer 122 With 
data from the other sensing components 121 and 123 assures 
accurate measurement of the applied load, force, pressure, or 
displacement by enabling computation of adjustments to off 
set this external motion. This capability can be required in 
situations Wherein the body, instrument, appliance, vehicle, 
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equipment, or other physical system, is itself operating or 
moving during sensing of load, pressure, or displacement. 
This capability can also be required in situations Wherein the 
body, instrument, appliance, vehicle, equipment, or other 
physical system, is causing the portion of the body, instru 
ment, appliance, vehicle, equipment, or other physical system 
being measured to be in motion during sensing of load, pres 
sure, or displacement. 
[0045] The accelerometer 122 can operate singly, as an 
integrated unit With the load sensing platform 121, and/or as 
an integrated unit With the sensing assemblies 123. Integrat 
ing one or more accelerometers 122 Within the sensing 
assemblages 123 to determine position, attitude, movement, 
or acceleration of sensing assemblages 123 enables augmen 
tation of presentation of data to accurately identify, but not 
limited to, orientation or spatial distribution of load, force, 
pressure, displacement, density, or viscosity, or localiZed 
temperature by controlling the load and position sensing 
assemblages to measure the parameter or parameters of inter 
est relative to speci?c orientation, alignment, direction, or 
position as Well as movement, rotation, or acceleration along 
any axis or combination of axes. Measurement of the param 
eter or parameters of interest may also be made relative to the 
earth’s surface and thus enable computation and presentation 
of spatial distributions of the measured parameter or param 
eters relative to this frame of reference. 

[0046] In one embodiment, the accelerometer 122 includes 
direct current (DC) sensitivity to measure static gravitational 
pull With load and position sensing assemblages to enable 
capture of, but not limited to, distributions of load, force, 
pressure, displacement, movement, rotation, or acceleration 
by controlling the sensing assemblages to measure the param 
eter or parameters of interest relative to orientations With 
respect to the earths surface or center and thus enable com 
putation and presentation of spatial distributions of the mea 
sured parameter or parameters relative to this frame of refer 
ence. 

[0047] Embodiments of device 100 are broadly directed to 
measurement of physical parameters, and more particularly, 
to evaluating changes in the transit time of a pulsed energy 
Wave propagating through a medium. In-situ measurements 
during orthopedic joint implant surgery Would be of substan 
tial bene?t to verify an implant is in balance and under appro 
priate loading or tension. In one embodiment, the instrument 
is similar to and operates familiarly With other instruments 
currently used by surgeons. This Will increase acceptance and 
reduce the adoption cycle for a neW technology. The measure 
ments Will alloW the surgeon to ensure that the implanted 
components are installed Within predetermined ranges that 
maximize the Working life of the joint prosthesis and reduce 
costly revisions. Providing quantitative measurement and 
asses sment of the procedure using real-time data Will produce 
results that are more consistent. A further issue is that there is 
little or no implant data generated from the implant surgery, 
post-operatively, and long term. Device 100 can provide 
implant status data to the orthopedic manufacturers and sur 
geons. Moreover, data generated by direct measurement of 
the implanted joint itself Would greatly improve the knoWl 
edge of implanted joint operation and joint Wear thereby 
leading to improved design and materials. 
[0048] As mentioned previously, device 100 canbe used for 
other joint surgeries; it is not limited to knee replacement 
implant or implants. Moreover, device 100 is not limited to 
trial measurements. Device 100 can be incorporated into the 
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?nal joint system to provide data post-operatively to deter 
mine if the implanted joint is functioning correctly. Early 
determination of a problem using device 100 can reduce 
catastrophic failure of the joint by bringing aWareness to a 
problem that the patient cannot detect. The problem can often 
be recti?ed With a minimal invasive procedure at loWer cost 
and stress to the patient. Similarly, longer term monitoring of 
the joint can determine Wear or misalignment that if detected 
early can be adjusted for optimal life or replacement of a Wear 
surface With minimal surgery thereby extending the life of the 
implant. In general, device 100 can be shaped such that it can 
be placed or engaged or a?ixed to or Within load bearing 
surfaces used in many orthopedic applications (or used in any 
orthopedic application) related to the musculoskeletal sys 
tem, joints, and tools associated thereWith. Device 100 can 
provide information on a combination of one or more perfor 

mance parameters of interest such as Wear, stress, kinematics, 
kinetics, ?xation strength, ligament balance, anatomical ?t 
and balance. 

