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SYSTEMAND METHOD FORAN
ORTHOPEDIC DYNAMIC DATA
REPOSITORY AND REGISTRY FOR
CLINICAL
CROSS-REFERENCE

0001. This application claims the priority benefits of U.S.
Provisional Patent Application No. 61/211,023 filed on Mar.
26, 2009, the entire contents of which are hereby incorporated
by reference. This application further claims the priority ben
efits of U.S. provisional patent application Nos. 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, 61/22 1909, 61/221,916, 61/221,923, and
61/221,929 all filed 30 Jun. 2009. The disclosures of which

are incorporated herein by reference in its entirety.
FIELD

0002 The disclosure relates in general to orthopedics, and
particularly though not exclusively, is related to a dynamic
data repository and registry and a method for collecting and
accessing the quantitative measurements.
BACKGROUND

0003. The skeletal system is a balanced support frame
work Subject to variation and degradation. Changes in the
skeletal system can occur due to environmental factors,
degeneration, 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 tis
Sue and tendons attached to the skeletal system of the joint.
Ligaments hold and stabilize the one or more joint bones
positionally. Cartilage is a wear Surface that prevents bone
to-bone contact, distributes load, and lowers friction. The

spinal column is comprised of Vertebrae, discs, ligaments,
and muscles that stabilize the vertebral column and protects
the spinal nerves.
0004. There has been substantial growth in the repairing of
the human skeletal system as orthopedic joint implant tech
nology has evolved. In general, improvements to orthopedic
implant joints have been based on empirical data that is spo
radically gathered from real patients. Similarly, the majority
of implant Surgeries are being performed with tools that have
not changed substantially in decades but have been refined
over time. In general, the orthopedic implant procedure has
been standardized to meet the needs of the general popula
tion. Adjustments due to individual skeletal variations rely on
the skill of the Surgeon to adjust the process for the exact
circumstance. At issue is that there is little or no data during an
orthopedic Surgery, post-operatively, and long term that pro
vides feedback to the orthopedic manufacturers and Surgeons
about the implant status.

0008 FIG. 3 is a view of a dynamic distractor opened for
distracting two Surfaces from each other in accordance with
an exemplary embodiment;
0009 FIG. 4 is an anterior view of a dynamic distractor
placed in a knee joint in accordance with an exemplary
embodiment;

0010 FIG. 5 is a lateral view of dynamic distractor in a
knee joint positioned in flexion in accordance with an exem
plary embodiment;
0011 FIG. 6 is a lateral view of a dynamic distractor in a
knee joint coupled to a cutting block in accordance with an
exemplary embodiment;
0012 FIG. 7 is an anterior view of a cutting block coupled
to dynamic distractor in accordance with an exemplary
embodiment;

0013 FIG. 8 is an illustration of dynamic distractor
including alignment in accordance with an exemplary
embodiment;

0014 FIG. 9 is a side view of a leg in extension with a
dynamic distractor in the knee joint region in accordance with
an exemplary embodiment;
0015 FIG. 10 is a top view of a leg in extension with a
dynamic distractor in the knee joint area in accordance with
an exemplary embodiment;
0016 FIG. 11 is an illustration of a system for measuring
one or more parameters of a biological life form in accor
dance with an exemplary embodiment;
0017 FIG. 12 depicts an exemplary diagrammatic repre
sentation of a machine in the form of a computer system
within which a set of instructions, when executed, may cause
the machine to performany one or more of the methodologies
discussed above;
0018 FIG. 13 is an illustration of a communication net

work for measurement and reporting in accordance with an
exemplary embodiment;
0019 FIG. 14 is an exemplary method for distracting sur
faces of the muscular-skeletal system in accordance with an
exemplary embodiment;
0020 FIG. 15 is an exemplary method for distracting sur
faces of the muscular-skeletal system in extension and in
flexion in accordance with an exemplary embodiment;
0021 FIG. 16 is an exemplary method for distracting sur
faces of the muscular-skeletal system in extension and in
flexion in accordance with an exemplary embodiment;
0022 FIG. 17 is an exemplary method for distracting sur
faces of a knee joint in extension and in flexion in accordance
with an exemplary embodiment;
0023 FIG. 18 is an exemplary method to place the mus
cular-skeletal system in a fixed position for bone shaping in
accordance with an exemplary embodiment;
0024 FIG. 19 is an exemplary method of measuring the
muscular-skeletal system in accordance with an exemplary
embodiment;

BRIEF DESCRIPTION OF THE DRAWINGS

0005 Exemplary embodiments will become more fully
understood from the detailed description and the accompa
nying drawings, wherein:
0006 FIG. 1 is a top view of a dynamic distractor in
accordance with an exemplary embodiment;
0007 FIG. 2 is a side view of a dynamic distractor having
a minimum height in accordance with an exemplary embodi
ment,

0025 FIG. 20 is an exemplary method of a disposable
orthopedic system in accordance with an exemplary embodi
ment;

0026 FIG. 21 is an exemplary method of a disposable
orthopedic system in accordance with an exemplary embodi
ment;

0027 FIG. 22 is a diagram illustrating a data repository
and registry for evidence based orthopedics in accordance
with at least one exemplary embodiment;
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0028 FIG. 23 is a diagram illustrating an orthopedic life
cycle approach to manage orthopedic health based on patient
clinical evidence in accordance with at least one exemplary

predetermined ranges. The measured data in conjunction with
patient information can lead to improved design and materi

embodiment.

0041 FIG. 1 is a top view of a dynamic distractor 100 in
accordance with an exemplary embodiment. Dynamic dis
tractor 100 is also known as a dynamic spacerblock. Dynamic
distractor 100 is a sensored device that is used during surgery
of a muscular-skeletal system. Dynamic distractor 100 can be
used in conjunction with other tools common to orthopedic
surgery as will be disclosed in more detail hereinbelow. In at
least one exemplary embodiment, the system is used during
orthopedic joint Surgery and more specifically during implan
tation of an artificial joint. The system uses one or more
sensors intra-operatively to define implant loading, position
ing, achieve appropriate implant orientation, balance, and
limb alignment. In particular, dynamic distractor combines
the ability to align and measure one or more other parameters
(e.g. load, blood flow, distance, etc. . . . ) that provides quan
titative data to a Surgeon that allows the orthopedic Surgery to
be measured and adjusted within predetermined values or
ranges based on the measured data and a database of other
similar procedures. The system is designed broadly for use on
the skeletal system including but not limited to the spinal
column, knee, hip, ankle, shoulder, wrist, articulating, and
non-articulating structures.
0042 Dynamic distractor 100 comprises an upper support
structure and a lower Support structure. An active or dynamic
spacer portion 120 of dynamic spacer block comprises the
upper and lower support structures. A lift mechanism (not
shown) couples to an interior Surface of upper Support struc
ture and an interior Surface of the lower Support structure. A
handle 112 couples to the lift mechanism. In one embodi
ment, handle 112 is operatively coupled to the lift mechanism
to change a gap of the spacer block. Handle 112 can also be
used to guide dynamic distractor 100 between regions of the
muscular-skeletal system. In general, the upper Support struc
ture has a superior surface 102 that interfaces with a surface of
the muscular-skeletal system. Similarly, the lower Support

0029 FIG. 24 is a diagram illustrating a customer selec
tion of data from a data repository and registry in accordance
with an exemplary embodiment;
0030 FIG. 25 is a diagram illustrating intra-operative
measurement of a parameter of the muscular-skeletal system
in accordance with an exemplary embodiment;
0031 FIG. 26 is a diagram illustrating one or more prede
termined ranges to performan orthopedic procedure in accor
dance with an exemplary embodiment;
0032 FIG. 27 is a diagram illustrating health risk identi
fication and notification an orthopedic device, procedure, or
medicine in accordance with an exemplary embodiment; and
0033 FIG. 28 is a diagram illustrating an analysis of the
efficacy of an orthopedic device, procedure, or medicine in
accordance with an exemplary embodiment.
DETAILED DESCRIPTION

0034. The following description of exemplary embodi
ment(s) is merely illustrative in nature and is in no way
intended to limit the invention, its application, or uses.
0035. Processes, techniques, apparatus, and materials as
known by one of ordinary skill in the art may not be discussed
in detail but are intended to be part of the enabling description
where appropriate. For example specific computer code may
not be listed for achieving each of the steps discussed, how
ever one of ordinary skill would be able, without undo experi
mentation, to write such code given the enabling disclosure
herein. Such code is intended to fall within the scope of at
least one exemplary embodiment.
0036 Additionally, the sizes of structures used in exem
plary embodiments are not limited by any discussion herein
(e.g., the sizes of structures can be macro (centimeter, meter,
and size), micro (micrometer), nanometer size and Smaller).
0037. Notice that similar reference numerals and letters
refer to similar items in the following figures, and thus once
an item is defined in one figure, it may not be discussed or
further defined in the following figures.
0038. In all of the examples illustrated and discussed
herein, any specific values, should be interpreted to be illus
trative only and non-limiting. Thus, other examples of the
exemplary embodiments could have different values.
0039. In general, successful orthopedic surgery including
the implantation of an orthopedic device into the muscular
skeletal system depends on multiple factors. Onefactor is that
the Surgeon strives to maintain adequate alignment of the
extremity or implanted device to the ideal. A second factor is
proper seating of an implant for stability. A third factor is
loading on the skeletal system or replacement implant. A
fourth factor is alignment of implanted components in rela
tion to one another. A fifth factor is balance of loading over a
range motion.
0040. By way of a device herein contemplated, the sur
geon receives measured data during Surgery and post opera
tively on the factors listed above. As one example, accurate
measurements can be made during orthopedic Surgery to
determine if bones or an implant are optimally balanced and
aligned. This can reduce operating time and Surgical stress for
both the Surgeon and patient. The data generated by direct
measurement can be further processed to assess long-term
integrity based on maintaining Surgical parameters within

als.

structure has an inferior surface that interfaces with a surface

of the muscular-skeletal system.
0043. In one embodiment, handle 112 can be rotated to
adjust the lift mechanism to increase or decrease a gap
between the superior and inferior surfaces of the active spacer
block thereby modifying the height or thickness of dynamic
distractor 100. In a non-limiting example to illustrate a dis
posable aspect, superior surface 102, the inferior surface, or
both Surfaces include at least one cavity or recess for housing
at least one sensor module. The sensor module includes at

least one sensor for measuring a parameter of the muscular
skeletal system. For example, the sensor can measure a force
or pressure. As will be disclosed hereinbelow, the sensor can
be disabled so it cannot be reused and disposed of after the
procedure has been performed. In a further example, dynamic
distractor 100 can be placed between two or more bone sur
faces such that the superior surface 102 and the inferior sur
face contact surfaces of the muscular-skeletal system related
to a joint. In one embodiment, the sensor is coupled to a
Surface of the muscular-skeletal system for measuring a
parameter when positioned between surfaces. Handle 112 can
be rotated to different gap heights allowing pressure measure
ments at the different gap heights to generate data of gap
Versus pressure.

0044 Handle 112 further includes an opening 114, a
decoupling mechanism 118, and a display 116. Opening 114
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is used to receive additional components of the system that
will be described in more detail hereinbelow. Decoupling
mechanism 118 allows removal of the handle during parts of
a Surgery to allow access to the muscular-skeletal system.
Decoupling mechanism 118 couples to a locking mechanism

cation and can expand using the lift mechanism to greater
than 25 millimeters. This range is sufficient for the majority of
artificial knee implant Surgeries being performed. The spacer
portion 120 of dynamic distractor 100 contains the Superior

that locks handle 112 to a shaft of the lift mechanism. Decou

two bone ends of the muscular-skeletal system. In the knee
example, the dynamic distractor 100 is placed between the
distal end of the femur and the proximal end of the tibia. As
mentioned previously sensors 108 and 110 are in a housing. In
one embodiment, the housing includes sensor elements to
define the loads on the medial and lateral compartments. The
sensored elements can comprise load displacement sensors,
accelerometers, GPS locators, telemetry, power management
circuitry, a power source and an ASIC.
0048. As disclosed above, the spacer portion 120 of
dynamic distractor 100 is placed between the femur and tibia
in extension. The dynamic distractor 100 is configured with
no gap (e.g. minimum height or thickness) or having a gap
that can be inserted and removed without tissue damage. In
general, the gap can be increased by rotating handle 112 after
insertion such that the inferior surface of dynamic distractor
100 contacts a prepared surface of a proximal end of a tibia
and the Superior Surface contacts the prepared distal end of the
femur. In general, the femoral and tibial cuts in extension are
made parallel to one another. Similarly, the femoral cut in
flexion is made parallel to the prepared end of the tibia. The
gap is measured to determine a combined thickness of the
implants with the leg in extension. The prepared ends of the
tibia and femur can be checked for alignment with the

pling mechanism 118 releases the locking mechanism
thereby allowing handle 112 to be removed from dynamic
distractor 100. In one embodiment, the locking mechanism is
a pin or ball that fits into a corresponding feature 122 on the
shaft of the lift mechanism. Decoupling mechanism 118
releases or frees the pin or ball from feature 1122 thereby
allowing removal of handle 112. Alternatively, decoupling
mechanism 118 can be a hinge or joint that allows handle 112
to move in a direction that allows greater access by the Sur
geon to an area where the spacer block portion of dynamic
distractor 100 has been placed. The display 116 on handle 112
can provide a readout of the gap between the Superior Surface
102 and the inferior surface as handle 112 is rotated to adjust
spacing.
0045. In a non-limiting example, dynamic distractor 100 is
adapted for use in artificial knee implant Surgery. It should be
noted that dynamic distractor 100 can be similarly adapted for
other orthopedic Surgery where both distraction and param
etermeasurement is beneficial. A knee implant is used merely
as an example to illustrate how dynamic distractor 100 can be
used in a Surgical environment. In at least one exemplary
embodiment, the superior surface 102 of dynamic distractor
100 includes a recess or cavity 104 and a second recess or
cavity 106. In one embodiment, a sensor 108 and a sensor 110
are pre-sterilized in one or more packages. The packaging is
opened prior to or during Surgery within the Surgical Zone to
maintain sterility. Sensors 108 and sensor 110 are shown
respectively placed in cavities 104 and 106 for measuring a
parameter that aids in the Surgical procedure. In the knee
example, sensors 108 and 110 include pressure sensors such
as strain gauges, mechanical-electrical-machined (mems)
sensors, diaphragm structures, mechanical sensors, or other
pressure measuring devices. In one embodiment, a major
exposed surface of sensors 108 and 110 is in contact with the
muscular-skeletal system after insertion. Alternatively, one or
more layers of material or portions of the muscular-skeletal
system can be between sensors 108 and 110 such that the
parameter can be measured or transferred through the inter
vening layers. A force or pressure applied to the exposed
surfaces is measured by sensors 108 and 110 while the gap of
the dynamic distractor is adjusted. Alternatively, the lift
mechanism in conjunction with sensors 108 and 110 can be
set to a predetermined pressure. The lift mechanism gap will
increase until the predetermine pressure is reached. Thus,
identifying a gap height or thickness of dynamic distractor
100 to achieve the predetermined pressure.
0046. In at least one exemplary embodiment, sensors 108
and 110 are disposable devices. After measurements have
been taken, sensors 108 and 110 can be removed and disposed
of in an appropriate manner. Alternatively, the sensors 108
and 110 can be permanent or an integral part of the Superior
surface of dynamic distractor 100. The housing can be
designed to be reused and to withstanda Sterilization process
after each use. The main body of dynamic distractor 100 as
well as sensors 108 and 110 are cleaned and sterilized before

each Surgical usage.
0047 Dynamic distractor 100 in a Zero gap (or closed
condition) is less than 8 millimeters thick for the knee appli

surface 102 and the inferior surface that articulates to at least

mechanical axis at this time as will be disclosed in detail
below.

0049. Typically, the surgeon selects the artificial compo
nents based on the cross-sectional size of the prepared bones.
The variable component of the implant surgery is the final
insert. The final insert has one or more bearing Surfaces for
interfacing with a femoral implant. In one embodiment, the
measured gap height created by dynamic distractor 100 is
used to define an insert thickness or height. The thickness of
a final insert can change during Surgery as further bone cuts or
tissue tensioning occurs. Dynamic distractor 100 can be used
during Surgery to measure loading and gap height after each
bone modification or after an orthopedic component has been
implanted.
0050 Dynamic distractor 100 can also be used to obtainan
optimal balance. Balance is related to the measured loading
between two or more areas. The measured values can than be

adjusted to a predetermined relationship and within a prede
termined value range. In the knee example, balance is asso
ciated with the differential pressure applied by each condyle
on the bearing Surfaces of the implant. Ideally, a predeter
mined surface area of the femoral implant condyle contacts
the bearing surface to distribute the load and minimize wear.
In a non-limiting example, a predetermined relationship
between measured values by sensors 108 and 110 of dynamic
distractor 100 is maintained after implantation of the artificial
components. In one embodiment, the balance of the knee is
maintained by having the measured load in each compart
ment approximately equal. A method to balance the loading
of the compartments is through ligament release on the side
having the larger loading value. Ligament release reduces
loading primarily on the adjacent compartment. The loading
can be read off a display on dynamic distractor 100 allowing
the Surgeon to view the change in loading and the differential
value with each release. The lift mechanism provides suffi
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cient room between the superior and inferior surfaces of
dynamic distractor 100 for a surgeon to perform a release
procedure without removing the device. A next greater thick
ness of an insert can be selected should the absolute loading
value on each condyle fall outside the predetermined range
due to the soft tissue release. Handle 112 can be rotated to

increase the gap height to the next larger insert value to ensure
the measured loading falls within the predetermined range
and the differential loading falls within a predetermined range
(after the soft tissue release).
0051. The loading and balance of an implanted joint
should be maintained within the predetermined values
throughout the range of motion. In at least one exemplary
embodiment, measurements are taken when the tibia is at a

ninety-degree angle to the femur. Handle 112 is used to posi
tion the spacer block portion of distractor 100 between the
femur and the tibia. The inferior surface of dynamic distractor
100 is in contact with the prepared surface of the tibia. In one
embodiment, the superior surface 102 is in contact with the
remaining portion of the condyles of the femur. Thus, the
condyle surfaces of the femur are in contact with sensors 108
and 110 on the superior surface of dynamic distractor 100. In
the example, a gap height of dynamic distractor 100 is
reduced to accommodate the condyles that remain on the
distal end of the femur in flexion. The gap height of dynamic
distractor 100 can then be adjusted to a height corresponding
to the gap height in extension less the thickness of the femoral
implant whereby the leg in flexion is similar to the leg in
extension.

0052. The loading on sensors 108 and 110 with the leg in
flexion can be measured. The measurement is of value if the

condyles are not damaged or degraded. In one embodiment,
Soft tissue release is used to adjust the balance between com
partments with the leg in flexion. The soft tissue release can
also be performed later in the procedure after the femoral
implant has been implanted. Similar to the leg in extension,
soft tissue release is performed to reduce the tension on the
side having the higher compartment reading with dynamic
distractor 100 in place. After soft tissue release, the readings
in each compartment should be within a predetermined dif
ferential range. The distal end of the femur can then be pre
pared for receiving the femoral implant, which removes the
remaining portion of the condyles. As disclosed, the Surface
of the femur is prepared to be parallel to the prepared tibial
Surface in flexion. This can be achieved by specific ligament
releases in flexion, and/or rotation of the femoral implant to
achieve parallel levels between the posterior femoral
condyles and proximal tibia. A femoral sizer can be attached
to the distractor to allow sizing of the femur coupled with
rotation of the femur. This allows dynamic rotation to obtain
equally balanced flexion compartments.
0053. In a non-limiting example, the femoral implant
component can be temporarily attached to the distal end of the
femur. Measurements can be taken throughout the entire
three-dimensional range of motion using dynamic distractor
100 to ensure that the implanted knee operates similarly in all
positions. A gap provided by dynamic distractor 100 would
be adjusted to a combined thickness of the final insert thick
ness and the tibial implant thickness. Dynamic distractor 100
can incrementally increase or decrease the gap to allow the
surgeon to determine how different insert thicknesses affect
load and balance measurements. In one embodiment, accel

erometers are used to provide position and relational posi
tioning information. The data can be stored in memory for
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later use or displayed to provide instant feedback to the sur
geon on the implant status. Further adjustments to load and
balance can be made with dynamic distractor in place if
desired over different positions within the range of motion.
Although one implant sequence is disclosed, it is well known
that Surgeons have different approaches, methodologies and
procedure sequences. The use of dynamic distractor 100
would be applied similarly to distract and measure in different
relational positions with the device in place. Furthermore, the
device can be used or modified for use on different parts of the
anatomy of the muscular-skeletal system.
0054 FIG. 2 is a side view of dynamic distractor 100
having a minimum height in accordance with an exemplary
embodiment. Dynamic distractor comprises an upper Support
structure 202 having superior surface 102 and a lower support
structure 204 having an inferior surface 206. In the example,
upper support structure 202, the lift mechanism, and lower
Support structure 204 Supports loading typical for a joint of
the muscular-skeletal system. Upper and lower Support struc
tures 202 and 204 comprise a rigid and loadbearing materials
Such as metals, composite materials, and plastics that will not
flex underloading. In one embodiment, stainless steel is used
in the manufacture of the lift mechanism and upper and lower
support structures 204 and 202.
0055. Dynamic distractor 100 is used to distract surfaces
of the muscular-skeletal system. Dynamic distractor 100 can
be used in an invasive procedure Such as orthopedic Surgery.
In the non-limiting example, dynamic distractor 100 can dis
tract surfaces of the muscular-skeletal system in a range of
approximately 8 millimeters to 25 millimeters. The support
surfaces of dynamic distractor 100 do not flex under loading
of the muscular-skeletal system. In one embodiment,
dynamic distractor 100 has a minimum height or thickness
between support surfaces of less than 8 millimeters. In at least
one application, a space between Support structures 202 and
204 is provided when dynamic distractor 100 is opened to a
height greater than the minimum height. The space between
support structures 202 and 204 when opened allows a surgeon
to perform soft tissue release with the device in place.
0056. A cavity 104 is illustrated in superior surface 102 of
upper support structure 202. The cavity 104 is shaped simi
larly to a housing 210 of sensor 108. Housing 210 is placed
within cavity 108 for measuring a compressive force applied
across Superior surface 102 and inferior surface 206. In the
knee example, a condyle (implanted or natural) couples to an
exposed surface of sensor 108. A pressure or force applied to
sensor 108 is measured and displayed by dynamic distractor
100. Sensor 110 is shown placed in its corresponding cavity in
superior surface 102. In one embodiment, the exposed sur
faces of sensors 108 and 110 are approximately planar to the
superior surface 102. The exposed surface of sensor 108 and
110 can be flat or contoured. Sensors 108 and 110 can be

removed from upper support structure 202 and disposed after
the Surgery has been performed. In one embodiment, a push
rod is exposed in the interior Surface of upper Support struc
ture 202 that when pressed can apply a force to housing 210
that removes sensor 108 from cavity 208
0057. In one embodiment, housing 210 is formed of a
plastic material. The sensor and electronic circuitry is fitted in
housing 210. The electronic circuitry comprises one or more
sensors 220, one or more accelerometers 222, an ASIC inte

grated circuit 224, a power source 226, power management
circuitry 228, GPS circuitry 230, and telemetry 232. The
power source 226 can be a battery or other temporary power
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Source that is coupled to the electronic circuitry prior to
surgery. The power source 226 has sufficient power to enable
the circuitry for a period of time that will cover the vast
majority of Surgeries. The power management circuitry 228
works in conjunction with the power source to maximize the
life of the power source by disabling system components
when they are not being used. In general, an ASIC circuit
controls and coordinates when sensing occurs, can store data
to memory, and can transmit data in real time or collect and
send data at a more appropriate time to a remote system for
further processing. The ASIC includes multiple ports that
couple to one or more sensors 220. The ASIC couples, to at
least one sensor 220, at least one accelerometer 222, GPS

232, and telemetry circuitry 232. The ASIC 222 can include
the integration of telemetry circuitry 232, power management
circuitry 228, GPS circuitry 230, memory, and sensors 220 to
further reduce the form factor of the sensing system. In the
example, the at least one sensor 220 is a pressure sensor that
is coupled to the exposed surface of the housing. The pressure
sensor converts the pressure to an electrical signal that is
received by the ASIC. The at least one accelerometer 222 and
GPS 232 provides positioning information at the time of
sensing. Telemetry circuitry 232 communicates through a
wired or wireless path. In one embodiment, the data is sent to
a remote processing unit that can process and display infor
mation for use by the Surgeon or medical staff. One or more
displays 234 can be placed on dynamic distractor 100 to
simplify viewing of a pressure or force measured by sensors
108 and 110 thereby allowing real time loading and balance
differential to be seen at a glance. The information can be
stored in memory on the sensor or transmitted to a database
for long-term storage and processing.
0058. In a Zero gap or minimum height condition, the lift
mechanism is enclosed within the device. An opening 212
exposes a threaded rod 216 that is a component of the lift
mechanism. The exposed end portion of threaded rod 216 is
shaped for receiving handle 112. For example, a proximal end
214 of handle 212 is shown having a hexagonal opening that
operatively couples to a hexagonal shaped end of threaded
rod 216. The surfaces of the hexagonal surface mate with the
surfaces of the threaded rod for distributing the torque
required to rotate threaded rod 216 when increasing a gap
between superior surface 102 and inferior surface 206 to
distract surfaces of the muscular-skeletal system. Distribut
ing the torque over a large surface area prevents stripping of
either the hexagonal shaped opening of handle 212 or the
hexagonal shaped exposed end of threaded rod 216 when the
device is under load. In one embodiment, a release and lock

ing mechanism fastens handle 112 to threaded rod 216. Press
ing or sliding unlocking button 218 releases the locking
mechanism to allow removal of handle 112.

0059 FIG. 3 is a view of dynamic distractor 100 opened
for distracting two Surfaces of the muscular-skeletal system in
accordance with an exemplary embodiment. A lift mecha
nism 302 comprises a Scissor mechanism 304 for raising and
lowering upper Support structure 202 and lower Support struc
ture 204. In one embodiment, scissor mechanism 304 com

prises more than one Support structure each having a pivot.
Scissor mechanism 304 is operatively coupled to an interior
Surface of upper Support structure 202 and an interior Surface
of lower support structure 204. The structural beams are
pinned to allow pivoting around the axis of attachment. The
remaining beam-ends rest on the interior Surfaces of either the
upper and lower support structures 202 and 204. The beam
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ends not fastened to the interior Surfaces Support upper and
lower support structures 202 and 204 under load. Threaded
rod 212 is operatively coupled between the beam-ends of
Scissor mechanism 304 corresponding to lower Support struc
ture 204. Rotating rod 212 can increase or decrease distance
between beam ends of the scissor mechanism 204.

