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ABSTRACT

A system and method for is provided for operation of an
orthopedic system. The system includes a load sensor for
converting an applied pressureassociated with a force load on
an anatomical joint, and an ultrasonic device for creating a
low-power short-range ultrasonic sensing field within prox-
imity of the load sensing unit for assessing alignment. The
system can adjust a strength and range of the ultrasonic sens-
ing field according to position. It can report audible and visual
information associated with the force load and alignment.
Other embodiments are disclosed.
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SYSTEM AND METHOD FOR SENSORIZED
USER INTERFACE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of U.S. patent
application Ser. No. 13/164,396 filed on Jun. 20, 2011 which
is a Continuation-In-Part of U.S. patent application Ser. No.
11/844,329 filed on Aug. 23, 2007 claiming the priority ben-
efit of U.S. Provisional Patent Application No. 60/839,742
filed on Aug. 24, 2006, the entire contents of which are hereby
incorporated by reference in their entirety.

BACKGROUND

[0002] The present embodiments ofthe invention generally
relate to the field of electronic accessory devices, and more
particularly to sensors and input pointing devices. Medical
systems and other sensing technologies are generally coupled
to adisplay. Interaction with the display can occur via mouse,
keyboard or touch screen. There are times when audible feed-
back is advantageous.

BRIEF DESCRIPTION OF DRAWINGS

[0003] FIG. 1A is an illustration of a graphical user inter-
face of a system and earpiece to provide audio feedback in
accordance with one embodiment;

[0004] FIG. 1B is a block diagram of the earpiece in accor-
dance with one embodiment;

[0005] FIG. 2 is an illustration a receiver and wand com-
ponent of the navigation system in accordance with one
embodiment;

[0006] FIG. 3 is an exemplary method for audio feedback
of load balance and alignment with the navigation system in
accordance with one embodiment;

[0007] FIG.4is an illustration of a load sensing unit placed
in ajoint of the muscular-skeletal system for measuring a load
parameter in accordance with one embodiment;

[0008] FIG. 5A is an illustration of an orthopedic naviga-
tion system for assessing cutting jig orientation and reporting
anatomical alignment in accordance with one embodiment;
[0009] FIG. 5B illustrates an integrated alignment and bal-
ance Graphical User Interface (GUI) in accordance with one
embodiment;

[0010] FIG. 6illustrates a load sensing unit for measuring a
parameter of the muscular-skeletal system in accordance with
an example embodiment;

[0011] FIG. 7 illustrates one or more remote systems in an
operating room in accordance with an example of FIG. 8 to
illustrate the detector detecting one of visual, motion, or
audio queue from a user in accordance with an example
embodiment;

[0012] FIG. 8 illustrates the detector detecting one of
visual, motion, or audio queue from a user in accordance with
an example embodiment;

[0013] FIGS. 9A and 9B illustrate a robotic tool coupled to
the remote system in accordance with an example embodi-
ment; and

[0014] FIG. 10 illustrates a sensor array of detectors in
accordance with an example embodiment.

DETAILED DESCRIPTION

[0015] While the specification concludes with claims
defining the features of the invention that are regarded as
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novel, it is believed that the invention will be better under-
stood from a consideration of the following description in
conjunction with the drawing figures, in which like reference
numerals are carried forward.

[0016] Broadly stated, a system and method is provided
having both user interface and orthopedic parameter mea-
surement capability. In one embodiment, the system provides
quantitative measurements of muscular-skeletal system and
insertion of prosthetic components. A navigation portion of
the system provides user interface control via one or more
wand pointing devices and a receiver device. The wand can be
used to identify points of interest in three-dimensional space
and for user input. The system can incorporate user feedback
in the context of a surgical work-flow. The wand can also be
affixed to an object to track its movement and orientation
within proximity of the receiver. A measurement portion of
the system includes sensors for measuring a parameter of the
muscular-skeletal system. An example of parameter measure-
ment is a force, pressure, alignment or load measurement. In
one embodiment, the sensors reside in a prosthetic compo-
nent of an artificial joint system. The prosthetic component
when installed provides quantitative measurement data that
can be used to assess the knee joint. Sensory feedback and
guidance provides audio and visual indication of work flow
steps and the wand’s location and orientation.

[0017] Referring to FIG. 1A, an exemplary medical system
100 for measuring, assessing, and reporting quantitative data
is shown. In a non-limiting example, system 100 can measure
parameters of the muscular-skeletal system while simulta-
neously providing position and alignment information. The
medical system 100 includes a graphical user interface (GUI)
108, a load sensing unit 170 and a navigation device 180
wirelessly coupled thereto. The load sensing unit 170 pro-
vides a measure of applied force and can be used to measure
load balance. In one embodiment, load sensing unit 170 is
housed in a prosthetic component for trial measurement. The
surgical navigation device 180 projects an ultrasonic sensing
field 181 and adjusts its energy and range based on a proxim-
ity of its component devices, and with respect to the load
sensing unit 170. Tt measures and reports an alignment that
corresponds to the load magnitude and load balance measure-
ments reported by the load sensing unit 170.

[0018] The load sensing unit 170 converts a force applied
thereto within an anatomical joint into an electric signal, for
example, by way of polymer sensing, piezoelectric transduc-
tion, or ultrasonic waveguide displacement to measure a load
balance of the force. The load and alignment indicators pre-
sented in the GUI 108 provide quantitative feedback of the
measured parameters during a work flow. The system 100
also includes an earpiece 190 that audibly presents an indi-
cator of the alignment and the load balance responsive to
completion of one or more work flow steps of the surgical
procedure. The work flow steps are, for example, associated
with the indentifying and tracking three-dimensional (3D)
points in the ultrasonic sensing field 181, for instance, an
anatomical location or instrument orientation. One example
of a navigation system and user interface for directing a
control action is disclosed in U.S. patent application Ser. No.
12/900,878, the entire contents of which are hereby incorpo-
rated by reference.

[0019] A remote system 104 serves as a display that is
wirelessly coupled to the surgical navigation device 180 and
graphically presents information related to the load balance
and alignment via the GUI 108. Remote system 104 can be
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placed outside of the sterile field of an operating room but
within viewing range of the medical staff. In one embodi-
ment, remote system is a laptop computer. Alternatively,
remote system 104 can be an application specific equipment
that comprises a display and a processor, including but not
limited to, a mobile device. Remote system 104 can display
the work flow with measurement data forassessment. Remote
system 104 can includea processor to analyze the quantitative
measurement data to provide feedback during a procedure
that can be visual, audible, or haptic.

[0020] Referring to FIG. 1B, a block diagram of the ear-
piece 190 is shown. The earpiece 190 provides audio feed-
back of parameters reported by the load sensing unit 170, the
navigation device 180 and the GUT 108. The earpiece 190 can
include a transceiver 191 that can support singly or in com-
bination any number of wireless access technologies includ-
ing without limitation Bluetooth, Wireless Fidelity (WiFi),
ZigBee and/or other short or long range radio frequency
communication protocols. The transceiver 191 can also pro-
vide support for dynamic downloading over-the-air to the
earpiece 190. Next generation access technologies can also be
applied to the device. The processor 192 can utilize comput-
ing technologies such as a microprocessor, Application Spe-
cific Integrated Chip (ASIC), and/or digital signal processor
(DSP) with associated storage memory 193 such a Flash,
ROM, RAM, SRAM, DRAM or other like technologies for
controlling operations of the earpiece device 190. The pro-
cessor 192 can also include a clock to record a time stamp.
The speaker 195 can couple to the processor 192 through an
analog to digital converter or a general processor input/output
(GPIO) pin for providing acoustic feedback, for example,
audio beeps or other audible indications. The power supply
194 can utilize common power management technologies
such as replaceable batteries, supply regulation technologies,
and charging system technologies for supplying energy to the
components of the earpiece 190 and to facilitate portable
applications. The remote system 104 can also provide power
for operation or recharging via USB or direct coupling of the
earpiece 190.