[0049] FIG. 3 is a perspective vieW of a medical sensing 
platform comprising an encapsulating enclosure in accor 
dance With one embodiment. In general, parameters of the 
muscular-skeletal system can be measured With a sensing 
module 200 that in one embodiment is an integral part of a 
complete sensing insert device 100. The sensing module 200 
is a self-contained sensor Within an encapsulating enclosure 
that integrates sensing assemblages, an electronic assem 
blage that couples to the sensing assemblages, a poWer 
source, signal processing, and Wireless communication. All 
components required for the measurement are contained in 
the sensing module 200. The sensing module 200 has at least 
one contacting surface for coupling to the muscular-skeletal 
system. A parameter of the muscular-skeletal system is 
applied to the contact surfaces to be measured by the one or 
more sensing assemblages therein. As Will be disclosed in 
further detail herein, the sensing module 200 is part of a 
system that alloWs intra-operative and post-operative sensing 
of a joint of the muscular-skeletal system. More speci?cally, 
sensing module 200 is placed Within a temporary or perma 
nent prosthetic component that has a similar form factor as the 
passive prosthetic component currently being used. This has 
a bene?t of rapid adoption because the sensing platform is 
inserted identically to the commonly used passive component 
but can provide much needed quantitative measurements With 
little or no procedural changes. 

[0050] As shoWn, the sensing insert device 100 comprises 
an insert dock 202 and the sensing module 200. Sensing insert 
device 100 is a non-permanent or temporary measurement 
device that is used intra-operatively to provide quantitative 
data related to the installation of prosthetic components such 
as in joint replacement surgery. The combination of the insert 
dock 202 and sensing module 202 has a form factor substan 
tially equal to a ?nal insert device. The ?nal insert device can 
be a passive component or sensored incorporating sensing 
module 200. The substantially equal form factor of sensing 
insert device 100 results in no extraneous structures in the 
surgical ?eld that can interfere With the procedure. For 
example, a ?nal insert device is designed to mimic the func 
tion of the natural component it is replacing. The ?nal insert 
device alloWs natural movement of the muscular- skeletal sys 
tem and does not interfere With ligaments, tendons, tissue, 
muscles, and other components of the muscular-skeletal sys 
tem. Similarly, sensing insert device 100 alloWs exposure of 
the surgical ?eld around the joint by having the similar form 
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factor as the ?nal insert thereby allowing the surgeon to make 
adjustments during the installation in a natural setting With 
quantitative measurements to support the modi?cations. 
[0051] In one embodiment, insert dock 202 is an adaptor. 
Insert dock 202 is made in different siZes. In general, pros 
thetic components are manufactured in different siZes to 
accommodate variation in the muscular-skeletal system from 
person to person. In the example, the siZe of insert dock 202 
is chosen to mate With the selected prosthetic implant com 
ponents. In particular, a feature 204 aligns With and retains 
insert dock 202 in a ?xed position to a prosthetic or natural 
component of the muscular-skeletal system. The insert dock 
202 is a passive component having an opening for receiving 
sensing module 200. The opening is positioned to place the 
contacting surfaces in a proper orientation to measure the 
parameter When used in conjunction With other prosthetic 
components. The insert dock 202 as an adaptor can be manu 
factured at loW cost. Moreover, insert dock 202 can be formed 
for adapting to different prosthetic manufacturers thereby 
increasing system ?exibility. This alloWs a standard sensing 
module 200 to be provided but customiZed for appropriate 
siZe and dimensions through dock 202 for the speci?c appli 
cation and manufacturer component. 
[0052] The one or more sensing assemblages Within sens 
ing module 200 couple to the contacting surfaces of sensing 
module 200 for receiving the applied parameter of the mus 
cular-skeletal system. In one embodiment, a sensing assem 
blage comprises one or more energy transducers coupled to 
an elastic structure. The elastic structure alloWs the propaga 
tion of energy Waves. The forms of energy propagated 
through the elastic energy propagating structures may 
include, but is not limited to, sound, ultrasound, or electro 
magnetic radiation including radio frequency, infrared, or 
light. A change in the parameter applied to the contacting 
surfaces results in a change a dimension of the elastic struc 
ture. The dimension of the elastic structure can be measured 
precisely using continuous Wave, pulsed, or pulsed echo mea 
surement. The dimension and material properties of the elas 
tic structure have a knoWn relationship to the parameter being 
measured. Thus, the dimension is precisely measured and 
converted to the parameter. Other factors such as movement 
or acceleration can be taken into account in the calculation. 
As an example, a force, pressure, or load applied to the one or 
more contacting surfaces of sensing module 200 is used to 
illustrate a parameter measurement hereinbeloW. It should be 
noted that this is for illustration purposes and that the sensing 
module 200 can be used to measure other parameters. 

[0053] As Will be shoWn ahead, the encapsulating enclo 
sure can serve in a ?rst embodiment as a trial implant for 
orthopedic surgical procedures, namely, for determining load 
forces on prosthetic components and the musculoskeletal 
system. In a second embodiment, the encapsulating enclosure 
can be placed Within a permanent prosthetic component for 
long term monitoring. The encapsulating enclosure supports 
and protects internal mechanical and electronic components 
from external physical, mechanical, chemical, and electrical, 
and electromagnetic intrusion that might compromise sens 
ing or communication operations of the module or device. 
The integration of the internal components is designed to 
minimize adverse physical, mechanical, electrical, and ultra 
sonic interactions that might compromise sensing or commu 
nication operations of the module or device. 

