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SYSTEMS AND METHODS FOR JOINT REPLACEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. § 19(e) to U.S.

Provisional Patent Application No. 61/297,215, filed January 21, 2010, U.S. Provisional

Patent Application No. 61/297,212, filed January 21, 2010, and U.S. Provisional Patent

Application No. 61/369,390, filed July 30, 2010, each of which is incorporated in its

entirety by reference herein.

BACKGROUND OF THE INVENTIONS

Field of the Inventions

[0002] The present application is directed to systems and methods for joint

replacement, in particular to systems and methods for knee joint replacement that utilize a

surgical orientation device or devices.

Description of the Related Art

[0003] Joint replacement procedures, including knee joint replacement

procedures, are commonly used to replace a patient's joint with a prosthetic joint

component or components. Such procedures often use a system or systems of surgical

tools and devices, including but not limited to cutting guides (e.g. cutting blocks) and

surgical guides, to make surgical cuts along a portion or portions of the patient's bone(s).

[0004] Current systems and methods often use expensive, complex, bulky,

and or massive computer navigation systems which require a computer or computers, as

well as three dimensional imaging, to track a spatial location and/or movement of a

surgical instrument or landmark in the human body. These systems are used generally to

assist a user to determine where in space a tool or landmark is located, and often require

extensive training, cost, and room.

[0005] Where such complex and costly systems are not used, simple methods

are used, such as "eyeballing" the alignment of rods with anatomical features, including

leg bones. These simple methods are not sufficiently accurate to reliably align and place

prosthetic implant components and the bones to which such components are attached.

SUMMARY OF THE INVENTIONS



[0006] Accordingly, there is a lack of devices, systems and methods that can

be used to accurately position components of prosthetic joints without overly

complicating the procedures, crowding the medical personnel, and/or burdening the

physician_or health-care facility with the great cost of complex navigation systems.

[0007] Therefore, in accordance with at least one embodiment, a femoral jig

assembly can comprise a distal guide assembly configured to be positioned adjacent to

distal condyles of a femur, a microblock assembly releasably attachable to the distal guide

assembly, the microblock assembly comprising a microblock member and a translating

member configured to be moved relative the microblock member, and a cutting block

assembly releasably attachable to the microblock assembly.

[0008] In accordance with another embodiment, a surgical orientation system

can comprise a surgical orientation device comprising a first portable housing configured

to be coupled with a knee bone by way of one or more orthopedic fixtures, a first sensor

located within the first housing, the first sensor configured to monitor the orientation of

the housing in a coordinate system and to generate a signal corresponding to the

orientation of the surgical orientation device relative to the coordinate system, and a

display module configured to display an indication of a change in one or more angle

measurements relative to the coordinate system based at least in part on the signal, and a

reference device comprising, a second portable housing configured to connect to a knee

bone by way of one or more orthopedic fixtures, and a second sensor located within the

second housing, the second sensor configured to monitor the orientation of the second

housing relative to the coordinate system, the second sensor configured to generate

orientation data corresponding to the monitored orientation of the reference device. The

surgical orientation system can further comprise an orthopedic fixture configured to be

connected to a knee bone and with the surgical orientation device and reference sensor

such that the surgical orientation device and reference device are separately moveable

relative to each other, wherein at least one of the surgical orientation device and reference

device is further configured to determine the spatial location of the mechanical axis of the

leg.

[0009] In accordance with another embodiment, an orthopedic system can

comprise a portable surgical orientation device having an associated three-dimensional

coordinate reference system and an interactive user interface configured to display one or

more angle measurements corresponding to an offset from a flexion-extension angle or a



varus-valgus angle of a mechanical axis of a femur, the surgical orientation device having

a first sensor, a reference device having a second sensor, wherein each of the first and

second sensors have at least one of a three-axis accelerometer and a three-axis gyroscope,

at least one of the first and second -sensors being-configured to monitor an orientation of

the surgical orientation device in the three-dimensional coordinate reference system and

to generate orientation data corresponding to the monitored orientation of the surgical

orientation device. The orthopedic system can further comprise a coupling device, an

interface support member, and a femoral jig assembly comprising a microblock assembly

and a cutting block assembly, the femoral jig assembly being releasably attachable to the

orientation device via the coupling device, the second sensor via the interface support

member, and distal condyles of a femur via the microblock assembly.

[0010] In accordance with another embodiment, an orthopedic system capable

of monitoring orientation within a three-dimensional coordinate reference system can

comprise a portable surgical orientation device having a user interface configured to

indicate angular displacement of a mechanical axis of a femur in an anterior-posterior

plane or in a medial-lateral plane, the surgical orientation device having a first sensor, and

a reference device having a second sensor, wherein at least one of the first and second

sensors comprises a three-axis accelerometer and a three-axis gyroscope, at least one of

the first and second sensors being configured to monitor the orientation of the surgical

orientation device in the three-dimensional coordinate reference system and to generate

orientation data corresponding to the monitored orientation of the surgical orientation

device. The orthopedic system can further comprise a fixture comprising a first member

configured to couple with the surgical orientation device, a second member configured to

couple with the reference device, and a base member configured to be secured to a portion

of a distal femur, wherein at least one of the first member and the second member is

movably coupled with the base member;

[0011] In accordance with another embodiment, an orthopedic system for

monitoring orientation in a three-dimensional coordinate reference system can comprise a

base member attachable to a proximal aspect of a tibia, at least one adjustment device

connected to and moveable relative to the base member, and at least one probe for

referencing a plurality of anatomical landmarks, the anatomical landmarks referencing a

mechanical axis of the leg. The at least one adjustment device can be moveable in at least

one degree of freedom to orient a cutting guide relative to a proximal feature of the tibia,



such that the cutting guide is oriented at a selected angle relative to the mechanical axis.

The orthopedic system can further comprise a first orientation device comprising an

interactive user interface configured to display one or more angle measurements

corresponding to an offset from a posterior -slope angle- or a varus-valgus angle of the

mechanical axis the first orientation device having a first sensor, the first orientation

device being coupled to or integrally formed with the at least one adjustment device, and a

second orientation device having a second sensor, the second orientation device being

coupled to or integrally formed with the base member, wherein each of the first and

second sensors have at least one of a three-axis accelerometer and a three-axis gyroscope,

at least one of the first and second sensors being configured to monitor orientation of the

first orientation device in the three-dimensional coordinate reference system and to

generate orientation data corresponding to the monitored orientation of the first

orientation device.

[0012] In accordance with another embodiment, an implant alignment device

can comprise an orthopedic fixture having a base configured to couple with a distal

portion of a femur or a proximal portion of a tibia, a moveable portion configured to

move relative to the base, and a guide member configured to couple with the moveable

portion, a reference device coupled to or integrally formed with the base or moveable

portion of the orthopedic fixture, the reference device configured to sense changes in

orientation of a long axis of the femur or tibia relative to a fixed reference frame, and a

surgical orientation device coupled to or integrally formed with the base or moveable

portion of the orthopedic fixture to enable positioning of the guide member in a

prescribed orientation relative to the proximal tibia or distal femur.

[0013] In accordance with another embodiment, an orientation system can

comprise an orthopedic positioning jig comprising a first member and a second member

that is movable in two degrees of freedom relative to the first member and that is

constrained in one degree of freedom, a first orientation device configured as a tilt meter

coupled with the first member and a second orientation device configured as a tilt meter

coupled with the second member, the first and second orientation devices operably

coupled to indicate angular orientation of a natural or surgically created anatomical

feature.

[0014] In accordance with another embodiment, a method for performing total

knee arthroplasty on a knee joint of a patient can comprise preparing a distal portion of a



femur for receiving a knee implant, comprising placing the knee joint in flexion and

exposing the distal end of the femur, coupling a first orthopedic fixture to a distal portion

of the femur, the first orthopedic fixture comprising a surgical orientation device, the

_ surgical- orientation device comprising- an -orientation-sensor and- an interactive user-

interface configured to display an indication of a change in one or more angle

measurements corresponding to a flexion-extension angle or a varus-valgus angle of a

mechanical axis of the femur, the first orthopedic fixture further comprising a reference

device, the reference device comprising a reference sensor. The method can further

comprise monitoring the orientation of the reference sensor while swinging the leg to

obtain information regarding the location of the mechanical axis of the leg, adjusting a

varus/valgus and flexion/extension angle of a portion of the first orthopedic fixture by

monitoring the first surgical orientation device and moving the reference device relative to

the surgical orientation device, attaching a cutting block to the first orthopedic fixture, the

cutting block being oriented relative the adjusted varus/valgus and flexion/extension

angle, and resecting the distal end of the femur.