[0021] Referring to FIG. 2, exemplary components of the
navigation device 180 are shown, specifically,a wand 200 and
a receiver 220 for creating the three-dimensional ultrasonic
sensing field. The wand 200 is a hand-held device with a size
dimension of approximately 8-10 cm in width, 2 cm depth,
and an extendable length from 10-12 cm. The receiver 220 has
size dimensions of approximately 1-2 cm width, 1-2 cm
depth, and a length of 4 cm to 6 cm. Neither deviceis however
limited to these dimensions and can be altered to support
various functions (e.g, hand-held, coupled to object). The
current size permits ultrasonic tracking of the wand tip with
millimeter spatial accuracy up to approximately 2 m in dis-
tance. Not all the components shown are required; fewer
components can be used depending on required functionality,
for instance, whether the wand is used for isolated point
registration, continuous wand tracking without user input or
local illumination, or as integrated devices (e.g., laptop dis-
play).

[0022] Thewand 200 includes sensors 201-203 and a wand
tip 207. The sensors can be ultrasonic transducers, Micro
Electro Mechanical Element (MEMS) microphones, electro-
magnets, optical elements (e.g., infrared, laser), metallic
objects or other transducers for converting or conveying a
physical movement to an electric signal such as a voltage or
current. They may be active elements in that they are self
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powered to transmit signals, or passive elements in that they
are reflective or exhibit detectable magnetic properties. The
wand 200 is used to register points of interest (see points A, B,
C), for example, along a contour of an object or surface,
which can be presented in a user interface (see remote system
104 FIG. 1A). As will be discussed ahead, the wand 200 and
receiver 220 can communicate via ultrasonic, infrared and
electromagnetic sensing to determine their relative location
and orientation to one another. Other embodiments incorpo-
rating accelerometers to provide further positional informa-
tion is discussed in U.S. patent application Ser. No. 12/982,
944 filed Dec. 31, 2010 the entire contents of which are
incorporated by reference.

[0023] In one embodiment, the wand 200 comprises three
ultrasonic transmitters 201-203 each can transmit ultrasonic
signals through the air, an electronic circuit (or controller)
214 for generating driver signals to the three ultrasonic trans-
mitters 201-203 for generating the ultrasonic signals, a user
interface 218 (e.g., button) that receives user input for per-
forming short range positional measurement and alignment
determination, a communications port 216 for relaying the
user input and receiving timing information to control the
electronic circuit 214, and a battery 215 for powering the
electronic circuitry of wand 200. The wand 200 may contain
more or less than the number of components shown; certain
component functionalities may be shared as integrated
devices.

[0024] The wand tip 207 identifies points of interest on a
structure, for example, an assembly, object, instrument or jig
in three-dimensional space, though is not so limited. The
wand tip 207 does not require sensors since its spatial location
in three-dimensional space is established by the three ultra-
sonic transmitters 201-203 arranged at the cross ends. How-
ever, a sensor element can be integrated on the tip 207 to
provide ultrasound capabilities (e.g., structure boundaries,
depth, etc.) or contact based sensing. In such case, the tip 207
can be touch sensitive to registers points responsive to a
physical action, for example, touching the tip to an anatomi-
cal or structural location. The tip can comprise a mechanical
or actuated spring assembly for such purpose. In another
arrangement it includes a capacitive touch tip or electrostatic
assembly for registering touch. The wand tip 207 can include
interchangeable, detachable or multi-headed stylus tips for
permitting the wand tip to identify anatomical features while
the transmitters 201-203 remain in line-of-sight with the
receiver 220 (see FIG. 1A). These stylus tips may be right
angled, curved, or otherwise contoured in fashion of a pick to
point to difficult to touch locations. This permits the wand to
be held in the hand to identify via the tip 207, points of interest
such as (anatomical) features on the structure, bone or jig.
One such example of an ultrasonic navigation system is dis-
closed and derived from U.S. Pat. No. 7,725,288 and appli-
cation Ser. No. 12/764,072 filed Apr. 20, 2010 the entire
contents of which are hereby incorporated by reference.

[0025] The user interface 218 can include one or more
buttons to permit handheld operation and use (e.g., on/oft/
reset button) and illumination elements to provide visual
feedback. In one arrangement, a S-state navigation press but-
ton 209 can communicate directives to further control or
complement the user interface. It can be ergonomically
located on a side of the wand to permit single handed use. The
wand 200 may further include a haptic module with the user
interface 218. As an example, the haptic module may change
(increase/decrease) vibration to signal improper or proper
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operation. The wand 200 includes material coverings for the
transmitters 201-202 that are transparent to sound (e.g., ultra-
sound) and light (e.g., infrared) vet impervious to biological
material such as water, blood or tissue. In one arrangement, a
clear plastic membrane (or mesh) is stretched taught; it can
vibrate under resonance with a transmitted frequency. The
battery 215 can be charged via wireless energy charging (e.g.,
magnetic induction coils and super capacitots).

[0026] Thewand 200 caninclude a base attachment mecha-
nism 205 for coupling to a structure, object or a jig. As one
example, the mechanism can be a magnetic assembly with a
fixed insert (e.g., square post head) to permit temporary
detachment. As another example, it can be a magnetic ball and
joint socket with latched increments. As yet another example,
it can be a screw post or pin to a screw. Other embodiments
may permit sliding, translation, rotation, angling and lock-in
attachment and release, and coupling to standard jigs by way
of existing notches, ridges or holes.

[0027] The wand 200 can further include an amplifier 213
and the accelerometer 217. The amplifier enhances the signal
to noise ratio of transmitted or received signals. The acceler-
ometer 217 identifies 3 and 6 axis tilt during motion and while
stationary. The communications module 216 may include
components (e.g., synchronous clocks, radio frequency ‘RF’
pulses, infrared ‘IR’ pulses, optical/acoustic pulse) for sig-
naling to the receiver 220 (FIG. 2B). The controller 214, can
include a counter, a clock, or other analog or digital logic for
controlling transmit and receive synchronization and
sequencing of the sensor signals, accelerometer information,
and other component data or status. The battery 215 powers
the respective circuit logic and components. The infrared
transmitter 209 pulses an infrared timing signal that can be
synchronized with the transmitting of the ultrasonic signals
(to the receiver).

[0028] Additional ultrasonic sensors can be included to
provide an over-determined system for three-dimensional
sensing. The ultrasonic sensors can be MEMS microphones,
receivers, ultrasonic transmitters or combination thereof. As
one example, each ultrasonic transducer can perform separate
transmit and receive functions. One such example of an ultra-
sonic sensor is disclosed in U.S. Pat. Nos. 7,414,705 and
7,724,355 the entire contents of which are hereby incorpo-
rated by reference. The ultrasonic sensors can transmit pulse
shaped waveforms in accordance with physical characteris-
tics of a customized transducer for constructing and shaping
waveforms.

[0029] The controller 214 can utilize computing technolo-
gies such as a microprocessor (uP) and/or digital signal pro-
cessor (DSP) with associated storage memory 208 such a
Flash, ROM, RAM, SRAM, DRAM or other like technolo-
gies for controlling operations of the aforementioned compo-
nents of the device. The instructions may also reside, com-
pletely or at least partially, within other memory, and/or a
processor during execution thereof by another processor or
computer system. An Input/Output port permits portable
exchange of information or data for example by way of Uni-
versal Serial Bus (USB). The electronic circuitry of the con-
troller can comprise one or more Application Specific Inte-
grated Circuit (ASIC) chips or Field Programmable Gate
Arrays (FPGAs), for example, specific to a core signal pro-
cessing algorithm. The controller can be an embedded plat-
form running one or more modules of an operating system
(OS). In one arrangement, the storage memory may store one
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or more sets of instructions (e.g., software) embodying any
one or more of the methodologies or functions described
herein.

[0030] The receiver 220 comprises a processor 233 for
generating timing information, registering a pointing location
of the wand 200 responsive to the user input, and determining
short range positional measurement and alignment from three
or more pointing locations of the wand 200 with respect to the
receiver 220. It includes a communications interface 235 for
transmitting the timing information to the wand 200 that in
response transmits the first, second and third ultrasonic sig-
nals. The ultrasonic signals can be pulse shaped signals gen-
erated from a combination of amplitude modulation, fre-
quency modulation, and phase modulation. Three
microphones 221-223 each receive the first, second and third
pulse shaped signals transmitted through the air. The receiver
220 shape can be configured from lineal as shown, or in more
compact arrangements, such as a triangle shape. The receiver
220 can also include an attachment mechanism 240 for cou-
pling to bone or a jig. As one example, the mechanism 240 can
be a magnetic assembly with a fixed insert (e.g., square post
head) to permit temporary detachment. As another example,
it can be a magnetic ball and joint socket with latched incre-
ments.