[0054] FIG. 4 is a perspective vieW of a medical sensing 
device suitable for use as a bi-compar‘tmental implant and 
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comprising an encapsulating enclosure in accordance With 
one embodiment. As shoWn, the sensing insert device 100 
comprises tWo sensing modules 200. Each sensing module 
200 is a self-contained encapsulated enclosure that can make 
individual or coordinated parameter measurements. For 
example, the sensing insert device 100 can be used to assess 
load forces on a bi-compartmental knee joint implant. In 
particular, both sensing modules 200 can individually, or in 
combination, report applied loading forces. Bi-compartmen 
tal sensing provides the bene?t of providing quantitative mea 
surement to balance each compartment in relation to one 
another. 

[0055] Similar to that described above, insert dock 202 is an 
adaptor having tWo openings instead of one. Insert dock 202 
can be made in different siZes to accommodated different 
siZed prosthetic components and different manufacturers. 
The insert dock 202 With tWo openings is a passive compo 
nent for receiving tWo separate sensing modules 200. The 
opening is positioned to place the contacting surfaces in a 
proper orientation to measure the parameter When used in 
conjunction With other prosthetic components. In general, 
encapsulated enclosures can be positioned on or Within, or 
engaged With, or attached or a?ixed to or Within, a Wide range 
of physical systems including, but not limited to instruments, 
appliances, vehicles, equipments, or other physical systems 
as Well as animal and human bodies, for sensing and commu 
nicating the parameter or parameters of interest in real time. 
Similar to that described above, insert dock 202 as an adaptor 
can be manufactured at loW cost providing design ?exibility 
and alloWing rapid adoption of quantitative measurement. 
[0056] FIG. 5 is an exemplary block diagram of the com 
ponents of the sensing module 200 in accordance With an 
exemplary embodiment. It should be noted that the sensing 
module could comprise more or less than the number of 
components shoWn. As illustrated, the sensing module 
includes one or more sensing assemblages 303, a transceiver 
320, an energy storage 330, electronic circuitry 307, one or 
more mechanical supports 315 (e.g., springs), and an accel 
erometer 302. In the non-limiting example, an applied com 
pressive force can be measured by the sensing module. 
[0057] The sensing assemblage 303 can be positioned, 
engaged, attached, or a?ixed to the contact surfaces 306. 
Mechanical supports 315 serve to provide properbalancing of 
contact surfaces 306. In at least one exemplary embodiment, 
contact surfaces 306 are load-bearing surfaces. In general, the 
propagation structure 305 is subject to the parameter being 
measured. Surfaces 306 can move and tilt With changes in 
applied load; actions Which can be transferred to the sensing 
assemblages 303 and measured by the electronic circuitry 
307. The electronic circuitry 307 measures physical changes 
in the sensing assemblage 303 to determine parameters of 
interest, for example a level, distribution and direction of 
forces acting on the contact surfaces 306. In general, the 
sensing module is poWered by the energy storage 330. 
[0058] As one example, the sensing assemblage 303 can 
comprise an elastic or compressible propagation structure 
305 betWeen a transducer 304 and a transducer 314. In the 
current example, transducer 304 can be an ultrasound (or 
ultrasonic) resonator, and the elastic or compressible propa 
gation structure 305 can be an ultrasound (or ultrasonic) 
Waveguide (or Waveguides). The electronic circuitry 307 is 
electrically coupled to the sensing assemblages 303 and 
translates changes in the length (or compression or extension) 
of the sensing assemblages 303 to parameters of interest, such 
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as force. It measures a change in the length of the propagation 
structure 305 (e. g., Waveguide) responsive to an applied force 
and converts this change into electrical signals Which can be 
transmitted via the transceiver 320 to convey a level and a 
direction of the applied force. In other arrangements herein 
contemplated, the sensing assemblage 303 may require only 
a single transducer. In yet other arrangements, the sensing 
assemblage 303 can include piezoelectric, capacitive, optical 
or temperature sensors or transducers to measure the com 