0060 A rod 306 can be coupled to opening 114 of handle
112. The rod 306 can be used to reduce the torque needed to
rotate threaded rod 212 in either direction underload. Increas

ing a distance between beam-ends of Scissor mechanism 304
reduces the gap between superior surface 102 and inferior
surface 206 as the two or more beams pivotaround a centrally
located axis. Conversely, decreasing a distance between
beam-ends of Scissor mechanism 304 increases the gap
between superior surface 102 and inferior surface 206.
0061 FIG. 4 is an anterior view of a dynamic distractor
100 placed in a knee joint in accordance with an exemplary
embodiment. In the non-limiting example, a distal end of a
femur 102 is shown having a femoral implant. The femoral
implant has artificial condyles that contact sensors 108 and
110. The proximal end of a tibia 404 has been initially shaped
for receiving a tibial implant. As is well known by one skilled
in the art, a complete knee implant comprises the tibial
implant, the femoral implant, and an insert that includes bear
ing Surfaces that mate with the artificial condyle Surfaces of
the femoral implant. In one embodiment, dynamic distractor
(100) includes an adjustable handle 112 that aids in the inser
tion of the spacer portion into a joint region of the muscular
skeletal system. For example, the spacer portion of dynamic
distractor 100 is inserted into the knee joint using handle 112
but then rotated away from the patellar tendon, collapsed into
the trail, or removed to allow the reduction of the patella to
depict loads on the instrument. The thickness or height of the
three components is contemplated for the bone Surface prepa
ration when using dynamic distractor 100. In one embodi
ment, the combined thickness of the femoral implant, final
insert, and tibial implant is approximately 20 millimeters
thick. Adjustments to the prepared bone surfaces and thick
ness of the insert are made during Surgery using data provided
by dynamic distractor 100 to ensure correct loading, balance,
and alignment.
0062 Sensors 108 and 110 include circuitry for commu
nication with a processing unit 406. In one embodiment, data
is sent wirelessly using a radio frequency communication
standard such as Bluetooth, UWB, or Zigbee. The data can be
encrypted to securely transmit the patient information and
maintain patient privacy. In one embodiment, external pro
cessing unit 406 is in a notebook computer, personal com
puter, or custom equipment. For illustration purposes, exter
nal processing unit 406 is shown in a notebook computer that
includes Software and a GUI designed for the Surgical appli
cation. The notebook computer has a display 408 that can be
used by the medical staff during the operation to display real
time measurement from dynamic distractor 100. The note
book computer is typically placed outside the Surgical Zone
but within viewing range of the Surgeon.
0063 A substantial benefit of dynamic distractor 100 is in
performing soft tissue release both in extension and in flex
ion. In extension, dynamic distractor 100 can be set to a height
corresponding to an insert size. In one embodiment, manu
facturers of an implantable joint will provide specifications
for load, balance, and alignment once Sufficient clinical data
has been generated. The Surgeon can also manipulate the leg
to Subjectively gauge the loading on the joint. The Surgeon
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can adjust dynamic distractor 100 to increase or decrease the
height orgap corresponding to a different thickness insert size
until a desired loading is achieved. A substantial imbalance
corresponds to a differential loading measured by sensors 108
and 110 outside a predetermined range. The loading mea
sured by sensors 108 and 110 should be approximately equal
in each compartment. The data provided by sensors 108 and
110 can be used to provide a solution to the surgeon. For
example, data from sensors 108 and 110 is sent wirelessly to
processing unit 406. The data indicates a substantial differ
ential pressure between measurements from sensors 108 and
110 (e.g. imbalance). In one embodiment, the data can be
processed and displayed on display 408 with Suggestions for
the removal of material from the tibial surface to reduce the

differential reading. The Suggestion can include where mate
rial should be removed and how much material is removed

from the tibial surface. Alternatively, the assessment of the
loading and differential between compartments can indicate
that soft tissue release is sufficient to bring the joint within
predetermined ranges for absolute load and balance.
0064. A further benefit of dynamic distractor 100 is in soft
tissue release to modify loading measured by sensors 108 and
110 and the differential (e.g. balance) between the measured
values in each compartment. Dynamic distractor 100 remains
in place while Soft tissue release is being performed allowing
for real time measurement and modification to occur. The

feedback to the Surgeon is immediate as the Soft tissue cuts are
made. Two issues are resolved by dynamic distractor 100. An
open area formed between the interior surfaces of upper Sup
port structure 202 and lower support structure 204 under
distraction provides Surgical access. In most cases, the gap is
sufficient to allow a scalpel or blade access to the lateral or
medial ligaments for soft tissue release in the gap or periph
eral to dynamic distractor 100. In general, soft tissue release
requires anterior access to the joint space. Handle 112 of
dynamic distractor 100 can be removed providing further
anterior access to the joint. Alternatively, handle 112 is
hinged or includes a joint allowing it to be positioned away
from the surgical area. Thus, dynamic distractor 100 enables
Soft tissue release by the Surgeon to adjust the absolute load
ing measured by sensors 108 and 110 in each compartment to
be within a predetermined range and to adjust the difference
in compartment loadings within a predetermined range with
out removing the device.
0065 FIG. 5 is a lateral view of dynamic distractor 100 in
a knee joint positioned in flexion in accordance with an exem
plary embodiment. In a non-limiting example, load and bal
ance measurements are performed using dynamic distractor
100 with the leg in at least two positions (e.g. the leg in
extension and the leg inflexion). For example, measurements
are taken in extension as disclosed hereinabove and in flexion

with the leg positioned having femur 402 forming a 90 degree
angle to tibia 404. In one embodiment, accelerometers in
sensors 108 and 110 are used to determine relative position
ing of the femur and tibia to one another. Under user control,
measurements are taken at several points over the range of
motion with dynamic distractor 100 in place thereby substan
tially simplifying a data collection process. Measurements
over the range of motion can be taken when the femoral
implant has been installed or if the distal femur has not been
modified. Alternatively, dynamic distractor 100 can be
reduced in height by rotating handle 112 until there is suffi
cient room to move the leg to a new position and then increas
ing the height of distractor 100 to create the appropriate gap.

0066. A drop alignment rod502 is placed through opening
114 of handle 112. Drop alignment rod 502 is a visual aid for
the Surgeon to ensure that the leg is aligned adequately when
the load and balance measurements are taken. Drop align
ment rod 502 is used in conjunction with a knowledge of the
leg mechanical axis or with markers placed on the patient to
check alignment. The Surgeon aligns alignment rod502 to the
leg mechanical axis and makes a subjective determination
that the leg is correctly positioned. The Surgeon can increase
accuracy by pre-identifying points on the mechanical axis.
The Surgeon has the option of making adjustments if drop
alignment rod 502 indicates a potential positional error. Drop
alignment rod 502 can be tapered having a section with a
greater width than opening 114 to retain it in place and pre
vent it from falling through. Other embodiments to retain
drop alignment rod 502 can also be used.
0067. Alternatively, drop alignment rod502 can be a smart
alignment aid for the Surgeon that incorporates electronics
similar to that described in FIG. 2. In general, drop alignment
rod includes sensors to allow depiction of the mechanical
axis. For example, drop alignment rod 502 can incorporate
sensors to identify position in three-dimensional space. The
electronics would allow drop alignment rod 502 to commu
nicate with pre-operative defined locations or locations that
are identified at the time of Surgery using locator electronics.
The drop rod can house light emitters to depict an axis as will
be discussed in more detail hereinbelow. The electronics can

include communication to external processing unit 406 with
a graphic user interface that has the mechanical axis loaded
therein.

0068 FIG. 6 is a lateral view of a dynamic distractor 100
in a knee joint coupled to a cutting block 602 in accordance
with an exemplary embodiment. In general, the Surgeon uti
lizes Surgical tools to obtain appropriate bony cuts to the
skeletal system. The Surgical tools are often mechanical
devices used to achieve gross alignment of the skeletal system
prior to or during an implant Surgery. In the knee example,
mechanical alignment aids are often used during orthopedic
Surgery to check alignment of the bony cuts of the femur and
tibia to the mechanical axis of the leg. The mechanical align
ment aids are not integrated together, take time to deploy, and
have limited accuracy. Dynamic distractor 100 in concert
with cutting block 602 is an integrated System for achieving
alignment that can greatly reduce set up time thereby mini
mizing stress on the patient.
0069. As illustrated, the legis in flexion having a relational
position of 90 degrees between femur 402 and tibia 404. A
femoral rod 608 is coupled through the intermedullary canal
of femur 402. A cutting block 602 is attached to the femoral
rod 608 for shaping a portion of the surface of the distal end
of femur 402 for receiving a femoral implant. Knee replace
ment Surgery entails cutting bone a certain thickness and
implanting a prosthesis to allow pain relief and motion. Dur
ing the Surgery, instruments are used to assist the Surgeon in
performing the Surgical steps appropriately. Dynamic distrac
tor 100 aids the Surgeon by allowing quantitative measure
ment of the gap and parameter measurement during all stages
of the procedure. For the knee, the data can Supplement a
Surgeon’s “feel” by providing data on absolute loading in
each compartment, the load differential between compart
ments, positional information, and alignment information.
(0070. The portion of the surface of the distal end of femur
402 in contact with dynamic distractor 100 is shaped in a
Subsequent step. In a non-limiting example, the portion of the
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condyles in contact with superior surface 102, sensor 108, and
sensor 110 are the natural condyles of the femur. The portion
of the distalend of femur 402 being shaped corresponds to the
condyle portion that would be in contact with the final spacer
while the legis in extension and partially through the range of
motion. In at least one exemplary embodiment, an uprod 604
of dynamic distractor 100 couples to cutting block 602.
Uprod 604 aids in the alignment of the cutting block 602 to
dynamic distractor 100 and tibia 404. Uprod 604 further
stabilizes cutting block 602 to prevent movement as the distal
end of femur 402 is shaped.
0071. In one embodiment, handle 112 is removed and an
uprod 604 is attached to threaded rod 212. The uprod 604 can
include a hinge that positions rod 604 vertically to mate with
cutting block 602. Alternatively, handle 112 can include a
hinge. In this example, handle 112 is uprod604 and is inserted
into cutting block 602. Furthermore, uprod 604 can be fas
tened or coupled to an opening or feature in handle 112 to
couple to cutting block 602. In general, uprod 604 is placed at
a right angle to the inferior Surface of lower Support structure
204 of dynamic distractor 100. In a prior step, the legalign
ment can be checked to ensure it is within a predetermined
range of the mechanical axis. In one embodiment, uprod 604
aligns approximately to the mechanical axis to secure cutting
block 602 in an appropriate geometric orientation. Cutting
block 602 includes a channel 606 for receiving uprod 604.
Uprod 604 can be adjustable in length that simplifies inser
tion. As previously mentioned, uprod 604 is attached to
dynamic distractor 100 to align with the mechanical axis of
the leg corresponding to tibia 404. Fitted in the opening and
into channel 606, uprod 604 maintains a positional relation
ship between cutting block 602, dynamic spacer block 100,
femur 402, and tibia 404. More specifically, the proximal
surface of tibia 404 is aligned to the mechanical axis thereby
fixing the position of femur 402 and cutting block 602 in a
similar fixed geometric relational position. Thus, the distal
end of femur 402 is cut having surfaces parallel to the proxi
mal tibial surface by coupling dynamic distractor 100 to
cutting block 602 through uprod 604.
0072 FIG. 7 is an anterior view of a cutting block 602
coupled to dynamic distractor 100 in accordance with an
exemplary embodiment. Cutting block 602 is attached to the
distal end of femur 402. Femoral rod 608 extends through
cutting block 602 into the intermedullary canal. Uprod 604 is
shown extending vertically into channel 606 of cutting block
602. In combination, femoral rod 608 and uprod 604 prevent
movement and maintain alignment of the cutting block to the
leg mechanical axis. As shown, cutting block 602 is illus
trated as rectangular in shape. Cutting block 602 is shaped to
form a predetermined bone shape on the distal end of femur
402 for receiving a femoral implant. Thus, the shape of cut
ting block 602 can vary significantly from that shown depend
ing on the implant. The size of the cutting block 602 corre
sponds to the distal end size and the femoral implant selected
by the Surgeon. The Surgeon uses a bone saw to remove
portions of the distal end of femur 402 in conjunction with
cutting block 602. In general, the cutting block 602 acts as a
template to guide the bone saw and to cut the distal end of the
femur in a predetermined geometric shape. As disclosed pre
viously in the example, the portion of the distal end of femur
404 that is shaped corresponds to the contact portion of the
condyles when the leg is in full extension and partially in
flexion (e.g. <90 degrees). As mentioned previously, the por

tion of the distal end of femur 402 in contact the superior
surface 102 of dynamic distractor 100 is shaped in a subse
quent Step.

(0073 FIG. 8 is an illustration of dynamic distractor 100
including alignment in accordance with an exemplary
embodiment. Dynamic distractor 100 includes one or more
recesses 802 in a handle 804 for receiving an alignment aid to
align a leg along the mechanical axis. In one embodiment,
handle 804 can be handle 112 that includes recesses 802.

Alternatively, handle 804 is a separate handle for dynamic
distractor 100. Prior to checking alignment, handle 112 is
removed from dynamic distractor 100. Handle 804 is coupled
to threaded rod 212.

0074. Initial bony cuts are made in alignment with the
mechanical axis of the leg. In the knee example, the alignment
aid is used to check that the femur and the tibia are correctly
oriented prior to cutting. The surfaces of the bones are cut in
alignment to the mechanical axis using a jig. Thus, the cut
surfaces on the distal end of the femur and the proximal end
of the tibia are aligned and can be used as a reference Surfaces
during the procedure. Alternatively, the alignment aid can be
used to Verify alignment throughout the procedure. Recesses
802 can be thru-holes in handle 804. In a non-limiting
example, the alignment aid is one or more lasers 808. Lasers
808 are used to point along the mechanical axis of the leg. In
one embodiment, lasers 808 are used to check alignment of
the leg. A first laser is used to point in the direction of the hip
joint. A second laser is used to point towards the ankle. In one
embodiment, the first and second lasers are integrated into a
single body. Handle 804 further comprises a hinge 806 to
change the angle at which lasers 808 are directed. The hous
ing of lasers 808 includes a power source such as a battery to
generate the monochromatic light beam. The housing fits
within one of recesses 802 or a thru-hole. Lasers 808 can be a

disposable item that is discarded after the Surgery is com
pleted.
(0075 FIG. 9 is a side view of a leg in extension with
dynamic distractor 100 in the knee joint region in accordance
with an exemplary embodiment. The mechanical axis of the
leg is approximately a straight line from the center of the
femoral head through the knee joint and extending to the
middle of the ankle joint. In a correctly aligned knee joint, the
mechanical axis will pass approximately through the center
of the knee joint. Alignment can be checked when dynamic
distractor 100 is positioned in the knee joint region. As illus
trated, the leg is in extension with handle 804 extending
Vertically from the knee joint region. In one embodiment, a
target 902 is placed in an ankle or toe region of the foot in a
path corresponding to center of the ankle on the mechanical
axis of the leg. Similarly, a target 904 is placed in a path
corresponding to the center of the head of the femur on the
mechanical axis of the leg. Targets 902 are placed at a height
similar to that of lasers 808. Lasers 808 are installed in the

handle with one pointing in the direction of the hip joint and
another pointing in the direction of the ankle joint. From the
top view, lasers 808 send out a beam of light from a position
that corresponds to the center of the knee. In one embodiment,
the direction of the beam from lasers 808 is directed perpen
dicular to a plane of the prepared Surface of the proximal end
of the tibia.

0076 Lasers 808 are directed perpendicular to the inferior
surface of dynamic distractor 100. The placement of dynamic
distractor 100 on the prepared tibial surface is such that
handle 804 extends vertically at a point corresponding to the
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center of the knee joint. The leg is aligned correctly when the
beams from lasers 808 hit the target at the points correspond
ing to the center of the head of the femur and the center of the
ankle. Lasers 808 are positioned to align with the center of the
knee joint. The Surgeon can make adjustments to the bone
Surfaces or utilize soft tissue release to achieve alignment
with the leg mechanical axis when lasers 808 are misaligned
to the target. The system can be used to give a subjective or a
measured determination on leg alignment in relation to a
Vargus or valgus alignment. The direction of misalignment in
viewing targets 902 and 904 will dictate the type of correction
and how much correction needs to be made. In an alternate

embodiment, lasers 808 can be aimed such that the beam is

viewable along the leg in a region by the center of the femoral
head and the center of the angle. The Surgeon can use this as
a Subjective visual gauge to determine if the leg is in align
ment to the mechanical axis and respond appropriately,
depending on what is viewed.
0077 FIG. 10 is a top view of a leg in extension with
dynamic distractor 100 in the knee joint area in accordance
with an exemplary embodiment. Dynamic distractor 100 can
measure spacing between the distal end of the femur and the
tibia, loading in each compartment, and differential loading
between compartments. The data can be sent to a processing
unit and display as disclosed hereinabove. As mentioned pre
viously, the mechanical axis of the leg corresponds to a
straight line from the center of the ankle, through the center of
the knee, and the center of the femoral head. Targets 902 and
904 are respectively located overlying the mechanical axis in
an area local to the ankle and the hip regions. Targets 902 and
904 can include a fixture such as a strap, brace, or jig to hold
the targets temporarily along the mechanical axis. Lasers 808
are enabled and placed in handle 804. The figure illustrates
that targets 902 and 904 are on approximately the same plane
as beams emitted by lasers 808 such that the beams impinge
ona target unless grossly misaligned. Targets 902 and 904 can
include calibration markings to indicate a measure of the
misalignment. Alternatively, handle 804 is hinged allowing
adjustment of the angle at which the beam from lasers 808 is
directed. The direction of the lasers 808 corresponds to the
plane of the bone cuts for the implant and the balance of the
joint. Thus, the Surgeon using a single device has both quan
titative and Subjective data relating to alignment to the
mechanical axis, loading, balance, leg position, and gap mea
Surement that allows gross/fine tuning during Surgery that
results in more consistent orthopedic outcomes.
0078 FIG. 11 is an illustration of a system 1100 for mea
Suring one or more parameters of a biological life form in
accordance with an exemplary embodiment. In a non-limiting
example, the system provides real time measurement capa
bility to a Surgeon of one or more parameters needed to assess
a muscular-skeletal system. System 1100 comprises a plural
ity of spacer blocks 1102, a distractor 1104, sensors 1106,
targets 1110, lasers 1114, a charger 1116, a receiver 1118, a
reader 1120, a processing unit 1122, a display 1124 a drop rod
1126, an uprod 1128, a cutting block 1130, a handle 1132, a
dynamic data repository and registry 1134. The system is
adaptable to provide accurate measurements of parameters
Such as distance, weight, strain, pressure, wear, vibration,
Viscosity, and density to name but a few. In one embodiment,
system 1100 is used in orthopedic surgery and more specifi
cally to provide intra-operative measurement during joint

implant surgery. System 1100 is adapted for orthopedic sur
gery and more specifically for knee Surgery to illustrate
operation of the system.
0079. In general, system 1100 provides alignment and
parameter measurement system for providing quantitative
measurement of the muscular-skeletal system. In one
embodiment, system 1100 is integrated with tools commonly
used in orthopedics to reduce an adoption cycle to utilize new
technology. System 1100 replaces standalone equipment or
dedicated equipment that is used only for a small number of
procedures that justifies the extra time and set up required to
use this type of equipment. Furthermore, it is well known, that
dedicated equipment can cost hundreds of thousands or mil
lions of dollars for a single device. Many hospitals and other
healthcare facilities cannot afford the high capital cost of
these types of systems. Moreover, specialized equipment
Such as robotic systems or alignment systems for orthopedic
Surgery typically has a large footprint. The large footprint
creates space and cost issues. The equipment must be stored,
set up, calibrated, placed in the operating room, and then
removed.

0080 Conversely, measurement and alignment compo
nents of system 1100 are low cost disposables that make the
measurement technology more accessible to the general pub
lic. There is no significant capital investment required to use
the system. Moreover, payback begins immediately with use
in providing quantitative information related to procedures
thereby allowing analysis of outcomes based how the param
eters being measured affect the procedure being measured.
The data is used to initiate predetermined specifications for
the procedure that can be measured and adjusted during the
course of the procedure thereby optimizing the outcomes and
reducing revisions. As mentioned previously, system 1100
can be used or integrated with tools that the majority of
orthopedic Surgeons have Substantial experience or familiar
ity using on a regular basis. In one embodiment, sensors 1106
are placed in a spacer that separates two Surfaces of the
muscular-skeletal system. In a non-limiting example, the
spacer can be spacer blocks 1102 or distractor 1104. A mea
Surement of the parameter is taken after the spacer is inserted
between at least two Surfaces of the muscular-skeletal system.
Sensors 1106 are in communication with processing unit
1122. In one embodiment, the processing unit 1122 is outside
the sterile field and includes display 1124 and a GUI to
provide the data in real time to the Surgeon. Thus, the learning
cycle can be very short to provide real time quantitative
feedback to the Surgeon as well as storing the data for Subse
quent use.

0081. In a non-limiting example a spacer separates two
Surfaces of the muscular-skeletal system. The spacer has an
inferior Surface and a Superior Surface that contact the two
Surfaces. The spacer can have a fixed height or can have a
variable height. The fixed height spacer is known as spacer
blocks 1102. Each spacer block 1102 has a different thick
ness. The variable height spacer is known as the distractor
1104. The surface area of spacer blocks 1102 and distractor
1104 that couple to the surfaces of the muscular-skeletal
system can also be provided in different sizes. The handle
1132 extends from the spacer and typically resides outside or
beyond the two surface regions. The handle 1132 is used to
direct the spacer between the two surfaces. In one embodi
ment, the handle 1132 operatively couples to a lift mechanism
of the distractor 1104 to increase and decrease a gap between
the Superior and inferior Surfaces of the spacer. The spacer
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and handle 1132 is part of system 1100 to measure alignment
of the muscular-skeletal system. In one embodiment, at least
one of the Surfaces of the muscular-skeletal system that con
tacts the spacer has an optimal alignment to a mechanical axis
of the muscular-skeletal system. The system measures the
Surface to mechanical axis alignment. In a non-limiting
example, the misalignment can be corrected by a Surgeon
when the Surface is misaligned to the mechanical axis outside
a predetermined range as disclosed below.
0082 Knee replacement surgery entails cutting bone hav
ing a predetermined spacing and implanting a prosthesis to
allow pain relief and motion. During the Surgery, instruments
are used to assist the Surgeon in performing the Surgical steps
appropriately. The majority of Surgeons continue to use pas
sive spacers to aid in defining the gaps between the cut bones.
The thickness of the final insert is selected after placing one or
more trial inserts in the artificial joint implant. The determi
nation of whether the implanted components are correctly
installed is still to a large extent by “feel of the surgeon
through movement of the leg. In general, spacerblocks 1102
and distractor 1104 of system 1100 is a spacer having an
inferior and Superior Surface that separate at least two Sur
faces of the muscular-skeletal system. In the knee example,
the inferior and superior surfaces are inserted between the
femur and tibia of the knee. At least one of the inferior or

superior surfaces of spacer blocks 1102 and distractor 1104
have a cavity or recess for receiving sensors 1106. In one
embodiment, the cavity is on the Superior Surface of spacer
blocks 1102 and distractor 1104. A gap between the surfaces
of distractor 1104 is adjustable as described hereinabove.
Tray 1108 includes multiple spacer blocks 1102 each having
a different thickness. Thus, spacer blocks 1102 and distractor
1104 provide the surgeon with more than one option to mea
Sure spacing, alignment, and loading during the procedure. A
benefit of the system is the familiarity that the surgeon will
have with using similar type devices thereby reducing the
learning curve to utilize system 1100. Furthermore, system
1100 can comprise spacer blocks 1102 and distractor 1104
having spacerblocks having different sized Superior and infe
rior Surface areas to more readily accommodate different
bone shapes and sizes.
0083. In general, a rectangle is formed by the bony cuts
during Surgery. The imaginary rectangle is formed between
the cut distal end of a femur and the cut proximal end of tibia
in extension and in conjunction with the mechanical axis of
the lower leg. The prepared surfaces of the femur and tibia are
shaped to respectively receive a femoral implant and a tibial
implant. The femoral and tibial surfaces are parallel to one
another when the leg is in extension and in flexion at 90
degrees. A predetermined width of the rectangle is the spac
ing between the planar Surface cuts on femur and tibia. The
predetermined width corresponds to the thickness of the com
bined orthopedic implant device comprising the femoral
implant, an insert, and the tibial implant. A target thickness
for the initial cuts is typically on the order of twenty millime
ters. The insert is inserted between the installed femoral

implant and the tibial implant. In a full knee implant the insert
has two bearing Surfaces that are shaped to receive the
condyle Surfaces of the femoral implant.
0084. In at least one exemplary embodiment, sensors 1106
can measure load and position. Sensors 1106 are placed in a
charger 1116 prior to the implant Surgery being performed.
Charger 1116 provides a charge to an internal power Source
within sensors 1106 that will sustain sensor measurement and

data transmission throughout the Surgery. Charger 1116 can
fully charge sensor 1106 or be used as a precautionary mea
Sure to insure the temporary power storage is holding suffi
cient charge. Charger 1116 can be charge via a wireless
connection through a sterilized packaging. Sensors 1106 are
in communication with processing unit 1122. Sensors 1106
include a transmitter for sending data. Processing unit 1122
can be logic circuitry, a digital signal processor, microcon
troller, microprocessor, or part of a system having computing
capability. As shown, processing unit 1122 is a notebook
computer having a display 1124. The communication
between sensors 1106 and processing unit 1122 can be wired
or wireless. In one embodiment, receiver 1118 is coupled to
processing for wireless communication. A carrier signal for
data transmitted from sensors 1106 can be radio frequency,
infrared, optical, acoustic, and microwave to name but a few.
In a non-limiting example, receiver 1118 receives data via a
radio frequency signal in a short range unlicensed band Suf
ficient for transmission within the size of an operating room.
Information from processing unit 1122 can be sent through
the internet to dynamic data repository and registry 1134 for
long-term storage. The dynamic data repository and registry
1134 will be discussed in greater detail hereinbelow. In one
embodiment, the data is stored in a server 1136 or as part of a
larger database.
I0085. The surgeon uses system 1100 to aid in the prepa
ration of bone Surfaces, to measure loading, to measure bal
ance, check alignment, and tune the knee joint prior to a final
insert being installed. A reader 1120 is used to scan in infor
mation prior to or during the Surgery. In one embodiment, the
reader 1120 can be wired or wirelessly coupled to the pro
cessing unit 1122.
I0086 Processing unit 1122 can process the information,
display it on display 1124 for use during a procedure, and
store it in memory or a database for long-term use. For
example, information on components used in the Surgery
Such as the artificial knee components or components of
system 1100 can be converted to an electronic digital form
using reader 1120 during the procedure. Similarly, patient
information or procedural information can also be scanned in,
input manually, or captured by other means to processing unit
1122.