[0031] The receiver 220 can further include an amplifier
232, the communications module 235, an accelerometer 236,
and processor 233. The processor 233 can host software pro-
gram modules such as a pulse shaper, a phase detector, a
signal compressor, and other digital signal processor code
utilities and packages. The amplifier 232 enhances the signal
to noise of transmitted or received signals. The processor 233
can include a controller, counter, a clock, and other analog or
digital logic for controlling transmit and receive synchroni-
zation and sequencing of the sensor signals, accelerometer
information, and other component data or status. The accel-
erometer 236 identifies axial tilt (e.g., ¥ axis) during motion
and while stationary. The batterv 234 powers the respective
circuit logic and components. The receiver includes a photo
diode 241 for detecting the infrared signal and establishing a
transmit time of the ultrasonic signals to permit wireless
infrared communication with the wand. The receiver 200 may
contain more or less than the number of components shown;
certain component functionalities may be shared or therein
integrated.

[0032] The communications module 235 can include com-
ponents (e.g., synchronous clocks, radio frequency ‘RF’
pulses, infrared ‘IR’ pulses, optical/acoustic pulse) for local
signaling (to wand 200). It can also include network and data
components (e.g., Bluetooth, ZigBee, Wi-Fi, GPSK, FSK,
USB, RS232, IR, etc.) for wireless communications with a
remote device (e.g., laptop, computer, etc.). Although exter-
nal communication via the network and data components is
herein contemplated, it should be noted that the receiver 220
can include a user interface 237 to permit standalone opera-
tion. As one example, it can include 3 LED lights comprising
an indicator 224 to show three or more wand tip pointing
location alignment status. The user interface 237 may also
include a touch screen or other interface display with its own
GUI for reporting positional information and alignment.
[0033] The processor 233 can utilize computing technolo-
gies such as a microprocessor (uP) and/or digital signal pro-
cessor (DSP) with associated storage memory 108 such a
Flash, ROM, RAM, SRAM, DRAM or other like technolo-
gies for controlling operations of the aforementioned compo-
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nents of the terminal device. The instructions may also reside,
completely or at least partially, within other memory, and/or
a processor during execution thereof by another processor or
computer system. An Input/Output port permits portable
exchange of information or data for example by way of Uni-
versal Serial Bus (USB). The electronic circuitry of the con-
troller can comprise one or more Application Specific Inte-
grated Circuit (ASIC) chips or Field Programmable Gate
Arrays (FPGAs), for example, specific to a core signal pro-
cessing algorithm or control logic. The processor can be an
embedded platform running one or more modules of an oper-
ating system (OS). In one arrangement, the storage memory
238 may store one or more sets of instructions (e.g., software)
embodying any one or more of the methodologies or func-
tions described herein. A timer can be clocked within the
processor 233 or externally.

[0034] The wireless communication interface (Input/Out-
put) 239 wirelessly conveys the positional information and
the short range alignment of the three or more pointing loca-
tions to a remote system. The remote system can be a com-
puter, laptop or mobile device that displays the positional
information and alignment information in real-time as
described ahead. The battery 234 powers the processor 233
and associated electronics on the receiver 220. The sensor 228
can measure air flow (or speed) of the air flowing through the
device in a defined time segment. It can also be coupled to a
tube (not shown) for more accurately measuring acoustic
impedence. The thermistor 229 measures ambient air tem-
perature in fractional units and can report an analog value
within a tuned range (e.g., 30 degree span) that can be digi-
tized by the processor 233. One example of a device for
three-dimensional sensing is disclosed in U.S. patent appli-
cation Ser. No. 11/683,410 entitled “Method and Device for
Three-Dimensional Sensing” filed Mar. 7, 2007 the entire
contents of which are hereby incorporated by reference.

[0035] 1In a first arrangement, the receiver 220 is wired via
a tethered electrical connection (e.g., wire) to the wand 200.
That is, the communications port of the wand 200 is physi-
cally wired to the communications interface of the receiver
220 for receiving timing information. The timing information
from the receiver 220 tells the wand 200 when to transmit and
includes optional parameters that can be applied to pulse
shaping. The processor 233 on the receiver 220 employs this
timing information to establish Time of Flight measurements
in the case of ultrasonic signaling with respect to a reference
time base.

[0036] In a second arrangement, the receiver 220 is com-
municatively coupled to the wand 200 via a wireless signaling
connection. An infrared transmitter 209 on the wand 200
transmits an infrared timing signal with each transmitted
pulse shaped signal. Wand 200 pulses an infrared timing
signal that is synchronized with the transmitting of the ultra-
sonic signals to the receiver 220. The receiver 220 can coor-
dinate the emitting and the capturing of the plurality of ultra-
sonic pulses via wireless infrared synchronized
communication from the wand 200. The receiver 220 can
include a photo diode 241 for determining when the infrared
timing signal is received. In this case the communications
port of the wand 200 is wirelessly coupled to the communi-
cations interface of the receiver 220 by way of the infrared
transmitter and the photo diode 241 for relaying the timing
information to within microsecond accuracy (~1 mm resolu-
tion). The processor 233 on the receiver 220 employs this
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infrared timing information to establish the first, second and
third Time of Flight measurements with respect to a reference
transmit time.

[0037] Referring to FIG. 3, a method 300 for navigated
system operation providing audio feedback is shown. The
method 300 can be practiced with more or less than the
number of steps shown. To describe the method 300, refer-
ence will be made to FIGS. 1-2, 4 and 5 although it is under-
stood that the method 300 can be implemented in any other
suitable device or system using other suitable components.
Moreover, the method 300 is not limited to the order in which
the steps are listed. In addition, the method 300 can contain a
greater or a fewer number of steps than those shown in FIG. 3.
[0038] The method 300 can start at step 311 after the sur-
gical work flow has commenced and the navigation system
has been calibrated and configured. The remote system 104
visually presents the GUI and provides work-flow visual
guidance and audio content during the surgical procedure.
One example of'a workflow user interface is disclosed in U.S.
patent application Ser. No. 12/901,094 entitled “Orthopedic
Navigation System with Sensorized Devices” filed Oct. 8,
2010 the entire contents of which are hereby incorporated by
reference. The referenced disclosure above provides refer-
ence work steps to a total knee replacement surgery that can
be used as example to the method 300 herein.

[0039] At step 312, an applied anatomical force within an
anatomical joint, such as the knee, can be converted into an
electric signal, for example, by way of piezoelectric transduc-
tion to measure a load balance of the applied anatomical force
in the joint. The conversion can be performed and reported by
the load sensing unit 170 previously shown in FIG. 1A. The
load sensing unit is an integrated wireless sensing module
comprising an i) encapsulating structure that supports sensors
and contacting surfaces and ii) an electronic assemblage that
integrates a power supply, sensing elements, transducers,
biasing spring or springs or other form of elastic members, an
accelerometer, antennas and electronic circuitry that pro-
cesses measurement data as well as controls all operations of
energy conversion, propagation, detection and wireless com-
munications. One exemplary method of wireless parameter
sensing and reporting is disclosed in U.S. patent application
Ser. No. 12/825,724 filed Jun. 29, 2010 the entire contents of
which are hereby incorporated by reference. In yet other
arrangements, the load sensing unit 170 can include piezo-
electric, capacitive, optical or temperature sensors or trans-
ducers to measure the compression or displacement. It is not
limited to ultrasonic transducers and waveguides. One exem-
plary method of force sensing is disclosed in U.S. patent
application Ser. No. 12/826,329 filed Jun. 29, 2010 the entire
contents of which are hereby incorporated by reference.
[0040] At a step 314, an energy and range of a projected
ultrasonic sensing field is adjusted based on a proximity mea-
surement. In general, the navigation system can be used to
measure a mechanical axis of the muscular-skeletal system.
In the example, the mechanical axis corresponds to the posi-
tion of the femur and tibia in relation to one another. The
mechanical axis is used for determining bone cut angles for
receiving prosthetic components. Human anatomy can vary
substantially over a large population. For example, the energy
canbe increased thereby extending the range of the ultrasonic
sensing field for measuring position and alignment of a tall
patient. Conversely, the energy can be decreased when
devices are positioned in close proximity to prevent overload-
ing transducers with a large signal.
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[0041] Atastep316,areportis generated from quantitative
measurements related to alignment and load. Measurements
on load magnitude, load balance, and alignment are included.
The report can indicate load magnitude and load balance over
a range of motion for the alignment. The remote system
provides visualization of the alignment and load measure-
ments to support the prosthetic component installation.
Moreover, the remote system can process the quantitative
data to project outcomes based on the information.