pression or displacement. It is not limited to ultrasonic trans 
ducers and Waveguides. 
[0059] The accelerometer 302 can measure acceleration 
and static gravitational pull. Accelerometer 302 canbe single 
axis and multi-axis accelerometer structures that detect mag 
nitude and direction of the acceleration as a vector quantity. 
Accelerometer 302 can also be used to sense orientation, 
vibration, impact and shock. The electronic circuitry 307 in 
conjunction With the accelerometer 302 and sensing assem 
blies 303 can measure parameters of interest (e.g., distribu 
tions of load, force, pressure, displacement, movement, rota 
tion, torque and acceleration) relative to orientations of the 
sensing module With respect to a reference point. In such an 
arrangement, spatial distributions of the measured param 
eters relative to a chosen frame of reference can be computed 
and presented for real-time display. 
[0060] The transceiver 320 comprises a transmitter 309 and 
an antenna 310 to permit Wireless operation and telemetry 
functions. In various embodiments, the antenna 310 can be 
con?gured by design as an integrated loop antenna. As Will be 
explained ahead, the integrated loop antenna is con?gured at 
various layers and locations on the electronic substrate With 
electrical components and by Way of electronic control cir 
cuitry to conduct e?iciently at loW poWer levels. Once initi 
ated the transceiver 320 can broadcast the parameters of inter 
est in real-time. The telemetry data can be received and 
decoded With various receivers, or With a custom receiver. 
The Wireless operation can eliminate distortion of, or limita 
tions on, measurements caused by the potential for physical 
interference by, or limitations imposed by, Wiring and cables 
connecting the sensing module With a poWer source or With 
associated data collection, storage, display equipment, and 
data processing equipment. 
[0061] The transceiver 320 receives poWer from the energy 
storage 330 and can operate at loW poWer over various radio 
frequencies by Way of ef?cient poWer management schemes, 
for example, incorporated Within the electronic circuitry 307. 
As one example, the transceiver 320 can transmit data at 
selected frequencies in a chosen mode of emission by Way of 
the antenna 310. The selected frequencies can include, but are 
not limited to, ISM bands recogniZed in International Tele 
communication Union regions 1, 2 and 3. A chosen mode of 
emission can be, but is not limited to, Gaussian Frequency 
Shift Keying, (GFSK), Amplitude Shift Keying (ASK), Phase 
Shift Keying (PSK), Minimum Shift Keying (MSK), Fre 
quency Modulation (FM), Amplitude Modulation (AM), or 
other versions of frequency or amplitude modulation (e.g., 
binary, coherent, quadrature, etc.). 
[0062] The antenna 310 can be integrated With components 
of the sensing module to provide the radio frequency trans 
mission. The substrate for the antenna 310 and electrical 
connections With the electronic circuitry 307 can further 
include a matching netWork. This level of integration of the 
antenna and electronics enables reductions in the siZe and 
cost of Wireless equipment. Potential applications may 
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include, but are not limited to any type of short-range hand 
held, Wearable, or other portable communication equipment 
Where compact antennas are commonly used. This includes 
disposable modules or devices as Well as reusable modules or 
devices and modules or devices for long-term use. 

[0063] The energy storage 330 provides poWer to electronic 
components of the sensing module. It can be charged by Wired 
energy transfer, short-distance Wireless energy transfer or a 
combination thereof. External poWer sources can include, but 
are not limited to, a battery or batteries, an alternating current 
poWer supply, a radio frequency receiver, an electromagnetic 
induction coil, a photoelectric cell or cells, a thermocouple or 
thermocouples, or an ultrasound transducer or transducers. 

By Way of the energy storage 330, the sensing module can be 
operated With a single charge until the internal energy is 
drained. It can be recharged periodically to enable continuous 
operation. The energy storage 330 can utiliZe poWer manage 
ment technologies such as replaceable batteries, supply regu 
lation technologies, and charging system technologies for 
supplying energy to the components of the sensing module to 
facilitate Wireless applications. 
[0064] The energy storage 330 minimiZes additional 
sources of energy radiation required to poWer the sensing 
module during measurement operations. In one embodiment, 
as illustrated, the energy storage 330 can include a capacitive 
energy storage device 308 and an induction coil 311. External 
source of charging poWer can be coupled Wirelessly to the 
capacitive energy storage device 308 through the electromag 
netic induction coil or coils 311 by Way of inductive charging. 
The charging operation can be controlled by poWer manage 
ment systems designed into, or With, the electronic circuitry 
307. As one example, during operation of electronic circuitry 
307, poWer can be transferred from capacitive energy storage 
device 308 by Way of e?icient step-up and step-doWn voltage 
conversion circuitry. This conserves operating poWer of cir 
cuit blocks at a minimum voltage level to support the required 
level of performance. 
[0065] In one con?guration, the energy storage 330 can 
further serve to communicate doWnlink data to the transceiver 
320 during a recharging operation. For instance, doWnlink 
control data can be modulated onto the energy source signal 
and thereafter demodulated from the induction coil 311 by 
Way of electronic control circuitry 307. This can serve as a 
more e?icient Way for receiving doWnlink data instead of 
con?guring the transceiver 320 for both uplink and doWnlink 
operation. As one example, doWnlink data can include 
updated control parameters that the sensing module uses 
When making a measurement, such as external positional 
information, or for recalibration purposes, such as spring 
biasing. It can also be used to doWnload a serial number or 
other identi?cation data. 