[0015] In accordance with another embodiment, a method for performing total

knee arthroplasty on a knee joint of a patient can comprise attaching a base member of an

orthopedic fixture to a proximal aspect of a tibia such that movement of the tibia produces

corresponding movement of the base member, the orthopedic fixture comprising at least

one member moveable relative the base member, the moveable member comprising a

probe for referencing a plurality of anatomical landmarks, attaching a portable surgical

orientation device to the moveable member, the portable surgical orientation device

comprising an interactive user interface, the surgical orientation device having a first

sensor, attaching a reference device to the base member, the reference device having a

second sensor, moving the moveable member and probe to contact anatomical locations

on the leg, directing the surgical orientation device to determine the spatial location or

orientation of the mechanical axis based on the anatomical locations, and moving the

moveable member such that a cutting guide is oriented at a selected angle relative to the

mechanical axis.

[0016] In accordance with another embodiment, a method for resolving

angular orientation can comprise coupling with a bone an orthopedic positioning jig

comprising a first member and a second member that is movable in two degrees of

freedom and constrained in one degree of freedom, the orthopedic fixture having a cutting



guide and a first orientation device configured as a tilt meter coupled with the first

member and a second orientation device configured as a tilt meter coupled with the

second member, and moving the first member relative to the second member to indicate

angular ori entat on of the cutting guide relative to an axis of interest-.

[0017] In accordance with another embodiment, a method of preparing for

orthopedic surgery can comprise determining the orientation of a mechanical axis of a

bone or joint, coupling an orthopedic orientation assembly with an extremity of a patient,

the orientation assembly having a positioning device, a reference device and a surgical

orientation device coupled with the positioning device, and mamtaining an alignment

between the reference sensor and the surgical orientation device while moving the

surgical orientation device to collect data indicative of orientation.

[0018] In accordance with another embodiment, a method of determining an

anatomical feature during a knee procedure can comprise coupling an orientation system

with a distal aspect of a femur, the orientation system comprising a housing, an

orientation sensor disposed within the housing, and a user interface operably coupled with

the orientation sensor, interacting with the user interface to begin an analysis of potential

sources of error in the orientation system after coupling the orientation system to the distal

femoral aspect, and moving the orientation system to collect data indicative of the

anatomical feature relevant to the knee procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGURE 1 shows a representation of a human leg, identifying the

femoral head, knee joint, femur, tibia, and ankle;

[0020] FIGURE 2A shows an assembled view of a femoral preparation system

that according to one embodiment of the present invention, including an anterior probe;

[0021] FIGURE 2B shows an assembled view of the femoral preparation

system shown in FIGURE 2A, including a cutting block instead of the anterior probe;

[0022] FIGURE 3 is a perspective view of a surgical orientation device that

can be used with the femoral preparation system of FIGURES 2A and 2B;

[0023] FIGURE 4 is a back view of the surgical orientation device of FIGURE

3;



[0024] FIGURE 5 is a perspective view of the surgical orientation device of

FIGURE 3;

[0025] FIGURE 6 is a top view of the surgical orientation device of FIGURE

3;

[0026] FIGURE 7 is a bottom view of the surgical orientation device of

FIGURE 3;

[0027] FIGURE 8 is a block diagram of an electrical system of the surgical

orientation device of FIGURE 3;

[0028] FIGURE 8A is a block diagram of an electrical system of an orthopedic

preparation system that includes a surgical orientation device and a reference device such

as that illustrated in FIGURES 15-16;

[0029] FIGURES 9-1 1 illustrate operation of accelerometers according to

embodiments that can be used as sensors in the electrical system of FIGURE 8;

[0030] FIGURE 12 is a perspective view of interior components of the

surgical orientation device of FIGURE 3;

[0031] FIGURE 13 is a perspective view of another embodiment of the

surgical orientation device that can be used with the femoral preparation system of

FIGURES 2A and 2B;

[0032] FIGURE 14 is an exploded view of the first coupling device of the

femoral preparation system of FIGURES 2A and 2B;

[0033] FIGURE 15 is a first exploded view of an embodiment of the reference

device of the femoral preparation system of FIGURES 2A and 2B;

[0034] FIGURE 16 is a second exploded view of an embodiment of the

reference device of the femoral preparation system of FIGURES 2A and 2B;

[0035] FIGURE 1 is an exploded view of the femoral jig assembly of the

femoral preparation system of FIGURES 2A and 2B;

[0036] FIGURE 18 is a perspective view of the distal guide assembly of the

femoral jig assembly shown in FIGURE 17;

[0037] FIGURE 19 is an exploded view of the microblock assembly of the

femoral jig assembly shown in FIGURE 17;

[0038] FIGURE 20 is a perspective view of the cutting block of the femoral

ig assembly shown in FIGURE 17;



[0039] FIGURE 2 is a top perspective view of the distal guide assembly and

the cutting block of the femoral jig assembly shown in FIGURE 17;

[0040] FIGURE 22 is a femur and a tibia of a leg shown in a flexion position

with a small-hole drilled-in-the-intercondylar-notch-of the femur;

[0041] FIGURE 23 is a perspective view of the femoral jig assembly shown in

FIGURE 17 in an assembled fashion attached to a distal end portion of a femur;

[0042] FIGURE 24 is a perspective view of the femoral jig assembly shown in

FIGURE 17 in an assembled fashion including at least one pin;

[0043] FIGURE 25 is a perspective view of the femoral preparation system of

FIGURES 2A and 2B being used during a stage of a femoral preparation method

according to one embodiment of the present invention;

[0044] FIGURE 26 is a perspective view of the femoral preparation system of

FIGURES 2A and 2B being used during another stage of a femoral preparation method

according to one embodiment of the present invention;

[0045] FIGURE 27 is a perspective view of the femoral preparation system of

FIGURES 2A and 2B being used during yet another stage of the femoral preparation

method;

[0046] FIGURE 28 is a perspective view of the femoral preparation system of

FIGURES 2A and 2B being used during another stage of the femoral preparation method;

[0047] FIGURE 29 is a perspective view of one embodiment of an optional

alignment rod of the femoral preparation system of FIGURES 2A and 2B;

[0048] FIGURE 30 is a perspective view of another embodiment of an

optional alignment rod of the femoral preparation system of FIGURES 2A and 2B;

[0049] FIGURE 31 is a perspective view of the femoral preparation system of

FIGURES 2A and 2B being used during yet another stage of the femoral preparation

method;

[0050] FIGURES 31A-C are perspective views of an alternative embodiment

of a femoral preparation system.

[0051] FIGURES 32A-J show screen displays for a femoral preparation

method generated by one embodiment of the interactive user interface of the surgical

orientation device of FIGURE 3;

[0052] FIGURE 33 is an assembled view of a tibial preparation system

according to one embodiment;



[0053] FIGURES 34-36, 37A-D and 38 are assembled and exploded views of

the tibial jig assembly of the tibial preparation system of FIGURE 33;

[0054] FIGURES 39A-B are perspective and exploded views of the mounting

bar assembly of the tibial jig assembly of FIGURE 34;

[0055] FIGURES 40A-B are perspective and exploded views of the posterior

slope assembly of the tibial jig assembly of FIGURE 34;

[0056] FIGURE 4 1 is a perspective view of the distal tube assembly of the

tibial preparation system of FIGURE 33;

[0057] FIGURE 42 is a perspective view of the probe assembly of the tibial

preparation system of FIGURE 33;

[0058] FIGURE 43 is a perspective view of the stylus resection guide of the

tibial preparation system of FIGURE 33;

[0059] FIGURES 44A-B are exploded and perspective view of the tibial

cutting block assembly of the tibial preparation system of FIGURE 33;

[0060] FIGURES 45A-C are exploded and perspective views of a midline

probe assembly of the tibial preparation system of FIGURE 33;

[0061] FIGURE 46 is a perspective view of the tibial preparation system of

FIGURE 33 being used during a stage of a tibial preparation method according to one

embodiment of the present invention;

[0062] FIGURE 47 is a perspective view of the tibial preparation system of

FIGURE 33 being used during another stage of a tibial preparation method according to

one embodiment;

[0063] FIGURE 48 is a perspective view of the tibial preparation system of

FIGURE 33 being used during another stage of a tibial preparation method according to

one embodiment of the present invention;

[0064] FIGURE 49 is a perspective view of the tibial preparation system of

FIGURE 33 being used during another stage of a tibial preparation method according to

one embodiment of the present invention;

[0065] FIGURE 50 is a perspective view of the tibial preparation system of

FIGURE 33 being used during another stage of a tibial preparation method according to

one embodiment of the present invention;



[0066] FIGURES 50A-B are perspective views of a variation of the tibial

preparation system of FIGURE 33 that couples a proximal portion thereof with a tibial

plateau;

[0067] FIGURE 50C -is a schematic illustration showing calculations and

operations for an embodiment of a method.