[0042] Atastep 318, anaudible signal can be sent to the ear
piece that presents the load balance and alignment. The
audible presentation can provide feedback to the surgeon
during one or more steps of the work flow. Along with pro-
vided visualization, the audible signal can aid or support the
translation of quantitative data to the subjective feel or tactile
feedback present when the surgeon works on and moves the
prosthetic components. At step 321, the method 300 can end.

[0043] Briefly referringnow to F1G. 4, anillustration 400 of
the load sensing unit 170 is shown for assessing and reporting
load forces in an anatomical joint in accordance with an
exemplary embodiment. The illustration shows the device
170 measuring a force, pressure, or load applied by the mus-
cular-skeletal system, more specifically, the knee joint. It can
report a load on each component and a balance of a medial
condyle forces and a lateral condyle forces on the tibial pla-
teau. The load is generally naturally balanced to provide even
wear of the tibial surface, or a tibail prosthetic tray when
included with a knee replacement surgery. The level and
location of wear may vary based on a person’s health and
bone strength; hence, the need for the detection of force,
location and balance. The load balance also contributes to the
anatomical alignment (e.g., mechanical axis) and how this
alignment is maintained.

[0044] In the illustration, device 170 collects load data for
real-time viewing of the load forces over various applied
loads and angles of flexion (when the knee is bent) or exten-
sion (when the knee is straight). As one example, it can
convert an applied pressure associated with a force load on the
anatomical joint into an electric signal via mechanical sensor,
polymer sensor, strain gauge, piezoelectric transduction,
ultrasonic waveguide displacement, or other transduction
means. The sensing insert device 170 measures the level and
distribution of load at various points on the prosthetic com-
ponents (412/422) and transmits the measured load data by
way data communication to the remote system 104 (or
receiver station) for permitting visualization. This can aid the
surgeon in providing soft tissue release (where ligaments may
be titrated) or other adjustments needed to achieve optimal
joint balancing.

[0045] Load sensing unit 170 has a contacting surface that
couples to the muscular-skeletal system. As shown, a first and
a second contacting surface respectively couple to a femoral
prosthetic component 412 and a tibial prosthetic tray compo-
nent422. Device 1701s designed to be used in the normal flow
of an orthopedic surgical procedure without special proce-
dures, equipment, or components. One example of a load
sensor unit is disclosed U.S. patent application Ser. No.
12/825,638 entitled “System and Method for Orthopedic
Load Sensing Insert Device” filed Jun. 29, 2010 the entire
contents of which are hereby incorporated by reference. Typi-
cally, one or more natural components of the muscular-skel-
etal system are replaced when joint functionality substan-
tially reduces a patient quality of life. A joint replacement is
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a common procedure in later life because it is prone to wear
over time, can be damaged during physical activity, or by
accident.

[0046] 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 flexible connective tissue
such as cartilage between the bones. The joint also generates
anatural lubricant that works in conjunction with the cartilage
to aid in ease of movement. Load sensing unit 170 mimics the
natural structure between the bones of the joint. Load sensing
unit 170 has one or more articular surfaces on which a bone
(femur 410) or a prosthetic component (412) can moveably
couple. A knee joint is disclosed for illustrative purposes but
load sensing unit 170 is applicable to other joints of the
muscular-skeletal system. For example, the hip, spine, and
shoulder have similar structures comprising two or miore
bones that move in relation to one another. In general, load
sensing unit 170 can be used between two or more bones (or
prosthetic components) allowing movement of the bones dur-
ing measurement or maintaining the bones in a fixed position.
[0047] Returning back to FIG. 3 and further supporting step
314, an energy and range of a projected ultrasonic sensing
field can be adjusted based on proximity ofthe components of
the navigation device, and also at times, proximity and posi-
tion of the load sensing unit 170. In the later, the navigation
device 180 identifies the location of the load sensing unit 170
and ensures it is properly positioned for assessing alignment.
This permits for controlled measurement of an alignment
corresponding with a load balance of the applied anatomical
force. It calculates the relationship of the forces on each
compartment (e.g., condyles) with the varus and valgus align-
ment conditions. The adjusting is performed by the naviga-
tion device 180 previously shown in FIG. 1 and can adjust an
ultrasonic waveform transmit sensitivity in accordance witha
movement and proximity of the wand 200 to the receiver 220,
for example, to match, compensate or characterize transmit-
ter characteristics with the sound field environment (e.g.,
noise, airflow, temperature, etc.).

[0048] As an example, the receiver 220 signals the wand
200 to transmit ultrasonic waves at a higher energy level and
repetition rate as a function of the distance there between.
This can improve averaging and continuous tracking perfor-
mance. It can also modify the transmitted wave shape depend-
ing on the distance or as a function of the detected environ-
mental parameters. The shaping can occur at the processor on
the receiver 220 (or pre-stored as a waveform in memory)
responsive to an index flag, and the digital waveform is then
communicated to the wand 200 which then transmits the
pulse in accordance with the wave shape. Alternatively, the
wand 200 can include a local memory to store wave shapes,
and the receiver 220 transmits an index to identify which
stored waveshape the wand 200 should transmit. One means
of mapping a three-dimensional sensory field with the navi-
gation device 180 is disclosed in U.S. Pat. No. 7,788,607 and
patent application Ser. No. 12/853,987 entitled “Method and
System for Mapping Virtual Coordinates” filed Dec. 1, 2006
the entire contents of which are hereby incorporated by ref-
erence.

[0049] The wand 200 can provide additional user interface
control via a soft key 218. The receiver 220 can precisely
track the wand 200 up to 2 m distances and report its position
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(among other parameters) on the GUT 108. Tt can track mul-
tiple wand locations if more than one wand is present, for
example, to report positional information or movement of
multiple points or objects. Although the receiver 220 is shown
as stationary and the wand 200 as free to move, the reverse is
true; the receiver 220 can track its own movement relative to
a stationary wand 200 or a plurality of wands. U.S. Pat. No.
7,834,850 and patent application Ser. No. 12/900,662 entitled
“Navigation Device Providing Sensory Feedback” filed Oct.
8, 2010 disclose principles of operation employed herein; the
entire contents of which are hereby incorporated by refer-
ence. The receiver can calculate an orientation of the wand at
the wand tip of the wand (4 cm or more away from any one of
the plurality of ultrasonic transmitters) with respect to a vir-
tual coordinate system of the receiver; and wirelessly transmit
the alignment information with respect to three or more reg-
istered points in the ultrasonic sensing field in the virtual
coordinate system of the receiver via a wireless radio fre-
quency communication link.

[0050] FIG. 5A depicts an exemplary embodiment of the
navigation system 500 for use as an alignment tool in total
knee replacement procedures. The navigation system 500
includes the receiver 220, a mounting wand 230 and the wand
200; components of the navigation device 180 from FIG. 1.
The wand 200 can be held in the hand for registering points
and also be coupled to a guide or jig 520 as shown. This
permits for navigating the guide or jig in view of the regis-
tered points. The guide jig supports the cutting of bones in
relation to the mechanical axis of the joint for mounting
prosthetic components thereto. It also includes the remote
system 104 (e.g., laptop, mobile device, etc.) for presenting
the graphical user interface (GUI) 108. The GUI 108 allows
the user to visualize a navigated workflow and can be cus-
tomized to the orthopedic procedure. The navigation system
500 as illustrated also includes the load sensing unit 170,
shown inserted between the femur and tibia of the knee joint,
and the earpiece 190 which receives from the remote system
104 audible messages related to the work flow GUI 108.

[0051] Thesystem 500 assesses and reports in real-time the
position of these points, or other registered points, by way of
the GUI 108 on the remote system 108. It provides visual and
auditory feedback related to cutting jig orientation and align-
ment, such as audible acknowledgements, haptic sensation
(e.g., vibration, temperature), and graphical feedback (e.g.,
color, measurements, numbers, etc). Another example of an
alignment tool used in conjunction with the embodiments
herein contemplated is disclosed in U.S. Patent Application
61/498,647 entitled “Orthopedic Check and Balance System”
filed Jun. 20, 2011 the entire contents of which are hereby
incorporated by reference.