[0066] The electronic circuitry 307 manages and controls 
various operations of the components of the sensing module, 
such as sensing, poWer management, telemetry, and accelera 
tion sensing. It can include analog circuits, digital circuits, 
integrated circuits, discrete components, or any combination 
thereof. In one arrangement, it can be partitioned among 
integrated circuits and discrete components to minimiZe 
poWer consumption Without compromising performance. 
Partitioning functions betWeen digital and analog circuit 
enhances design ?exibility and facilitates minimiZing poWer 
consumption Without sacri?cing functionality or perfor 
mance. Accordingly, the electronic circuitry 307 can com 
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prise one or more Application Speci?c Integrated Circuit 
(ASIC) chips, for example, speci?c to a core signal process 
ing algorithm. 
[0067] In another arrangement, the electronic circuitry can 
comprise a controller such as a programmable processor, a 

Digital Signal Processor (DSP), a microcontroller, or a micro 
processor, With associated storage memory and logic. The 
controller can utiliZe computing technologies With associated 
storage memory such a Flash, ROM, RAM, SRAM, DRAM 
or other like technologies for controlling operations of the 
aforementioned components of the sensing module. In one 
arrangement, the storage memory may store one or more sets 

of instructions (e. g., software) embodying any one or more of 
the methodologies or functions described herein. The instruc 
tions may also reside, completely or at least partially, Within 
other memory, and/ or a processor during execution thereof by 
another processor or computer system. 

[0068] The electronics assemblage also supports testability 
and calibration features that as sure the quality, accuracy, and 
reliability of the completed Wireless sensing module or 
device. A temporary bi-directional interconnect assures a 
high level of electrical observability and controllability of the 
electronics. The test interconnect also provides a high level of 
electrical observability of the sensing subsystem, including 
the transducers, Waveguides, and mechanical spring or elastic 
assembly. Carriers or ?xtures emulate the ?nal enclosure of 
the completed Wireless sensing module or device during 
manufacturing processing thus enabling capture of accurate 
calibration data for the calibrated parameters of the ?nished 
Wireless sensing module or device. These calibration param 
eters are stored Within the on-board memory integrated into 
the electronics assemblage. 
[0069] Applications for sensing module 200 may include, 
but are not limited to, disposable modules or devices as Well 
as reusable modules or devices and modules or devices for 
long-term use. In addition to non-medical applications, 
examples of a Wide range of potential medical applications 
may include, but are not limited to, implantable devices, 
modules Within implantable devices, intra-operative implants 
or modules Within intra-operative implants or trial inserts, 
modules Within inserted or ingested devices, modules Within 
Wearable devices, modules Within handheld devices, modules 
Within instruments, appliances, equipment, or accessories of 
all of these, or disposables Within implants, trial inserts, 
inserted or ingested devices, Wearable devices, handheld 
devices, instruments, appliances, equipment, or accessories 
to these devices, instruments, appliances, or equipment. 
[0070] FIG. 6 is a diagram of an exemplary communica 
tions system 400 for short-range telemetry according to one 
embodiment. As illustrated, the exemplary communications 
system 400 comprises medical device communications com 
ponents 410 of the sensing insert device 100 (see FIG. 1) and 
receiving system communications components 450 of the 
receiving system 110 (see FIG. 1). The medical device com 
munications components 410 are inter-operatively coupled to 
include, but not limited to, the antenna 412, a matching net 
Work 414, the telemetry transceiver 416, a CRC circuit 418, a 
data packetiZer 422, a data input 424, a poWer source 426, and 
an application speci?c integrated circuit (ASIC) 420. The 
medical device communications components 410 may 
include more or less than the number of components shoWn 
and are not limited to those shoWn or the order of the com 

ponents. 
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[0071] The receiving station communications components 
450 comprise an antenna 452, the matching netWork 454, the 
telemetry receiver 456, the CRC circuit 458, the data pack 
etiZer 460, and optionally a USB interface 462. Notably, other 
interface systems can be directly coupled to the data pack 
etiZer 460 for processing and rendering sensor data. 