I0087. The leg is placed in extension and the knee joint is
exposed by incision. In one embodiment, the Surgeon pre
pares the proximal end of the tibia. The prepared tibial surface
is typically at a 90-degree angle to the mechanical axis of the
leg. Targets 1110 are placed overlying the mechanical axis
near the ankle and hip joint. The Surgeon can select one of the
spacer blocks 1102 or dynamic distractor 1104 for insertion
in the joint region. The selected spacer block has a predeter
mined thickness that is imprinted on the spacer block or can
be displayed on display 1124 by scanning the information.
Alternatively, distractor 1104 is distracted by the surgeon
within the joint region. The amount of distraction can be read
off of distractor 1104 or can be displayed on display 1124.
I0088. In a non-limiting example of aligning two surfaces
of the muscular-skeletal system, alignment of the leg to the
mechanical axis is measured or a subjective check can be
performed by the Surgeon using an alignment aid. At least one
component of the alignment aid is disposable. The alignment
aid comprises lasers 1114 in the handle 1112 of the selected
spacer block or a handle 1132 of distractor 1104 with the leg
in extension. The alignment aid further includes targets 1110.
Targets 1110, lasers 1114, or both can be disposable. Accel
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erometers in sensors 1106 provide positional information of
the tibia in relation to the femur. For example, display 1124
will indicate that the angle between the tibia and femur is 180
degrees when the leg is in extension. The beam from lasers
1114 hit targets 1110 and provides a measurement of the
position of the tibia in relation to the femur compared to the
mechanical axis of the leg. In one embodiment, lasers 1114
are centrally located above the knee joint overlying the
mechanical axis of the leg. The beam from lasers 1114 is
directed perpendicular to the plane of the surface of the tibia.
The beam from lasers 1114 will align and overlie the
mechanical axis if the surface of the tibia is the perpendicular
to the mechanical axis. The beam from lasers 1114 would hit

targets 1110 at a point that indicates alignment with the
mechanical axis. A valgus or Vargus reading can be read
where the beam hits the calibrated markings of targets 1110 if
the leg is not aligned. The Surgeon can then make an adjust
ment to bring the leg into closer alignment to the mechanical
axis if deemed necessary. Jigs or cutting blocks can also be
used in conjunction with lasers 1114 and targets 1110 to
check alignment prior to shaping. The jigs or cutting blocks
are used to shape the bone for receiving an implant. The distal
end of femur and the proximal end of tibia are shaped for
receiving orthopedic joint implants. In a further embodiment,
sensors can be attached to the cutting jigs or devices to aid the
Surgeon in optimizing the depth and angles of their cuts.
0089. Sensors 1106 measure the loading in each compart
ment for the depth or thickness of the selected spacerblock or
the distracted gap generated by distractor 1104. In one
embodiment, the loading measurements are taken after the
initial bone cuts are determined to be within a predetermined
range of alignment with the mechanical axis. The load mea
Surement in each compartment is either high, within an
acceptable predetermined range, or low. A load measurement
above a predetermined range can be adjusted by removing
bone material, selecting a thinner spacer block, adjusting the
gap of distractor 1104, or by soft tissue release. In general, the
gap between the femur and tibia at which the measurement
taken corresponds to a final insert thickness. In one embodi
ment, the gap is selected to result in a load measurement on
the high side of the predetermined range to allow for fine
tuning through soft tissue release. Conversely, a load mea
Surement below the predetermined range can be increased
using the next thicker spacerblock or by increasing the gap of
distractor 1104. Data from sensors 1106 is transmitted to

processing unit 1122. Processing unit 1122 processes the data
and displays the information on display 1124 for use by the
surgeon to aid in fine-tuning. Display 1124 would further
provide positional information of the femur and tibia. The
absolute loading in each compartment is measured and dis
played on display 1124. As is known by one skilled in the art,
the gap created by the bone cuts accommodates the combined
thickness of the femoral implant, the tibial implant, and the
insert. The gap using spacer blocks 1102 or distractor 1104
takes into account the combined thickness of the implant
components. In a non-limiting example, the gap is chosen
based on the availability of different thicknesses of the final
insert. Thus, the loading on the final or permanent insert
placed in the joint will measure within the predetermined
range as prepared by using system 1100.
0090 Balance is a comparison of the load measurement of
each condyle Surface. In general, balance correction is per
formed when the measurements exceed a predetermined dif
ference value. Soft tissue balancing is achieved by loosening

ligaments on the side of the compartment that measures a
higher loading. In one embodiment, system 1100 allows the
Surgeon to read the loading measurement for each compart
ment on one or more displays on spacer blocks 1102 or
distractor 1104. Another factor is that the difference in load

ing can be due to Surface preparation of the bony cuts for
either femoral implant or the tibial implant. If the differential
is Substantial, the Surgeon has the option of removing bone on
either Surface underlying the implant to reduce the loading
difference.

0091. In one embodiment, the absolute load adjustments
and balance adjustments are performed by Soft tissue release
in response to the assessment of each compartment. Load and
balance adjustment is achieved with the selected spacerblock
or distractor 1104 in the knee joint. Spacer blocks 1102 and
distractor 1104 have a gap to provide peripheral access
between the superior and inferior surfaces of the device
thereby giving the Surgeon access to perform soft tissue
release to either compartment with real time load measure
ment shown on display 1124. In at least one exemplary
embodiment, handles 1112 of spacer blocks 1102 or handle
1132 of distractor 1104 can be removed or positioned.
Handles 1112 or handle 1132 can be positioned away from
the Surgical area or removed allowing the Surgeon access to
perform soft tissue release. The soft tissue release is per
formed to each compartment to adjust the absolute loading
within the predetermined range and further adjustment can be
performed to reduce the differential loading between the
compartments to within a predetermined differential range.
Consequently, the Surgical outcome is a function of system
1100 as complemented with the surgeon’s abilities but not so
highly dependent alone on the Surgeon's skill. The device
captures the “feel of how an implanted device should prop
erly operate to improve precision and minimize variation
including haptic and visual cues.
0092. A similar process is applied with the lower leg in
flexion with tibia forming a 90-degree angle with the femur.
In one embodiment, one or more bone cuts are made to the

distal end of femur for receiving the femoral implant. The
preparation of the femur corresponds to the leg in extension.
As disclosed above, the selected spacer block or distractor
1104 can be coupled using an uprod from handle 1112 or
handle 1132 to cutting block 1130 to aid in alignment and
stability. In particular, the surface of the distal end of femur is
cut parallel to the prepared surface of the tibia with the leg in
flexion. The bone cut to the femur yields an imaginary rect
angle formed with the parallel surfaces of femur and tibia
when the leg is in extension. It should be noted that a portion
of the femoral condyle is in contact with the selected spacer
block or distractor 1104 with the leg in flexion and this region
is not prepared at this time. In a Subsequent step, the remain
ing surface of the distal end of the femur is prepared. The
width of the gap in extension and in flexion between the cut
distal end of the femur and the prepared tibia surface corre
sponds to the thickness of the combined orthopedic implant
device comprising the femoral implant, final insert, the tibial
implant. Ideally, the measured the gap under equal loading in
flexion (e.g. the tibia forms a 90 degree angle with the femur)
and extension is similar or equal. The prepared femoral Sur
faces and the prepared tibial Surfaces are parallel throughout
the range of motion and perpendicular to the mechanical axis
of the leg.
0093. Load measurements are made with the leg in flexion
and the selected spacer block or distractor 1104 between the
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distal end of the femur and the tibial surface. In a non-limiting
example, the measurements as described above should be
similar to the measurements made in extension. Adjustments
to the load value and the balance between compartments can
be made by Soft tissue release, or femoral component rotation
in flexion with the selected spacer block or distractor 1104 in
place. Alternatively, the femoral implant can be seated on the
distal end of the femur and measurements taken. Adjustments
can be made with the femoral implant in place. Furthermore,
a gap generated by distractor 1104 can be adjusted to accom
modate differences due to the femoral implant if required.
0094. The leg with the selected spacer block or distractor
1104 can be taken through a complete range of motion. The
loading in each compartment can be monitored on display
1124 and processed by processing unit 1122 over the range of
motion. Processing unit can compare different points in the
range of motion to the predetermined load range and the
predetermined differential load range. Should an out of range/
value condition occur, the Surgeon can view and note the
position of the femur and tibia position on display 1124 and
take steps to bring the implant within specification. The Sur
geon can complete the implant Surgery having knowledge
that both qualitative and quantitative information was used
during the procedure to ensure correct installation. In one
embodiment, sensors 1106, disposable targets 1110, and
lasers 1114 are disposed of upon completion of the Surgery.
0095 For example, the sensors will enable the surgeon to
measure joint loading while utilizing soft tissue tensioning to
adjust balance and maximize stability of an implanted joint.
Similarly, measured data in conjunction with positioning can
be collected before and during Surgery to aid the Surgeon in
ensuring that, the implanted device has an equivalent geom
etry and range of motion.
0096 Element 1340 of FIG. 12 depicts an exemplary dia
grammatic representation of a machine in the form of a com
puter system within which a set of instructions, when
executed, may cause the machine to performany one or more
of the methodologies discussed above. In some embodi
ments, the machine operates as a standalone device. In some
embodiments, the machine may be connected (e.g., using a
network) to other machines. In a networked deployment, the
machine may operate in the capacity of a server or a client
user machine in server-client user network environment, or as

a peer machine in a peer-to-peer (or distributed) network
environment.

0097. The machine may comprise a server computer, a
client user computer, a personal computer (PC), a tablet PC,
a laptop computer, a desktop computer, a control system, a
network router, Switch or bridge, or any machine capable of
executing a set of instructions (sequential or otherwise) that
specify actions to be taken by that machine. It will be under
stood that a device of the present disclosure includes broadly
any electronic device that provides Voice, video or data com
munication. Further, while a single machine is illustrated, the
term “machine' shall also be taken to include any collection
of machines that individually or jointly execute a set (or
multiple sets) of instructions to perform any one or more of
the methodologies discussed herein.
0098. The computer system may include a processor (e.g.,
a central processing unit (CPU), a graphics processing unit
(GPU, or both), a main memory and a static memory, which
communicate with each other via a bus. The computer system
may further include a video display unit (e.g., a liquid crystal
display (LCD), a flat panel, a Solid-state display, or a cathode

ray tube (CRT)). The computer system may include an input
device (e.g., a keyboard), a cursor control device (e.g., a
mouse), a disk drive unit, a signal generation device (e.g., a
speaker or remote control) and a network interface device.
0099. The disk drive unit may include a machine-readable
medium on which is stored one or more sets of instructions

(e.g., software) embodying any one or more of the method
ologies or functions described herein, including those meth
ods illustrated above. The instructions may also reside, com
pletely or at least partially, within the main memory, the static
memory, and/or within the processor during execution
thereof by the computer system. The main memory and the
processor also may constitute machine-readable media.
0100 Dedicated hardware implementations including, but
not limited to, application specific integrated circuits, pro
grammable logic arrays and other hardware devices can like
wise be constructed to implement the methods described
herein. Applications that may include the apparatus and sys
tems of various embodiments broadly include a variety of
electronic and computer systems. Some embodiments imple
ment functions in two or more specific interconnected hard
ware modules or devices with related control and data signals
communicated between and through the modules, or as por
tions of an application-specific integrated circuit. Thus, the
example system is applicable to Software, firmware, and hard
ware implementations.
0101. In accordance with various embodiments of the
present disclosure, the methods described herein are intended
for operation as Software programs running on a computer
processor. Furthermore, Software implementations can
include, but not limited to, distributed processing or compo
nent/object distributed processing, parallel processing, or Vir
tual machine processing can also be constructed to implement
the methods described herein.

0102 The present disclosure contemplates a machine
readable medium containing instructions, or that which
receives and executes instructions from a propagated signal
so that a device connected to a network environment can send

or receive Voice, video or data, and to communicate over the

network using the instructions. The instructions may further
be transmitted or received over a network via the network
interface device.

(0103) While the machine-readable medium is shown in an
example embodiment to be a single medium, the term
“machine-readable medium’ should be taken to include a

single medium or multiple media (e.g., a centralized or dis
tributed database, and/or associated caches and servers) that
store the one or more sets of instructions. The term “machine

readable medium’ shall also be taken to include any medium
that is capable of storing, encoding or carrying a set of instruc
tions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the
present disclosure.
0104. The term “machine-readable medium’ shall accord
ingly be taken to include, but not be limited to: solid-state
memories such as a memory card or other package that houses
one or more read-only (non-volatile) memories, random
access memories, or other re-writable (volatile) memories;
magneto-optical or optical medium Such as a disk or tape; and
carrier wave signals such as a signal embodying computer
instructions in a transmission medium; and/or a digital file
attachment to e-mail or other self-contained information
archive or set of archives is considered a distribution medium

equivalent to a tangible storage medium. Accordingly, the

Sep. 30, 2010

US 2010/0250276 A1

disclosure is considered to include any one or more of a
machine-readable medium or a distribution medium, as listed

herein and including art-recognized equivalents and Succes
Sor media, in which the Software implementations herein are
stored.

0105. Although the present specification describes com
ponents and functions implemented in the embodiments with
reference to particular standards and protocols, the disclosure
is not limited to Such standards and protocols. Each of the
standards for Internet and other packet switched network
transmission (e.g., TCP/IP, UDP/IP, HTML, HTTP) represent
examples of the state of the art. Such standards are periodi
cally superseded by faster or more efficient equivalents hav
ing essentially the same functions. Accordingly, replacement
standards and protocols having the same functions are con
sidered equivalents.
0106. 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.

01.07 FIG. 12 and FIG. 13 illustrate a communication
network 1300 for measurement and reporting in accordance
with an exemplary embodiment. Briefly, the communication
network 1300 expands broad data connectivity to other
devices or services. As illustrated, the measurement and
reporting system 1300 can be communicatively coupled to
the communications network 1300 and any associated sys
tems or services.

0108. As one example, the measurement system 1355 can
share its parameters of interest (e.g., angles, load, balance,
distance, alignment, displacement, movement, rotation, and
acceleration) with remote services or providers, for instance,
to analyze or report on Surgical status or outcome. This data
can be shared for example with a service provider to monitor
progress or with plan administrators for Surgical monitoring
purposes or efficacy studies. The communication network
1300 can further be tied to an Electronic Medical Records

(EMR) system to implement health information technology
practices. In other embodiments, the communication network
1300 can be communicatively coupled to HIS Hospital Infor
mation System, HIT Hospital Information Technology and
HIM Hospital Information Management, EHR Electronic
Health Record, CPOE Computerized Physician Order Entry,
and CDSS Computerized Decision Support Systems. This
provides the ability of different information technology sys
tems and software applications to communicate, to exchange
data accurately, effectively, and consistently, and to use the
exchanged data.
0109 The communications network 1300 can provide
wired or wireless connectivity over a Local Area Network
(LAN) 1301, a Wireless Local Area Network (WLAN) 1305,
a Cellular Network 1314, and/or other radio frequency (RF)
system (see FIG. 4). The LAN 1301 and WLAN 1305 can be

communicatively coupled to the Internet 1320, for example,
through a central office. The central office can house common
network Switching equipment for distributing telecommuni
cation services. Telecommunication services can include tra

ditional POTS (Plain Old Telephone Service) and broadband
services such as cable, HDTV, DSL, VoIP (Voice over Inter
net Protocol), IPTV (Internet Protocol Television), Internet
services, and so on.
0110. The communication network 1300 can utilize com

mon computing and communications technologies to Support
circuit-switched and/or packet-switched communications.
Each of the standards for Internet 1320 and other packet
switched network transmission (e.g., TCP/IP, UDP/IP.
HTML, HTTP, RTP. MMS, SMS) represent examples of the
state of the art. Such standards are periodically superseded by
faster or more efficient equivalents having essentially the
same functions. Accordingly, replacement standards and pro
tocols having the same functions are considered equivalent.
0111. The cellular network 1314 can support voice and
data services over a number of access technologies such as
GSM-GPRS, EDGE, CDMA, UMTS, WiMAX, 2G, 3G,

WAP software defined radio (SDR), and other known tech
nologies. The cellular network 1314 can be coupled to base
receiver 1310 under a frequency-reuse plan for communicat
ing with mobile devices 1302.
0.112. The base receiver 1310, in turn, can connect the
mobile device 1302 to the Internet 1320 over a packet
switched link. The internet 1320 can support application ser
vices and service layers for distributing data from the mea
surement system 1355 to the mobile device 1302. The mobile
device 1302 can also connect to other communication devices

through the Internet 1320 using a wireless communication
channel.

0113. The mobile device 1302 can also connect to the
Internet 1320 over the WLAN 1305. Wireless Local Access

Networks (WLANs) provide wireless access within a local
geographical area. WLANs are typically composed of a clus
ter of Access Points (APs) 1304 also known as base stations.
The measurement system 1355 can communicate with other
WLAN stations such as laptop 1303 within the base station
area. In typical WLAN implementations, the physical layer
uses a variety of technologies such as 802.11b or 802.11g
WLAN technologies. The physical layer may use infrared,
frequency hopping spread spectrum in the 2.4 GHZ Band,
direct sequence spread spectrum in the 2.4 GHZ Band, or
other access technologies, for example, in the 5.8 GHz ISM
band or higher ISM bands (e.g., 24 GHz, etc).
0114. By way of the communication network 1300, the
measurement system 1355 can establish connections with a
remote server 1330 on the network and with other mobile

devices for exchanging data. The remote server 1330 can have
access to a database 1340 that is stored locally or remotely
and which can contain application specific data. The remote
server 1330 can also host application services directly, or over
the internet 1320.

0.115. It should be noted that very little data exists on
implanted orthopedic devices. Most of the data is empirically
obtained by analyzing orthopedic devices that have been used
in a human Subject or simulated use. Wear patterns, material
issues, and failure mechanisms are studied. Although, infor
mation can be garnered through this type of study it does yield
Substantive data about the initial installation, post-operative
use, and long term use from a measurement perspective. Just
as each person is different, each device installation is different

Sep. 30, 2010

US 2010/0250276 A1

having variations in initial loading, balance, and alignment.
Having measured data and using the data to install an ortho
pedic device will greatly increase the consistency of the
implant procedure thereby reducing rework and maximizing
the life of the device. In at least one exemplary embodiment,
the measured data can be collected to a database where it can

be stored and analyzed. For example, once a relevant sample
of the measured data is collected, it can be used to define

optimal initial measured settings, geometries, and alignments
for maximizing the life and usability of an implanted ortho
pedic device.
0116 FIG. 14 is an exemplary method 1400 for distracting
Surfaces of the muscular-skeletal system in accordance with
an exemplary embodiment. The method can be practiced with
more or less than the number of steps shown and is not limited
to the order shown. In a step 1402, sterilized sensors are
removed from packaging. The sensors are powered up and
enabled for sensing. One or more sensors are placed in a
dynamic distractor. For example, the dynamic distractor used
for a knee application will have two cavities for measuring
each compartment of the knee. More specifically, a Superior
surface of the dynamic distractor has two cavities for receiv
ing the sensors. The dynamic distractor is also in a sterilized
condition.

0117. In a step 1404, the dynamic distractor is inserted in
the muscular-skeletal system. The Superior and an inferior
Surface of the dynamic distractor is in contact with a first and
second Surface of the muscular-skeletal system. Continuing
with the knee example, the inferior surface of the dynamic
distractor is placed in the knee joint facing the proximal end
of the tibia and the Superior surface is placed in the knee joint
facing the distal end of the femur. In one embodiment, the
distal end of the tibia is prepared having a flat surface that is
perpendicular to the mechanical axis of the leg.
0118. In a step 1406, a handle of the dynamic distractor is
rotated to increase a gap between the inferior and Superior
Surfaces. As the gap increases the inferior Surface is in contact
with the distal end of the tibia. Similarly, the superior surface
of the dynamic distractor contacts the distal end of the femur.
In one embodiment, the condyles of the distal end of the
femur contact the sensors of each compartment. In a non
limiting example, the dynamic distractor is placed in the knee
joint Such that the dynamic distractor is centrally located in
the knee joint. The mechanical axis of the leg will align to the
center of the dynamic distractor between the medial and
lateral sides of the device. The handle of the dynamic distrac
tor extends away from the knee joint on the mechanical axis
of the leg.
0119. In a step 1408, a parameter is measured by the
sensors. In the example, the sensors measure load. More
specifically the load in each compartment of the knee is
measured at the height or gap created by the dynamic distrac
tor. In one embodiment, the gap or height of distraction relates
to the thickness of one or more components of an artificial
joint Such as the knee joint. The gap can correspond to the
thickness of a final insert of the artificial joint. In general, final
inserts typically comprise a polymer that provide a low-fric
tion low-wear bearing Surface. The final inserts are typically
provided in a number of predetermined thicknesses of which
one is selected for permanent insertion.
0120 In a step 1410, the one or more sensors are removed
from dynamic distractor. In general, the sensor is removed
after the dynamic distractor is no longer needed in the Surgery.
In a step 1412, the sensor is disposed of after the Surgery is

completed. For example, the sensors can be disposed of as
biological waste. The sensors as a disposable item alleviate
substantial problems facing the healthcare industry. The high
capital cost of traditional of Surgical equipment often prevent
purchase thereby preventing potentially beneficial equipment
from being used. Disposables also eliminate the costly and
time-consuming process of sterilization. The low cost of the
sensors eliminates the capital cost issue thereby opening
quantitative measurement of joint implants to a much larger
audience. The result will be more consistent surgeries, ability
to fine tune the Surgery, longer implant life, and reduced post
Surgical complications to name but a few.
I0121 Steps 1414, 1416, and 1418 relate to optimal load
ing on the final insert for maximum joint life. In general, it is
not desirable for the implanted joint to be too tight or loose. In
a step 1414, the gap is increased until the loading is within a
predetermined loading range and the gap corresponds to an
available final insert thickness. In one embodiment, the gap is
selected for a final insert thickness that measures a loading
above the median of the predetermined range to allow for soft
tissue release back within the predetermined range. In a step
1416, the gap is measured when the sensors measure loading
within the predetermined range. Alternatively, the dynamic
distractor can increase or decrease gaps incrementally that
correspond to available inserts. In a step 1418, the insert is
selected. As mentioned previously, the measured gap when
the loading is within the predetermined range may not corre
spond to a final insert thickness. The Surgeon can increase or
decrease the gap to an available insert thickness (and measure
load in each compartment) then select an insert based on
subsequent steps of the procedure to be implemented by the
Surgeon.

I0122) Steps 1420 and 1422 relate to adjustments made
while the dynamic distractor is inserted. In a step 1420, data
from the sensors is transmitted to a processing unit. In a
non-limiting example, the processing unit is external to the
dynamic distractor and sensors. As disclosed herein, the pro
cessing unit can be part of a notebook computer. The data
from the sensors in the dynamic distractor can be displayed
for viewing by the Surgeon and medical team. In a step 1422,
the Surgeon can adjust the loading using Soft tissue release
techniques with the dynamic distractor in place. In one
embodiment, the dynamic distractor can have a bellows or
removable skirt around the periphery of the device that pre
vents debris from collecting within the interior. The bellows
or removable skirt is removed to allow access along the
medial and lateral periphery of the dynamic distractor and
between the upper and lower support structures of the
dynamic distractor. Further access for soft tissue release is
provided by removing the handle of the dynamic distractor or
positioning the handle away from the Surgical area.
I0123 Steps 1424 and 1426 relate to adjustments made
when parameters are measured in more than one region. In the
knee example, measurements are made in the two knee com
partments corresponding to the medial and lateral condyles in
contact with the sensors. In a step 1424, the loading is mea
Sured in each compartment. In one embodiment, the mea
Sured loading in the two regions should be approximately
equal. The differential loading can be measured and then
adjusted if outside a predetermined differential load range. In
general, the side measuring the higher loading is adjusted. In
a step 1426, soft tissue release is performed to adjust the
difference between the loadings measured in each compart
ment. As disclosed herein, the loading can be measured in real
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time as the release occurs. The loading is then adjusted until
the difference between the compartments is within the pre
determined differential load range thereby adjusting the joint
towards the optimum based on measurement.
0124) Steps 1428, 1430, 1432,1434, 1436, and 1438 relate
to positioning and aligning the leg using the dynamic distrac
tor. In step 1428, the leg is positioned using position infor
mation provided by the dynamic distractor. In one embodi
ment, accelerometers in the sensors provide information on
the angle of the tibia in relation to the femur. Thus, the leg can
be put precisely in extension (e.g. a 180-degree angle between
the femur and tibia) and in flexion (less than 180-degree
angle, for example a 90 degree angle between the femur and
tibia). In a step 430, the positional information can be sent to
an external processing unit and the information displayed on
a display for viewing by the Surgeon. The Surgeon can place
the legin extension or flexion to prepare or shape the proximal
end of the tibia or the distalend of the femur. In steps 1432 and
1434, the Surgeonidentifies the mechanical axis of the leg. In
one embodiment, one or more lasers are coupled to the handle
of the dynamic distractor in the knee joint. As mentioned
previously, the handle of the dynamic distractor is located
overlying the center of the knee. In the step 1432, a first laser
emits a signal to a first target that is positioned proximally to
the center of the ankle. The line from center of the ankle to the

center of knee aligns with the mechanical axis of the leg. The
first target is positioned where it overlies the mechanical axis
on a plane corresponding to the beam from the first laser.
Similarly, in a step 1434, a second laser emits a signal to a
second target that is positioned proximally to the center of the
femoral head. A straight line from the center of the femoral
head through the center of the knee to the center of the ankle
comprises the mechanical axis of the leg. The second target
overlies the mechanical axis and is positioned on a plane
corresponding to the beam from the second laser. The Surgeon
can then measure the misalignment of the leg to the mechani
cal axis and make corrections appropriately.
0125 FIG. 15 is an exemplary method 1500 for distracting
Surfaces of the muscular-skeletal system in extension and in
flexion in accordance with an exemplary embodiment. The
method can be practiced with more or less than the number of
steps shown and is not limited to the order shown. In a step
1502, a distractor is placed between surfaces of a muscular
skeletal system. As mentioned previously, the distractor can
be broadly used on the muscular-skeletal system including
but not limited to the spinal column, knee, hip, ankle, shoul
der, wrist, articulating, and non-articulating structures. As
disclosed above, the distractor comprises a lift mechanism
between a first Support structure and a second Support struc
ture. In one embodiment, a handle couples to the lift mecha
nism to rotatably raise and lower the lift mechanism thereby
changing a gap between the Surfaces of the Support structures.
In general, the first and second Supports structures are placed
between two Surfaces of the muscular-skeletal system. In a
non-limiting example, to illustrate the principal, the distractor
can be used in joint repair or replacement Surgery to separate
bones comprising the joint as they are prepared for an
implant. Examples are vertebrae of the spinal column, the
distal end of the femur and the proximal end of the tibia of a
knee joint, or the pelvis and the proximal end of the femur of
the hip.
0126. In a step 1504, the gap provided by the distractor is
changed and the muscular-skeletal system is placed in a first
relational position. The gap of the distractor can be changed

under the control of the Surgeon thereby changing the spacing
between the two surfaces of the muscular-skeletal system
being distracted. In one embodiment, the gap corresponds to
a thickness of one or more components to be implanted in the
muscular-skeletal system. The distractor is likely to be ini
tially placed between the two Surfaces having a minimum gap
and then expanded to a predetermined height or thickness.
The muscular-skeletal system is placed in a first relational
position with the distractorinserted between the two surfaces.
The first relation position corresponds to the positions of the
Surfaces and portions of the muscular-skeletal system
attached thereto.