[0068] FIGURES 51A-L show screen displays for a tibial method generated

by one embodiment of the interactive user interface of the surgical orientation device of

FIGURE 3; and

[0069] FIGURES 52-55 show additional screen displays generated by one

embodiment of the interactive user interface of the surgical orientation device of FIGURE

3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0070] Although certain preferred embodiments and examples are disclosed

below, it will be understood by those skilled in the art that the inventive subject matter

extends beyond the specifically disclosed embodiments to other alternative embodiments

and/or uses of the invention, and to obvious modifications and equivalents thereof. Thus

it is intended that the scope of the inventions herein disclosed should not be limited by the

particular disclosed embodiments described herein. Thus, for example, in any method or

process disclosed herein, the acts or operations making up the method/process may be

performed in any suitable sequence, and are not necessarily limited to any particular

disclosed sequence. For purposes of contrasting various embodiments with the prior art,

certain aspects and advantages of these embodiments are described where appropriate

herein. Of course, it is to be understood that not necessarily all such aspects or advantages

may be achieved in accordance with any particular embodiment. Thus, for example, it

should be recognized that the various embodiments may be carried out in a manner that

achieves or optimizes one advantage or group of advantages as taught herein without

necessarily achieving other aspects or advantages as may be taught or suggested herein.

[0071] In addition, in this description, a "module" includes, but is not limited

to, software or hardware components which perform certain tasks. Thus, a module may

include object-oriented software components, class components, procedures, subroutines,

data structures, segments of program code, drivers, firmware, microcode, circuitry, data,



tables, arrays, etc. Those with ordinary skill in the art will also recognize that a module

can be implemented using a wide variety of different software and hardware techniques.

[0072] The following sections describe in detail systems and methods for a

total knee joint-replacement procedure. The knee joint often requires replacement in the

form of prosthetic components due to strain, stress, wear, deformation, misalignment,

and/or other conditions in the joint. Prosthetic knee joint components are designed to

replace a distal portion or portions of a femur and/or a proximal portion or portions of a

tibia. .

[0073] FIG. 1 illustrates a femur F and tibia T, with the distal portion of the

femur F and proximal portion of the tibia T forming the knee joint. To provide the reader

with the proper orientation of the instruments and to assist in more fully understanding the

construction of the instruments, a small chart is included on FIG. 1 and FIG. 33. The

charts indicate the general directions—anterior, posterior, medial, and lateral, as well as

proximal and distal. These terms relate to the orientation of the knee bones, such as the

femur and tibia and will be used in the descriptions of the various instruments consistent

with their known medical usage. Additionally, the terms varus/valgus and

posterior/anterior are used herein to describe directional movement. Varus/valgus is a

broad term as used herein, and includes, without limitation, rotational movement in a

medial and/or lateral direction relative to the knee joint shown in FIG. 1 (e.g. right and

left in the page). Posterior/anterior is a broad term as used herein, and includes, without

limitation, rotational movement in a posterior and/or anterior direction (e.g. in a

flexion/extension direction, or into and out of the page) relative to the knee joint shown in

FIG. 1.

[0074] Prior to replacing the knee joint with prosthetic components, surgical

cuts commonly called resections are generally made with a cutting tool or tools along a

portion or portions of both the proximal tibia and distal femur. These cuts are made to

prepare the tibia and femur for the prosthetic components. After the cuts are made, the

prosthetic components can be attached and/or secured to the tibia and femur.

[0075] The desired orientation and/or position of these cuts, and of the

prosthetic components, can be determined pre-operatively and based, for example, on a

mechanical axis running through an individual patient's leg. Once the desired locations

of these cuts are determined pre-operatively, the surgeon can use the systems and methods

described herein to make the cuts accurately. While the systems and methods are



described in the context of a knee joint replacement procedure, the systems and/or their

components and methods can similarly be used in other types of medical procedures,

including but not limited to shoulder and hip replacement procedures.

I . OVERVIEW OF SYSTEMS AND METHODS

[0076] FIGS. 2A, 2B, and 33 show various systems which can be used in

orthopedic procedures, including but not limited to knee joint replacement procedures.

The systems can include a femoral preparation system 10, and a tibial preparation system

210. As described below, each of these systems can be embodied in a number of

variations with different advantages.

II. FEMORAL PREPARATION SYSTEMS

[0077] With reference to FIGS. 2A and 2B, the femoral preparation system 10

can be used to modify a natural femur with a distal femoral resection, enabling a

prosthetic component to be securely mounted upon the distal end of the femur. The

femoral preparation system 10 can comprise, for example, a femoral jig assembly 12, a

surgical orientation device 14, a reference device 16, a first coupling device 18, and a

second coupling device 20.

A. Surgical Orientation Devices & Systems

[0078] The surgical orientation device 1 can be used to measure and record

the location of anatomical landmarks used in a total knee procedure, such as the location

of the mechanical axis of a leg (and femur). "Surgical orientation device" is a broad term

and is to be given its ordinary and customary meaning to a person of ordinary skill in the

art (i.e. it is not to be limited to a special or customized meaning) and includes, without

limitation, any device that can be used to provide orientation information or perform

orientation calculations for use in a surgical or other procedure. The mechanical axis of a

leg, as defined herein, generally refers to an axial line extending from the center of

rotation of a proximal head of a femur (e.g. the center of the femoral head) through,

ideally, the approximate center of the knee, to a center, or mid-point, of the ankle (see, for

example, FIG. 1). The mechanical axis of the femur is the same axial line extending from



the center of rotation of the proximal head of the femur through the center of the distal

end of the femur (the center of distal end of the femur is commonly described as the

center of the intercondylar notch). Generally, an ideal mechanical axis in a patient allows

load to pass from-the center of the hip, throughfthe center of the knee, and to the center of

the ankle. The surgical orientation device 14, in conjunction with the reference device 16

described herein, can be used to locate the spatial orientation of the mechanical axis. In

certain techniques described herein, the surgical orientation device 14 and the reference

device 16 can be used to locate one, two, or more planes intersecting the mechanical axis.

The surgical orientation device 14 and the reference device 16 can also be used for

verifying an alignment of an orthopedic fixture or fixtures, or a cutting plane or planes,

during an orthopedic procedure. The surgical orientation device 14, and the reference

device 16, as described herein, can each be used alone or in conjunction with other

devices, components, and/or systems.

[0079] Referring to FIG. 3, which shows an embodiment of the surgical

orientation device 14, the surgical orientation device 14 can comprise a generally

rectangular-shaped, box-like structure having an outer housing 22. The outer housing 22

can be portable. The outer housing 22 can be comprised, at least in part, of plastic

including but not limited to ABS, polycarbonate, or other suitable material. The surgical

orientation device 14 can be configured for hand-held use.

[0080] With continued reference to FIG. 3, a front side 24, or a portion of the

front side 24, of the surgical orientation device 14 can comprise a display 26. The display

26 can be a separate component from the outer housing 22 or can be integrated on or

within the outer housing 22. The display 26 can comprise an output device. For example,

the display 26 can comprise a liquid crystal display ("LCD") or Ferroelectric Liquid

Crystal on Silicon ("FLCOS") display screen. The display screen can be sized such that a

user can readily read numbers, lettering, and/or symbols displayed on the display screen

while performing a medical procedure. In at least one embodiment, the display 26 can

comprise a Quarter Video Graphics Array ("QVGA") Thin Film Transistor ("TFT") LCD

screen. Other types of display screens can also be used, as can other shapes, sizes, and

locations for the display 26 on the surgical orientation device 14.