[0072] With respect to FIG. 1, in vieW of the communica 
tion components of FIG. 6, the sensing insert device 100 
acquires sensor data by Way of the data input to the ASIC 420. 
Referring brie?y to FIG. 5, the ASIC 420 is operatively 
coupled to sensing assemblies 303. In one embodiment, a 
change in the parameter being measured by device 100 pro 
duces a change in a length of a compressible propagation 
structure 305. ASIC 420 controls the emission of energy 
Waves into propagation structure 305 and the detection of 
propagated energy Waves. ASIC 420 generates data related to 
transit time, frequency, or phase of propagated energy Waves. 
The data corresponds to the length of propagation structure 
305, Which can be translated to the parameter of interest by 
Way of a knoWn function or relationship. Similarly, the data 
can comprise voltage or current measurements from a MEMS 
structure, pieZo-resistive sensor, strain gauge, or other sensor 
type that is used to measure the parameter. The data pack 
etiZer 422 assembles the sensor data into packets; this 
includes sensor information received or processed by ASIC 
420. The ASIC 420 can comprise speci?c modules for e?i 
ciently performing core signal processing functions of the 
medical device communications components 410. The ASIC 
420 provides the further bene?t of reducing the form factor of 
sensing insert device 100 to meet dimensional requirements 
for integration into temporary or permanent prosthetic com 
ponents. 
[0073] The CRC circuit 418 applies error code detection on 
the packet data. The cyclic redundancy check is based on an 
algorithm that computes a checksum for a data stream or 
packet of any length. These checksums can be used to detect 
interference or accidental alteration of data during transmis 
sion. Cyclic redundancy checks are especially good at detect 
ing errors caused by electrical noise and therefore enable 
robust protection against improper processing of corrupted 
data in environments having high levels of electromagnetic 
activity. The telemetry transmitter 416 then transmits the 
CRC encoded data packet through the matching netWork 414 
by Way of the antenna 412. The matching netWorks 414 and 
454 provide an impedance match for achieving optimal com 
munication poWer ef?ciency. 
[0074] The receiving system communications components 
450 receive transmission sent by medical device communi 
cations components 410. In one embodiment, telemetry 
transmitter 416 is operated in conjunction With a dedicated 
telemetry receiver 456 that is constrained to receive a data 
stream broadcast on the speci?ed frequencies in the speci?ed 
mode of emission. The telemetry receiver 456 by Way of the 
receiving station antenna 452 detects incoming transmissions 
at the speci?ed frequencies. The antenna 452 can be a direc 
tional antenna that is directed to a directional antenna of 
components 410. Using at least one directional antenna can 
reduce data corruption While increasing data security by fur 
ther limiting Where the data is radiated. A matching netWork 
454 couples to antenna 452 to provide an impedance match 
that e?iciently transfers the signal from antenna 452 to telem 
etry receiver 456. Telemetry receiver 456 can reduce a carrier 
frequency in one or more steps and strip off the information or 
data sent by components 410. Telemetry receiver 456 couples 
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to CRC circuit 458. CRC circuit 458 veri?es the cyclic redun 
dancy checksum for individual packets of data. CRC circuit 
458 is coupled to data packetiZer 460. Data packetiZer 460 
processes the individual packets of data. In general, the data 
that is veri?ed by the CRC circuit 458 is decoded (e. g., 
unpacked) and forwarded to an external data processing 
device, such as an external computer, for subsequent process 
ing, display, or storage or some combination of these. 

[0075] The telemetry receiver 456 is designed and con 
structed to operate on very loW poWer such as, but not limited 
to, the poWer available from the poWered USB port 462, or a 
battery. In another embodiment, the telemetry receiver 456 is 
designed for use With a minimum of controllable functions to 
limit opportunities for inadvertent corruption or malicious 
tampering With received data. The telemetry receiver 456 can 
be designed and constructed to be compact, inexpensive, and 
easily manufactured With standard manufacturing processes 
While assuring consistently high levels of quality and reliabil 
ity. 
[0076] In one con?guration, the communication system 
400 operates in a transmit-only operation With a broadcasting 
range on the order of a feW meters to provide high security and 
protection against any form of unauthoriZed or accidental 
query. The transmission range can be controlled by the trans 
mitted signal strength, antenna selection, or a combination of 
both. A high repetition rate of transmission can be used in 
conjunction With the Cyclic Redundancy Check (CRC) bits 
embedded in the transmitted packets of data during data cap 
ture operations thereby enabling the receiving system 110 to 
discard corrupted data Without materially affecting display of 
data or integrity of visual representation of data, including but 
not limited to measurements of load, force, pressure, dis 
placement, ?exion, attitude, and position Within operating or 
static physical systems. 
[0077] By limiting the operating range to distances on the 
order of a feW meters the telemetry transmitter 416 can be 
operated at very loW poWer in the appropriate emission mode 
or modes for the chosen operating frequencies Without com 
promising the repetition rate of the transmission of data. This 
mode of operation also supports operation With compact 
antennas, such as an integrated loop antenna. The combina 
tion of loW poWer and compact antennas enables the construc 
tion of, but is not limited to, highly compact telemetry trans 
mitters that can be used for a Wide range of non-medical and 
medical applications. Examples of potential medical applica 
tions may include, but are not limited to, implantable devices, 
modules Within implantable devices, intra-operative implants 
or modules Within intra-operative implants or trial inserts, 
modules Within inserted or ingested devices, modules Within 
Wearable devices, modules Within handheld devices, modules 
Within instruments, appliances, equipment, or accessories of 
all of these, or disposables Within implants, trial inserts, 
inserted or ingested devices, Wearable devices, handheld 
devices, instruments, appliances, equipment, or accessories 
to these devices, instruments, appliances, or equipment. 
[0078] The transmitter security as Well as integrity of the 
transmitted data is assured by operating the telemetry system 
Within predetermined conditions. The security of the trans 
mitter cannot be compromised because it is operated in a 
transmit-only mode and there is no pathWay to hack into 
medical device communications components 410. The integ 
rity of the data is assured With the use of the CRC algorithm 
and the repetition rate of the measurements. The risk of unau 
thoriZed reception of the data is minimiZed by the limited 
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broadcast range of the device. Even if unauthoriZed reception 
of the data packets should occur there are counter measures in 
place that further mitigate data access. A ?rst measure is that 
the transmitted data packets contain only binary bits from a 
counter along With the CRC bits. A second measure is that no 
data is available or required to interpret the signi?cance of the 
binary value broadcast at any time. A third measure that can 
be implemented is that no patient or device identi?cation data 
is broadcast at any time. 