[0052] Returning back to FIG. 3 and further supporting step
316, the alignment and the load balance is reported at specific
work flow times responsive to one or more steps during the
work flow, for example, those associated with registering
three-dimensional points in the ultrasonic sensing field. The
steps associated therewith can include requiring the surgeon
to identify an anatomical landmark, for example, by pressing
the wand button, tracing out a contour ofa bone or identifying
points on a guide or jig, or navigating a guide into a prede-
termined orientation (position, location, angle, etc.). Other
steps can include femur head identification, the use of a
different cutting jig (femur, tibia, 4inl block rotation, etc.)
requiring detachment and reattachment of the wand 200, con-
trolling the user interface 108 (e.g., pagination, markers,
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entries, etc.), assessing/performing bone cuts, assessing/pet-
forming soft tissue release, insertion/repositioning/removal
of the load sensing unit 170 or navigation device 180 com-
ponents or other commonly practiced work flow steps. One
exemplary embodiment of providing sensory feedback in a
navigated workflow with the sensorized tools is disclosed in
U.S. patent application Ser. No. 12/900,878 filed Oct. 8, 2010
entitled “Navigation System and User Interface For Directing
a Control Action”, the entire contents of which are hereby
incorporated by reference.

[0053] Briefly referring again to FIG. 5, the receiver 220
precisely tracks both wands 200-230 and reports their posi-
tion on the GUI 108 as part of the navigated workflow pro-
cedure. During the procedure, the receiver 220 is rigidly
affixed to the femur bone for establishing a base (or virtual)
coordinate system. The mounting wand 230 is rigidly affixed
to the tibia for establishing a second coordinate system with
respect to the base coordinate system. The wand 200 is used
to register points of interest with the receiver 220. The points
of interest can be on a bone or on cutting jigs 520 used during
surgery. Thereafter, the wand 200 can be rigidly coupled to
the cutting jig 520 (femur/tibia) to establish virtual cut angles
for making corresponding cuts on the bones. The navigation
system 500 reports real-time alignment of the cutting jigs 520
and bones by way of direct communication between the
wands 220-230 and the receiver 220; no computer worksta-
tion is required there between.

[0054] In one arrangement, the wand emits a plurality of
ultrasonic pulses from a plurality of ultrasonic transmitters
configured to transmit the ultrasonic pulses. The receiver with
a plurality of microphones captures the ultrasonic pulses and
digitally samples and stores a history of received ultrasonic
waveforms in memory. It estimates from the stored ultrasonic
waveforms a time of flight between transmitting and receiv-
ing of the ultrasonic pulses, and identifies a location of the
wand from the time of flight measurements received at the
plurality of microphones. It then calculates for the plurality of
ultrasonic waveforms stored in the memory a phase differen-
tial between the ultrasonic waveforms and previously
received ultrasonic waveforms, and updates the location of
the wand from a mathematical weighting of the time of flight
with the phase differential.

[0055] Inaddition to visual and auditory feedback provided
by the GUI 108 on the laptop 104, the load balance and
alignment information can be audibly presented via the ear-
piece 190 responsive to completion of the one or more steps
during the work flow as recited in step 318 in the description
of method 300 of FIG. 3. The earpiece 190 may receive such
audio content directly from the laptop 104 or the receiver 220,
which is also equipped with wireless communication (e.g,
Bluetooth). The receiver 220 and laptop 104 can provide
Bluetooth profiles such as Human Interface Device Profile
(HID), Headset Profile (HSP), Hands-Free Profile (HFP) or
Serial Port Profile (SPP) for low complexity overhead, though
is not limited to these. The Bluetooth profile provides a wire-
less interface specification for Bluetooth-based communica-
tion between devices.

[0056] As another example, audio feedback can be pro-
vided for any of these steps or other steps associated with
assessing both balance and alignment, for instance, audibly
indicating the force level, for instance, by increasing a media
loudness (e.g. tone, beep, synthetic message) or frequency
corresponding to the level while evaluating alignment. As
another example, the earpiece 190 can provide synthetic
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voice messages for a “to do” step in the work flow of the GUI
108. It can also be configured to chime or respond to a pre-
determined parameter, for example, when ideal balance and
alignment has been achieved.

[0057] This information can also be visually reported via
the GUI 108 previously shown in the navigation system 500
of FIG. 5A. That is, the alignment and balance information be
numerically shown with other graphical features (e.g., color,
size, etc.) for emphasis. One benefit of audible feedback is
that it permits the surgeon to look and listen separately to
alignment and balance. For instance, the GUI can provide
visual alignment information while the earpiece provides
audio level for force. In situations where two earpieces are
used, the force balance may be applied as pan balance
between earpieces. Balance can be noted when the sound
parameters (e.g., loudness, tone, etc.) from the left and right
earpiece are equal. The visual and auditory combination can
assist the surgeon in comprehending load balance and align-
ment during surgery.

[0058] FIG. 5B illustrates an integrated visual information
GUI 590 for efficiently displaying balance in view of align-
ment, for instance, to show the mechanical axis 591 and the
load 1in592 overlay with reference to anatomical load forces.
It provides visual feedback and audible information over the
earpiece. Briefly, the Receiver 220 and Wand (1TX) 230 render
of the mechanical axis 591; that is, the alignment between
bone coordinate systems. The load sensor 170 data provides
the GUI rendering of the load line 592; that is, the location and
loading of the forces on the knee compartments that contrib-
ute to the overall stability of the prosthetic knee components.
The overlay GUI 590 can also simulate soft tissue anatomical
stresses associated with the alignment and balance informa-
tion. For example, the GUI 590 can adjust a size and color of
a graphical ligament object corresponding to a soft tissue
ligaments according to the reported alignment and balance
information. The ligament object 594 can be emphasized red
in size to show excess tension or stress as one example.
Alternatively, ligament object 595 can be displayed neutral
green if the knee compartment forces for alignment and bal-
ance result within an expected, or acceptable, range, as
another example. Such predictive measurements of stress
based on alignment and balance data can be obtained, or
predetermined, from widespread clinical studies or from
measurements made previously on the patient’s knee, for
example, during a clinical, or pre-op.

[0059] FIG. 6 illustrates the load sensing unit 170 for mea-
suring a parameter of the muscular-skeletal system in accor-
dance with an example embodiment. In general, and with
respect to FIG. 4, it is the insert component 170 between the
femur prosthetic component 412 and the tibia prosthetic com-
ponent 422 which together comprises a joint replacement
system to allow articulation. In the example, load sensing unit
170 is a prosthetic insert that is a wear component of a knee
joint replacement system. The prosthetic insert has one or
more articular surfaces (602/604) that allow joint articulation.
As shown, load sensing unit 170 has two articular surfaces
602 and 604 with underlying sensors for measuring load. The
articular surface is low friction and can absorb loading that
occurs naturally based on situation or position. The contact
area between surfaces of the articulating joint can vary over
the range of motion. The articular surface of a permanent
insert will wear over time due to friction produced by the
prosthetic component surface contacting the articular surface
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during movement of the joint. Ligaments, muscle, and tendon
hold the joint together and motivate the joint throughout the
range of motion.

[0060] Load sensing unit 170 is an active device having a
power source, electronic circuitry, transmit capability, and
sensors within the body of the prosthetic component. As
disclosed herein, load sensing unit 170 can be used intra-
operatively to measure parameters of the muscular-skeletal
system to aid in the installation of one or more prosthetic
components. As shown, operation of load sensing unit 170 is
shown as a knee insert to illustrate operation and measure-
ment of a parameter such as loading and balance. L.oad sens-
ing unit 170 can be adapted for use in other prosthetic joints
having articular surfaces such as the hip, spine, shoulder,
ankle, and others. Alternatively, load sensing unit 170 can be
a permanent active device that can be used to take parameter
measurements over thelife of theimplant. One example of the
wireless load sensor unit is disclosed U.S. patent application
Ser. No. 12/825,724 entitled “Wireless Sensing Module for
Sensing a Parameter of the Muscular-Skeletal System” filed
Jun. 29, 2010 the entire contents of which are hereby incor-
porated by reference.