I0127. In a step 1506, at least one parameter is measured
with a sensor. The muscular-skeletal system is in the first
relational position when parameter is measured by the sensor.
In one embodiment, the distractor includes a sensor for mea

Suring a parameter. For example, the sensor can provide accu
rate measurements of parameters such as distance, weight,
strain, pressure, wear, vibration, Viscosity, and density that
relate to the procedure being performed. The distractor fur
ther provides two or more surfaces in contact with the mus
cular-skeletal system for close proximity measurement by the
sensor. As disclosed hereinabove, the sensor can be self con

tained in a housing, can be placed in a cavity on one or more
of the distracting Surfaces and includes an exposed surface
that can couple to the muscular-skeletal system for sensing.
I0128. In a step 1508, the muscular-skeletal system is repo
sitioned to a second relational position. In a non-limiting
example, the second relational position corresponds to move
ment of the distracted Surfaces and portions of the muscular
skeletal system attached thereto in relation to one another.
The position of the distracted surfaces in the second position
is different from the position of the distracted surfaces in the
first position. The distractor remains in place during position
ing to the second relational position. This provides the benefit
of reducing Surgical time and stress on the patient. In general,
the Support structures of the distractor and more specifically
the Surfaces of the Support structure allow natural movement
of the muscular-skeletal in a normal range of motion.
I0129. In a step 1510, at least one parameter is measured by
the sensor while in the second relational position. In one
embodiment, the distractor remains in place while the mea
Surement is taken. The Surgeon or medical staff can compare
measurement data with the muscular-skeletal system in two
different positions. Often the measurement data will be simi
lar throughout the range of motion or differ by a known
amount due to geometrical differences of the position. Refer
ring to a step 1518, the sensor can include a transmitter for
transmitting measurement data from the sensor to a process
ing unit. The processing unit can be a logic circuit, digital
signal processor, microcontroller, microprocessor, or analog
circuitry. The processing unit can be part of a larger system
Such as a multi-component custom system or a commercially
available notebook computer or personal computer. In a step
1520, the measurement is displayed on a display. The data can
be processed by the processing unit and a GUI (graphical user
interface) integrated with the display to present the data,
enhance use of the data, interpret the data, and contemplate or
detail corrections that may be needed to be made based on the
data. The transmission of the data can occuras measurements

over a range of motion and at least in the first relational
position and the second relational position. In one embodi
ment, the distractor provides measurement data on the
amount of distraction or gap produced by the device. This
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measurement data can also be transmitted along with the
relational position data of the muscular-skeletal system.
Thus, the distractor provides the benefit of measurement data
being taken with the sensor at different points of the range of
motion and at different gap heights without being removed.
0130. In a step 1512, the sensor is placed on a surface of
the distractor. In one embodiment, the sensor is a disposable
device. The support structures of the distractor can have one
or more recesses or cavities for receiving a sensor on a Surface
of the device. In particular, a cavity can be formed on a major
Surface of a Support structure that comes in contact with a
Surface of the muscular-skeletal system during distraction. In
a non-limiting example, one or more sensors are placed in one
more cavities prior to insertion between the two surfaces of
the muscular-skeletal system. The sensors are activated and in
communication with the processing unit for taking measure
ments on the muscular-skeletal system. In a step 1514, the
sensor is coupled to a surface of the muscular-skeletal system.
As disclosed herein, the sensor can include a major Surface
that is exposed and Substantially parallel to the major Surface
of a Support structure. The sensor comes in contact with the
muscular-skeletal system as the two surface of the muscular
skeletal system are distracted. Typically, as distraction
increases a compressive force by the two Surfaces of the
muscular-skeletal system is applied to the two Support struc
tures placing the sensor in intimate contact with the Surface.
Alternatively, the sensor can be located on or in proximity to
the distractor if direct contact is not required for the measure
ment.

0131. In a step 1522, the alignment of at least one of the
first or second relational position is compared to a mechanical
axis of the muscular-skeletal system. Typically, the muscular
skeletal system has optimal alignments that maximize perfor
mance of the structure. The distractor can be used to measure

misalignment to the mechanical axis. The distractor utilizes at
least one of the Surface being distracted to measure the mis
alignment. The distracted Surface of the muscular-skeletal
system has a geometric relationship with the mechanical axis.
For example, the plane of the distracted surface can be a
specific angle from the mechanical axis. Moreover, there can
be specific landmarks of the Surface that such as a centerpoint
that further identify the relationship with the mechanical axis.
0.132. In one embodiment, a plane of a portion of the
Surface of the distractor is co-planar with the muscular-skel
etal Surface it is contacting. This relationship is extended to a
handle of the distractor where a surface of the handle is

co-planar to the distracted Surface of the muscular-skeletal
system. The handle can also extend from muscular-skeletal
system at a location corresponding to a landmark that corre
sponds to the mechanical axis. For example, it can extend
centrally or at a specific position from the distracted Surface.
As disclosed hereinabove, a drop rod can be attached to an
opening in the handle to visually and Subjectively determine
if alignment is within a predetermined range. The drop rod
can also be coupled to other fixtures coupled to different areas
of the muscular-skeletal system to measure alignment. Alter
natively, one or more lasers can be attached to the handle of
the distractor. The lasers are directed to one or more targets
that are located along the mechanical axis. The amount of
misalignment can be measured by the location where the
beam hits a scale on each of the target.
0133. In a step 1524, the muscular-skeletal system is
modified to reduce the measured misalignment. In general,
there will be an acceptable range for misalignment to the

mechanical axis. Adjustments are made to reduce the error if
the measurement is outside the acceptable range. Modifica
tions to the muscular-skeletal system can take many forms.
Material can be added or removed from the bone structure.

Soft tissue release of the muscles, tendons, and ligaments can
also be used to modify alignment. Additionally, other struc
tures and materials that are both biological and artificial can
be used to change or be added to the muscular-skeletal system
to bring the two Surfaces into alignment. After the modifica
tions are performed, the alignment can be rechecked to verify
that the misalignment error is with an acceptable range.
I0134. In a step 1526, the handle is used to direct the place
ment of the distractor between the two surfaces of the mus

cular-skeletal system. The handle of the distractor provides an
external means for the Surgeon to locate and position the first
and second Support structures of the distractor accurately in
the muscular-skeletal system. In one embodiment, the handle
is coupled to a lift mechanism that generates the gap between
the first and second Support structures. In a step 1528, the gap
height can be varied using the handle. The handle is coupled
to a shaft of the lift mechanism. In a non-limiting example, the
handle is rotated to increase or decrease the gap of the dis
tractOr.

I0135) In a step 1530, the handle is moved away from the
Surgical area. The distractor is designed to provide access to
areas in proximity to the two surfaces being distracted by the
device. One access area is anterior to the two surfaces of the

distracted muscular-skeletal system. Access is desirable to
perform a Surgical procedure or other step with the distractor
in place. A benefit of the distractor is that the handle is hinged
allowing it to be moved away from the area where the Surgical
procedure is being performed. Alternatively, in a step 1536,
the handle is removed from the distractor also giving unob
structed anterior access. The distractor also has peripheral
access and access between the first and second Support struc
tures when a gap is created. In one embodiment, the distractor
has a bellows like skirt around the periphery of the device that
is inserted between the two surfaces of the muscular-skeletal

system. The skirt prevents materials or debris from the pro
cedure from getting between the first and second Support
structures of the distractor. The skirt can be removed when a

procedure is performed requiring anterior, posterior, medial,
or lateral access. Alternatively, the periphery can be open and
the interior space between the first and second Support struc
tures can be cleaned periodically to prevent buildup of debris.
The distractor provides open space anterior, posterior, medi
ally, laterally, and between the first and second Support struc
tures allowing the Surgeon great latitude in performing Surgi
cal procedures in proximity to the distracted area.
0.136. In a step 1532, the muscular-skeletal system is
modified in the first relational position. As disclosed above,
modifications to the muscular-skeletal system can take many
forms. Bone modification, Soft tissue release, implants, add
ing artificial or biological materials are but a few of the
modifications that can be made using the access provided by
the distractor. Similarly, in a step 1534, the muscular-skeletal
system is modified in the second relational position. In one
embodiment, the distractor is not removed during sensor
measurement, movement through a range of motion, and
during the modification process thereby greatly reducing the
Surgical time. Moreover, sensors in the distractor can provide
real time measurement of how the modifications are affecting
the distracted region. This instant feedback and quantitative
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measurement allow fine adjustments to be made that will
greatly increase the consistency of orthopedic Surgical pro
cedures.

0137 FIG.16 is an exemplary method 1600 for distracting
Surfaces of the muscular-skeletal system in extension and in
flexion in accordance with an exemplary embodiment. The
method can be practiced with more or less than the number of
steps shown and is not limited to the order shown. Steps 1602,
1604, and 1606 are respectively similar to steps 1502, 1504,
and 1506 of FIG. 15 and are not described here for brevity. In
a step 1608, the measured parameter is changed through
modification of the muscular-skeletal system. As mentioned
previously, the distractor can be broadly used on the muscu
lar-skeletal system including but not limited to the spinal
column, knee, hip, ankle, shoulder, wrist, articulating, and
non-articulating structures. In one embodiment, the measure
ment and the modification of the muscular-skeletal system
occurs with the distractor in place and the leg in extension.
0.138. In a step 1610, the muscular-skeletal system is repo
sitioned to a second relational position. As mentioned previ
ously, the position of the distracted Surfaces in the second
position is different from the position of the distracted Sur
faces in the first position. The distractor remains in place
during positioning to the second relational position. This
provides the benefit of reducing Surgical time and stress on
the patient. In general, the Support structures of the distractor
and more specifically the Surfaces of the Support structure
allow natural movement of the muscular-skeletal in a normal

range of motion.
0.139. In a step 1612, at least one parameter is measured by
the sensor while in the second relational position. In a step
1614, the measured parameter is changed through modifica
tion of the muscular-skeletal system. The modification occurs
with the muscular-skeletal system in the second relational
position. In one embodiment, the distractor remains in place
while moving the muscular-skeletal system to the second
relational position, during sensor measurement, and modifi
cation of the muscular-skeletal system. The Surgeon or medi
cal staff can compare measurement data with the muscular
skeletal system in at least two different positions. Referring to
a step 1628, the sensor can include a transmitter for transmit
ting measurement data from the sensor to a processing unit. In
a step 1630, the measurement is displayed on a display. For
example, the processing unit can be the microprocessor of a
notebook while the display is the screen of the notebook. The
data is transmitted in real time when a measurement is taken.

In other words, the data is transmitted, processed, and dis
played during the measurement and Subsequent modification
of the muscular-skeletal system in the first relational position.
Similarly, the data is transmitted, processed, and displayed
during the measurement and Subsequent modification in the
second relational position. The transmission of measured data
can sent wirelessly using a radio frequency signal.
0140. In a step 1522, the alignment of at least one of the
first or second relational position is compared to a mechanical
axis of the muscular-skeletal system. Typically, the muscular
skeletal system has optimal alignments that maximize perfor
mance of the structure. The distractor can be used to measure

misalignment to the mechanical axis. The distractor utilizes at
least one of the Surface being distracted to measure the mis
alignment. The distracted Surface of the muscular-skeletal
system has a geometric relationship with the mechanical axis.
For example, the plane of the distracted surface can be a
specific angle from the mechanical axis. Moreover, there can
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be specific landmarks of the Surface that such as a centerpoint
that further identify the relationship with the mechanical axis.
0.141. In one embodiment, a plane of a portion of the
Surface of the distractor is co-planar with the muscular-skel
etal Surface it is contacting. This relationship is extended to a
handle of the distractor where a surface of the handle is

co-planar to the distracted Surface of the muscular-skeletal
system. The handle can also extend from muscular-skeletal
system at a location corresponding to a landmark that corre
sponds to the mechanical axis. For example, it can extend
centrally or at a specific position from the distracted Surface.
As disclosed hereinabove, a drop rod can be attached to an
opening in the handle to visually and Subjectively determine
if alignment is within a predetermined range. The drop rod
can also be coupled to other fixtures coupled to different areas
of the muscular-skeletal system to measure alignment. Alter
natively, one or more lasers can be attached to the handle of
the distractor. The lasers are directed to one or more targets
that are located along the mechanical axis. The amount of
misalignment can be measured by the location where the
beam hits a scale on each of the target.
0142. In a step 1616, the misalignment of the muscular
skeletal system is measured. As disclosed above, the mea
Surement can be made using lasers and targets respectively
coupled to the handle of the distractor and located along the
mechanical axis of the muscular-skeletal system. In one
embodiment, the misalignment is referenced to at least one of
the two surfaces being distracted by the distractor. The align
ment of the surface of the muscular-skeletal system is com
pared to the mechanical axis. In a step 1618, the muscular
skeletal system is modified to reduce the measured
misalignment. As mentioned previously, there is an accept
able range for misalignment to the mechanical axis. Adjust
ments are made to reduce the error if the measurement are

outside the acceptable range. In one embodiment, the correc
tions can be checked in real time as the modifications are

made to see that the changes to the muscular-skeletal system
are moving the misalignment error to the acceptable range.
0143. In a step 1620, the sensor measures load. In one
embodiment, the two Surfaces of the muscular-skeletal sys
tem place a compressive force across the first and second
Support structures of the distractor. One or more sensors on
the first and second Support structures of the distractor can be
used to measure loading and the distribution of loading. In a
step 1622, the handle of the distractor is moved away from a
Surgical area. In non-limiting example, the Surgical area cor
responds to a region where muscles, tendons, and ligaments
couple the at least two Surfaces of the muscular-skeletal sys
tem together. The handle is moved to a position Such that
modification to the Soft tissue can take place. In a step 1624,
Soft tissue is cut in the Surgical area to reduce loading applied
by the two surfaces of the muscular-skeletal system on the
distractor. In general, the sensor can measure load, pressure,
or force. The distractor provides access for the Surgeon to
make cuts to the soft tissue with the area distracted. The

sensor measures in real time allowing the Surgeon to adjust
the load to an optimal value. In a step 1626, the handle can be
removed to further improve the anterior access.
014.4 FIG. 17 is an exemplary method 1700 for distracting
Surfaces of a knee joint in extension and in flexion in accor
dance with an exemplary embodiment. The method can be
practiced with more or less than the number of steps shown
and is not limited to the order shown. A knee joint implant
procedure of the muscular-skeletal system is used to illustrate
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the process of distraction. The knee joint comprises the distal
end of the femur and the proximal end of the tibia. An artificial
knee joint comprises a femoral implant, an insert, and a tibal
implant. The femoral implant is shaped similar to and
replaces the natural condyles at the distal end of the femur.
The insert has a bearing Surface for receiving the condyles
and an inferior surface that mates and is retained by the tibial
implant. In general, the artificial knee joint mimics the natural
knee joint in operation once implanted.
0145 All the steps for preparing a knee will not be dis
closed for brevity but are well known by one skilled in the art.
The knee is opened by incision to expose the distal end of the
femur and the proximal end of the femur. The patella is
removed or moved away from the knee joint region. The
proximal end of the tibia is prepared by cutting the bone. In
one embodiment, the proximal end of the tibia is prepared
having a planar Surface. In one embodiment, the planar Sur
face is cut perpendicular to the mechanical axis of the leg. The
distractor is then inserted into the knee joint.
0146 The distractor has a first support structure having a
Superior Surface for receiving the condyles of the femur and a
second Support structure having an inferior Surface formating
to the prepared tibial surface. The shape of the support struc
tures as disclosed herein allows natural movement of the leg
through the range of motion with the distractor in place. In
one embodiment, two sensors are placed in the Superior Sur
face of the distractor for measuring load in each compartment
of the knee. A handle is used to direct the first and second

support structures into the knee. The handle can be rotated to
increase the gap of the distractor to place the Superior Surface
of the first support structure in contact with the condyles of
the femur and the inferior surface of the second support
structure in contact to the tibial surface. More specifically,
each condyle will contact a surface of a corresponding sensor.
0147 In a step 1720, the alignment of a surface of the
distractor is compared to the mechanical axis of the leg. The
Surface of the distractor corresponds to a surface of the knee.
In one embodiment, the surface is the prepared surface of the
tibia. Targets for leg alignment can be placed overlying the
mechanical axis of the leg. Typically one target is placed in
the ankle or foot region and a second target is placed in the hip
joint region near the femoral head. The mechanical axis is a
straight line from the center of the femoral head through the
center of the knee joint to the center of the ankle. In one
embodiment, handle extends from the knee joint at a point
that corresponds to the center of the knee joint. The inferior
Surface of the second Support structure is planar to the tibial
surface. Similarly, one or more surfaces of the handle of the
distractor is aligned to the inferior surface of the second
Support structure thereby being co-planar to the tibial Surface.
As disclosed hereinabove, lasers can be attached to the handle

pointing towards the ankle target and the hip target. As men
tioned previously, the tibial surface is prepared to be 90
degrees from the mechanical axis of the leg. Misalignment

from the mechanical axis can be measured from where the

beam of the laser hits the target. A correctly aligned leg will
hit each target at a point representing the location of the
mechanical axis. In a step 1722, the measured misalignment
can be reduced through modification of the muscular-skeletal
system. The modification can be to the bone, Soft tissue,
additional implants or materials (artificial and biological) that
bring the femur and tibia into alignment with the mechanical
aX1S.

0.148. In a step 1702, the knee joint is distracted with the
leg in extension. The leg is in extension when the femur and
tibia are positioned having a 180-degree angle between them.
A handle of the distractor directs the support structures into
the knee joint area. The handle is rotated to increase a gap
between the superior and inferior surfaces until contact is
respectively made to the condyles of the femur and the surface
of the tibia. The sensors in each compartment of the first
Support structure are in communication with an external pro
cessing unit. In one embodiment, each condyle of the femuris
in contact with a corresponding sensor Surface throughout the
range of motion of the leg. The Surgeon positions the distrac
tor such that the handle corresponds to the center of the knee
joint, which aligns with the mechanical axis of the leg. In a
non-limiting example, the leg alignment to the mechanical
axis can be measured and corrections made to reduce mis

alignment if outside an acceptable range.
0149. In a step 1704, a load is measured with the leg in
extension for at least one compartment of the knee. The data
is received by the processing unit and displayed on a display.
For example, accelerometers in the sensors can show relative
position of the femur to the tibia. In one embodiment, the
femur and tibia are shown on the display to provide visual
information to the Surgeon on positioning. The angle between
the femur and tibia can be displayed as well as alignment of
the leg to the mechanical axis. The sensors include a mea
Surement device such as a strain gauge to measure load. A
complete knee replacement will measure loading on both
compartments of the knee.
0150. The distractor provides quantitative data that is used
by the Surgeon to prepare the knee. In a non-limiting example,
the knee is distracted to a gap that corresponds to a combined
insert and tibial implant thickness (the distal end of the femur
is unprepared in the example). As is known by one skilled in
the art, inserts are available in different sizes and thicknesses.

The Surgeon picks a size that is best adapted for the patient
bone dimensions. The Surgeon prepares the bone Surfaces for
an approximate combined thickness of the implants. For illus
tration purposes a combined implant thickness of 20 millime
ters could be used. Typically, several insert thicknesses are
suitable based on the tibial cut and the resulting gap between
the tibial surface and the condyles of the femur. The sensor
measurements are used to select an appropriate range and
allows fine-tuning of the loading to within a very accurate
range. For the full joint replacement, the gap height of the
distractor, angle between tibia/femur (180 degrees, leg in
extension), the loading on each compartment at the gap
height, and the differential loading between the compart
ments is transmitted and displayed for viewing by the Sur
geOn.

0151. In a non-limiting example, the Surgeon may have to
increase or decrease the gap height of the distractor depend
ing on the sensor readings. The increase or decrease in gap
height will correspond to an available insert thickness. In one
embodiment, the Surgeon adjusts the gap height to measure
load on the high side of a predetermined load range for each
compartment. Selecting on a high side reading allows for fine
adjustments to the final load value in a Subsequent step. In
general, the Surgeon selects the appropriate insert size for the
knee implant.
0152. In a step 1706, the legis moved into flexion while the
distractor remains in the knee joint. As mentioned previously,
the distractor provides surfaces that allows movement of the
joint through the natural range of motion. This provides the
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benefit of being able to prepare the leg for load, balance, and
alignment in more than one position using a single device. In
one embodiment, the gap height of the distractor remains in
the selected height for the leg in extension. Alternatively, the
gap height of the distractor can be reduced while moving the
leg in flexion to a final position and then readjusting the gap.
In a non-limiting example, the leg is moved in flexion to a
position where the femur and tibia form a 90-degree angle. In
one embodiment, the Surgeon can move the leg while viewing
femur/tibia angle on the screen to get it precisely positioned.
0153. In a step 1708, the load in at least one knee compart
ment is measured with the leg in flexion. In a non-limiting
example, the gap height of the distractor in flexion is equal to
the gap height selected by the Surgeon when the leg was in
extension. The sensors communicate with the processing unit
providing the measured load in each compartment, differen
tial loading between compartments, and the gap height to the
Surgeon with the leg in flexion. Thus, the leg can be moved
from extension to flexion with the distractor in place. The
sensors can measure load and differential loading in different
positions and gap heights that can be displayed on a screen for
the Surgeon to view. The data is also stored in memory for use.
0154) In a step 1710, the handle of the distractor is moved
from a Surgical area with the leg in extension. As mentioned
previously, the handle of the distractor includes a hinge to
position the handle away from a Surgical area or can be
removed to have anterior access to the distracted area. The