[0079] The telemetry transmitter 416 can also operate in 
accordance With some FCC regulations. According to section 
18.301 of the FCC regulations the ISM bands Within the USA 
include 6.78, 13.56, 27.12, 30.68, 915, 2450, and 5800 MHZ 
as Well as 24.125, 61.25, 122.50, and 245 GHZ. Globally 
other ISM bands, including 433 MHZ, are de?ned by the 
International Telecommunications Union in some geographic 
locations. The list of prohibited frequency bands de?ned in 
18.303 are “the folloWing safety, search and rescue frequency 
bands is prohibited: 490-510 kHZ, 2170-2194 kHZ, 8354 
8374 kHZ, 121.4-121.6 MHZ, 156.7-156.9 MHZ, and 242.8 
243.2 MHZ.” Section 18.305 stipulates the ?eld strength and 
emission levels ISM equipment must not exceed When oper 
ated outside de?ned ISM bands. In summary, it may be con 
cluded that ISM equipment may be operated WorldWide 
Within ISM bands as Well as Within most other frequency 
bands above 9 KHZ given that the limits on ?eld strengths and 
emission levels speci?ed in section 18.305 are maintained by 
design or by active control. As an alternative, commercially 
available ISM transceivers, including commercially available 
integrated circuit ISM transceivers, may be designed to ful?ll 
these ?eld strengths and emission level requirements When 
used properly. 
[0080] In one con?guration, the telemetry transmitter 416 
can also operate in unlicensed ISM bands or in unlicensed 
operation of loW poWer equipment, Wherein the ISM equip 
ment (e.g., telemetry transmitter 416) may be operated on 
ANY frequency above 9 kHZ except as indicated in Section 
18.303 of the FCC code. 

[0081] Wireless operation eliminates distortion of, or limi 
tations on, measurements caused by the potential for physical 
interference by, or limitations imposed by, Wiring and cables 
connecting the Wireless sensing module or device With a 
poWer source or With data collection, storage, or display 
equipment. PoWer for the sensing components and electronic 
circuits is maintained Within the Wireless sensing module or 
device on an internal energy storage device. This energy 
storage device is charged With external poWer sources includ 
ing, but not limited to, a battery or batteries, super capacitors, 
capacitors, an alternating current poWer supply, a radio fre 
quency receiver, an electromagnetic induction coil, a photo 
electric cell or cells, a thermocouple or thermocouples, or an 
ultrasound transducer or transducers. The Wireless sensing 
module may be operated With a single charge until the internal 
energy source is drained or the energy source may be 
recharged periodically to enable continuous operation. The 
embedded poWer supply minimiZes additional sources of 
energy radiation required to poWer the Wireless sensing mod 
ule or device during measurement operations. Telemetry 
functions are also integrated Within the Wireless sensing mod 
ule or device. Once initiated the telemetry transmitter con 
tinuously broadcasts measurement data in real time. Telem 
etry data may be received and decoded With commercial 
receivers or With a simple, loW cost custom receiver. 
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[0082] A method can be practiced with more or less than the 
number of steps shown and is not limited to the order shown. 
To describe the method, reference will be made to the com 
ponents of FIG. 5, although it is understood that the method 
can be implemented in any other manner using other suitable 
components. Generally, method is directed to non- secure 
applications for one-way transmission communications, for 
example, where an implanted medical device or sensor trans 
mits data to a receiving station (e. g., 110 see FIG. 1) but does 
not receive con?rmation from the receiving station, although 
in various embodiments, the implanted medical device 
includes an integrated receiver for receiving con?rmation and 
acknowledgement communications. 
[0083] The method can start in a state wherein the sensing 
insert device 100 has been inserted and powered on, for 
example, within a knee prosthesis implant. The medical 
device can be powered on via manual intervention, for 
example, by the surgeon or technician implanting the medical 
device during a surgical procedure, or the device can turn on 
automatically after a duration of time or at certain time inter 
vals, for example, 1 hour after manual activation, or every 10 
seconds after power up, depending on an operating mode. 