[0061] Inbothatrial, or permanent insert, load sensing unit
170 is substantially equal in dimensions to a passive final
prosthetic insert. In general, the substantially equal dimen-
sions correspond to size and shape that allow the insert to fit
substantially equal to the passive final prosthetic insert. In the
intra-operative example, the measured loading and balance
using load sensing unit 170 as a trial insert would be substan-
tially equal to the loading and balance seen by the final insert.
It should be noted that load sensing unit 170 for intra-opera-
tive measurement could be dissimilar in shape or have miss-
ing features that do not benefit the trial during operation. The
insert is positionally stable throughout the range of motion
equal to that of the final insert. The exterior structure of load
sensing unit 170 is formed from at least two components.
[0062] In the embodiment shown, load sensing unit 170
comprises a support structure 600 and a support structure 608.
Support structures 600 and 608 have major support surfaces
that are loaded by the muscular-skeletal system. As previ-
ously mentioned, load sensing unit 170 is shown as a knee
insert to illustrate general concepts and is not limited to this
configuration. Support structure 600 has an articular surface
602 and an articular surface 604. Condyles of a femoral
prosthetic component articulate with surfaces 602 and 604.
Loading on the prosthetic knee joint is distributed over a
contact area of the articular surfaces 602 and 604. In general,
accelerated wear occurs if the contact area is insufficient to
support the load. A region 606 of the support structure 600 is
unloaded or is lightly loaded over the range of motion. Region
606 is between the articular surfaces 602 and 604. It should be
noted that there is an optimal area of contact on the articular
surfaces to minimize wear while maintaining joint perfor-
mance. The contact location can vary depending on the posi-
tion within the range of motion of the muscular-skeletal sys-
tem. Problems may occur if the contact area falls outside a
predetermined area range within articular surfaces 602 and
604 over the range of motion.

[0063] In one embodiment, the location where the load is
applied on articular surfaces 602 and 604 can be determined
by the sensing system. This is beneficial because the surgeon
now has quantitative information where the loading is
applied. The surgeon can then make adjustments that move
the location of the applied load within the predetermined area
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using real-time feedback from the sensing system to track the
result of each correction. The support structure 608 includes
sensors and electronic circuitry 612 to measure loading on
each articular surface of the insert. A load plate 616 undetlies
articular surface 602. Similarly, a load plate 618 underlies
articular surface 604. Force, pressure, or load sensors (not
shown) underlie load plates 616 and 618. In one embodiment,
load plates 616 and 618 distribute the load to a plurality of
sensors for determining a location where the load is applied.
In the example, three sensors such as a piezo-resistive sensor
underlies a corresponding load plate. The sensors are located
at each vertex of the triangular shaped load plate.

[0064] Although the surface of load plates 616 and 618 as
illustrated, are planar they can be conformal to the shape of an
articular surface. A force, pressure, or load applied to articular
surfaces 602 and 604 is respectively coupled to plates 616 and
618. Electronic circuitry 612 is operatively coupled to the
sensors underlying load plates 616 and 618. Plates 616 and
618 distribute and couple a force, pressure, or load applied to
the articular surface to the underlying sensars. The sensors
output signals corresponding to the force, pressure, or load
applied to the articular surfaces, which are received and trans-
lated by electronic circuitry 612. The measurement data can
be processed and transmitted to a receiver external to load
sensing unit 170 for display and analysis. In one embodiment,
the physical location of electronic circuitry 612 is located
between articular surfaces 602 and 604, which correspond to
region 606 of support structure 600. A cavity for housing the
electronic circuitry 112 underlies region 606. Support struc-
ture 608 has a surface within the cavity having retaining
features extending therefrom to locate and retain electronic
circuitry 612 within the cavity. The retaining features are
disclosed in more detail hereinbelow. This location is an
unloaded or a lightly loaded region of the insert thereby
reducing a potential of damaging the electronic circuitry 612
due to a compressive force during surgery or as the joint is
used by the patient. In one embodiment, a temporary power
source such as a battery, capacitor, inductor, or other storage
medium is located within the insert to power the sensors and
electronic circuitry 612.

[0065] Support structure 600 attaches to support structure
608 to form the insert casing. Internal surfaces of support
structures 600 and 608 mate together. Moreover, the internal
surfaces of support structures 600 and 608 can have cavities
or extrusions to house and retain components of the sensing
system. Externally, support structures 600 and 608 provide
load bearing and articular surfaces that interface to the other
prosthetic components of the joint. The support structure 608
has a support surface 610 that couples to a tibial implant. In
general, the support surface 610 has a much greater load
distributing surface area that reduces the force, pressure, or
load per unit area than the articulating contact region of
articular surfaces 602 and 604.

[0066] The support structures 600 and 608 can be tempo-
rarily or permanently coupled, attached, or fastened together.
As shown, load sensing unit 170 can be taken apart to separate
support structures 600 and 608. A seal 614 is peripherally
located on an interior surface of support structure 608. In one
embodiment, the seal is an o-ring that comprises a compliant
and compressible material. The seal 614 compresses and
forms a seal against the interior surface of support structures
600 and 608 when attached together. Support structures 600
and 608 form a housing whereby the cavities or recesses
within a boundary of seal 614 are isolated from an external
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environment. In one embodiment, a fastening element 620
illustrates an attaching mechanism. Fastening element 620
has a lip that couples to a corresponding fastening element on
support structure 600. Fastening element 620 can have a
canted surface to motivate coupling. Support structures 600
and 608 are fastened together when seal 614 is compressed
sufficiently that the fastening elements interlock together.
Support structures 600 and 608 are held together by fastening
elements under force or pressure provided by seal 614 or
other means such as a spring. Not shown are similar fastening
elements that may be placed in different locations to secure
support structures 600 and 608 equally around the perimeter
if required.

[0067] In one embodiment, support structure 600 com-
prises material commonly used for passive inserts. For
example, ultra high molecular weight polyethylene can be
used. The material can be molded, formed, or machined to
provide the appropriate support and articular surface thick-
ness for a final insert. Alternatively, support structures 600
and 608 can be made of metal, plastic, or polymer material of
sufficient strength for a trial application. In an intra-operative
example, support structures 600 and 608 can be formed of
polycarbonate. It should be noted that the long-term wear of
the articular surfaces is a lesser issue for the short duration of
the jointinstallation. The joint moves similarly to a final insert
when moved throughout the range of motion with a polycar-
bonate articular surface. Support structure 600 can be a
formed as a composite where a bearing material such as ultra
high molecular weight polyethylene is part of the composite
material that allows the sensing system to be used both intra-
operatively and as a final insert.

[0068] FIG. 7 illustrates one or more remote systems in an
operating room in accordance with an example embodiment.
In general, an operating room includes a region where access
is limited. Typically, personnel and equipment required for
the procedure stay within a sterile field 702. Sterile field 702
is also known as a surgical field. Filtered air flows through
sterile field 702 to maintain the region free of contaminants.
The airflow can be laminar through sterile field 702 to carry
contaminants away from the procedure thereby maintaining
the sterile environment.

[0069] Remote systems as herein include a processor, com-
munication circuitry, and a display. The communication cir-
cuitry couples to one or more devices for receiving measure-
ment data. The processor can process the data to support a
work-flow of the procedure. Processing of the data can
include audio, visual, and haptic feedback in real-time that
allows rapid assessment of the information. In general, the
measured quantitative data can be displayed on a display that
is in the line of sight of the user but may not be in the sterile
field. In a first example, a remote system 712 is attached to a
ceiling. A mechanical arm extends from the ceiling that
allows remote system 712 to be moved to an appropriate
height and angle for viewing within the sterile field. Remote
system 712 includes a display 704 and a detector 706. In a
second example, a remote system 714 is on a portable plat-
form that can be wheeled to an appropriate location. Remote
system 714 includes a display 710 and a detector 706. One
example of such a remote system is disclosed in U.S. patent
application Ser. No. 12/723,486 entitled “Sterile Networked
Interface for Medical Systems” filed Mar. 12, 2010 the entire
contents of which are hereby incorporated by reference.
[0070] Remote systems 712 and 714 operate in a similar
fashion. The remote system 712 may be used for illustrative
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purposes but each example also applies to portable remote
system 714 and the corresponding components thereof.
Although not shown, a tool, equipment, or device is used to
measure a parameter of the muscular-skeletal system within
surgical field 702. For example, a load sensing unit inserted in
aprosthetic knee joint wirelessly sends data to remote system
712. A navigation system can provide position and alignment
information of the joint installation. A visualization of the
prosthetic knee joint can be displayed on display 704 with the
quantitative measurements related to load and alignment. The
load sensing unit can provide quantitative measurements of
the load magnitude and balance between condyles. The navi-
gation system can provide information on alignment relative
to the mechanical axis of the leg. Furthermore, position data
of the femur in relation to the tibia can also be shown on
remote system 712. The quantitative measurement informa-
tion displayed on remote system 712 can be used select pros-
thetic components and effect changes before final compo-
nents are installed.