[0081] The surgical orientation device 14 can further comprise at least one

user input device 28. The at least one user input device 28 can comprise a plurality of

buttons located adjacent the display 26. The buttons can be activated, for example, by a



finger, hand, and/or instrument to select a mode or modes of operation of the surgical

orientation device 14, as discussed further below. In a preferred arrangement, the at least

one user input device 28 can comprise three buttons located underneath the display 26 as

illustrated in FIG.-3. In other embodiments^ the user input device 28 can be a separate

component from the housing 22. For example, the user input device 28 can comprise a

remote input device coupled to the surgical orientation device 1 via a wired or wireless

connection: In yet other embodiments, the user input device 28 can comprise a

microphone operating in conjunction with a speech recognition module configured to

receive and process verbal instructions from a user.

[0082] As discussed further herein, the surgical orientation device 14 can

include a user interface with which a user can interact during a procedure. In one

embodiment, the display 26 and at least one user input device 28 can form a user

interface. The user interface can allow a surgeon, medical personnel, and/or other user to

operate the surgical orientation device 14 with ease, efficiency, and accuracy. Specific

examples and illustrations of how the user interface can operate in conjunction with

specific methods are disclosed further herein.

[0083] FIGS. 4 and 5 show a back side 30 of the surgical orientation device

14. The back side 30 can include an attachment structure or structures 32, as well as a

gripping feature or features 34 for facilitating handling of the surgical orientation device

14. The attachment structures 32 can facilitate attachment of the surgical orientation

device 14 to another device, such as for example the first coupling device 18. In a

preferred arrangement, the attachment structures 32 comprise grooves, or channels 36,

along a portion of the back side of the surgical orientation device 14.

[0084] The attachment structures 32 can be formed, for example, from

protruding portions of the back side of the surgical orientation device 14, and can extend

partially, or entirely, along the back side of the surgical orientation device 14. The

attachment structures 32 can receive corresponding, or mating, structures from the first

coupling device 18, so as to couple, or lock, the first coupling device 18 to the surgical

orientation device 14.

[0085] FIGS. 5-7 show a top side 38 and bottom side 40 of the surgical

orientation device 14. In some embodiments the surgical orientation device 14 can

include optical components 42 located on the top side 38, the bottom side 40, or both the

top and bottom sides 38, 40 of the surgical orientation device 4. The optical components



42 can comprise transparent windows 44 integrated into the surgical orientation device

14. The optical components 42 can be windows that permit visible light (e.g. laser light)

to emit from the top side 38, the bottom side 40, or both the top and bottom sides 38, 40

of-the surgical-orientation device 14. While the embodiment illustrated in FIGS. 6 and 7

shows two windows 44 for transmitting light, other numbers are also possible, including

having no windows 44 or optical components 42. Additionally, while the optical

components 42 are shown located on the top and bottom of the surgical orientation device

14, in other embodiments the optical components 42 can be located in other positions

and/or on other portions of the surgical orientation device 14.

[0086] FIG. 8 illustrates a high-level block diagram of an embodiment of an

electrical system 1100 of the surgical orientation device 14. The electrical system 1100

can comprise an electronic control unit 1102 that communicates with one or more

sensor(s) 1104, one or more optional visible alignment indicators 1106, a power supply

1108, a display 1110, external memory 1112, one or more user input devices 1114, other

output devices 1116, and/or one or more input/output ("I/O") ports 118.

[0087] In general, the electronic control unit 1102 can receive input from the

sensor(s) 11 4, the external memory 1112, the user input devices 11 4 and/or the I O

ports 1118, and can control and/or transmit output to the optional visible alignment

indicators 1106, the display 10, the external memory 12, the other output devices

1116 and/or the I/O ports 1 1 18. The electronic control unit 1102 can be configured to

receive and send electronic data, as well as perform calculations based on received

electronic data. In certain embodiments, the electronic control unit 1102 can be

configured to convert the electronic data from a machine-readable format to a human

readable format for presentation on the display 1110. The electronic control unit 1102

can comprise, by way of example, one or more processors, program logic, or other

substrate configurations representing data and instructions, which can operate as

described herein. In some embodiments, the electronic control unit 102 can comprise a

controller circuitry, processor circuitry, processors, general purpose single-chip or multi-

chip microprocessors, digital signal processors, embedded microprocessors,

microcontrollers and/or the like. The electronic control unit 1102 can have conventional

address lines, conventional data lines, and one or more conventional control lines. In

some embodiments, the electronic control unit 1102 can comprise an application-specific

integrated circuit (ASIC) or one or more modules configured to execute on one or more



processors. In some embodiments, the electronic control unit 1102 can comprise an

AT91SAM7SE microcontroller available from Atmel Corporation.

[0088] The electronic control unit 1102 can communicate with internal

memor and or the external memory H to retrieve and/or store data and/or program

instructions for software and/or hardware. The internal memory and the external memory

1112 can include random access memory ("RAM"), such as static RAM, for temporary

storage of information and/or read only memory ("ROM"), such as flash memory, for

more permanent storage of information. In some embodiments, the external memory

1112 can include an AT49BV160D-70TU Flash device available from Atmel Corporation

and a CY62136EV30LL-45ZSXI SRAM device available from Cypress Semiconductor

Corporation. The electronic control unit 1102 can communicate with the external

memory 1112 via an external memory bus.

[0089] In general, the sensor(s) 1104 can be configured to provide continuous

real-time data to the surgical orientation device 14. The electronic control unit 1102 can

be configured to receive the real-time data from the sensor(s) 1104 and to use the sensor

data to determine, estimate, and/or calculate an orientation or position of the surgical

orientation device 14. The orientation information can be used to provide feedback to a

user during the performance of a surgical procedure, such as a total knee joint

replacement surgery, as described in more detail herein.

[0090] In some arrangements, the one or more sensors 1104 can comprise at

least one orientation sensor configured to provide real-time data to the electronic control

unit 1102 related to the motion, orientation, and/or position of the surgical orientation

device 14. For example, the one ore more sensors 1104 can comprise at least one

gyroscopic sensor, accelerometer sensor, tilt sensor, magnetometer and/or other similar

device or devices configured to measure, and/or facilitate determination of, an orientation

of the surgical orientation device 14. In some embodiments, the sensors 1104 can be

configured to provide measurements relative to a reference point(s), line(s), plane(s),

and or gravitational zero. Gravitational zero, as referred to herein, refers generally to an

orientation in which an axis of the sensor is perpendicular to the force of gravity, and

thereby experiences no angular offset, for example tilt, pitch, roll, or yaw, relative to a

gravitational force vector. In some embodiments, the sensor(s) 1104 can be configured to

provide measurements for use in dead reckoning or inertial navigation systems.



[0091] In some embodiments, the sensor(s) 1104 can comprise one or more

accelerometers that measure the static acceleration of the surgical orientation device 14

due to gravity. For example, the accelerometers can be used as tilt sensors to detect

rotation of the surgical orientation device Γ4 about one or more of its axes. The one or

more accelerometers can comprise a dual axis accelerometer (which can measure rotation

about two axes of rotation) or a three-axis accelerometer (which can measure rotation

about three axes of rotation). The changes in orientation about the axes of the

accelerometers can be determined relative to gravitational zero and/or to a reference plane

registered during a tibial or femoral preparation procedure as described herein. In one

embodiment, the sensor(s) 1104 can comprise a three-axis gyroscopic sensor and a three-

axis accelerometer sensor.

[0092] In some embodiments, a multi-axis accelerometer (such as the

ADXL203CE MEMS accelerometer available from Analog Devices, Inc. or the

LIS331DLH accelerometer available from ST Microelectronics.) can detect changes in

orientation about two axes of rotation. For example, the multi-axis accelerometer can

detect changes in angular position from a horizontal plane (e.g., anterior/posterior

rotation) of the surgical orientation device 14 and changes in angular position from a

vertical plane (e.g., roll rotation) of the surgical orientation device 14. The changes in

angular position from the horizontal and vertical planes of the surgical orientation device

14 (as measured by the sensor 1104) can also be used to determine changes in a medial-

lateral orientation (e.g., varus/valgus rotation) of the surgical orientation device 14.