Surgical area corresponds to the muscle and ligaments cou
pling the femur to the tibia. The muscle and ligaments in the
Surgical area are located laterally and medially around the
knee joint. A space is typically opened between the first and
second Support structures when the knee joint is distracted.
Thus, the distractor enables soft tissue release by providing
access from multiple vantage points to the muscle and liga
ments with the device in place.
0155. In a step 1712, the load in at least one compartment
of the knee is reduced with the leg in extension. The handle is
positioned to allow anterior and peripheral access to the soft
tissue for incision. The Surgeon can also place a scalpel
between the first and second support structures for an interior
or peripheral cut to the soft tissue if needed. In a non-limiting
example, the Soft tissue release can be performed when the leg
is in extension after the loading is measured and the gap
adjusted to a height selected by the Surgeon. The soft tissue
release can be performed on either the lateral or the medial
sides of the knee or on both sides. In one embodiment, the soft

tissue release is performed to bring each compartment load
ing within a predetermine loading range. The sensor data is
transmitted, processed, and displayed in real time allowing
the Surgeon to view the actual measured effect of each cut on
the loading in both compartments.
0156 Referring to a step 1714, the load, force, or pressure
in both knee compartments are measured with the leg in
extension. In a step 1716, the measured load in each compart
ment is compared and a differential loading is calculated. In a
step 1718, the differential loading between the two knee
compartments is reduced using soft tissue release with the
distractor in the knee joint. The Surgeon can fine-tune the leg
in extension to balance the loading between compartments
with the distractor in place. In one embodiment, the Surgeon
can reduce the measured load on the side reading the highest
value and bring the differential loading down within a prede
termined differential loading range. In the example, the abso
lute loading measured in each compartment has also been
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reduced within a predetermined acceptable load range. As
previously disclosed, the gap generated by the distractor cor
responds to an available thickness insert of the artificial knee
joint. The display can provide indicators to the Surgeon when
the measured load or the differential load is within their

respective appropriate ranges.
(O157. In a step 1722, the handle of the distractor is moved
from a Surgical area with the leg in flexion. As mentioned
previously, the leg is positioned with the femur and tibia at a
right angle. In a step 1724, the load in at least one compart
ment of the knee is reduced with the leg in flexion. The handle
is positioned to allow anterior and peripheral access to the soft
tissue for incision. The Surgeon can also place a scalpel
between the first and second support structures for an interior
or peripheral cut to the Soft tissue if needed. In a non-limiting
example, the Soft tissue release can be performed when the leg
is in extension after the loading is measured and the gap
adjusted to a height selected by the Surgeon. The soft tissue
release can be performed on either the lateral or the medial
sides of the knee or on both sides. In one embodiment, the soft

tissue release is performed to bring each compartment load
ing within a predetermine loading range. The sensor data is
transmitted, processed, and displayed in real time allowing
the Surgeon to view the actual measured effect of each cut on
the loading in both compartments with the leg in flexion.
0158. In a step 1726, the load, force, or pressure in both
knee compartments are measured with the leg in flexion. In a
step 1728, the measured load in each compartment is com
pared and a differential loading is calculated. In a step 1730,
the differential loading between the two knee compartments
with the leg in flexion is reduced using soft tissue release with
the distractor in the knee joint. The Surgeon can fine-tune the
leg in extension to balance the loading between compart
ments with the distractor in place. In one embodiment, the
Surgeon can reduce the measured load on the side reading the
highest value and bring the differential loading down within a
predetermined differential loading range. In the example, the
absolute loading measured in each compartment has also
been reduced within a predetermined acceptable load range.
As previously disclosed, the gap generated by the distractor
corresponds to an available thickness insert of the artificial
knee joint. In the non-limiting example, the gap created by the
distractor in extension and flexion is the same. The display
can provide indicators to the Surgeon when the measured load
or the differential load is within their respective appropriate
ranges when the legis in flexion. The Surgeon can take further
measurements on load and balance by moving the leg in
different positions of flexion and recording the values. Fur
ther adjustments could be made to refine load and balance in
these other flexion positions with the distractor in place.
0159 FIG. 18 is an exemplary method 1800 to place the
muscular-skeletal system in a fixed position for bone shaping
in accordance with an exemplary embodiment. The method
can be practiced with more or less than the number of steps
shown and is not limited to the order shown. A spacer is a
device that as it names implies spaces two Surfaces apart from
each other. A spacer can have a fixed height or can be variable.
In one embodiment, a spacer has an inferior Surface and a
Superior Surface for coupling to Surfaces of the muscular
skeletal system. A spacer with a fixed height is also known as
a spacer block in the orthopedic field. A spacer having vari
able height is known as a distractor.
0160. In a step 1802, a spacer is placed between two sur
faces of the muscular-skeletal system. The spacer separates
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the two Surfaces of the muscular-skeletal system. In one
embodiment, the spacer is placed between two bones. The
Superior Surface of the spacer couples to a surface of a first
bone and the inferior Surface couples to a surface of a second
bone. There can be other material or components between the
Superior and inferior Surface of spacer and the bone Surfaces.
Thus, the spacer separates the first and second bone surfaces
by at least the height of the spacer.
0161 In a step 1804, a cutting block is coupled to an
exposed portion of one of the two bone surfaces. A cutting
block is a template for shaping a bone surface. It is typically
fastened to a bone Surface and can have slots and openings for
guiding Surgical tools such as a bone saw. In one embodiment,
a cutting block is used to shape a bone end for receiving one
or more artificial implant components or material. In many
cases, the position of the cutting block is not arbitrary but has
to have precisionalignment. For example, when performing a
joint replacement, the cutting block has to be positioned
having one or more alignments to the muscular-skeletal sys
tem. Misalignment can cause joint failure and premature
wear. An illustration of alignment will be disclosed in more
detail by example hereinbelow.
0162. In a step 1806, the spacer is coupled to the cutting
block to rigidly position the two Surfaces in a predetermined
position. Cutting blocks are typically designed to be used to
shape the bones with the two surfaces and more specifically
the bones having the Surfaces in a specific position and align
ment. In one embodiment, the spacer is fixed in position to at
least one of the bone surfaces. The spacer can be under com
pressive force due to muscle, ligaments and tendons coupling
the first and second bones together. Alternatively, the spacer
can be temporarily attached to one of the surfaces. For
example, a Surgical screw or pin can be used to fix the spacer
position. If the spacer is a distractor, the compressive force
can be adjusted by increasing or decreasing the height
between the Superior and inferior Surfaces. The spacer can
allow the two bones to move in relation to one another in a

natural range of motion without movement of the device to
the bone surface. The spacer and the cutting block are couple
together to prevent movement of the first bone, second bone,
bone Surfaces, and cutting block. Coupling the spacer to the
cutting block stabilizes the cutting block and keeps the first
and second bones in a fixed relation to one another while the

bone surface is shaped.
0163. In a step 1810, the misalignment of at least one of
the Surfaces is measured in relation to a mechanical axis of the

muscular-skeletal system. In general, alignment of the mus
cular-skeletal system is critical to obtain optimal perfor
mance and longevity. In fact, many problems that end up
requiring Surgery are due to misalignment or deformity that
causes premature wear or damage to the muscular-skeletal
system that can directly or indirectly result in a disability or
health problem. Implanted devices and artificial joints follow
similar constraints from a geometric standpoint since many
mimic the natural device. Thus, the Surgeon needs affirmation
that the alignment of the muscular-skeletal system while
modifying bone and Soft tissue to receive implanted compo
nents. Typically, at least one of the bone surfaces has a rela
tionship with a mechanical axis of the muscular-skeletal sys
tem. The mechanical axis is an optimal alignment of the bone
or bone Surface to another portion of muscular-skeletal sys
tem. In a non-limiting example, the bone surfaces and the thus

the bones having the bone Surfaces have an optimal align
ment. This optimal alignment is known as the mechanical
axis.

(0164. In one embodiment, a surface or feature of the
handle corresponds to a surface of the muscular-skeletal sys
tem. This relationship can be used to compare the orientation
of the Surface or feature to a mechanical axis. The Superior or
inferior surface of the spacer couples to the surface (or refer
ence Surface). The Surface of the spacer is shaped similarly to
the reference surface. For example, if the reference surface of
the muscular-skeletal system is planar, the spacer Surface is
also made planar and has a relational position of being co
planar or parallel to the reference surface. A feature or the
Surface of a feature Such as an opening, recess, mounting
structure can have a specific orientation to the reference Sur
face. For example, an opening can have an orientation that is
perpendicular to the reference Surface. Thus, the opening will
extendina direction approximately perpendicular to the mus
cular-skeletal reference Surface on which the spacer is
coupled. The handle can have one or more Surfaces or features
made to have specific relational positions to one or both of the
spacer Surfaces. For example, at least one surface of the
handle can be made co-planar to the spacer Surface corre
sponding to the muscular-skeletal reference Surface. The Sur
face on the handle can be used to create features that have

specific positional relationships to the plane of the muscular
skeletal reference Surface to aid in determining misalignment.
Measurement of misalignment will be discussed in more
detail hereinbelow.

0.165. As disclosed hereinabove, the mechanical axis can
be defined by placing targets overlying the patient that alignto
the axis or to reference points of the body. For illustrative
purposes, the leg in extension will be used to describe a
mechanical axis of the muscular-skeletal system for a knee
joint replacement. The mechanical axis of the leg in extension
is a straight line from the center of the femoral head, to the
center of the knee joint, and continuing to the center of the
ankle. The targets are placed above the mechanical axis and
typically near the ankle region and the center of the femoral
head. In one embodiment, the handle is aligned with the
center of the knee joint and extends vertically from the knee.
In a non-limiting example, a feature such as a center of at least
one opening or a recess in the handle is geometrically aligned
to the knee center and corresponds to a point on the mechani
cal axis. The mechanical axis corresponds to a straight line
from a point on the ankle target (e.g. ankle center), to a point
on the handle, and extending to a point on hip target (e.g.
center of femoral head). Extending a plane of the mechanical
axis vertically (e.g. 90 degrees to the horizontal plane) with
the leg in extension would intersect the center of the feature
on the handle. In the example, the proximal end of the tibia is
prepared by the Surgeon as a flat surface. Ideally, the mechani
cal axis of the intersects the plane of the prepared tibial
Surface at a right angle. In a non-limiting example, lasers are
coupled openings or recesses in the handle of the spacer. The
lasers point towards the ankle target and the hip target. The
lasers are pointed at a 90-degree angle from the plane of the
prepared bone Surface. Thus, misalignment can be measured
from the targets as the difference angle between the point
where beams hit the target and the identified point on each
target corresponding to the mechanical axis.
0166 In a step 1812 the muscular-skeletal system is modi
fied to reduce the misalignment within a predetermined
range. Once the misalignment is measured the Surgeon can
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determine if modification to the muscular-skeletal system is
required and what type of modification is suitable to reduce
the error. In general, keeping the misalignment within a pre
determined range will improve consistency of the Surgery.
Implant manufacturers can use the Surgical data to determine
the sensitivity of misalignment to rework, patient problems,
and implant longevity.
0167. In a step 1814 the spacer is aligned between the two
Surfaces where a handle of the spacer intersects the mechani
cal axis. Typically, the spacer alignment occurs before the
misalignment to the mechanical axis is measured. As dis
closed above, the spacer is part of an alignment system. The
spacer has a predetermined position oralignment between the
first and second bone Surfaces and more specifically on the
reference bone surface. In one embodiment, the handle

extends from the spacer and intersects the mechanical axis. In
the non-limiting example, the spacer is placed on the prepared
tibial Surface Such that a Superior Surface of the spacer mates
with the condyles of the femur. Moreover, the handle extends
centrally from the spacer with the leg in extension corre
sponding to the center of the knee joint (e.g. a point on the
mechanical axis).
0.168. In a step 1816, a rod is coupled to the handle. The
handle has a known relational positioning to the mechanical
axis within the predetermined range as described herein
above. In one embodiment, the rod fits into an opening in the
handle. The rod can be fastened to the handle. For example,
portions of the rod and the opening in the rod can be threaded.
Alternatively, the rod can be held in place by a powerful
magnet, clamp, screw, or other means. In general, the rod is
rigid and projects the positional relationship of the handle
(e.g. the bone reference Surface). In the knee example, the
tibia and femur are placed in flexion. More specifically, the
tibia and femur are positioned having a 90-degree angle
between the bones. The cutting block is on the exposed por
tion of the distal end of the femur to be shaped. Thus, the
entire distal end of the femur is not shaped in this position.
0169. In a step 1818, the rod is coupled to the cutting
block. The rod is then coupled to both the handle and the
cutting block. In one embodiment, the cutting block has a
channel approximately the same diameter as the rod. The rod
is placed in the channel of the cutting block. The rod fixes the
position of the spacer and the cutting block. As mentioned
previously, the spacer and the handle is within a predetermine
range of the mechanical axis. In a non-limiting example, the
rod extends along the mechanical axis. Placing the rod into
the channel aligns the cutting block to the mechanical axis.
The rod fixes the relational position of the first bone surface to
the second bone surface. In the embodiment, the femur and

tibia are aligned to the mechanical axis and positioned per
pendicular to each other.
0170 In a step 1820, the gap of the spacer is changed. In
one embodiment, the spacer is a dynamic distractor. The
dynamic distractor includes sensors to measure loading. As
the gap of the distractor is increased the first and second bone
Surfaces apply a compressive force on the spacer. The muscle,
ligaments, and tendons couple the two bones holding them
together under tension. The gap can be adjusted to be within
a predetermined measured loading range (at the distracted
gap height).
0171 In a step 1822, the bone surface is shaped. The
cutting block is used as a template to direct a saw blade to
shape the bone. With the rod rigidly holding the bone surfaces
in place the cutting block is stabilized and in alignment with

the mechanical axis. In the knee example, the exposed portion
distal end of the femur can be shaped with the leg in flexion.
The shaped surface can receive an implant that will be aligned
correctly to the mechanical axis as well as the femur and tibia
Surfaces.

(0172 FIG. 19 is an exemplary method 1900 of measuring
the muscular-skeletal system in accordance with an exem
plary embodiment. The method can be practiced with more or
less than the number of steps shown and is not limited to the
order shown. In a non-limiting example a spacer separates
two Surfaces of the muscular-skeletal system. The spacer has
an inferior Surface and a Superior Surface that contact the two
Surfaces. The spacer can have a fixed height or can have a
variable height. The variable height spacer is known as a
distractor. A handle extends from the spacer and typically
resides outside or beyond the two surface regions. The handle
is used to direct the spacer between the two surfaces. In one
embodiment, the handle operatively couples to a lift mecha
nism of the distractor to increase and decrease a gap between
the Superior and inferior Surfaces of the spacer. The spacer
and handle is part of a system to measure alignment of the
muscular-skeletal system. In one embodiment, at least one of
the Surfaces of the muscular-skeletal system that contacts the
spacer has an optimal alignment to a mechanical axis of the
muscular-skeletal system. The system measures the Surface
to mechanical axis alignment. In a non-limiting example, the
Surface can be corrected by a Surgeon when the Surface is
misaligned to the mechanical axis outside a predetermined
range.

(0173 A surface or feature of the handle has a relational
position to the (reference or alignment) Surface of the two
Surfaces that the spacer contacts. In one embodiment, the
reference Surface of the muscular-skeletal system is a planar
Surface. The Surface of the spacer contacting the reference
Surface of is also planar and thus has the relational position of
being planar or co-planar when coupled thereto. Similarly,
the handle is attached or coupled to the spacer block or dis
tractor having a relational position to the Surface of the spacer
that contacts the reference surface. Typically, the relational
position of the Surface or feature on the handle is co-planar or
perpendicular to the Surface of the spacer.
0.174. The two surfaces of the muscular-skeletal system
are typically positioned in predetermined relation before
measuring misalignment to the mechanical axis. The prede
termined relation typically corresponds to a natural position
of the muscular-skeletal system. For example, a common
position is the tibia positioned 180 degrees from the femur,
which is commonly known as a leg in extension. In this
example, the reference Surface is a proximal tibial Surface of
the tibia. In one embodiment, the proximal tibial surface is a
planar Surface prepared by the Surgeon. Ideally, the tibial
Surface is formed perpendicular to the mechanical axis with
the leg in extension. A measurement of the tibial surface to the
mechanical axis is performed to verify that it is within a
predetermined range or specification. Similarly, a measure
ment is often taken with the muscular-skeletal system in a
second predetermined relation. The second predetermined
relation is typically at a different point in the range of natural
motion. For example, the leg in extension with the tibia posi
tioned 90 degrees from the femur. One or more sensors such
as accelerometers can be use to measure the relational posi
tioning of the two Surfaces of the muscular-skeletal system.
0.175. In one embodiment, a feature such as an opening or
cavity is formed in the handle. The opening or cavity has a
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relational positioning to the reference Surface when the
spacer block or distractor is placed between the two surfaces
of the muscular-skeletal system. In a non-limiting example to
illustrate the relational positioning, the opening or cavity is
perpendicular to the plane of the reference surface. In the
example where the mechanical axis is ideally perpendicular
to the reference Surface a rod is placed in the opening or
cavity. The rod is directed perpendicular to the plane of the
reference surface. A comparison of the direction of the rod to
the mechanical axis yields misalignment of the reference
surface to the ideal. The surgeon can use the rod with land
marks that identify the mechanical axis to make a visual
determination of alignment. Alternatively, the rod can be used
to measure an angle difference between the mechanical axis
and the actual muscular-skeletal alignment. Furthermore, the
rod can include one or more sensors for measuring a param
eter of the muscular-skeletal system including alignment.
0176). In another embodiment, targets are placed on the
muscular-skeletal system aligned with the mechanical axis.
An axis point or axis line on the target aligns with the
mechanical axis. A laser is placed in the opening or cavity on
the handle. In a non-limiting example, the center of the open
ing or cavity corresponds to an axis point on the mechanical
axis. The mechanical axis is a straight line between the center
of the opening and one or more targets. The beam of the laser
is directed to the target. Using the example above, the beam is
directed perpendicular to the plane of the reference surface to
the target. The position where the beam hits the target corre
sponds to misalignment of the reference surface to the
mechanical axis. The misalignment results in the beam hitting
the target on either side of the axis point or line. In a similar
fashion the location of the beam on the target could also be
used to determine if the reference surface has a slope by
viewing where the beam hits the target in an opposite plane.
For example, if the misalignment measurement is on a hori
Zontal plane relative to the axis point, a slope of the reference
Surface can correspond to the beam location on a vertical
plane or above/below the axis point.
0177. In a step 1902, two surfaces of the muscular-skeletal
system are distracted with a distractor. The gap between the
two surfaces can be varied with the distractor. In a step 1904,
an alignment aid is coupled to a handle of the distractor. The
misalignment of a Surface of the two Surfaces to a mechanical
axis is measured with an alignment aid that is coupled to a
handle of the distractor. The alignment aid is coupled to a
surface or feature of the handle of the distractor that has a

relational position to the Surface. In one embodiment, an
alignment aid can be a laser and at least one target. Referring
to a step 1926, at least one laser is coupled to the handle of the
distractor. In one embodiment, the at least one laser is coupled
to a feature such as an opening or cavity. In a step 1928, at
least one target is coupled to the muscular-skeletal system. In
general, the at least one target can be placed overlying the
muscular-skeletal system such in a location corresponding to
an axis point of the mechanical axis. An axis point on the
target aligns to the mechanical axis. The beam from the laser
hits the target. The point where the beam hits is compared to
the axis point of the target that corresponds to the mechanical
axis. The target can have a scale that measures misalignment
of the surface to the mechanical axis. As disclosed above, the

direction of the laser corresponds to the surface of the mus
cular-skeletal system.
0178. In a step 1906, the two surfaces of the muscular
skeletal system are placed in a first position. The misalign
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ment of the Surface to the mechanical axis is measured. In a

step 1908, the misalignment is corrected if the measurement
is outside a predetermined range. In general, data generated
by this system can yield significant information on how mis
alignment affects the muscular-skeletal system. The data can
be used to further identify the optimal predetermined range
that minimizes the effect of misalignment. In a step 1910, the
gap or the space between the inferior and Superior Surfaces of
the spacer is measured. In a step 1912, a force, pressure, or
load applied by the two surfaces of the muscular-skeletal
system on the distractoris measured. One or more sensors can
be placed in the Superior or inferior Surfaces to measure a
parameter Such as but not limited to force, pressure, or load.
The two Surfaces of the muscular-skeletal system apply pres
sure or force to the Superior and inferior surfaces of the spacer
and more specifically on at least one sensor on either Surface
of the distractor. The measurements of steps 1908, 1910, and
1912 are completed with the muscular-skeletal system in the
first position. As mentioned above, the first position is typi
cally a geometrically significant position of the muscular
skeletal system that allows comparison to the mechanical
axis. The measurement data is transmitted to a processing unit
for viewing on a display and for long-term storage. The sys
tem allows for real time measurement if and when the mus

cular-skeletal system is modified with the distractor in place.
0179 The following measurements steps are similar to the
measurements in the first position described above. In a step
1916, the two surfaces of the muscular-skeletal system are
placed in a second position. The misalignment of the surface
to the mechanical axis can be measured in the second position
to verify alignment. In a step 1918, the misalignment is cor
rected in if the measurement is outside a predetermined range.
In a step 1920, the gap or the space between the inferior and
Superior Surfaces of the spacer is measured. In a step 1922, a
force, pressure, or load applied by the two surfaces of the
muscular-skeletal system on the distractor is measured. The
measurements of steps 1918, 1920, and 1922 are completed
with the muscular-skeletal system in the second position. As
mentioned above, the second position is also a geometrically
significant position of the muscular-skeletal system that
allows comparison to the mechanical axis. The measurement
data is transmitted to the processing unit. The system allows
for real time measurement in the second position.
0180 FIG. 20 is an exemplary method 2000 of a dispos
able orthopedic system in accordance with an exemplary
embodiment. The method can be practiced with more or less
than the number of steps shown and is not limited to the order
shown. In a step 2002, at least one parameter of the muscular
skeletal system is measured with a sensor. As disclosed here
inabove, the sensor provides accurate measurements of
parameters such as distance, weight, strain, load, pressure,
force wear, vibration, Viscosity, and density. In one embodi
ment, the sensor is a disposable sensor. In a non-limiting
example, the disposable sensor is adapted to an orthopedic
device such as a tool or implantable component. The sensor is
sterilized and placed in a package that maintains sterility. The
sensor is typically contaminated with biological material
when used to measure the muscular-skeletal system during a
Surgical procedure. In a step 2004, the sensor is disposed of
after use. The sensor is disposed of as biological waste if
contaminated by biological material during the procedure.
Packaging of a single use device greatly reduces cost, as the
housing does not have to withstand repeated cleanings. More
over, it eliminates the cost of a sterilization process. In a
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non-limiting example, the sensor is used in orthopedic Sur
gery and more specifically to provide intra-operative mea
Surement during joint implant Surgery.
0181. In a step 2022, the sensor is powered. In one
embodiment, the sensor is not powered until it is used. The
sensor can have a temporary power source that powers the
device for a procedure. A charger can be provided to charge
the unit up prior to use. The power Source can be internal to
the sensor to prevent issues with sterility. The temporary
power source can Sustain the device for a predetermined
period of time that is sufficient for the procedure but prevents
reuse of the device. The sensor is in communication with a

processing unit. In one embodiment, the processing unit is
located external to the sensor. In the Surgical example, the
processing unit is located outside of the immediate Surgical
area. For illustration purposes, the processing unit is a micro
processor of a notebook computer.
0182. In a step 2024, patient information is inputted to the
processing unit. The patient information can input through a
variety of methods. For example, the information can be
typed in, Scanned in, downloaded via radio frequency tag, or
verbally transmitted, recorded, and converted. The patient
information can be displayed on a screen of the notebook
computer. The patient information can include personal,
medical, and specific information related to the procedure.
0183 In a step 2026, a reader is coupled to the processing
unit. The reader can be wired or wireless. In a step 2028, the
reader is used to scan in information pertaining to the proce
dure. In one embodiment, the reader is used to scan in com

ponents of the system such as the sensors, alignment aids,
implant components, and other devices prior to use. In a
non-limiting example, the information can be used for iden
tification of the specific components (e.g. serial numbers)
used during the procedure. The information can be used for
billing, patient records, long term monitoring of components,
and component recall.
0184. In a step 2006, the sensor is placed between two
Surfaces of the muscular-skeletal system. The sensor mea
Sures a parameter in proximity to the Surfaces of the muscu
lar-skeletal system. In one embodiment, the two Surfaces are
exposed by incision. For example, the sensor has a small form
factor allowing it to be placed in or on a spacer. A spacer
separates the two Surfaces of muscular-skeletal system.
Examples of a spacer are a spacer block or a distractor. In a
non-limiting example, a joint of the muscular-skeletal system
is exposed. One or more of the joint Surfaces can be shaped or
prepared by the Surgeon. The spacer block or distractor is
placed between the joint surfaces of the muscular-skeletal
system. The sensor can have an exposed surface that will
contact at least one of the two Surfaces.

0185. In a step 2008, a load, force, or pressure applied by
the two Surfaces on the sensor is measured. For example, the
spacer block or distractor distracts the joint of the muscular
skeletal system. A measurement of the load, force, or pressure
is measured by the sensor for a spacing or gap. The gap is the
distance between the two surfaces of the muscular-skeletal

system. In a step 2016, a gap can be varied between the two
Surfaces of the muscular-skeletal system with the spacer in
place. In one embodiment, the gap is varied by a distractor
between the two surfaces. The distractor includes a lift

mechanism that can increase or decrease a gap between the
two surfaces. The sensor can measure one or more parameters
at each gap height.

0186. In a step 2010, the sensor is placed in a cavity of a
Surface of a spacer. In general, a spacer has a Superior and
inferior surface. The superior and inferior surfaces are placed
between the two surfaces of the muscular-skeletal system.
The superior and inferior surfaces come in contact with the
two surfaces of the muscular-skeletal system under distrac
tion. In one embodiment, one of the inferior or Superior Sur
faces of the spacer have a cavity or recess for receiving the
sensor. The sensor is placed in the cavity exposing a Surface of
the sensor. The surface of the sensor can be planar with the
Surface of the spacer. As disclosed above, the spacer can be
placed between the two surfaces of the muscular-skeletal
system Such that the Surface of the sensor is in proximity or in
contact with one or both of the surfaces.

0187. In a step 2012, the sensor is removed from the cavity
or recess. The sensor can have a feature that simplifies
removal from the superior or inferior surface of a device. For
example, the sensor can have a tab, indentation, or Surface
feature that allows removal by hand or with a tool. Alterna
tively, the device in which the sensor is placed can have a
mechanism to push the sensor out of the recess. In a step 2014,
the sensor is disposed of after being removed from the cavity
OCSS.

0188 In a step 2018, an alignment of a surface to a
mechanical axis is measured with an alignment aid. In gen
eral, at least one of the two surfaces of the muscular-skeletal

system has an alignment with a mechanical axis of the mus
cular-skeletal system. The alignment to the mechanical axis
needs to be preserved or corrected during the procedure.
Similar to the sensor above, components of the alignment aid
are designed for a single use. In one embodiment, the
mechanical axis is identified. Similarly, the surface of the
muscular-skeletal system is compared to the mechanical axis.
The difference between the mechanical axis and surface of

the muscular-skeletal system is a measure of the misalign
ment. Adjustments to the muscular-skeletal system can be
performed to reduce misalignment within a predetermined
range. In a step 2020, at least one component of the alignment
aid is disposed of after the procedure is completed.
(0189 FIG. 21 is an exemplary method 2100 of a dispos
able orthopedic system in accordance with an exemplary
embodiment. The method can be practiced with more or less
than the number of steps shown and is not limited to the order
shown. In a step 2102, an alignment of a Surface to a mechani
cal axis is measured with an alignment aid. In general, a
mechanical axis is identified by the alignment aid. The
mechanical axis is then compared to an alignment of one or
more Surfaces or structures of the muscular-skeletal system.
Ideally, the difference or misalignment of the surfaces or
structures to the mechanical axis should be within a predeter
mined range that places the Surfaces or structures in an opti
mal muscular-skeletal kinematic setting.
0190. In a non-limiting example, targets and more specifi
cally a point on each target correspond to points on the
mechanical axis. The targets are coupled to the muscular
skeletal system in proximity to the Surfaces of the muscular
skeletal system. The surfaces can be part of structures of the
muscular-skeletal system such as bones, muscles, ligament,
tendons, and cartilage. The structures corresponding to the
Surfaces can have a relational positioning in 3D space that
relate to the position of the surfaces to each other. In one
embodiment, the surface is between the targets. Alternatively,
the targets can be placed having an unobstructed path to the
Surface that allows measurement. The targets can also align
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having a more complex geometry to represent the mechanical
axis. One or more lasers are mounted at a height where a beam
from a laser will hit the target unless grossly misaligned. The
laser is mounted having a predetermined positional relation
ship to the plane of the surface. For example, the laser is
directed 90 from the plane of the surface corresponding to a
direction of the mechanical axis. The targets can have cali
bration markings to indicate a measure of misalignment. The
beam from the laser will hit the point on each target if the
plane of the Surface is aligned correctly to the mechanical
axis. Conversely, the distance from the point on each target is
representative of the misalignment. The calibration marking
where the beam hits represents the misalignment. Adjust
ments to the muscular-skeletal system can be performed to
reduce misalignment within a predetermined range. In a step
2104, at least one component of the alignment aid is disposed
of after the procedure is completed. For example, the targets
or lasers that are within the surgical field.
0191 In one embodiment, the alignment is performed
with a distractor between the two surfaces of the muscular

skeletal system. The distractor separates the surfaces of the
muscular-skeletal system. In a step 2122, the two Surfaces of
the muscular-skeletal system are distracted when measuring
alignment. The distractor can vary the gap between the two
Surfaces of the muscular-skeletal system allowing measure
ments to be taken with varying gap heights.
0.192 In a step 2106, at least one parameter of the muscu
lar-skeletal system is measured with a sensor. As disclosed
hereinabove, the sensor provides accurate measurements of
parameters such as distance, weight, Strain, load, pressure,
force wear, vibration, Viscosity, and density. In one embodi
ment, the sensor is a disposable sensor. In a step 2108, the
sensor is disposed of after use. The sensor is disposed of as
biological waste if contaminated by biological material dur
ing the procedure. A disposable sensor provides data for
providing quantitative data on the procedure without the large
capital expenditure required for traditional measuring equip
ment.