[0071] The surgeon and other personnel within sterile field
702 can view display 704. The detector 706 of remote system
712 and similarly detector 708 of remote system 714 includes
multiple sensors that are directed towards sterile field 702.
Sensors included in detector 706 can be but not limited to
visual, audio, and motion sensors. The sensors can be used to
control the GUI on remote system remotely. For example,
gestures can be received by detector 706 and identified that
results in an action. Similarly, audible commands can be
recognized that results in an action. The gestures can control
the work-flow, how data is presented, image size, a region of
the screen, and access other programs to name but a few
commands. Detector 706 provides a means of controlling
remote system 712 from a distance. Detector 706 can be used
to modify or change a device used in a procedure. For
example, device, equipment, or tool settings could be
adjusted using gestures or audible commands that might oth-
erwise be difficult during the procedure.

[0072] Detector 706 couples to the processor and display of
remote system 712. Feedback can be provided by the system
in response to the action received by detector 706 from the
user. The response can be visual, audio, haptic, or other means
that is readily detected by the user. The response can be
provided by detector 706, display 704, or other devices. Simi-
larly, visual, audio, or haptic feedback can be provided by
detector 706 or display 704 based on the quantitative data
received from equipment, instruments, or tools being used to
assess the muscular-skeletal system of the patient for the
prosthetic joint implant. At this time, orthopedic surgeons
rely on subjective feel with little or no quantitative measure-
ment information related to combined alignment, position,
loading, and load balance. Remote systems 712 and 714 are
hands free operating room systems that allows the surgeon to
receive quantitative data in a non-obtrusive manner that sup-
ports an optimal installation while reducing surgical time for
the patient. The quantitative data from each surgery can be
data logged with the corresponding work-flow step of the
procedure for review and analysis as it relates to both short
and long term outcomes.

[0073] FIG. 8 illustrates detector 706 detecting one of
visual, motion, or audio queve from a user 802. User 802
resides in sterile field 702 of an operating room. Instruments,
personnel, and the patient have been removed for clarity of
the user operation. Detector 706 detects a gesture 804 or
motion used in the operation of the GUI of display 704.
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Motion detection or visual input from detector 706 is ana-
lyzed to recognize the command. In the example, user 802
wants to focus in on a different area of the screen. Gesture 804
is recognized and an action is taken. The example action as
shown causes the screen to translate to the area directed by
user 802. In one embodiment, the system can provide feed-
back to the command recognition before the action is taken.
Display 704 or detector 706 can provide visual, audible, or
haptic feedback to indicate recognition of the command. In
some circumstances, remote system 712 may await a visual or
audible confirmation to initiate the action. Although shown
with gestures, the command could be given audibly or by the
parameter measurement instrument used in the orthopedic
procedure coupled to

[0074] User 802 is providing a gesture 808 that moves
display 704 back to the previous screen. Detector 706
receives the visual or motion queue. The visual or motion
queue is recognized resulting in an action to move back to the
previous screen. In the example, remote system 704 can be
coupled to the surgical navigation device and the load sensing
unit. Quantitative measurement data on position, alignment,
load, and load balance is provided on display 704. As men-
tioned previously, remote system 712 can be a computer
system having one or more processors and digital signal
processors for analyzing the quantitative data and the visual,
motion, and audio queues from detector 706. Alternatively,
detector 706 can have internal processors for analyzing detec-
tor input for recognition of commands and the resultant
action. In general, a small set of gestures that can control and
allow interaction with the GUI on display 704 would result in
better outcomes as quantitative data can be added to subjec-
tive feel in a manner that adds little or no time to how ortho-
pedic surgeries are currently being performed.

[0075] User 802 is shown providing a gesture 812 that is
detected by detector 706. Detector 706 recognizes gesture
812 and responds by performing an action corresponding to
gesture §12. In the example, a step of the work-flow has been
completed and gesture 812 results in the action that the
remote system displays the next page of the work-flow. The
new page of the work-flow may require different parameter
measurements to be performed at different joint positions.
The remote system 712 can respond by visual, audible, hap-
tic, or other means. In one embodiment, remote system 712
can respond to gesture 812 with an audible output 8§14.
Audible output 814 can acknowledge the detection of gesture
812 and the action taken thereof. Audible output 814 can
further describe the action being taken to ensure the correct
action is being taken. Alternatively, the action can be indi-
cated on screen 704. Audible output 814 can also be produced
in response to measurement data output by the orthopedic
measurement devices (not shown) coupled to remote system
712. For example, quantitative measured data related to align-
ment to the mechanical axis can be analyzed by remote sys-
tem 712. An audible output 814 can be provided indicated that
it is more than a predetermined range. Further audible output
can be provided related to the amount of valgus or vargus
misalignment. User 802 could continue work on the patient
getting real-time audio feedback on the measurements as it
pertains to the steps of the work-flow. Similarly, audible out-
put 814 can be provided when the load sensing unit is placed
in the muscular-skeletal system. The audible output 814 can
recite load magnitude and load balance on the load sensing
unit. Audible output 814 can be non-verbal such as tone or
sound magnitude changes for audibly indicating measured
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parameters. Audible output 814 can be directed to an earpiece
worn by user 802 as disclosed above. A further benefit can be
achieved in providing audible direction of work-flow steps
that incorporates combined data from the navigation system
and the load sensing unit into a surgical related format that
user 802 can perform on the patient or prosthetic components.

[0076] User 802 can provide an audible command that is
detected by detector 706. Detector 706 or system 712 can
have voice recognition software for assessing the audible
command. Detector 706 upon recognizing audible command
813 initiates an action as described herein. Audible com-
mands 818 can be used to control the GUT on display 704 or
provide feedback in response to a visual or audible queue
provided by remote system 712. Audible command 818 can
also be used to change settings of instruments, equipment or
tools coupled to remote system 712.

[0077] FIG. 9A illustrates a robotic tool 900 coupled to
remote system 712 in accordance with an example embodi-
ment. In one embodiment, robotic tool 900 includes an arm
914 for supporting operations such as bone modifications and
cuts for accepting prosthetic components. Robotic tool 900,
the load sensing unit, and the navigation system couple to
remote system 712. Robotic tool 900 utilizes image data with
actual points on the patient muscular-skeletal system to map
aregion of interest. Arm 914 of robotic tool 900 is motorized
to precisely move in 3D space in relation to the mapped
region. Instruments and tools can be attached to arm 914. For
example, a cutting device can be attached to arm 914 where
the location in 3D space of the leading edge of the cutting
device is known and controlled by robotic tool 900. Robotic
tool 900 can aid user 802 in making precise and specific
muscular-skeletal modifications. In the example, robotic tool
900 can be programmed to cut bone regions to receive one or
more prosthetic components. Robotic tool 900 can be used in
conjunction with the navigation system and the load sensing
unit. The user interface ondisplay 704 supports the work-flow
that includes robotic tool 900. In the example, quantitative
data related to the position of arm 914 of robotic tool 900,
loading, joint position, and alignment can be provided on
display 704. A gesture 902 can be used to generate an action
on robotic tool 900. Detector 706 detects and recognizes
gesture 902 and generates an actiorn. Remote system 712 can
provide an audio output 910. In the example, audio output 910
can be a response to gesture 902. The audio output 910 can
request confirmation to perform the action. User 802 can
confirm by gesture 908 (FIG. 9B) or audibly that the action is
correct and to initiate the action. An example of the action is
gesture 902 causing robotic arm 914 to move towards the
surgical area. Detector 706 detects and recognizes the confir-
mation gesture 908 and initiates robotic arm movement.