[0093] In some arrangements, the sensor(s) 1104 comprise at least one single-

or multi-axis gyroscope sensor and at least one single- or multi-axis accelerometer sensor.

For example, the sensor(s) 1104 can comprise a three-axis gyroscope sensor (or three

gyroscope sensors) and a three-axis accelerometer (or three accelerometer sensors) to

provide positional and orientational measurements for all six degrees of freedom of the

surgical orientation device 14. In some embodiments, the sensor(s) 1104 can provide an

inertial navigation or dead reckoning system to continuously calculate the position,

orientation, and velocity of the surgical orientation device 14 without the need for

external references.

[0094] In some embodiments, the sensors 1104 can comprise one or more

accelerometers and at least one magnetometer. The magnetometer can be configured to

measure a strength and/or direction of one or more magnetic fields in the vicinity of the



surgical orientation device 14 and/or the reference sensor. The magnetometer can

advantageously be configured to detect changes in angular position about a horizontal

plane. In some embodiments, the sensor(s) 1104 can comprise one or more sensors

capable of- determining-distance measurements. For example a sensor located in the

surgical orientation device 14 can be in electrical communication (wired or wireless) with

an emitter element mounted at the end of a measurement probe. In some embodiments,

the electronic control unit 1102 can be configured to determine the distance between the

sensor and emitter (for example, an axial length of a measurement probe corresponding to

a distance to an anatomical landmark, such as a malleolus).

[0095] In some embodiments, the one or more sensors 1104 can comprise a

temperature sensor to monitor system temperature of the electrical system 1100.

Operation of some of the electrical components can be affected by changes in

temperature. The temperature sensor can be configured to transmit signals to the

electronic control unit 1102 to take appropriate action. In addition, monitoring the system

temperature can be used to prevent overheating. In some embodiments, the temperature

sensor can comprise a NCP21WV103J03RA thermistor available from Murata

Manufacturing Co. The electrical system 1100 can further include temperature, ultrasonic

and/or pressure sensors for measuring properties of biological tissue and other materials

used in the practice of medicine or surgery, including determining the hardness, rigidity,

and/or density of materials, and/or determining the flow and/or viscosity of substances in

the materials, and/or determining the temperature of tissues or substances within

materials.

[0096] In some embodiments, the sensor(s) 1104 can facilitate determination

of an orientatiqn of the surgical orientation device 14 relative to a reference orientation

established during a preparation and alignment procedure performed during orthopedic

surgery.

[0097] The one or more sensor(s) 1104 can form a component of a sensor

module that comprises at least one sensor, signal conditioning circuitry, and an analog-to-

digital converter ("ADC"). In some embodiments, the components of the sensor module

can be mounted on a stand-alone circuit board that is physically separate from, but in

electrical communication with, the circuit board(s) containing the other electrical

components described herein. In some embodiments, the sensor module can be physically

integrated on the circuit board(s) with the other electrical components. The signal



conditioning circuitry of the sensor module can comprise one or more circuit components

configured to condition, or manipulate, the output signals from the sensor(s) 1104. In

some embodiments, the signal conditioning circuitry can comprise filtering circuitry and

gain circuitry.- The filtering circuitry can comprise one more filters, such as a low pass

filter. For example, a 10 Hz single pole low pass filter can be used to remove vibrational

noise or other low frequency components of the sensor output signals. The gain circuitry

can comprise one or more operational amplifier circuits that can be used to amplify the

sensor output signals to increase the resolution potential of the sensor(s) 1104. For

example, the operational amplifier circuit can provide gain such that a 0 g output results

in a midrange (e.g., 1.65 V signal), a + 1 g output results in a full scale (e.g., 3.3 V) signal

and a - 1 g output results in a minimum (0 V) signal to the ADC input.

[0098] In general, the ADC of the sensor module can be configured to convert

the analog output voltage signals of the sensor(s) 1104 to digital data samples. In some

embodiments, the digital data samples comprise voltage counts. The ADC can be

mounted in close proximity to the sensor to enhance signal to noise performance. In some

embodiments, the ADC can comprise an AD7921 two channel, 12-bit, 250 Kiloseconds

per Sample ADC. In an arrangement having a 12-bit ADC, the 12-bit ADC can generate

4096 voltage counts. The ADC can be configured to interface with the electronic control

unit 1102 via a serial peripheral interface port of the electronic control unit 1102. In some

embodiments, the electronic control unit 1102 can comprise an on-board ADC that can be

used to convert the sensor output signals into digital data counts.

[0099] With continued reference to FIG. 8, in some embodiments the optional

visible alignment indicators 106 can comprise one or more lasers, which can be

configured to project laser light through the optical component or components 42

described above. For example, the optional visible alignment indicators 1106 can

comprise a forward laser and an aft laser. The laser light can be used to project a point, a

plane, and/or a cross-hair onto a target or targets, including but not limited to an

anatomical feature or landmark, to provide alternative or additional orientation

information to a surgeon regarding the orientation of the orientation device 14. For

example, laser light can be used to project a plane on a portion of bone to indicate a

resection line and a cross-hair laser pattern can be used to ensure alignment along two

perpendicular axes. In certain embodiments, the visible alignment indicators 1106 can be

used to determine a distance to an anatomical feature or landmark (for example, a laser



distance measurement system). For example, the electronic control unit 1102 can project

laser light to a target and a sensor 1104 within the surgical orientation device can sense

the laser light reflected back from the target and communicate the information to the

electronic control- unit 1-102; The electronic controruhit l 2~can then be configured to

determine the distance to the target. The lasers can be controlled by the electronic control

unit 1102 via pulse width modulation ("PWM") outputs. In some embodiments, the

visible alignment indicators 1106 can comprise Class 2M lasers. In other embodiments,

the visible alignment indicators 1106 can comprise other types of lasers or light sources.

[0100] The power supply 1108 can comprise one or more power sources

configured to supply DC power to the electronic system 1100 of the surgical orientation

device 14. In certain embodiments, the power supply 1108 can comprise one or more

rechargeable or replaceable batteries and/or one or more capacitive storage devices (for

example, one or more capacitors or ultracapacitors). In some embodiments, power can be

supplied by other wired and/or wireless power sources. In preferred arrangements, the

power supply 1108 can comprise two AA alkaline, lithium, or rechargeable NiMH

batteries. The surgical orientation device 14 can also include a DC/DC converter to boost

the DC power from the power supply to a fixed, constant DC voltage output (e.g., 3.3

volts) to the electronic control unit 1102. In some embodiments, the DC/DC converter

comprises a TPS61201DRC synchronous boost converter available from Texas

Instruments. The electronic control unit 1106 can be configured to monitor the battery

level if a battery is used for the power supply 1108. Monitoring the battery level can

advantageously provide advance notice of power loss. In some embodiments, the surgical

orientation device 14 can comprise a timer configured to cause the surgical orientation

device 14 to temporarily power off after a predetermined period of inactivity and/or to

permanently power off after a predetermined time-out period.

[0101] As discussed above, the display 1110 (e.g. display 26 seen in FIG. 4)

can comprise an LCD or other type screen display. The electronic control unit 1102 can

communicate with the display via the external memory bus. In some embodiments, the

electronic system 1100 can comprise a display controller and/or an LED driver and one or

more LEDs to provide backlighting for the display 110. For example, the display

controller can comprise an LCD controller integrated circuit ("IC") and the LED driver

can comprise a FAN5613 LED driver available from Fairchild Semiconductor

International, Inc. The electronic control unit 1102 can be configured to control the LED



driver via a pulse width modulation port to control the brightness of the LED display. For

example, the LED driver can drive four LEDs spaced around the display screen to provide

adequate backlighting to enhance visibility. The display can be configured to display one

or more on-screen graphics. The on-screen graphics can comprise graphical user interface

("GUI") images or icons. The GUI images can include instructive images, such as

illustrated surgical procedure steps, or visual indicators of the orientation information

received from the sensor(s) 1104. For example, the display 110 can be configured to

display degrees and either a positive or negative sign to indicate direction of rotation from

a reference plane and/or a bubble level indicator to aid a user in maintaining a particular

orientation. The display 1110 can also be configured to display alphanumeric text,

symbols, and/or arrows. For example, the display 1 1 10 can indicate whether a laser is on

or off and/or include an arrow to a user input button with instructions related to the result

of pressing a particular button.