0193 In general, data is collected relevant to the proce
dure. For example, patient information and component infor
mation can be collected and stored in an electronic format

prior to the procedure being performed. Component informa
tion can relate to products used in the procedure Such as serial
number, date of production, model number, and other related
data that identifies the product. In a step 2014, the sensor is
powered. In one embodiment, the sensor is not powered until
it is used. Once enabled, the sensor can establish communi

cation with a processing unit. The processing unit can be a
collection point for information. The processing unit is
coupled to memory that can store information locally or send
the information to a database. Similarly, the sensor can have
information pertaining to the sensor product stored in
memory. The sensor can send this information to the process
ing unit as part of the information collection process. In a step
2116, patient information is input and provided to the pro
cessing unit. The patient information can be input through a
variety of methods. For example, the information can be
typed in, Scanned in, downloaded via radio frequency tag, or
verbally transmitted, recorded, and converted. The patient
and component information can be displayed on a screen
coupled to the processing unit for use by the Surgeon or other
healthcare providers. The patient information can be
encrypted to prevent access by unauthorized people. The
patient information can include personal, medical, and spe

cific information related to the procedure. In a step 2118, a
reader is coupled to the processing unit. The reader can be
wired or wireless. In a step 2120, the reader is used to scan in
information pertaining to the procedure. In one embodiment,
the reader is an alternate approach of data collection of com
ponents and information. The reader is used to scan and input
information displayed on components or packaging of com
ponents. The information can be used for billing, patient
records, long term monitoring of components, and compo
nent recall.

0194 In a step 2110, data measured by the sensor is trans
mitted to the processing unit. The system dynamically mea
Sures a parameter of the muscular skeletal system. For
example, the system can measure the parameter when the
muscular-skeletal system is placed in different positions
whereby the position of the surfaces also differs. Another
example is modification of the muscular-skeletal system. The
sensor reading adjusts as the modification of the muscular
skeletal system changes the parameter being measured. In a
step 2112, the data is displayed in real time on the display. In
one embodiment, the sensor transmits data as soon as a mea

Surement is taken. The data is then processed by the process
ing unit and displayed in a format that aids the Surgeon or
healthcare worker. Thus, any change in the parameter is
stored and displayed while the sensor is enabled.
0.195 FIG. 22 is a diagram 2200 illustrating a data reposi
tory and registry for evidence based orthopedics in accor
dance with at least one exemplary embodiment. In general,
the life expectancy of the general population is increasing. It
is well known that the body naturally degenerates over time
due to the aging process. For example, as we get older there is
a natural reduction in bone density and increased wear to the
physical joints of the muscular-skeletal system. The situation
is exacerbated by being physically active in the work envi
ronment, personal life, or both. The consequence of these
combined factors is that muscular-skeletal issues are becom

ing more prevalent. Moreover, these issues can result in a
reduction of a quality of life that will impact an increasing
percentage of the population. This is evidenced by the high
rate of growth of orthopedic Surgeries and the implanted
artificial orthopedic components.
0196. As used hereinbelow, the term parameter corre
sponds to a measurement of the muscular-skeletal system.
The measurement can comprise parameters that characterize
the muscular-skeletal system Such as temperature, pH, dis
tance, weight, strain, pressure, force, wear, vibration, Viscos
ity, and density to name but a few. The measurements can be
taken on the natural muscular-skeletal system or artificial
components used to replace portions of the system. As dis
cussed herein, the measurements equally apply to natural and
artificial components that comprise a muscular-skeletal sys
tem

0.197 A data repository and registry 2214 is a database
comprising dynamic data measured from the muscular-skel
etal system of patients. In at least one exemplary embodi
ment, the data repository and registry 2214 comprises ortho
pedic parameter measurements of more than one patient.
Dynamic data corresponds to measurements made to the
muscular-skeletal system of the patient. The data measure
ments occur with little or no human intervention to simplify
collection. The dynamic data can comprise measurement by
sensors that periodically or by user control measure at least
one parameter that is used to characterize the patient ortho
pedic health or integrity of the muscular-skeletal system
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(natural or artificial). Thus, in one embodiment, the term
dynamic reflects that the measurements are not confined or
constrained by time or place. The quantitative measurements
can be used to provide continuous feedback by analysis of the
data to the patient and healthcare provider. In at least one
exemplary embodiment, the quantitative measurements are
used to affect the patient outcome, which will be disclosed in
more detail below. In a broader sense the data repository and
registry 2214 will provide a transition to evidence based
medicine in orthopedics. In a further embodiment, data
repository and registry 2214 is used to determine efficacy of
treatment, early warning of potential problems, improve
future orthopedic devices, enhance health care efficiency,
reduce orthopedic revisions, and reduce cost of orthopedic
procedures.
0198 In many cases, problems with the muscular-skeletal
system for patients 2202 are not short term nor are solutions
permanent. For example, an artificial joint or joint component
has a life cycle that can measure a decade or more. This life
cycle is best illustrated by example. Typically, a patient Sus
tains significant pain and loss of mobility before undergoing
an artificial joint implant. The physician and patient monitor
the joint. The physician can utilize X-rays or cat-scans of the
joint region to determine a source of the problem. At some
point in time, a decision is made that it would be in the best
interest of the patient to partially or totally replace a joint or
joints. In general, a joint replacement is a highly invasive
procedure requiring Surgery that can include bone and tissue
modification. Implant operations to the hip, knee, spine,
shoulder, and ankle require interaction with a Surgeon, Surgi
cal team, operating room and hospital. The patient requires a
post-Surgical convalescence and cannot immediately use the
implanted joint. There are also post Surgical complications
Such as infection and pain that require routine consultation
with the Surgeon, physician, and health care workers. After
recovering from Surgery, the patient goes through extensive
rehabilitation to acclimate to the artificial joint and use it
similarly to a normally functioning natural joint. Long term
the patient can require physician visits to check joint status or
continued therapy. A worst-case scenario is incorrect instal
lation, joint failure, or un-noticed infection on the artificial
Surfaces of the joint. Each of these scenarios require Substan
tial rework of the joint and places the patient under severe
stress. The cost to the healthcare system to consult, repair, and
rehabilitate is a substantial burden that will continue to grow
as the number of implants increase. An additional factor is the
fact that an increasing number of patients will require replace
ment of the joint some time in the future
0199 A further point that should be noted is that each
patient of patients 2202 is unique with different physical
attributes. More specifically, the geometry of the muscular
skeletal system can have significant variations from patient to
patient. Similarly, every Surgeon is different and the compo
nents developed by the various orthopedic manufacturers will
have variations from each other. At this time, orthopedic
Surgery relies on the skill of the Surgeon's Subjective knowl
edge of the procedure for determination on whether the fit of
the components is correct. The Surgeon often manipulates the
joint to “feel' interaction of the implanted components to
assess proper fit. Finally, joint wear or joint problems are a
function of individual characteristics such as user kinematics,

joint mechanical fit, how the joint used, and how much it is
used. Thus, joint operation, maintenance, and failure analysis

are a complex function of a wide variety of factors of which
little or no information exists specifically to the patient.
0200 Patients 2202 are one potential customer of provider
2210 that will benefit from having a history of quantitative
measurements of their muscular-skeletal system. Patients
2206 are coupled 2204 for dynamic sensing 2206 at different
times and locations. As mentioned previously, the sensors are
placed in equipment, tools, and in orthopedic implants that
are in proximity or intimate contact to the muscular-skeletal
system such that they are coupled 2204 to perform a measure
ment. In a non-limiting example, parameters of the muscular
skeletal system of patients 2206 are measured by a physician,
pre-operatively, intra-operatively, post-operatively, and can
be monitored long term. Dynamic sensing 2206 can be peri
odic or under user control. For example, measurements are
made during implantation of an artificial joint to provide
quantitative measurements on the installation. Another
example is monitoring bone density. Sensors can be
implanted in the bone to monitor changes in bone density.
Patients 2202 can couple the implanted sensors to a receiver
device periodically to take measurements that are sent over
the internet to appropriate resources for analysis. Similarly, a
physician can have a sensor receiver or sensored equipment in
a clinic or office for taking measurements during a patient
visit. The ability to generate quantitative data can be used to
alert patients 2202 if monitored changes indicate weakening
of the bone (e.g. loss of bone density). Therapy can then be
provided at an appropriate time to strengthen the bone before
a fracture occurs. The measurements can also have significant
value in evaluating the clinical efficacy of different types of
treatment. Dynamic sensing 2206 can be incorporated into
orthopedic devices, Surgical tools, implanted, and in moni
toring equipment.
0201 Dynamic sensing 2206 comprises sensors having a
form factor that allows integration into equipment, tools, and
orthopedic implants. In one embodiment, the sensors are
coupled to a processing unit and a display. The sensors are
wired or wirelessly coupled to the processing unit. The pro
cessing unit can display the measured data in real time on the
display and store the measured data in local memory. The
processing unit can be coupled to the internet to send
encrypted data. In one embodiment, the processing unit and
display are separate from the sensors to minimize cost, power,
and form factor. The cost to manufacture sensors can be

lowered by high Volume manufacturing. In one embodiment,
Volume can be achieved by providing single use sensors that
can measure key parameters during installation of orthopedic
implants. The Surgeon uses the quantitative measurements of
the sensors to install an orthopedic implant or to perform a
procedure within certain measured predetermined values or
ranges. For example, a tighter tolerance in alignment, load,
and balance can be achieved through measurement resulting
in more consistent procedures. The incremental cost of using
the sensors is justified by the reduction in revision and post
operative complications. The sensors are disabled or disposed
of after use in a measurement application Such as orthopedic
implant Surgery. Orthopedic procedures and joint implants
currently numbers in the millions each year with an increas
ing annual growth rate. Thus, providing a Sustained high
Volume application that lowers sensor cost. Adoption of the
low cost sensing would enable integration into tools and
equipment for monitoring/measuring orthopedic health over
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an extended period of time thereby generating clinical data
for an individual patient as well as across the orthopedic
industry.
0202 Dynamic sensing 2206 generates quantitative data
on the muscular-skeletal system of patients 2202. The quan
titative data is typically a physical measurement that is con
verted to electronic digital form and sent to a provider 2210
through a wired, optic or wireless coupling 2208. Provider
2210 can provide the sensors for measurement to facilitate
dynamic sensing 2206 and data collection. In one embodi
ment, the data is sent through a wired or wireless connection
from the sensors to a processing unit that is part of a computer
system or equipment. The processing unit is typically located
in proximity to dynamic sensing 2206. The processing unit
can analyze and display the measurements in real time to the
patient or healthcare provider. The processing unit can imme
diately send the measurement data of the muscular-skeletal
system to data repository and registry 2214 or store it in
memory to be sent at an appropriate time. The data can also
include personal and medical information. The data is
encrypted to maintain patient privacy and deter theft of the
data. In the example, the measurement data, personal infor
mation, and medical information is transferred through the
internet via a coupling 2208. The data is stored in data reposi
tory and registry 2214, which is a secure database through a
wired, wireless, or optic connection 2212. Provider 2210 has
rights to use, license, or sell the quantitative data and manages
data repository and registry 2214. In one embodiment, pro
vider 2210 provides the sensors directly or through original
equipment manufacturers to measure parameters of the mus
cular-skeletal system.
0203 Provider 2210 displays electronic digital informa
tion pertaining to measured parameters of the muscular-skel
etal system. In one embodiment, the display can be a website.
The website can be descriptions of the type of muscular
skeletal information that is available. A customer 2218 inter

acts with the website through a wired, optic, or wireless
coupling 2216. The website can provide options of one or
more services provided corresponding to the measured data
in data repository and registry 2214. An example of a service
is to collate or organize data based on specific criteria or
performing an analysis on the data. The customer 2218 can
request access to data repository and registry 2214. The
request can comprise a service request or access to the mea
Sured data for customer proprietary use. The access to data
repository and registry 2214 can be restricted or limited based
on a number of criteria. As disclosed, patient information and
medical history can be stored in data repository and registry.
Similarly, the procedure, type of components, serial numbers,
and manufacturer of the components can be part of the data
base. In many cases, the information is proprietary or pro
tected Such that access is restricted and specific procedures
are put in place to receive the restricted information. As
shown, patients 2202 can be customers 2218 and couple to
data repository and registry 2214 through coupling 2220.
Patients 2202 and physicians of patients would be a select
group having access to specific and limited personal and
medical information. Conversely, the measured data can be
organized and provided anonymously for use by different
entities such as hospitals, clinics, government, universities,
and manufacturers to name but a few.

0204 FIG. 23 is a diagram 2300 illustrating an orthopedic
lifecycle approach to manage orthopedic health based on
patient clinical evidence in accordance with at least one
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exemplary embodiment. The approach utilizes sensors that
can measure parameters of the muscular-skeletal system
automatically with minimal or no human intervention. The
measurements can also be taken under user control. The mea

Sured parameters are sent to and stored in a data repository
and registry. Measurements on the muscular-skeletal system
include artificial components that have been implanted to
replace or Supplement the existing muscular-skeletal struc
ture. The sensors are incorporated in tools, equipment, or are
implanted in or in proximity to the muscular-skeletal system.
0205. A customer 2302 utilizes measured parameter data
of the muscular-skeletal system. In one embodiment, cus
tomer 2302 is a patient or health care provider such as a
physician or Surgeon. The patient or physician can both pro
vide measured parameter data as well as access information
from the data repository and registry. In general, quantitative
measurements of the muscular-skeletal system are made over
an extended period of time, as will be detailed hereinbelow.
The measurements can be used to determine orthopedic
health status and to indicate potential issues to a patient. In
one embodiment, the measurements encompass an entire life
cycle of the patient including orthopedic implants and bone
health. Sensored tools and instruments in the patient home,
physician office, healthcare facility, hospital, or clinic are
used to measure parameters of the muscular-skeletal system
in a step 2304 of pre-operative sensing. The parameter mea
Surements are converted to an electronic digital form by the
tools or equipment. The measurement data is sent through a
medium such as the internet where in a step 2310 of storing
information in data repository and registry, the measurements
are made part of the database. The measured data can include
patient personal and medical information. The quantitative
measurements Supplement Subjective information provided
by the patient or physician on an issue of the muscular
skeletal system. In one embodiment, the measurements are
displayed to the patient or physician in real time using the tool
or equipment. Examples of quantitative measurements are
alignment, range of motion, relational positioning, loading,
balance, infection, wear, and bone density. This can be used
with visual images of the muscular-skeletal system along
with Subjective information Such as pain location to make an
effective diagnosis. The measured data can provide an accu
rate assessment of the status of the muscular-skeletal system
prior to any Subsequent repair or reconstruction.
0206. As disclosed above, the muscular-skeletal system
can degrade to a point where it can Substantial impact a
patient quality of life. The decision is often made to repair or
replace a portion of the muscular-skeletal system to reduce
pain and increase patient mobility. The Surgery typically takes
place in the operating room of a hospital or clinic. In a step
2308, intra-operative sensing using sensored tools and equip
ment generates measured data related to the Surgery and the
installed implant. The sensored tools or equipment convert
the measurements to an electronic digital form. The measure
ment data is sent through a medium Such as the internet where
in a step 2310 of storing information in data repository and
registry, the measurements are made part of the database. The
measured data can include patient personal and medical infor
mation. The quantitative measurements are displayed during
the Surgery to aid in the installation. The measurements allow
the surgeon to fine tune the installation to be within predeter
mined ranges that are backed by clinical evidence from the
data repository and registry that have proven to reduce nega
tive outcomes. Thus, the parameter measurements Supple
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ment a Surgeon's Subjective skills to ascertain that compo
nents are optimally fitted to mimic natural muscular-skeletal
operation.
0207. In general, repair or reconstruction to the muscular
skeletal system includes artificial components. Sensors can
be installed in proximity to the muscular-skeletal system, in
the muscular-skeletal, or as part of the implanted components
during Surgery. Implanted sensors can be permanent or tem
porary. In a step 2308 of monitoring orthopedic health, sen
sors generate quantitative data on measured parameters of the
muscular-skeletal system. Use of the quantitative data in con
junction with the subjective observations of the patient and
healthcare providers can increase patient orthopedic health,
prevent catastrophic situations, and reduce healthcare costs.
In one embodiment, the implanted sensors are powered up
temporarily in a manner that allows location independent
measurements to be taken. For example, parameter measure
ments can be taken at the patient's home or at a healthcare
provider facility. At home measurements provide an advan
tage of reducing physician visits while providing a regular
status update to the patient and healthcare provider. In a
non-limiting example, the patient has a receiver that enables
the sensors for measuring parameters. Enabling the sensors
comprises providing power and establishing a communica
tion path between sensors and the receiver. The communica
tion can be one-way or both transmit and receive. In one
embodiment, the sensors transmit a low power signal. The
receiver is placed in proximity to the sensors to receive the
low power signal sent by the sensors. The sensors measure
parameters of the muscular-skeletal system and convert the
measurements to an electronic digital form. The sensors
transmit the measurements in electronic digital form to the
receiver. In the example, the receiver is coupled to a process
ing unit. The processing unit can display information to the
patient or physician corresponding to the measurements or
the status of the muscular-skeletal system. The processing
unit sends the measurement data through a medium such as
the internet where in a step 2310 of storing information in data
repository and registry, the measurements are made part of
the database. The measurement data can include patient per
Sonal and medical information. A notice, analysis, or report
can also be generated by the processing unit or by the data
repository and registry. The report can be sent to the appro
priate people via a medium such as the internet or wireless
network. It should be noted that sensors external to the body
can also be used to monitor the muscular-skeletal system. The
external sensors can be incorporated into tools or equipment
and the measured data sent as disclosed above. Thus, the step
2308 of monitoring orthopedic health has been established
that includes periodic quantitative parameter measurements
that are used to characterize and assess muscular-skeletal

status. This includes operational characteristics of any artifi
cial implanted components.
0208. In one embodiment, the measured data is taken peri
odically whereby a Sufficient sample is generated to allow an
analysis to be performed. In a step 2312, a data analysis is
performed on the measurement data generated by the patient.
The data analysis can encompass many different areas
depending on the measurement data and what outcome
assessment needs to reviewed. The step 2312 of data analysis
can be performed with as new measured data is received. A
first example of data analysis is in monitoring infection after
installing an artificial joint in a patient. A patient cannot use
an artificial joint immediately after Surgery. The patient typi

cally convalesces from surgery for a period of time before
beginning to use the joint. A post Surgical complication Such
as an infection can be a severe set back to rehabilitation.

Infection is often a problem because the artificial surfaces of
the joint are ideal areas for bacteria to multiply before the
patient is aware of the problem. Common bacterial treatments
may have limited effect in preventing escalation of the infec
tion if identified after having established a strong presence in
the joint region. In the limit, sepsis can occur resulting in
Surgical removal of the contaminated artificial joint, local
treatment of the infection, and implanting a new joint.
0209. In the step 2312, measurement in proximity of the
joint region can provide information on parameters such as
temperature, pH, Viscosity, and other factors that are indica
tors of infection. The analysis is output in an electronic digital
form that can be sent via the internet or other medium. The

step 2312 of data analysis results in a notification of the
patient status being generated. In a step 2316, a healthcare
notification status is sent to the appropriate healthcare pro
viders (e.g. physician, Surgeon, hospital, clinic, etc. . . . ).
Similarly, in a step 2314, a patient notification status is sent to
the patient. The patient notification status can differin content
from the healthcare notification status. In one embodiment, a

single status can be generated to either the healthcare provid
ers or the patient. In a step 2320, the healthcare provider or the
patient can be a notification path to the other. For example, the
healthcare provider can receive a status based on the data
analysis and contact the patient. One outcome is that the step
2312 yields a data analysis that no infection has been
detected. The patient can continue the convalescence with
regularly scheduled visits. Conversely, an outcome where the
step 2312 yields the detection of an infection can result in one
or more actions occurring. A step 2318, results in therapeutic
treatment using the quantitative data. Early treatment of the
infection can eliminate the problem. The patient can be noti
fied in step 2318 to visit the healthcare provider and receive
treatment such as antibiotics to eliminate the infection. Alter

natively, the implanted device can include antibiotics or a
treatment for infection local to the joint surfaces. The
implanted device can be enabled to release the treatment to
eliminate the infection. In either example, step 2318 results in
therapeutic treatment of the infection that is continuously
monitored in step 2308. Furthermore, the measurement inter
vals in the step 2308 can be decreased as part of the therapeu
tic treatment with the step 2312 of data analysis being per
formed when the data is received to ensure that the infection

is being reduced by the treatment and verified at some point
that it has been eliminated.

0210 A second example of data analysis is in monitoring
the joint kinematics after installation of an artificial joint in a
patient. The patient undergoes a rehabilitation process that
can include Substantial physical therapy. Ideally, the patient
will have increased joint mobility when compared to the
degraded natural joint that was replaced. In the step 2312,
measured data in proximity of the joint region can provide
information on parameters such as position, relational posi
tioning, alignment, load, and balance that are indicators of the
joint kinematics. The measured data is used to assess how the
joint is being used and if a potential problem should be
addressed. The analysis is output in an electronic digital form
that can be sent via the internet or other medium. The step
2312 of data analysis results in a notification of the patient
status being generated. In a step 2316, a healthcare notifica
tion status is sent to the appropriate healthcare providers. In
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this example, it could be a physical therapist or physician.
Similarly, in a step 2314, a patient notification status is sent to
the patient. The patient notification status can differin content
from the healthcare notification status. As discussed previ
ously, a single status can be generated either to the healthcare
providers or the patient where and through a step 2320 the
other is notified. One outcome is that step 2312 yields a
quantitative analysis that the patient kinematics are within an
acceptable range. The patient and healthcare provider can
receive a notification that the artificial joint is functioning
correctly. In the step 2318 a therapeutic treatment could be
generated that reinforces the positive outcome by providing a
program based on the quantitative data that furthers the posi
tive outcome.

0211 Conversely, an outcome where the data analysis step
2312 yields a potential problem results in one or more actions
occurring. For example, the patient can have an issue with
alignment. The data analysis would show that the alignment
of the joint is incorrect using positioning and relational posi
tioning data. This would be further corroborated by the load
and balance measurements if applicable. The alignment issue

0213. In the step 2312, measured data in proximity of the
joint region can provide information on parameters such as
position, relational positioning, alignment, load, and balance
that are indicators of joint status. In one embodiment, the
bearing Surface of an artificial joint is monitored by measur
ing the thickness of the bearing. Wear will occur in a correctly
or incorrectly operating joint. Quantitative measurement of
the rate of wear and the distribution of the loading in different
joint positions can provide significant information as to the
joint status and operability. In general, the bearing component
is replaced if the bearing surface falls below a predetermined
value. The replacement of the bearing component instead of
the entire artificial joint can be a much less invasive procedure
thereby reducing patient stress, reducing rehabilitation time,
and Substantially lowering cost. The analysis is output in an
electronic digital form that can be sent via the internet or other
medium. The step 2312 of data analysis results in a notifica
tion of the patient status being generated. In a step 2316, a
healthcare notification status is sent to the appropriate health
care providers. In this example, it could be the patient or
physician. Similarly, in a step 2314, a patient notification
status is sent to the patient. The patient notification status can

could be a result of the installation or the kinematics of the

differ in content from the healthcare notification status. As

patient. In either case, the result could lead to a shorter joint
life span or possible catastrophic failure of the joint. A step
2318, results in therapeutic treatment using the quantitative
data. A therapy could be provided based on the analysis that
teaches the patient correct posture and exercises that reinforce
optimal joint use. The step 2318 could also be an early cor
rection of joint implant before it becomes a problem. The
patient can be notified in step 2318 to visit the healthcare
provider and receive treatment. Alternatively, the notification

discussed previously, a single status can be generated eitherto
the healthcare providers or the patient where and through a
step 2320 the other is notified. One outcome is that step 2312
yields a quantitative analysis that the joint status is within
predetermined values. The patient and healthcare provider
receive a notification that the artificial joint is functioning
correctly. In the step 2318 a therapeutic treatment could be
generated that further aids the patient to optimize use of the
joint based on the quantitative measurements.
0214 Conversely, an outcome where the data analysis step
2312 yields a potential problem results in one or more actions
occurring. For example, the patient can have an issue with the
rate of joint wear. The data analysis would show that the
patient kinematics is wrong producing excessive wear or that
there could be an alignment issue or material issue with the
implant itself. This would be further corroborated by other
parameter measurements such as load, balance, position,
relational positioning and alignment measurements if appli
cable. In either case, the result could lead to a shorter joint life
span or possible catastrophic failure of the joint. A step 2318,
results in therapeutic treatment using the quantitative data. A
physical therapy could be provided based on the quantitative
analysis to correct how the patient is using the joint. Alterna
tively, the step 2318 can result in a consultation with the
physician or Surgeon to determine any installation or issues
with the materials used to manufacture the joint. The step
2318 could result in an early correction of the joint implant
before it becomes a significant problem. In either example,
step 2318 results in therapeutic treatment of the issue that is
continuously monitored in step 2308. Furthermore, the mea
surement intervals in the step 2308 can be decreased as part of
the therapeutic treatment with the step 2312 of data analysis
being performed when the data is received to ensure that the
artificial joint kinematics are correct and or that the issue has
been eliminated. A further result of the data analysis step
2312 is that the wear of the bearing is outside the predeter
mined range. A notification is sent to the patient and health
care provide respectively in steps 2314 and 2316. The treat
ment in step 2318 is replacement of the bearing.
0215. A fourth example of the data analysis step 2312 is in
monitoring the muscular-skeletal system. In one embodi

can include information on the issue and how to correct the

issue. In either example, step 2318 results in therapeutic
treatment of the issue that is continuously monitored in step
2308. Furthermore, the measurement intervals in the step
2308 can be decreased as part of the therapeutic treatment
with the step 2312 of data analysis being performed when the
data is received to ensure that the artificial joint kinematics
are correct and or that the issue has been eliminated.