[0078] FIG. 10 illustrates a sensor array of detector 706 in
accordance with an example embodiment. Detector 706 has
more than one sensor for visual, motion, and audio detection.
In one example, detector 706 includes a camera 902 and one
or more infrared sensors 904. Detector 706 can view the
sterile field of the operating room scanning the space in 3D.
Detector 706 can further include ultrasonic sensors 910.
Ultrasonic sensors 910 can be used for motion detection
within the sterile field. A sensor for distinguishing depth of
image can further support 3D recognition. Detector 706 fur-
ther includes one or more audio transducers 908. Transducers
908 can be a microphone for receiving audio and a speaker for
providing an audio output. As mentioned previously, detector
706 can include one or more processors or digital signal
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processors for capturing changes in image and motion. The
one or more processors can utilize software for analyzing
captured motion, voice recognition, sound generation, and
voice generation. Recognition software can be used to deter-
mine difference between normal physical activities within the
sterile space from gestures. Similarly, the transducers 908 can
be used to identify and localized source vocalization such as
the surgeon. Motion and sound recognition supports remote
system 712 placed outside the sterile field for allowing user
control of the GUI. Moreover, remote system 712 can reduce
staff required in the operating room thereby lowering expo-
sure of contaminants to the patient. Remote system 712 fur-
ther facilitates the integration of measured data on the mus-
cular-skeletal system that can quantify a subjective feel of a
surgeon. The measured data can be provided verbatim in
real-time on display 704 of remote system 712. The quanti-
tative measurements by itself may not be synthesized by the
user rapidly nor may it be readily adapted to the task being
performed in the work-flow. Remote system 712 can analyze
the quantitative data and translate the measurements into an
action to be taken by the user that is a step of the work-flow.
For example, load and load balance measurements can be
translated can be translated to specific soft tissue tensioning
steps performed by the surgeon to reduce load and increase
balance. Thus, remote system 712 can provide real-time feed-
back to measurement tools and the user respectively based on
measurements and motion/audio detection that integrates
well with existing surgical work-flows.

[0079] The illustrations of embodiments described herein
are intended to provide a general understanding of the struc-
ture of various embodiments, and they are not intended to
serve as a complete description of all the elements and fea-
tures of apparatus and systems that might make use of the
structures described herein. Many other embodiments will be
apparent to those of skill in the art upon reviewing the above
description. Other embodiments may be utilized and derived
therefrom, such that structural and logical substitutions and
changes may be made without departing from the scope of
this disclosure. Figures are also merely representational and
may not be drawn to scale. Certain proportions thereof may
be exaggerated, while others may be minimized. Accord-
ingly, the specification and drawings are to be regarded in an
illustrative rather than a restrictive sense.

[0080] Such embodiments of the inventive subject matter
may be referred to herein, individually and/or collectively, by
the term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any single invention or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have
been illustrated and described herein, it should be appreciated
that any arrangement calculated to achieve the same purpose
may be substituted for the specific embodiments shown. This
disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically
described herein, will be apparent to those of skill in the art
upon reviewing the above description.

[0081] These are but a few examples of embodiments and
modifications that can be applied to the present disclosure
without departing from the scope of the claims stated below.
Accordingly, the reader is directed to the claims section for a
fuller understanding of the breadth and scope of the present
disclosure.
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[0082] Where applicable, the present embodiments of the
invention can be realized in hardware, software or a combi-
nation of hardware and software. Any kind of computer sys-
tem or other apparatus adapted for carrying out the methods
described herein are suitable. A typical combination of hard-
ware and software can be a mobile communications device
with a computer program that, when being loaded and
executed, can control the mobile communications device
such that it carries out the methods described herein. Portions
of the present method and system may also be embedded in a
computer program product, which comprises all the features
enabling the implementation of the methods described herein
and which when loaded in a computer system, is able to carry
out these methods.

[0083] While the preferred embodiments of the invention
have been illustrated and described, it will be clear that the
embodiments of the invention are not so limited. Numerous
modifications, changes, variations, substitutions and equiva-
lents will occur to those skilled in the art without departing
from the spirit and scope of the present embodiments of the
invention as defined by the appended claims.

What is claimed, is:

1. A medical system for generating quantitative measure-
ments on the muscular-skeletal system, comprising:

aload sensing device configured to couple to the muscular-

skeletal system to measure a load magnitude and a posi-
tion of load applied thereto;

asurgical navigation device configured to measure muscu-

lar-skeletal alignment; and
aremote system having a display configured to wirelessly
couple to the surgical navigation device and the load
sensing device where the remote system is configured to
receive quantitative measurement data from the load
sensing device and the surgical navigation device and
where the remote system is configured to display load
magnitude, position of load, and alignment data.
2. The system of claim 1, further comprising a detector unit
coupled to the remote system for receiving visual, audio, or
motion queues from within a surgical field.
3. The system of claim 1, wherein the surgical navigation
device performs the steps of:
emitting a plurality of ultrasonic pulses from a plurality of
ultrasonic transmitters on a wand of the surgical naviga-
tion device configured to transmit the ultrasonic pulses;

capturing the ultrasonic pulses from a plurality of micro-
phones on a receiver of the surgical navigation device;

digitally sampling and storing a history of received ultra-
sonic waveforms in a memory of the receiver;

estimating from the stored ultrasonic waveforms a time of
flight between transmitting and receiving of the ultra-
sonic pulses;
identifying a location of the wand from the time of flight
measurements received at the plurality of microphones;

calculating for the plurality of ultrasonic waveforms stored
in the memory a phase differential between the ultra-
sonic waveforms and previously received ultrasonic
waveforms; and

updating the location of the wand from a mathematical

weighting of said time of flight with said phase differ-
ential.

4. The system of claim 3, wherein the receiver coordinates
the emitting and the capturing of the plurality of ultrasonic
pulses via wireless infrared synchronized communication
from the wand.
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5. The system of claim 3, where the surgical navigation
device comprises a wand and a receiver that adjusts an ultra-
sonic waveform transmit sensitivity in accordance with the
proximity of the wand to the receiver.

6. The system of claim 3, where the surgical navigation
device comprises a wand and a receiver that adjusts an ultra-
sonic transmit sensitivity to compensate and match transmit-
ter characteristics to airflow and temperature parameters of a
sound field therein.

7. The system of claim 5, wherein the receiver transmits an
index to the wand that identifies a waveshape stored in local
memory and which the wand transmits in response to receiv-
ing the index.

8. An operating room system comprising:

one or more sensors configured to measure load and posi-
tion of load of a the muscular-skeletal system;

one or more sensors configured to measure alignment of
the muscular-skeletal system;

a remote system having a display configured to wirelessly
receive load, position of load, and alignment quantita-
tive measurement data load where the remote system is
configured to display load magnitude, position of load,
and alignment data to support installation of at least one
prosthetic component; and

a detector unit coupled to the remote system for receiving
visual, audio, or motion queues from within a surgical
fleld.

9. The system of claim 8 further including at least three

piezoelectric sensors to measure load and position of load.

10. The system of claim 8, where the remote system com-
prises a computer system coupled to a display, where the
display presents load-line magnitude and alignment informa-
tion as integrated quantitative data.

11. The system of claim 9 where an action is generated by
the remote system in response to one of a visual, audio, or
motion queue.

12. The system of claim 8 where the remote system dis-
plays load balance quantitative measurement data.

13. An operating room system configured to support a knee
joint operation comprising at least one prosthetic component
having sensors therein the operating room system the com-
prising:

one or more sensors configured to measure load and posi-
tion of load of a knee joint;

one or more sensors configured to measure leg alignment to
a mechanical axis of a leg; and

a remote system having a display configured to wirelessly
couple to the one or more sensors configured to measure
load and position of load and the one or more sensors
configured to measure leg alignment where the remote
system is configured to receive quantitative measure-
ment data and where the remote system is configured to
display load magnitude, position of load, and alignment
data.

14. The system of claim 13 further including a detector unit
coupled to the remote system for receiving visual, audio, or
motion queues from within a surgical field where an action is
generated upon receiving one of the visual, audio, or motion
queues.

15. The system of claim 13, comprising a surgical naviga-
tion system for coupling to the remote system for providing
position and alignment data of the muscular-skeletal system
by measuring time of flight and differential time of flight
ultrasonic waveforms.
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16. The system 13, where the one or more sensors config-
ured to measure load and position of load coniprise at least
three load sensors underlying an articular surface of an insert.

17. The system of claim 13, where one of the visual, audio,
or motion queues controls a GUT of the remote system.

18. The system of claim 13, where the system is configured
to respond to the visual, audio, or motion queue received by
the detector and where the system response can be visual,
audible, or haptic.

19. The system of claim 13, where the one or more sensors
configured to measure load and position of load are piezo-
electric sensors.

20. The system of claim 13 further comprising an earpiece
that audibly presents an indicator of alignment and load bal-
ance responsive to receiving visual, audio, or motion queues
from within a surgical field.
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