[0102] With continued reference to FIG. 8, the user input device(s) 1114 (e.g.

user input devices 28 seen in FIG. 4) can comprise buttons, switches, a touch screen

display, a keyboard, a joystick, a scroll wheel, a trackball, a remote control, a microphone,

and the like. The user input devices 1114 can allow the user to enter data, make

selections, input instructions or commands to the surgical orientation device 14, verify a

position of the surgical orientation device 14, turn the visible alignment indicators 1106

on and off, and/or turn the entire surgical orientation device 14 on and off. The other user

output devices 1116 (i.e. other than the display 1110) can comprise an audio output, such

as a speaker, a buzzer, an alarm, or the like. For example, the audio output can provide a

warning to the user when a particular condition occurs. The output devices 1116 can also

comprise a visible output, such as one or more LED status or notification lights (for

example, to indicate low battery level, an error condition, etc.). The audio output can

comprise different patterns, tones, cadences, durations, and/or frequencies to signify

different conditions or events. In some embodiments, output from the electronic control

unit 1102 can be sent to external display devices, data storage devices, servers, and/or

other computing devices (e.g., via a wireless network communication link).

[0103] The I O ports 1118 of the electronic control unit 1102 can comprise a

JTAG port and one or more serial communication ports. The JTAG port can be used to

debug software installed on the electronic control unit 1102 during testing and

manufacturing phases. The JTAG port can be configured such that it is not externally



accessible post-manufacture. The serial communication ports can include a Universal

Serial Bus ("USB") port and/or one or more universal asynchronous receiver/transmitters

("UART") ports. At least one of the UART ports can be accessible externally post-

- - manufacture -The external UART port can be an infrared ("ER") serial port in

communication with an infrared ("IR") transceiver. The IR serial port can be used to

update the software installed on the electronic control unit 1102 post-manufacture and/or

to test the operation of the electronic control unit 1102 by outputting data from the

electronic control unit 1102 to an external computing device via an external wireless

connection. Other types of I/O ports are also possible.

[0104] FIG. 8A illustrates another high-level block diagram of an embodiment

of an electrical system 1100A that can form a part of a surgical orientation system. In one

embodiment, the surgical orientation system includes the surgical orientation device 14

and a reference device 16. In one embodiment, the components schematically grouped in

the box "16" can be disposed in a first enclosure of the reference sensor 16 while the other

components in FIG. 8A can be housed in a second enclosure of the orientation device 14.

The electrical system 1100A in FIG. 8A can be similar to the electrical system of FIG. 8.

The electrical system 1100A of FIG. 8A can comprise an electronic control unit 1102A

that is adapted to communicate with one or more sensor(s) 1104, a power supply 1108, a

display 1110, external memory 1112, one or more user input devices 1114, other output

devices 1 16, and/or one or more input/output ("I/O") ports 1118. As illustrated in FIG.

8A, the input ports 1118 can be configured to receive information from an outside source.

For example, the input ports 1118 can be configured to receive radio frequency data (RF)

from reference device 16. As illustrated in Figure 8A, the reference device 16 includes in

one embodiment a plurality of sensors that together form an inertial measurement unit

1105 (IMU). In particular, the IMU 1105 includes a first sensor 1107 for determining

acceleration and a second sensor 1109 for determining gyroscopic positioning. As

discussed herein, the first sensor can be an accelerometer and the second sensor can be a

gyroscopic sensor. The reference device 16 also includes a transmitter 111 1 for sending

data from the sensors to the electrical system 1100A of the surgical orientation device 14.

The information received from the reference device 16 can be fed to an input port 1 18,

or alternatively, the electronic control unit 1102 can itself receive the information (e.g.,

wirelessly as illustrated by the dashed line). The information from the reference device 16

can correspond, for example, to the position and/or orientation of the reference device 6,



and can be used by the surgical orientation device 14 to determine an aggregate, or

overall, position and/or orientation of the surgical orientation device 1 .

[0105] In alternate embodiments, components of the reference device 16

illustrated i FIG. 8A can be incorporated into the sufgical orientation device 14. For

example, the IMU 1105 can be disposed in the surgical orientation device 14 so that the

surgical orientation device can be used to determine the spatial location of an anatomical

axis and the reference device can be used for other purposes, such as to track relative

position changes of a patient's femur, leg, or other bone or limb.

[0106] Referring to FIGS. 8-10, the sensor(s) 1104 can comprise one or more

accelerometers. Accelerometers can measure the static acceleration of gravity in one or

more axes to measure changes in tilt orientation. For example, a three-axis accelerometer

can measure the static acceleration due to gravity along three orthogonal axes, as

illustrated in FIG. 10. A two-axis accelerometer can measure the static acceleration due

to gravity along two orthogonal axes (for example, the x and y axes of FIG. 9). The

output signals of an accelerometer can comprise analog voltage signals. The output

voltage signals for each axis can fluctuate based on the fluctuation in static acceleration as

the accelerometer changes its orientation with respect to the gravitational force vector. In

certain embodiments, an accelerometer experiences static acceleration in the range from -

1 g to + 1 g through 180 degrees of tilt (with - 1 g corresponding to a -90 degree tilt, 0 g

corresponding to a zero degree tilt, and + 1 g corresponding to a +90 degree tilt. The

acceleration along each axis can be independent of the acceleration along the other axis or

axes.

[0107] FIG. 10 illustrates a measured acceleration along each of the three axes

of a three-axis accelerometer in six different orientation positions. TOP and BOTTOM

labels, as well as a circle indicating Pin 1 of the accelerometer, have been included to aid

in determining the various orientations. A gravitational force reference vector is

illustrated as pointing straight down toward the Earth's surface. At positions A and B, the

x-axis and the y-axis of the accelerometer are perpendicular to the force of gravity and the

z-axis of the accelerometer is parallel to the force of gravity; therefore, the x and y

acceleration components of static acceleration due to gravity at positions A and B are 0 g

and the z component of static acceleration due to gravity at positions A and B is + 1 g and

- 1 g, respectively. At positions C and E, the x-axis and the z-axis of the accelerometer are

perpendicular to the force of gravity and the y-axis is parallel to the force of gravity;



therefore, the x and z acceleration components of static acceleration due to gravity at

positions C and E are 0 g and the y component of static acceleration due to gravity at

positions C and E is + 1 g and - 1 g, respectively. At positions D and F, the y-axis and z-

axis are perpendicular-to the- force of gravity and the x-axis is parallel to the force of

gravity; therefore, the y and z acceleration components of static acceleration due to

gravity at positions D and F are 0 g and the x component of static acceleration due to

gravity at positions D and F is + 1 g and - 1 g, respectively. A dual-axis accelerometer

operates in the same manner but without the z component. In certain arrangements, a

three-axis accelerometer can be used as a tiltmeter to measure changes in orientation

about two axes.

[0108] Multi-axis accelerometers can be conceptualized as having a separate

accelerometer sensor for each of its axes of measurement, with each sensor responding to

changes in static acceleration in one plane. In certain embodiments, each accelerometer

sensor is most responsive to changes in tilt (i.e., operates with maximum or optimum

accuracy and/or resolution) when its sensitive axis is substantially perpendicular to the

force of gravity (i.e., when the longitudinal plane of the accelerometer sensor is parallel to

the force of gravity) and least responsive when the sensitive axis is parallel to the force of

gravity (i.e., when the longitudinal plane of the accelerometer sensor is perpendicular to

the force of gravity). FIG. 11 illustrates the output of the accelerometer in g's as it tilts

from -90 degrees to +90 degrees. As shown, the tilt sensitivity diminishes between -90

degrees and -45 degrees and between +45 degrees and +90 degrees (as shown by the

decrease in slope). This resolution problem at the outer ranges of tilt motion can make

the measurements less accurate for tilt measurements over 45 degrees. In certain

embodiments, when the mounting angle of the surgical orientation device 14 is known,

the sensor(s) 1104 can be mounted to be offset at an angle such that the accelerometer

sensors can operate in their more accurate, steeper slope regions. In other arrangements,

the sensor(s) 104 can be mounted to be offset to account for a predetermined range of

motion about other axes of rotation as well. In yet other arrangements, for example, when

a multi-axis accelerometer is used, the accelerometer sensor(s) 104 can be mounted in

parallel with the anterior-posterior axis of the surgical orientation device 14. In one

multi-axis accelerometer arrangement, a handoff system can be incorporated to ensure

that the accelerometer sensor(s) 1104 with the most accurate reading (e.g., <45 degrees)

are being used at each orientation position. The handoff system can employ hysteresis to



avoid "bouncing" phenomena during the handoffs between the accelerometer sensor(s)

1104. In yet other embodiments, the multi-axis accelerometers can be mounted without

any offset angle.