0212. A third example of the data analysis step 2312 is in
monitoring the artificial joint status. Artificial joints have a
finite lifetime that is dependent on the implant installation, the
implant components, and the patient lifestyle. For example, a
person living a very vigorous lifestyle where the muscular
skeletal system and artificial components undergo consider
able use is going to age differently from someone having a
sedentary existence. A catastrophic artificial joint failure can
have both physical and monetary consequences. For example,
premature wear can introduce high concentration of metal
and plastic particles into the patient body. The foreign mate
rial can lead to health issues. Furthermore, premature wear is
an indication that the load is not being distributed correctly
across a bearing Surface of the joint. Typically the problem
exacerbates with more wear leading to increased loading
issues. This will ultimately lead to complete joint failure. The
consequence of a catastrophic failure is complete replace
ment of the failed joint. A revision is an invasive procedure
requiring each component of the artificial joint to be removed
and replaced. The patient is placed under considerable stress
during the procedure. Moreover, the cost burden of the
replacement, which can be significant due to the complexity
of the revision, is born individually or in combination with the
hospital, physicians, patient, and insurance companies.
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ment, bone density is monitored over the patient lifecycle
including prior to any bone issues and measurements taken
during a Surgical event. Bone density can be monitored by an
external system or using one or more sensors that are
implanted in bone or proximity to bone. It is well known that
bone loss occurs in a large portion of the aging population by
osteoporosis. The bone loss or reduction in bone strength can
result in a severe injury that greatly impacts patient quality of
life and adds significant cost to the healthcare system. A
severe injury Such as breaking a major bone of the muscular
skeletal system can result in Surgery, an extended hospital
visit, and a long convalescence. Moreover, it is often difficult
to determine the best course of treatment for the patient or the
efficacy of the approach taken. Monitoring bone health in a
fashion that does not burden healthcare providers but pro
vides clinical data on changes in bone density can have broad
implications to the patient and orthopedic health in general.
0216. In the step 2312, measured data of the bone or mus
cular-skeletal system is analyzed. In one embodiment, the
measured data is collected over an extended period of time
and in time increments that allows changes in bone density to
be determined. In a non-limiting example, an acoustic signal
is sent through the bone and detected after passing through a
predetermined bone distance. The acoustic signal can be from
an external source or be emitted and received by sensors that
are placed in the bone. The time is measured for the acoustic
signal to traverse the bone. The measured time corresponds to
the bone density. Ideally, the time can be measured very
accurately allowing for minute changes in bone density to be
monitored. The quantitative measurement of the bone density
and the change in bone density can provide significant infor
mation as to the health of the muscular-skeletal system. In
general, bone health is a consideration if it falls below a
predetermined bone density value. Similarly, bone health
requires attention if a negative rate of change in bone density
is detected. Addressing the issue to maintain or increase bone
density brings patient and physician awareness that in com
bination can prevent a more severe consequence or injury.
The analysis is output in an electronic digital form that can be
sent via the internet or other medium. The step 2312 of data
analysis results in a notification of the patient status being
generated. In a step 2316, a healthcare notification status is
sent to the appropriate healthcare providers. In this example,
it could be the patient, physician, therapist, or muscular
skeletal expert. Similarly, in a step 2314, a patient notification
status is sent to the patient. The patient notification status can

titative data analysis could result in severe health problems
unless addressed in the not too distant future. A step 2318,
results in therapeutic treatment using the quantitative data. A
combination of Supplements, medicine, and physical therapy
could be suggested based on the quantitative analysis to cor
rect bone density loss. This analysis can comprise data from
a statistically significant sample having similar characteris
tics from the data repository and registry as well as the indi
vidual patient measured data. Alternatively, the step 2318 can
result in a consultation with the physician or Surgeon to fur
ther assess the measured results and design an appropriate
therapy. In either example, step 2318 results in therapeutic
treatment of the issue that is continuously monitored in step
2308. Furthermore, the measurement intervals in the step
2308 can be decreased as part of the therapeutic treatment
with the step 2312 of data analysis being performed when the
data is received to determine the efficacy of the treatment. The
therapy could be adjusted in a short time span if the improve
ments are not adequate in slowing or preventing further bone
loss. A worst-case scenario of data analysis step 2312 is that
the patient bone density is outside an acceptable predeter
mined range or that the rate of change of bone loss is greater
than a predetermined value. A notification is sent to the
patient and healthcare providers respectively in steps 2314
and 2316. A diagnosis and course of treatment is then pursued
in the step 2318.
0218 FIG. 24 is a diagram 2400 illustrating a customer
selection of data from a data repository and registry 2412 in
accordance with at least one exemplary embodiment. There is
significant value in creating a large database of parameter
measurements of the muscular-skeletal system of patients.
The parametermeasurements characterize the muscular-skel
etal system and comprise Such measurements as temperature,
pH, distance, weight, Strain, pressure, force, balance, align
ment, position, relational positioning, wear, vibration, Viscos
ity, and density. The measurements can be taken on the natural
muscular-skeletal system or artificial components used to
replace portions of the system. As discussed herein, the mea
Surements equally apply to natural and artificial components
that comprise a muscular-skeletal system. In general, param
eter measurements are made on patients over an extended
period of time to generate useful data on the muscular-skel
etal system that encompasses the aging process and orthope

differ in content from the healthcare notification status. As

0219. In one embodiment, the parametermeasurements of
the sensing steps are taken with a tool, equipment, or
implanted device incorporating one or more sensors for mea
Suring parameters of the muscular-skeletal system. The tool,
equipment, or implanted device converts measured param
eters to an electronic digital form. In one example, the tool,
equipment or implanted device is in communication with a
processing unit. The processing unit can be in proximity to
the tool, equipment, or implanted device for wired or wireless
communication. The processing unit receives measured
parameters. The processing unit can include a screen for
displaying measured parameters in real time. The processing
unit can be coupled to data repository and registry 2412
through a medium Such as a wireless network or the internet.
The data repository and registry 2412 receives, reviews, and
stores the parameter measurements from the processing unit.
In general, the data repository and registry 2412 is receiving
parameter measurements of the muscular-skeletal from

discussed previously, a single status can be generated eitherto
the healthcare providers or the patient where and through a
step 2320 the other is notified. One outcome is that step 2312
yields a quantitative analysis that the joint status is within
predetermined values. The patient and healthcare provider
receive a notification that the bone density and rate of change
of bone density is normal. In the step 2318 a therapeutic
treatment could be generated to incorporate Supplements to
maintain bone density status.
0217 Conversely, an outcome where the data analysis step
2312 yields a potential problem results in one or more actions
occurring. For example, the patient data analysis can show a
significant trend in bone density loss. The data analysis pro
vides sufficient time to address the issue before significant
bone loss occurs. The bone density could be further corrobo
rated by other parameter measurements once identified to
determine cause and potential treatment. Inaction to the quan

dic reconstruction.
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patients, healthcare providers, and other entities thereby cre
ating a data repository of quantitative orthopedic measure
mentS.

0220. As disclosed hereinabove, significant data can be
generated by the adoption of sensor technology that measures
parameters of the muscular-skeletal system. The sensor tech
nology has a small form factor allowing it to be integrated into
different tools, equipment, and in orthopedic implants. The
sensors are power efficient allowing temporary powering for
on demand measurement or periodic measurement over a
longer time period. In one embodiment, the sensor is a dis
posable item measuring such parameters as alignment, posi
tion, relational positioning, load, and balance during ortho
pedic joint implant Surgery. Data collection of measured
parameters is semi or fully automated requiring little human
interaction thereby making the process transparent to the user
of the tool or equipment. In one embodiment, the measured
parameter data in the data repository and registry 2412
encompasses an orthopedic patient lifecycle comprising pre
operative sensing 2404, intra-operative dynamic sensing
2406, post-operative dynamic sensing 2408, and long-term
dynamic sensing 2410.
0221 Pre-operative sensing 2404 comprises parameter
measurements prior to any Surgery that modifies the muscu
lar-skeletal system or introduces artificial components to the
patient muscular-skeletal system. Intra-operative dynamic
sensing 2406 comprises parameter measurements during Sur
gery. The data generated can include parameter measure
ments that characterize component installation or modifica
tion to the muscular-skeletal system. Post-operative dynamic
sensing 2408 comprises a time period where parameters are
measured in proximity to the Surgery. Typically, the patient
convalesces from the wounds incurred by the surgery. The
patient then undergoes rehabilitation of the repaired or recon
structed muscular-skeletal system. The parameters measured
during post-operative dynamic sensing 2408 comprises
parameters that characterize pain, infection, and muscular
skeletal status. Long-term dynamic sensing 2410 can provide
measured data pertaining to patient orthopedic health and
joint status. Patient orthopedic health can comprise measure
ments related to muscular-skeletal health, bone health, and

joint kinematics. Parameter measurements can be taken on
natural and artificial components to provide a status. For
example, joint wear can be monitored to select an optimal
time to replace a bearing surface of the joint whereby the
patient undergoes a minimal invasive procedure. Patient out
comes can be analyzed using muscular-skeletal parameter
measurements collected at different points in time as well as
incorporating other relevant information stored in data
repository and registry 2412. In one embodiment, measured
data from patients can provide clinical evidence to Support
best in class approaches to orthopedic healthcare.
0222. There are a number of different entities and people
that can comprise customer 2402. In one embodiment, cus
tomer 2402 can access measured parameter data of the mus
cular-skeletal system through a website managed by the pro
vider of data repository and registry 2412. In general, the
provider of data repository and registry 2412 can provide raw
data, organized data, data analysis, and other services related
to measurement data of the muscular-skeletal system. For
example, customer 2402 can be a government, educational
facility, clinic, foundation, orthopedic manufacturer, physi
cian, Scientist, insurance company, or a patient. The measure
ment data can be anonymous or can include patient informa

tion. It should be noted that the measurement data, personal
information, and medical histories are maintained under very
strict security. In a non-limiting example, specific informa
tion related to a patient, a physician, a Surgeon, a hospital, or
an orthopedic manufacturer are maintained in a secure envi
ronment including safeguards to prevent access to this infor
mation unless a user can be verified having the rights to access
the data. In one embodiment, the measured parameter data
and private information is provided through a secure channel
to a client system under control or custody of customer 2402.
Alternatively, if the measured parameter data and information
is of an anonymous nature it can be encrypted and sent to
customer 2402 through a medium Such as the internet. An
example of access to private information is a patient as cus
tomer 2402 that is given access to personal, medical, and
measurement data on their muscular-skeletal system. Simi
larly, a physician as customer 2402 can be granted access to
personal, medical, and measured data of direct patients. Simi
larly, an orthopedic manufacturer could be given access to
information and measured data related to a specific model of
orthopedic implant that they sell to the market.
0223 Customer 2402 is provided a data selection criteria
2414. As disclosed herein, data selection criteria 2414 can be

displayed on a website accessible to customer 2402. In gen
eral, the website displays information of an electronic digital
form that is related to the measured parameters of the mus
cular-skeletal system of one or more patients. Data selection
criteria 2414 is used by customer 2402 to select what data in
data repository and registry 2412 best Suits their needs. In a
non-limiting example, the data selection criteria 2414 can
include parameters of the muscular-skeletal system that were
measured through pre-operative sensing 2404, intra-opera
tive dynamic sensing 2406, post-operative dynamic sensing
2408, and long-term dynamic sensing 2410. The data selec
tion criteria 2414 can further identify an area of interest by
muscular-skeletal region, orthopedic joint, measured param
eter (e.g. bone density, load, distance, alignment, etc.), loca
tion, medical information, personal information (e.g. gender,
age, ethnicity, etc.), and other related areas. Customer 2402 is
not granted immediate access to measured data of the mus
cular-skeletal system but is typically vetted by the provider
first. In one embodiment, customer 2402 cannot actually
access the data repository and registry 2412. Access is limited
to prevent data corruption, maintain security and ensure pri
vacy of privileged information. A data request is made by
customer 2402 in a step 2416. The selected quantitative
parameter measurement data 2418 is retrieved or generated
from data repository and registry 2412 if access is granted.
The file is in an electronic digital form that can be sent
through a medium to customer 2402. The generated file of
measured data corresponds to the data selection criteria 2414
previously selected by customer 2402. The data request 2416
can also include an analysis of the measured data. The quan
titative parameter measurement data 2418 is then sent to
customer 2402. A notification can be sent to customer 2402 if

it is determined that the data request includes quantitative
parameter measurement data or information that is outside
the approved scope of data selection criteria 2414. The cus
tomer 2402 can then modify their data request to within an
approved scope and resubmit. In a further embodiment, the
quantitative parameter measurement data could be periodi
cally updated or as a significant amount of data is collected. It
is expected that the amount of data being generated will
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become quite Substantial as the sensors become ubiquitous in
tools, equipment, and orthopedic implants.
0224 FIG. 25 is a diagram 2500 illustrating intra-opera
tive measurement of a parameter of the muscular-skeletal
system in accordance with at least one exemplary embodi
ment. In general, an intra-operative procedure is performed in
an operating room 2504 of a hospital, clinic, or healthcare
facility. Operating room 2504 is a sterile environment where
Surgery can be performed. In one embodiment, an intra-op
erative orthopedic procedure exposes a portion of the muscu
lar-skeletal system. One or more parametermeasurements are
taken in real-time during the procedure providing quantitative
data to the Surgeon or healthcare worker for assessment,
modification, or reconstruction of the muscular-skeletal sys
tem. Sensored tools or equipment can be used to take mea
Surement of the muscular-skeletal system. Sensors can also
be permanently or temporarily implanted into the muscular
skeletal system for intra-operative sensing during the proce
dure. The measurements comprise parameters such as tem
perature, pH, distance, weight, Strain, pressure, force,
balance, alignment, position, relational positioning, wear,
vibration, Viscosity, and density. The parameter measure
ments can be taken on natural components of the muscular
skeletal system or artificial components used in the modifi
cation or reconstruction of the muscular-skeletal system to
quantitatively characterize the orthopedic procedure per
formed. For example real time parameter measurements of
load, balance, and alignment at different points in the range of
motion is used by the Surgeon during a joint reconstruction to
optimally fit the components. These measurements can be
taken in real-time with the joint in different positions through
out the range of motion using a sensored tool such as the
dynamic distractor disclosed herein. Furthermore, having
measurement data of the final installation provides a quanti
tative Snapshot of the joint as it was installed by the Surgeon.
Implanted sensors can provide information on the muscular
skeletal status intra-operatively and post-operatively.
0225. In general, customer 2502 can be a person or entity
that accesses data repository and registry 2536 for parameter
measurements of the muscular-skeletal system. In one
embodiment, customer 2502 is a healthcare provider, institu
tion, clinic, hospital, or entity that has an operating room 2504
used for orthopedic Surgery. A provider of data repository and
registry 2536 can provide sensors, provide information, col
lect quantitative measurement data, and generate reports
2520 on each orthopedic procedure performed in operating
room 2504. The sensor used to measure parameters of the
muscular-skeletal system can be disposable sensors that
couple to equipment or tools during the procedure. The sen
sors are disposed of as biological waste after the procedure is
completed.
0226. In a step 2506, a surgeon performs an orthopedic
procedure in operating room 2504. Typically, an orthopedic
procedure performed in an operating room requires an inci
sion to expose or provide access to a portion of the muscular
skeletal system. A sensored tool, sensored equipment, or
implantable sensor is used to measure a parameter of the
muscular-skeletal system in a step 2508. Real-time sensor
data is generated during the procedure on one or more param
eters. In one embodiment, the sensor measurements are used

by the Surgeon to provide quantitative measurement of the
muscular-skeletal system, measurement on the repair or
reconstruction of the muscular-skeletal system, or measure
ment on an installation of components.

0227. The sensor converts the measured parameter into an
electronic digital form that is sent to a processing unit coupled
to a screen in operating room 2504. The processing unit
receives the data from the sensor. The sensor can be wired,

wirelessly, magnetically, or optically coupled to the process
ing unit. The processing unit can be local to the sensor or be
remote to the sensor. The processing unit can display the data
or process the data to provide a graphical representation of the
measurements. The screen or display can be placed outside
the Surgical area but within the operating room where it can be
viewed by the Surgical team. The processing unit can provide
a GUI on the screen. Furthermore, patient information can be
entered in a step 2530. Procedure information can also be
entered in a step 2532. Measured data from data repository
and registry 2536 can also be received for use during the
procedure. The patient and procedure information is typically
entered prior to the procedure and converted to an electronic
digital form. The procedure information can include the
equipment, Supplies, or components used during the proce
dure. The equipment, Supplies, and component information
can be scanned in or manually entered to the processing unit.
Alternatively, the equipment, Supplies, or components can be
in communication with the processing unit to provide the
information automatically prior to the procedure. The patient
information, procedure information, and measured data from
data repository and registry 2536 is sent to the processing
unit. In a step 2534, measured data is displayed in some form
on the screen. Patient information, procedure information,
and measured data from data repository and registry 2536 can
also be displayed on the screen with the real-time parameter
measurements. Thus, the Surgeon is provided measured data
and information that is used to produce more consistent
results and better outcomes.

0228. In one embodiment, measurements are taken under
user control. For example, a Surgeon has fitted an artificial
component into the muscular-skeletal system. A sensor is
selected to measure a parameter that relates to the artificial
component. The Surgeon or member of the Surgical team
selects a dynamic sensor measurement in a step 2510. The one
or more parameters are measured intra-operatively and then
stored in memory in a step 2512. The memory can be local to
the sensor or processing unit. The intra-operative measure
ments can also be automated to be stored periodically or at
different identified points in the procedure. The process of
taking measurements can occur throughout the procedure.
Multiple revisions to the muscular-skeletal system can be
made during the procedure. Each revision can change the
outcome of the procedure. In a step 2516, measurements can
be selected and stored after each revision or modification

thereby providing information on the changes that were
made. Final parameter measurements are selected and stored
that are indicative of the completed procedure in a step 2518.
The pre-final parameter measurements, final parameter mea
Surements, patient information, and procedure information
can be combined into a single file or sent as separate files. The
measured data and information is sent to data repository and
registry 2536 upon completion of the procedure or when a
communication path between the processing unit and data
repository and registry 2536 is open. The communication
path can be through a medium Such as a network or the
internet. The measured data and information in an electronic

digital form once received by data repository and registry
2536 can then be checked, formatted, and stored in the data
base.
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0229. One bottleneck for hospitals, clinics, and other
medical institutions is in generating the paperwork that
appropriately documents the procedure in operating room
2504. The documentation process takes significant time and
resources that introduce cost and delay into the system. More
over, the documentation typically does not include any quan
titative measurements to the reports. In a step 2520, the mea
Surement system generates reports that improve
documentation accuracy, reduce worker time per document,
and increase the efficiency of operating room 2504. In a
non-limiting example, four reports are generated after the
procedure is completed in step 2518. As shown a PQRI report
2522, a billing system report 2524, a purchasing system
report 2526, and a clinical system report 2528 are generated
in step 2520. Each form is in electronic digital form. Relevant
patient information and procedure information acquired prior
to the procedure are incorporated into each report.
0230 PQRI report 2522 is a physician quality reporting
system report that is related to Medicare. PQRI report 2522
has monetary implications to the Surgical team and the entity
responsible for operating room 2512. In general, PQRI report
2522 includes quality measures related to a service fee sched
ule. The goal of PQRI report 2522 is to improve the quality
and lower the cost of the procedures or processes being moni
tored. Similarly, the clinical system report 2518 includes
information on the clinical aspects of the procedure. The
clinical system report 2518 is typically used by the entity
responsible for operating room 2512. In general, these reports
are often based on qualitative or subjective descriptions,
which by its nature requires Substantial input from the Sur
geon or surgical team. In step 2520. PQRI report 2522 and
clinical system report 2518 incorporate the quantitative mea
Surements taken during the procedure that can clinically char
acterize the orthopedic Surgery. The Surgeon or Surgical team
member's documentation work is reduced to adding qualita
tive or Subjective material that Supplement the quantitative
measurements. In one embodiment, the documentation of the

quantitative measurements can be sufficient for reporting the
orthopedic procedure. Thus, the quality of the reports is
improved while reducing the time required to generate the
report.

0231. The billing system report 2524 and the purchasing
system report 2526 are related. In general, the billing system
and purchasing systems of an entity are often two separate
paths within the entity responsible for operating room 2504.
Billing and purchasing information is generated in electronic
digital form as part of the procedure information in step 2532.
The entity (e.g. hospital, clinic, healthcare facility) wants to
inventory as few components as possible that are used in
orthopedic procedures. In general, the components are deliv
ered by the manufacturer and purchased in operating room
2504. The entity responsible for operating room 2504 submits
a bill for services and components to an appropriate payee of
the procedure Such as an insurance company or the patient.
The bill typically includes the components purchased in oper
ating room 2504. In one embodiment, the sensing system
includes a reader or scanning device that retrieves informa
tion from equipment and components. In one embodiment the
reader is coupled to the processing unit to store the informa
tion with the measured data. The retrieved information can

include component and equipment descriptions, serial/iden
tification numbers, and manufacturing information. Alterna
tively, the equipment and components used during the proce
dure can automatically provide the information to the

processing unit when a communication path is established.
For example, the sensors used for the dynamic parameter
measurements can provide sensor description, identification
information, and manufacturing information for use in gen
erating the billing system report 2504 and the purchasing
system report 2526 when initially communicating with the
processing unit. A portion of the measured data can also be
incorporated in the billing system report 2524 and purchasing
system report 2526 as verification that the equipment or com
ponents were used during the procedure. In one embodiment,
the step of generating reports 2520 uses the processing unit of
the system that receives quantitative measurement data as a
hub for also receiving the patient and procedure information.
The reports are generated from the data and information
gathered during the procedure. The reports can be reviewed
and approved by responsible parties electronically and sent in
an electronic form to appropriate entities for processing. The
benefit is an efficient process that uses less resources that can
rapidly generate the reports from a single data source.
0232 FIG. 26 is a diagram 2600 illustrating one or more
predetermined ranges for optimizing an outcome of an ortho
pedic procedure in accordance with at least one exemplary
embodiment. In one embodiment, an orthopedic procedure is
performed in a step 2602. In one embodiment, an orthopedic
procedure occurs in a sterile environment Such as an operat
ing room but is not limited to an invasive procedure. The
orthopedic procedure can be facilitated by providing the
healthcare provider with sensors 2608 that generate quanti
tative data that aids in the procedure and can characterize the
procedure. An example to illustrate how an orthopedic pro
cedure is facilitated is reconstructive orthopedic Surgery Such
as a joint replacement. Quantitative measurements can be
taken throughout the procedure using a device Such as a
dynamic distractor as disclosed herein. The types of measure
ments required to characterize a procedure is variable and
dependent on the specific procedure being performed. In the
joint replacement example, the Surgeon extensively modifies
bone and bone surfaces to receive artificial components.
Intra-operative measurements are taken with sensors 2608
during the reconstruction in a step 2606 to aid the Surgeon in
the installation thereby increasing the probability of a positive
outcome. Sensors measuring load 2610, relational position
ing 2612, alignment 2614, balance 2616, and distance 2618
are examples of measurements that solely or in combination
can characterize the reconstructive procedure, provide quan
titative data on the initial conditions of the installation, and

increase the likelihood of a positive outcome. Measurements
of load 2610, relational positioning 2612, alignment 2614,
balance 2616, and distance 2618 are merely exemplary in
nature.

0233. In one embodiment, real-time intra-operative
parameter measurements are displayed on a screen in step
2606. Included with the patient parameter measurements are
clinical data 2624 and analysis related to the procedure and
the parameters being measured. The clinical data 2624 can be
stored in local memory coupled to the processing unit of the
sensor System. Furthermore, the processing unit can couple to
data repository and registry 2626 to download clinical data
2624 for a procedure or to update the data. Clinical data 2624
in conjunction with the Subjective skill of the Surgeon are used
to optimize the specific procedure based on best known prac
tices and clinical evidence. For example, predetermined
ranges for the measured parameters such as load 2610, rela
tional positioning 2612, alignment 2614, balance 2616, and
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distance 2618 are provided as targets for the procedure. The
predetermined ranges are generated from an analysis of mea
Sured data from data repository and registry 2626 from simi
lar procedures where the clinical evidence indicates that the
probability of a negative outcome will Substantially increase
outside the predetermined range. Post-operative measured
data and outcomes are collected as long term data 2.628.
Implanted sensors or sensored equipment are used to collect
long-term data. The long-term data is used to monitor patient
orthopedic health and to affect changes early before a major
problem occurs. Long term data 2628 is sent to and part of
measured patient data in data repository and registry 2626.
0234. As mentioned above, intra-operative measurements
are made throughout the procedure in a step 2604. In one
embodiment, sensors 2608, a processing unit, and display are
coupled together to provide the quantitative measurements to
the Surgeon and Surgical team in the operating room. The
measured parameters are compared to predetermined ranges
based on clinical evidence. Real-time parameter measure
ment allows the Surgeon to see the effect of a change or
modification to the parameter. Pre-final measurements can be
stored and sent to data repository 2626 under user control or
through an automated process. The pre-final measurements
can provide measurement data at different times prior to the
procedure being completed. It should be noted that the data
analysis can also provide a specific procedure sequence to
minimize the effect of Subsequent steps changing measured
parameters that are within the predetermined range.
0235. In one embodiment, the surgeon performs the pro
cedure such that the measured parameters such as load 2610,
relational positioning 2612, alignment 2614, balance 2616,
and distance 2618 are within the predetermined ranges. The
surgeon has the ability to override the use of the predeter
mined ranges based on the unique situation being presented.
The measurement process continues providing quantitative
feedback to the Surgeon until the procedure is completed or
the parameter measurement is no longer required. Upon
completion of the procedure, the Surgeon can store one or
more parameter measurements that are indicative of the
orthopedic procedure in a step 2622. Alignment is an example
illustrating the use of predetermined ranges. An alignment
measurement to a mechanical axis can show how the muscu

lar-skeletal system is aligned to the ideal. The Surgeon can
modify or prepare the muscular-skeletal system to be within
the predetermined alignment range when the artificial com
ponents are fitted. An analysis using clinical data 2624 in data
repository and registry 2626 had determined that alignment
within the predetermined range increases the probability of a
positive outcome. Similarly, clinical evidence of load and
balance measurements within identified predetermined
ranges produce an increased probability of a positive out
come. Position and relational positioning measurements pro
vide three dimensional information on how one or more com

ponents of the muscular-skeletal system are oriented. The
positional measurements can be used in conjunction with
other parameter measurements to show changes over a range
of motion. Thus, an initial condition of the resulting proce
dure is provided to the data repository and registry 2626 that
can be compared with long term data 2638 taken on the
patient muscular-skeletal system over an extended period of
time.