[0084] In a ?rst step, the medical device acquires sensor 
data such as load information (e. g., force, location, duration, 
etc.) from the sensing module 200. The electronic circuitry 
307 generates the load data by way of the sensing assemblies 
303, for instance, by converting changes in length of ultra 
sonic propagation structures (waveguides) to force data. In a 
second step, the sensing module 200 evaluates data bounds on 
the load data. In a third step, sensing module 200 assigns 
priorities based on the data bounds. Sensor data outside a 
predetermined range or above a prede?ned threshold can be 
?agged with a priority or discarded. For example, sensor data 
that falls outside a safe range or exceeds a safe level (e.g., 
applied force level, angle of ?exion, excessive rotation) is 
prioritized accordingly. 
[0085] In a fourth step, the sensing module 200 generates a 
packet of data including the sensor data, priority, and any 
corresponding information. In a ?fth step, the sensing module 
200 determines its communications mode based on operating 
mode and priority level. The operating mode indicates 
whether the sensing module 200 is operating in a power 
saving mode (e.g., standby) or other power management 
mode and takes into account information such as remaining 
battery life and drain. In a sixth step, a Cyclic Redundancy 
Check (CRC) can be appended to the data packed. In other 
embodiments, more sophisticated forward error correction 
schemes (e.g., block coding, convolutional coding) can be 
applied along with secure encryption or key-exchange cryp 
tographic protocols. 
[0086] The cyclic redundancy check (CRC) is a non-secure 
form of message digest designed to detect accidental changes 
to raw computer data. The CRC step comprises calculating a 
short, ?xed-length sequence, known as the CRC code, for 
each block of data and sends or stores them both together. 
When a block is read or received the receiving station 110 
(FIG. 1) repeats the calculation; if the new CRC does not 
match the one sent (or in some cases, cancel it out) then the 
block contains a data error and the receiving station 110 may 
take corrective action such as rereading or requesting the 
block be sent again. Brie?y, FIG. 13, illustrates an exemplary 
data packet 1300 containing sensor data (e.g., Fx, duration, 
location), a priority level (e.g., 1 to 10), and a CRC. 
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[0087] In a seventh step, the transceiver 320 then transmits 
the data packet based on the priority level and operating 
mode. For instance, a low priority data packet can be 
appended with previous low-priority data packets and then 
transmitted over a single communication channel as a data 
stream, or at staggered time intervals to conserve power (e. g., 
scheduled to transmit every 10 seconds). The bundled packet 
data can then be decoded at the receiving station 110 and 
thereafter processed accordingly. Alternatively, a high prior 
ity packet can be transmitted immediately instead of a 
delayed time or the scheduled transmit intervals. Depending 
on the communication mode (e.g., priority level, operating 
mode), the transceiver may transmit the same high priority 
packet multiple times in a redundant manner to guarantee 
receipt. This ensures that the data is received and processed at 
the receiving station 110 in the event an immediate course of 
action or response is necessary, for example, to ensure the 
patient’s safety or to report a warning. 
[0088] The sensor data can be transmitted at the selected 
frequencies in the chosen mode of emission by way of the 
antenna 310. In certain con?gurations, the antenna 310 is an 
integrated loop antenna designed into a substrate of the sens 
ing module 200 for maximiZing power ef?ciency. As an 
example the chosen frequencies can include, but are not lim 
ited to, ISM bands recogniZed in International Telecommu 
nication Union regions 1, 2, and 3 and the chosen mode of 
emission may be, but is not limited to, Gaussian Frequency 
Shift Keying, (GFSK) or others version of frequency or 
amplitude shift keying or modulation. 
[0089] The receiving station 110 (see FIG. 1) 110 receives 
packets of data broadcast in the speci?ed mode of emission on 
the speci?ed frequencies and veri?es the cyclic redundancy 
check checksum for individual packets of data or bundled 
packet data. Data that cannot be veri?ed may be discarded. 
Data that are veri?ed are forward to an external data process 
ing device, such as an external computer, for subsequent 
processing, display, or storage or combination thereof. 
[0090] FIG. 7 is an illustration of a block model diagram 
500 of the sensing module 200 in accordance with an exem 
plary embodiment. In particular, the diagram 500 shows 
where certain components are replaced or supplemented with 
one or more Application Speci?c Integrated Circuits 
(ASICs). Referring brie?y to FIG. 5, electronic circuitry 307 
is coupled to the one or more sensing assemblages and 
includes circuitry that can control sensor operations. Elec 
tronic circuitry 307 includes multiple channels that can oper 
ate more than one device. Sensing module 200 is optimiZed to 
operate under severe power constraints. Electronic circuitry 
307 includes power management circuitry that controls 
power up, power down, and minimiZes power usage through 
the control of individual blocks. The architecture is designed 
to enable only blocks required for the current operation. 
[0091] Referring back to FIG. 7, the ASIC provides signi? 
cant bene?t in reducing power requirements allowing the 
module 200 to be powered by a temporary power source such 
as a super capacitor or capacitor. The ASIC and super capaci 
tor have a small form factor allowing module 200 to be 
integrated within a temporary or permanent prosthetic com 
ponent. Module 200 incorporates one or more sensors com 
prising at least one transducer and a compressible media, the 
operation of which is disclosed in detail herein. As shown, a 
sensing assemblage comprises a transducer 502, compress 
ible propagation structure 504, and a transducer 506. It should 
be noted that other sensors such as MEMS devices, strain 


