[0109] FIG. 12 illustrates an embodiment of the inside of the surgical

orientation device 14. The surgical orientation device 14 can comprise one or more

circuit boards and/or other circuitry capable of installation within the surgical orientation

device 14. As illustrated, the surgical orientation device 14 can comprise a sensor board

46 and a main board 48. In some embodiments, the components of the sensor module

described above can be mounted on the sensor board 46 and the other components of the

electrical system 1100 can be mounted on the main board 48. The sensor board 46 can

comprise one or more sensors 50 (e.g., sensor(s) 1104 as described above). In alternative

embodiments, the sensor board 46 and the main board 48 can be combined into a single

circuit board. The sensor board 46 and the main board 48 can comprise rigid or flexible

circuit boards. The sensor board 46 and the main board 48 can be fixedly or releasably

attached to the outer housing 22.

[0110] As illustrated, the sensor board 46 can be mounted at an approximately

22-degree angle relative to a plane extending longitudinally through the housing 22,

which can be parallel to or co-planar with an anterior-posterior axis of the main board 48.

In some embodiments, the sensor board 46 can be mounted at an approximately 0 degree

angle relative to a plane extending longitudinally through the housing 22, which can be

parallel to or correspond to an anterior-posterior axis of the main board 46. As shown in

FIG- 12, the surgical orientation device 14 can include two AA, alkaline, lithium, or

rechargeable NiMH batteries 52 as the power supply 1110 for providing power to the

surgical orientation device 14. In some embodiments, the surgical orientation device 4

also can include lasers 54 and 56 as the optional visible alignment indicators 106

described above.

[0111] In a preferred arrangement, the surgical orientation device 14 described

above can advantageously be disposed of after use. Once the surgical orientation device

14 has been used during a total knee replacement procedure or other medical procedure,

the surgical orientation device 14 can be discarded, so as to inhibit and/or prevent

contamination during subsequent procedures and reduce the need for sterilization.

[0112] In other embodiments, the surgical orientation device 14 can

alternatively have a disposable outer housing 22, such that the internal components of the



surgical orientation device (e.g. sensors 50, batteries 52, etc.) can be reused, while the

outer housing 22 is discarded. For example, with reference to FIG. 13 in some

embodiments the outer housing can comprise a flap 57 that releases to allow removal of

the internal components of the surgical orientation device 14.

[0113] Further description of embodiments of a surgical orientation device 14

and its sensor(s) can be found in U.S. Patent Application No. U.S. Patent Publication No.

2010/0063508, the contents of which are incorporated herein by reference in their

entirety.

B. Device for Coupling the Surgical Orientation Device to Another Orthopedic
Fixture

[0114] Referring to FIG. 14, the first coupling device 18 can be used to attach

the surgical orientation device 14 to another orthopedic fixture. "Orthopedic fixture" is a

broad term and is to be given its ordinary and customary meaning to a person of ordinary

skill in the art (i.e. it is not to be limited to a special or customized meaning) and includes,

without limitation, jigs or other mechanical and/or electrical structures that can be used in

an orthopedic procedure. For example, the first coupling device 18 can be used to attach

the surgical orientation device 14 to the femoral jig assembly 12. The first coupling

device 18 can advantageously enable the surgical orientation device 14 to be quickly

coupled and decoupled with the femoral jig assembly 12 during a surgical procedure.

This enables the surgical orientation device 14 to be used in a modular fashion, with a

variety of orthopedic fixtures at one or more stages of a procedure.

[0115] The first coupling device 8 can include an orientation device interface

58 attached to an interface support member 60. The orientation device interface 58 can be

designed to connect with the attachment structures 32 of the surgical orientation device 14

described above, thereby facilitating a secure but releasable attachment between the

surgical orientation device 14 and the femoral jig assembly 12. In one embodiment, the

orientation device interface 58 can be inserted into the grooves or channels 36 along the

back portion of the surgical orientation device 14 described above.

[0116] With continued reference to FIG 14, the interface support member 60

can include jig attachment features 62. The jig attachment features 62 can be used to

mate the first coupling device 18 to a microblock assembly of the femoral jig assembly 12



(see, e.g. the microblock assembly 90 illustrated in FIGS. 17 and 19). (The term

"microblock" is a general term, and is not intended to be limited only to assemblies that

are small in nature. Thus, the term "microblock" can refer to an assembly of any size.)

Mating- the- jig- attachment features 62 with corresponding attachment features of a

microblock assembly allows the interface support member 60 to be attached to the

microblock assembly in a secure but releasable fashion. The jig attachment features 62

and the attachment features of the microblock assembly can be any suitable attachment

structures that provide a secure but releasable attachment, including but not limited to (i)

friction or pressure fit features; and (ii) openings, apertures, bores and holes (non-

threaded, threaded, partially extended through a structure or entirely through a structure)

and corresponding pins or screws (collectively referred hereinafter as "attachment

structures").

[0117] While the first coupling device 18 described above can be used to

attach and/or couple the surgical orientation device 14 with the femoral jig assembly 12,

other methods and devices for attaching and/or coupling the components of the femoral

preparation system 10 are also possible.

[0118] Additionally, in a preferred arrangement, the femoral jig assembly 12

and the first coupling device 18 of the femoral system 10 can be biocompatible for short

term exposure to the inner anatomy of the knee or other body joint, and can be sterilized

by autoclave and/or gas ("autoclavable components"). Other components of the femoral

system 10 including but not limited to the reference device 16 described below may

optionally have autoclavable components as well. The autoclavable components can

operate without lubricants. Materials for the autoclavable components can be selected

and treated to prevent galling and provide smooth operation consistent with expectations

for a high quality surgical instrument. In general, the autoclavable components can be

made robust to withstand normal and abusive use, especially rough handling during

cleaning and/or sterilization.

[0119] The components of the femoral system 10 can optionally be etched

with part numbers, revisions levels, and company name and logo. Other markings can

also be added to provide clarity.

C. Reference Sensor Device



[0120] Referring to FIG. 15 , the reference sensor device 16 can be used to

measure and record the location of anatomical landmarks used in a total knee procedure,

such as the location of the mechanical axis of a leg (and femur). "Reference sensor

device" is a broad term and is to be giveri its ordinary and customary meaning to a person

of ordinary skill in the art (i.e. it is not to be limited to a special or customized meaning)

and includes, without limitation, any device that can be used to reference another device,

and/or to provide orientation information or perform calculations identically or similar to

the surgical orientation device 14 described above. In some embodiments, the reference

sensor device 16 can comprise the same or similar components as the surgical orientation

device 14 described above.

[0121] In a preferred arrangement, the reference sensor device 16 can be

configured for portable hand-held use. With reference to FIG. 15, in one embodiment the

internal components of the reference sensor device 16 can comprise a sensor 64 inside of

a reference sensor housing 66 (not shown). The reference sensor 64 can include a

microcontroller and/or communication device such as infrared, RF, Bluetooth ™, or other

wireless technology which can relay information from the reference sensor 64 to the

electronic control unit 1102 of the surgical orientation device 14. The reference sensor 64

can be, for example, any one of the sensors described for use as sensor 1104 (e.g. sensor

50) described above. The reference sensor device 16 can include a circuit board 70 upon

which the components of the reference sensor 64 are mounted thereon. During a knee

replacement procedure, the reference sensor 64 can detect changes in movement of a

femur in a varus/valgus, flexion/extension, and/or other directions.

[0122] The electronic control unit 1102 of the surgical orientation device 14

can be configured to receive information from the reference sensor 64 (e.g., a receiver of

infrared, RF, Bluetooth™, or other wireless technology) and to combine that information

with information from the sensor(s) 50 located within the surgical orientation device 14 to

calculate an overall, or aggregate, movement and orientation of the reference sensor 64

relative to an axial line or plane, for example as illustrated in FIG. 8A. The electronic

control unit 1102 in the surgical orientation device 14 can correct for changes in position

of this axis or plane, and the display 26 can indicate to the user an appropriate

varus/valgus and/or flexion/extension angle for resection, based on the actual location of

the mechanical axis or plane.