0236. It is well known that partial and total joint recon
structions number in the millions of procedures per year. This
is only a portion of the total orthopedic procedures being

performed. The revision rate is unacceptably high for some
reconstructive procedures often occurring in double digit per
centages. It is beneficial from a cost, time, and patient per
spective to reduce post-operative complications. In general, a
process to create a Substantial portfolio of quantitative data is
generated by providing evidentiary based feedback to cus
tomers. The evidentiary based feedback improves outcomes
and reduces revisions thereby increasing operating room effi
ciency, increasing profitability, and lowering cost. In one
example, customers are the entities that manage operating
rooms and the people that use the operating rooms. Examples
of customers are hospitals, clinics, healthcare providers, and
research institutions. The users of operating rooms are typi
cally physicians, Surgeons, and Surgical Support staff.
0237. In one embodiment, the provider of data repository
and registry 2625 also can provide sensors in a step 2604 that
measure parameters of the muscular-skeletal system directed
towards improving orthopedic outcomes. The intra-operative
sensors can be low cost disposable devices that promote use
and acceptance of sensing technology for orthopedics. In one
example, disposable sensors used intra-operatively are ren
dered inoperative in a step 2630. It is likely that that sensors
used intra-operatively have been exposed and contaminated
with biological material. The disposable sensors are then
disposed of after step 2632 when the procedure has been
completed so they cannot be used again.
0238 Operating rooms that use the sensor system will
provide a continuous flow of quantitative measurements to
data repository and registry 2626 with each orthopedic pro
cedure. Similarly, the use of implanted sensors or sensing
equipment to monitor the procedure status will generate long
term data 2628. Both the intra-operative and other measure
ments (including post-operative) are converted to an elec
tronic digital form, sent through a medium Such as a wireless
network or the internet, and then stored in data repository and
registry 2626. The provider of data repository and registry
2626 provides analyses using the quantitative measurements.
The analysis will rise to a level of a clinical study when a
statistically significant sample is provided from data reposi
tory and registry 2626. In one embodiment, the analysis will
Support an evidentiary based outcome with clinical evidence
from data repository and registry 2626. The benefit of the
analysis is further discussed for the orthopedic joint repair or
reconstruction where an alignment to a mechanical axis of the
muscular-skeletal system can be critical to optimize the joint
mechanics. Misalignment of the joint to the mechanical axis
can result in premature wear that reduces longevity of the
joint (natural or artificial) and in the limit catastrophic failure
of the joint. Analysis of intra-operative and post-operative
quantitative measurements in data repository and registry
2626 can determine that negative outcomes can be reduced
Substantially by aligning the repaired or reconstructed joint
within a predetermined range of alignment to the mechanical
axis. As discussed above, the alignment predetermined range
is provided to the client and is displayed on the sensor System
screen. The Surgeon then uses the sensor System to measure
misalignment to a mechanical axis and to make adjustments
to ensure that the misalignment does not exceed the predeter
mined range based on the clinical evidence. The feedback
path is continuous with the data from Surgeries using the
predetermined range being incorporated into data repository
and registry 2626. Thus, a system of data generation and
results oriented feedback is created that hones in on an opti
mal orthopedic procedure. This approach is similarly applied
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to long-term data 2628 on providing evidentiary based pro
cesses or treatments to areas such as infection, pain manage
ment, rehabilitation, kinematics, and bone health.

0239 FIG. 27 is a diagram 2700 illustrating health risk
identification and notification an orthopedic device, proce
dure, or medicine in accordance with at least one exemplary
embodiment. An entity 2702 typically comprises an indi
vidual, organization, institution, government, or business
having an interest in measured parameters of the muscular
skeletal system. At this time, it is difficult to identify potential
health risks to patients due to an orthopedic device, proce
dure, or medicine. An orthopedic device can include equip
ment, tools, orthopedic implants, orthopedic components,
materials, and other devices used to heal, repair, or recon
struct the muscular-skeletal system. At issue is the fact that
little or no patient muscular-skeletal measurements are taken
and documentation linking specific devices, patient informa
tion, medical information, and procedure information resides
in a wide variety of locations and in different formats. A
health risk 2716 is typically determined by an analysis over an
extended period of time and the data collected must rise to a
standard that clinically proves the existence and source of the
problem. Ideally, the issue is identified early to provide a
Solution that minimizes patient risk.
0240. As described hereinabove, a path is provided for
collecting and storing muscular-skeletal parameter measure
ments. Small form factor sensors are incorporated in tools,
equipment, artificial implants, or implanted in the muscular
skeletal system to allow measurement over an extended
period of time. The sensors sense parameters such as tem
perature, pH, distance, weight, strain, pressure, force, bal
ance, alignment, position, relational positioning, wear, vibra
tion, Viscosity, and density. Measurements can be taken
periodically or under user control to monitor status of the
muscular-skeletal system. The measured parameters and
information are converted to an electronic digital form. The
sensor or sensor Systems are in communication with data
repository and registry 2720. The parameter measurements
are sent as the measurements occur or stored temporarily until
a communication path Such as a wireless network or the
internet is available. Patient personal information, medical
information, procedure information, and device information
can also be collected with the parameter measurements and
stored in data repository and registry 2720. Thus, data reposi
tory and registry 2720 is a hub where quantitative measured
data and information exists in a single location for an analysis
with Supporting clinical evidence. This provides the addi
tional benefit where patients at risk can be notified in a timely
fashion to address an identified issue.

0241. As it name implies data repository and registry 2720
is a registry that links measured parameters of the muscular
skeletal system to information. In a non-limiting example,
information on devices such as an artificial joint of the mus
cular-skeletal system can be stored in the data repository and
registry 2720. The information can comprise performance
specifications, manufacturing information, serial numbers,
lot numbers, date of sale, and other relevant information. The
information can be scanned, transmitted from the device, or

entered manually. Registry 2720 provides a path to more
specific manufacturing information that allows identification
of devices that pose a patient risk.
0242. In general, the data repository and registry 2720
provides quantitative data over an orthopedic life cycle of a
device, procedure, or medicine from a statistically significant
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number of patients. An example, where generating quantita
tive measurements provides substantial benefit is in the repair
or reconstruction of a joint of the muscular-skeletal system.
Typically, a Surgical procedure is performed in an operating
room to repair or reconstruct the muscular-skeletal system.
The procedure can modify the natural joint or Surrounding
muscular-skeletal system. Alternatively, a prosthesis can be
implanted to replace the natural joint. The muscular-skeletal
system is a mechanical system where the natural or artificial
components are prone to wear. Degradation of a natural or
artificial joint can be exacerbated by abnormal wear and
misalignment. Similarly, degradation or failure can occur due
to the installation or components. Thus, there is a need to
provide measurements that can assess joint status over an
extended period of time.
0243 In one embodiment, a surgical procedure on the
muscular-skeletal system of a patient provides a convergence
of data and information that is collected in an operating room.
Typically, a patient has gone through Substantial evaluation
before Submitting to an orthopedic Surgery. The Surgeon
requires an awareness of patient information, medical history,
the procedure being performed, equipment, materials, and
implanted components. In the example, a sensor system is
used to display and store measurements of the muscular
skeletal system during the Surgery as disclosed herein. The
quantitative measurements taken during the Surgery are used
to Support the Surgeon's Subjective skills to optimally perform
the procedure. The sensor system is also a path to receive,
display, and store information related to the patient (personal
and medical), procedure, equipment used, materials used, and
devices used. Information can be retrieved automatically,
scanned in, or manual input to the sensor System. Thus, a
linkage between measured data and information pertaining to
the patient, procedure, and devices is initiated in the operating
room that can be further linked to other collected data and
information. The measured data and information is converted

to a digital form and sent to data repository and registry 2720
for storage.
0244 Quantitative measurements 2706 are stored in data
repository and registry 2720. Measurements 2706 comprise
pre-operative measurements 2708, intra-operative measure
ments 2710, post-operative measurements 2712, and long
term measurements 2714. In general, measurements 2706
comprise measurements of the muscular-skeletal system that
are taken at different times. Measurements 2706 are con

Verted to an electronic digital form and sent to data repository
and registry 2720. Pre-operative measurements 2708 com
prises parameter measurements prior to any Surgery that
modifies the muscular-skeletal system or introduces artificial
components to the patient muscular-skeletal system. Intra
operative measurements 2710 comprises parameter measure
ments during Surgery. The measured data can characterize
component installation, repair, or modification to the muscu
lar-skeletal system. Post-operative measurements 2712 are a
subset of long-term measurements 2714 that occur after the
Surgery. Post-operative measurements 2712 comprises a time
period shortly after the Surgery where the patient convalesces
and rehabilitates. Long-term measurements 2714 comprises
quantitative data pertaining to patient orthopedic health and
joint status. Patient orthopedic health can comprise measure
ments related to muscular-skeletal health, bone health, and

joint kinematics.
0245. In the example, pre-operative measurements 2708,
post-operative measurements 2712, and long-term measure
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gathered intra-operatively thereby creating a quantitative
measurement history of a patient muscular-skeletal system.
The quantitative measurements in data repository and registry
will grow exponentially as operating rooms adopt sensor

tioning, wear, vibration, Viscosity, and density. The measured
parameters and information from the sensors are converted to
an electronic digital form and are sent through a medium Such
as the internet to data repository and registry 2818.
0248. The sensors or sensored equipment that are used to

measurement. The use of the data and information will result

take measurements can be automatic or under user control.

in the escalation of evidence based orthopedic medicine. It

Measurements are taken at different points in time corre
sponding to pre-operative measurements 2810, intra-opera
tive measurements, 2812, post-operative measurements
2814, and long term measurements 2816. In general, infor
mation is collected and stored in data repository and registry
2818 with the measurements. In one embodiment, patient
information, equipment information, procedure information,
or component information is collected in an operating room
prior to and during an orthopedic procedure. The Surgeon can
access and use the information during the procedure. The
information and intra-operatively measured parameters are
converted to an electronic digital format and sent to data
repository and registry 2818. The collection of information
can occur prior to and during the procedure. The information
can be collected at different times, stored, incorporated
together, and sent to repository and registry 2818 by the
sensored equipment.
0249. In general, the data repository and registry 2818
provides quantitative data over an orthopedic life cycle of a
device, procedure, or medicine from a statistically significant
number of patients. The sensors or sensor systems are
deployed at a variety of locations such as physician offices,
clinics, hospitals, healthcare provider facilities and patient
homes to facilitate the creation of a large sample of quantita
tive data. An example, where generating quantitative mea
Surements provides Substantial benefit is in a measurement of
bone density of the muscular-skeletal system. A degenerative
bone disease Such as osteoporosis is a growing problem
worldwide. A loss of bone density can weaken the bone
thereby increasing the probability of injury. A severe bone
injury can be life threatening to an elderly person. There is
also Substantial cost associated with this type of injury that
may include Surgery, an extended hospital stay, and therapy.
In the example, different sensors or sensored equipment is
used to monitor the muscular-skeletal system over an
extended time period. Measurements on one or more param
eters related to bone health are taken on a large group of
patients. In one embodiment, one or more bones are moni
tored for changes in bone density. The change in bone density
can be positive or negative. The measurements and any col
lected information are converted to a digital form by the
sensor or sensored system and sent through a medium Such as
the internet to data repository and registry 2818.
0250 In the non-limiting example, treatment for bone loss
can take the form of a device, procedure, or medicine. For
example, a device that stimulates bone growth can be used by
a patient. Similarly, a procedure could be performed to affect
bone strength or to strengthen a weakened area. Finally, a
medicine, drug, Supplement, or other remedy could be admin
istered to treat the bone loss. In each methodology for treating
bone loss the sensor or sensor System provides quantitative
measurement of bone health, bone density, or bone strength
over time. The sensor System can include a processing unit
that can receive, process, and display measured data and

ments 2714 are linked to the measured data and information

should be noted that muscular-skeletal measurement or moni

toring does not end after a procedure is performed. Quantita
tive measurements of each patient continues over an extended
period of time providing further clinical evidence to identify
the cause of a negative outcome.
0246. In general, a clinical data analysis is performed in a
step 2704. The analysis uses measurements 2706 from data
repository and registry 2720. Pre-operative measurements
2708, intra-operative measurements 2710, post-operative
measurements 2712, and long-term measurements 2714 that
relate to the orthopedic device, procedure, or medicine can be
accessed from data repository and registry 2720. In one
embodiment, the analysis is a report that includes a statisti
cally significant sample of measured parameters from mea
surements 2706 that represent clinical evidence to prove
patient risk or a negative outcome related to an orthopedic
device, procedure, or medicine. A determination of whether a
health risk exists is made in step 2716. No action is taken in a
step 2722 when no health risk is posed. An action is initiated
in a step 2718 when evidence of a health risk has been deter
mined for an orthopedic device, procedure, or medicine. A
notification 2728 is then generated to at least one entity.
Notification 2728 can vary in content depending on the audi
ence and will typically be sent to more than one entity. For
example, a recall can be initiated if a defective material in an
artificial joint is identified in step 2704 that could produce
catastrophic failure of the device or pose long term health
risks. Information relating to a device, procedure, or medicine
such as the recalled artificial joint can be retrieved from data
repository and registry 2720 in a step 2724. The device,
procedure, or medicine information can be incorporated in
notification 2728. Similarly, patients having the recalled arti
ficial joint can be identified in a step 2726 and incorporated in
notification 2728. In one embodiment, notification 2728 is

sent in electronic digital form to an appropriate entity Such as
a patient, manufacturer, government, media, or healthcare
provider. Thus, data repository and registry 2720 can be used
to provide clinical evidence of a health risk to patients and to
rapidly notify a large number of people and entities spread
over wide geographic areas.
0247 FIG. 28 is a diagram 2800 illustrating an analysis of
the efficacy of an orthopedic device, procedure, or medicine
in accordance with at least one exemplary embodiment. An
entity 2802 typically comprises an individual, organization,
institution, government, or business having an interest in
measured parameters of the muscular-skeletal system. A data
repository and registry 2818 comprises pre-operative mea
surements 2810, intra-operative measurements, 2812, post
operative measurements 2814, and long term measurements
2816 for the orthopedic device, procedure, or medicine. The
measured parameters quantitatively characterize the device,
procedure, or medicine. The measurements are taken on a
statistically significant number of patients that can be used as
clinical evidence to the efficacy of a device, procedure, or
medicine. In one embodiment, sensors are used to sense

parameters such as temperature, pH, distance, weight, strain,
pressure, force, balance, alignment, position, relational posi

information. In one embodiment, information related to the

patient (personal and medical), procedure, equipment, mate

rials, medicines, and devices is available with the measured

data. Information can be retrieved automatically, Scanned in,
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or manual input to the sensor System. Thus, a linkage between
measured data and information pertaining to the patient, pro
cedure, and devices is stored that can be further linked to other
collected data and information. The measured data and infor

mation is converted to a digital form and sent to data reposi
tory and registry 2818 at a centralized location for efficacy
studies.

0251 Pre-operative measurements 2810 comprises
parameter measurements prior to any Surgery that modifies
the muscular-skeletal system or introduces artificial compo
nents to the patient muscular-skeletal system. Intra-operative
measurements 2812 comprises parameter measurements
taken during Surgery. The measured data can characterize
component installation, repair, or modification to the muscu
lar-skeletal system. Post-operative measurements 2814 are a
subset of long-term measurements 2816 that occur after the
Surgery. Post-operative measurements 2814 comprises a time
period shortly after the Surgery where the patient convalesces
and rehabilitates. Long-term measurements 2816 comprises
quantitative data pertaining to patient orthopedic health and
joint status. Patient orthopedic health can comprise measure
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gery. A comparison of the efficacy and cost of different solu
tions can be monitored by entity 2802. A change may be
indicated after the analysis in steps 2804 and 2806. The cri
teria for the change is a function of cost versus efficacy or a
combination thereof. The change factors can be provided by
entity 2802 and incorporated in the analysis. If the analysis
yields that no change is required than no action is taken in a
step 2822. In one embodiment, the analysis is performed by
the provider of data repository and registry 2818.
0254. A notification 2826 is generated that is sent to at
least one entity when a change is identified in step 2820.
Notification 2728 can vary in content depending on the audi
ence and will typically be sent to more than one entity. For
example, notification 2826 can be generated to notify patients
that there is a preferred solution based on clinical evidence
from data repository and registry 2818. In one embodiment,
data repository and registry 2818 is used to optimize patient
health and lower health care cost. In a step 2824, a cost
modification can be the result of the analysis. For example, a

ments related to muscular-skeletal health, bone health, and

cost modification can be an allowed amount of reimburse

joint kinematics. It should be noted that any devices, proce
dures, and medicines used by the patient can have singular or
combinatorial effects to an outcome that is captured in the
measurements stored in data repository and registry 2818.
0252) An analysis of the efficacy of a device, procedure, or
medicine is performed in a step 2804. The analysis uses
measurements 2808 from data repository and registry 2818
comprising pre-operative measurements 2810, intra-opera
tive measurements 2812, post-operative measurements 2814,
and long-term measurements 2716 that relate to the orthope
dic device, procedure, or medicine. In one embodiment, the
quantitative measurements represent clinical evidence of the
efficacy of the orthopedic device, procedure, or medicine. In
the example of bone loss, the quantitative measurements
would show the change in bone density due to the device,
procedure, medicine, or a combination thereof. The amount
of change in maintaining bone health would determine the
efficacy. A cost analysis can be performed in a step 2806. The
cost analysis links the efficacy analysis with the cost of pro
ducing a positive outcome. In the bone loss example, a cost
analysis can conclude that a device, procedure, or medicine
provides a similar result in the comparison but one has Sub
stantially lower cost. Conversely, the cost analysis can show
that a higher cost solution provides substantially better out
comes. The higher cost solution may by itself be acceptable
based on the efficacy. The higher cost of the solution could
also be mitigated by the reduction in the number of cata
strophic bone failures that result in Surgery, hospital stays,
and rehabilitation that greatly increase cost.
0253) It is well known that the high cost of healthcare is an
issue for patients, the government, healthcare providers, and
businesses. It would be of substantial value to provide a path
to efficiently evaluate different methodologies that address an
orthopedic outcome. In general, it is desired to promote and
utilize solutions that provide the best outcome at the lowest
cost. For example, the government and insurance companies
are faced with an increasing number of orthopedic joint
reconstructions at Substantial cost. Many of these joint recon
structions have a finite lifetime and may have to replaced
within the patients lifetime. A further issue is that there is a
high rate of revision and post-operative issues due to a num
ber of factors that includes the subjective nature of the sur

ment for a particular solution. The reimbursement can be
directed to patients, physicians, healthcare providers, hospi
tals, clinics, manufacturers, pharmacological companies, and
other entities related to the orthopedic industry. The amount
of reimbursement based on clinical evidence can have a Sub

stantial impact on lowering healthcare costs. Information on
the cost modification or measured data relating to a device,
procedure, or medicine can be provided from data repository
and registry 2818 in electronic digital form and incorporated
into notification 2826. Thus, data repository and registry 2818
can be used to provide clinical evidence that quantitatively
identifies the best patient solutions while lowering healthcare
costs by collecting data from a large number of people and
entities spread over wide geographic areas.
0255. In summary, the invention describes a system to
define the joint gap, bone preparation, alignment, load, and
balance by measurement. Furthermore the Surgeon obtains
the information in real time from the system while soft tissue
release and alignment is being performed. The graphic user
interface can be in the device itself or integrated with a pro
cessing unit and display in the operating room. The sensors
can be incorporated into tools and equipment for measuring
the muscular-skeletal system pre-operatively, intra-opera
tively, post-operatively, and long term. The sensors or sensor
system is in communication with a data registry and reposi
tory to generate statistically significant data that can be used
as clinical evidence. The data repository and registry further
includes information used in evidentiary based orthopedic
medicine. This invention while intended for use in the medi

cal field and more specifically orthopedics uses a knee appli
cation to illustrate principles of the system and method for
illustrative purposes only and can be similarly adapted for the
hip, shoulder, ankle, spine, as well as to measure other param
eters of a biological system.
0256 While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
Such modifications and equivalent structures and functions.
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What is claimed is:

1. A computer implemented method to generate and pro
vide an orthopedic dynamic data repository and registry com
prising:
measuring at least one parameter of the muscular-skeletal
system intra-operatively;
converting the at least one parameter into an electronic
digital form;
generating at least one report including the at least one
parameter of the muscular-skeletal system; and
sending intra-operatively measured data to a data reposi
tory and registry.
2. The method of claim 1 further including a step of dis
playing intra-operatively measured data of the muscular-skel
etal system in an operating room for use by a Surgeon.
3. The method of claim 2 further including the steps of:
storing patient and procedure information;
converting the patient and procedure information into an
electronic digital form; and
displaying patient and procedure information in the oper
ating room for use by the Surgeon.
4. The method of claim 3 further including the steps of:
coupling the patient and procedure information to the intra
operatively measured data; and
sending the intra-operatively measured data with the
patient and procedure information through a medium to
the data repository and registry.
5. The method of claim 1 where the step of measuring at
least one parameter of the muscular-skeletal system further
includes the steps of:
performing an orthopedic procedure;
generating real time sensor data on the muscular-skeletal
system;

Selecting dynamic sensor information related to the ortho
pedic procedure; and
storing the dynamic sensor information related to the
orthopedic procedure.
6. The method of claim 5 further including the steps of:
accessing measured data or information from the data
repository and registry; and
displaying the measured data or information from the data
repository and registry during the procedure.
7. The method of claim 1 further including the steps of:
providing a physician quality reporting initiative report in
an electronic digital form;
incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
physician quality reporting initiative report; and
sending the physician quality reporting initiative report
through a medium to at least one entity.
8. The method of claim 1 further including the steps of:
providing a billing system report in an electronic digital
form;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
billing system report; and
sending the billing system report through a medium to at
least one entity.
9. The method of claim 1 further including the steps of:
providing a purchasing system report in an electronic digi
tal form;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
purchasing system report; and

sending the purchasing system report through a medium to
at least one entity.
10. The method of claim 1 further including the steps of:
providing a clinical system report in an electronic digital
form;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
clinical system report; and
sending the clinical system report through a medium to at
least one entity.
11. A computer implemented method to generate and pro
vide an orthopedic dynamic data repository and registry com
prising:
performing an orthopedic procedure in an operating room;
measuring in real-time at least one parameter of the mus
cular-skeletal system intra-operatively;
converting the at least one parameter into an electronic
digital form where the at least one parameter is a quan
titative measurement relating to the orthopedic proce
dure being performed;
sending the at least one parameter to a processing unit
where the processing unit incorporates the at least one
parameter into a report;
sending intra-operatively measured data to a data reposi
tory and registry; and
sending the report to at least one entity.
12. The method of claim 11 further including:
converting patient and procedure information into an elec
tronic digital form:
sending the patient and procedure information with the
intra-operatively measured data to the data repository
and registry; and
storing the patient information, procedure information,
and the intra-operatively measured data in the data
repository and registry.
13. The method of claim 11 where the step of storing
patient and procedure information further includes:
providing a billing system report and a purchasing system
report in an electronic digital form to the processing
unit;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
billing system report and the purchasing system report;
sending the billing system report through a medium to at
least one entity; and
sending the purchasing system report through a medium to
at least one entity.
14. The method of claim 11 further including the steps of:
providing a physician quality reporting initiative report in
an electronic digital form;
incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
physician quality reporting initiative report; and
sending the physician quality reporting initiative report
through a medium to at least one entity.
15. The method of claim 11 further including the steps of:
providing a clinical system report in an electronic digital
form;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into a
clinical system report in an electronic digital form; and
sending the clinical system report through a medium to at
least one entity.
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16. A computer implemented method to generate and pro
vide an orthopedic dynamic data repository and registry com
prising:
performing an orthopedic procedure in an operating room;
measuring in real-time at least one parameter of the mus
cular-skeletal system intra-operatively;
capturing at least one measurement of the at least one
parameter of the muscular-skeletal system under user
control;

converting the at least measurement into an electronic digi
tal form where the at least one measurement provides
quantitative data on an installation of an orthopedic
component;

incorporating the at least one measurement into a report
having an electronic digital form;
sending intra-operatively measured data to a data reposi
tory and registry; and
sending the report to at least one entity.
17. The method of claim 16 further including a step of
displaying the at least one parameter of the muscular-skeletal
system during the procedure.
18. The method of claim 16 further including:
converting patient and procedure information into an elec
tronic digital form;
sending the patient and procedure information with the
intra-operatively measured data to the data repository
and registry; and
storing the patient information, procedure information,
and the intra-operatively measured data in the data
repository and registry.

18. The method of claim 17 where the step of storing
patient and procedure information further includes:
providing a billing system report and a purchasing system
report in an electronic digital form to the processing
unit;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
billing system report and the purchasing system report;
sending the billing system report through a medium to at
least one entity; and
sending the purchasing system report through a medium to
at least one entity.
19. The method of claim 17 further including the steps of:
providing a physician quality reporting initiative report in
an electronic digital form;
incorporating at least one of patient information, procedure
information, or intra-operatively measured data into the
physician quality reporting initiative report; and
sending the physician quality reporting initiative report
through a medium to at least one entity.
20. The method of claim 17 further including the steps of:
providing a clinical system report in an electronic digital
form;

incorporating at least one of patient information, procedure
information, or intra-operatively measured data into a
clinical system report in an electronic digital form; and
sending the clinical system report through a medium to at
least one entity.