[0123] Referring to FIG. 15, the reference sensor device 16 can include a

circuit board enclosure 72 and a cover 74. The enclosure 72 can be an open box of

rectangular shape. The reference sensor device 16 can further include a battery enclosure

76-and a battery cover 78. The battery enclosure 76 can include electric features 80 for

electric communication between a replaceable battery 82 and the reference sensor 64.

The electric features 80 can be attached to the battery enclosure 76 using various methods

(e.g., the screws 84 shown in FIG. 15). The battery enclosure 76 and the battery cover 78

can be attached in a secure but releasable fashion using any suitable attachment structures

86. For example and referring to FIG. 15, the battery enclosure 76 and the battery cover

78 can be attached in a secure but releasable fashion using one or more of the following

attachment structures 86: a pin, through holes, and a locking clip. The circuit board

enclosure 72, the cover 74 and the circuit board 70 can all be attached together in a secure

but releasable fashion using attachment structures 86 such as the screws and washers

shown in FIG. 15.

D. Device For Coupling the Reference Sensor Device to another Orthopedic
Fixture

[0124] Referring to FIG. 16, the reference sensor device 16 can be used in a

variety of orthopedic procedures (e.g., femoral and tibial preparation methods).

Accordingly, the housing 66 can optionally include various structural features for

attachment with a variety of orthopedic fixtures.

[0125] For example, the femoral jig assembly 12 can comprise a second

coupling device 20. The second coupling device 20 can be attached to the reference

sensor housing 66. In one embodiment, the second coupling device 20 can be securely

but releasably attached to the sensor housing 66 by common attachment structures. In

another embodiment the second coupling device 20 can be formed as a structural part of

the sensor housing 66. The second coupling device 20 can include the same or similar

type of jig attachment features 62 that are on the first coupling device 18. The jig

attachment features 62 can mate with corresponding attachment features of a microblock

assembly to form a secure but releasable attachment with the femoral jig assembly 12

(see, e.g. the microblock assembly 90 illustrated in FIGS. 7 and 19).



[0126] While the second coupling device 20 described above can be used to

attach and/or couple the reference sensor device 16 with the femoral jig assembly 12,

other methods and devices for attaching and/or coupling the components of the femoral

-preparation system 10 are also possible.

E. Orthopedic Assembly for Femoral Preparation

[0127] Referring to FIG. 17, the femoral jig assembly 12 can comprise an

orthopedic assembly for femoral preparation during a total knee replacement procedure.

In a preferred arrangement, the femoral jig assembly 12 can comprise a distal guide

assembly 88, a microblock assembly 90, a cutting block 92 and an optional anterior probe

94.

[0128] Referring to FIG. 18, the distal guide assembly 88 can comprise a

modular paddle 96, an articulating arm 98, a midline guide 100, and a midline pin 102.

The articulating arm 98 can be configured to attach to the microblock assembly 90 and

either the cutting block 92 or the anterior probe 94 in a secure but releasable fashion

using, for example, the types of attachment structures described above. The arm 98 may

be considered to articulate at least by being moveably coupled with other structures, such

as the microblock assembly 90. In some embodiments, the articulating arm 98 includes a

simple rod, arm, or elongate rigid member that can swing about an axis between a

plurality of positions, as discussed below. In one embodiment, the articulating arm 98 can

include position adjustment features 104 such as notches spaced in a scale of desired

increment distances (e.g. 1mm or 2 mm). These notches can facilitate the adjustment of

the position of a cutting block 92 when the articulating arm 98 is attached to the cutting

block 92, resulting in adjustment of the femoral resection depth.

[0129] Referring to FIG. 18, the modular paddle 96 can include a channel 106

that is adapted to accept the midline guide 100. The channel 106 can allow the midline

guide 100 to move or slide up and down the channel 106. Adjacent the channel 106, the

modular paddle 96 can include reference markings 108. The reference markings 108 can

be provided in a scale of desired increment distances (e.g., 1 mm or 2 mm increments or

the like). The midline guide 100 can include a midline pin receiving feature 110 that

allows an insert portion 112 of the midline pin 102 to pass through the midline guide 100.

The midline pin 102 can include both the insert portion 112 and a knob portion 14. The

knob portion 114 can be designed for interaction with a user allowing the user to move



the midline pin 102 up and down the modular paddle 96 (e.g., in a flexion/extension

direction upon attachment to a distal end portion of a femur during femoral preparation

methods). The insert portion 112 can be designed to have a suitable length that allows the

-midline-pin-102 to-enter and pass through the midline guide TOO andlnto a desired depth

of a distal end portion of a femur.

[0130] Referring to FIG. 19, the microblock assembly 90 can include a

microblock member 116, a translating member 118, and a translation structure or

structures 120. The microblock member 116 and the translating member 118 can both

include an attachment feature or features 122 for secure but releasable attachment with

each other, the articulating arm 98, the cutting block 92, the anterior probe 94, the first

coupling device 18, and/or the second coupling device 20.

[0131] Both the microblock member 116 and the translating member 118 can

include translation receiving features 124. The translation receiving features 124 can

allow both the microblock member 16 and the translating member 118 to receive the

translation structures 120, with first ends 126 of the translation structures 120 attached to

the translating member 118 and second ends 128 of the translation structures 120 attached

to the microblock member 116. The second ends 128 of the translation structures 120 can

include a translation adjustment feature 130 (e.g. slot or socket for receiving a tool such as

a screwdriver) that can be used to move the first ends 126 of the corresponding translation

structure 120 to cause a desired directional movement of translating member 118 (e.g., in

a varus/valgus direction or in a flexion/extensiori direction when the microblock assembly

90 is attached to the distal end portion of a femur). At least one of the translation

receiving features 124 of the translating member 118 can be adapted to allow movement

of the translating member 118 in a varus/valgus direction when the microblock assembly

90 is attached to the distal end portion of a femur. Additionally, at least another one of

the translation receiving features 124 of the translating member 118 can be adapted to

allow movement of the translating member 118 in a flexion/extension direction when the

microblock assembly 90 is attached to the distal end portion of a femur. The design

described above can allow the translation structure(s) 120 to move at least a portion of the

microblock assembly 90 (and any other components attached to the microblock assembly

90) in a varus/valgus direction and/or in a flexion/extension direction. The translation

structure's ability to move at least a portion of the microblock assembly 90 can be

controlled by the translation adjustment features 130.



[0132] In one embodiment and referring to FIG. 19, the translation structures

120 are ball screws, the translation adjustment features 130 are features for receiving a

hex driver (not shown) or the like, and the translation receiving features 1 4 are channels

contained within the translating member 18. At least one of the channels can run in a

varus/valgus direction and at least another can run in a flexion/extension direction. To

move the translating member 18 of the microblock assembly 90 (and any other

components attached to the translating member 118) in a varus/valgus direction and/or in

a flexion/extension direction using the translation structures 120, the translation

adjustment features 130 can each be turned by a hex driver in either a clockwise or a

counter-clockwise direction.

[0133] Referring to FIG. 19, the microblock member 116 can also include

multiple microblock pin receiving features 132 such as through holes or the like which

allow microblock pins (not shown) to attach the microblock assembly 90 (and other

components of the femoral preparation system 10) to the distal end portion of a femur. In

some embodiments, the microblock pin receiving features 132 can be angled inward and

posteriorly.

[0134] Referring to FIGS. 20 and 21, the cutting block 92 can include at least

one opening 134configured to receive a cutting tool such as for example a cutting saw

and/or other referencing tool. The cutting block 92 can further include receiving features

136 for receiving, for example (i) corresponding attachment features 122 from the

microblock assembly 90; (ii) the articulating arm 98 from the distal guide assembly 88;

and (iii) positional pins (not shown) for a secure but releasable attachment to the

microblock assembly 90, the distal guide assembly 88, and/or the distal portion of a

femur. In one embodiment, the receiving features 136 for receiving the articulating arm

98 of the distal guide assembly 88 can include one or more through holes and/or other

features along which the cutting block 92 can be moved. The movement of the cutting

block 92 can be controlled and adjusted based upon the position adjustment features 104

of the articulating arm 98 as shown in FIG. 18. For example, the cutting block 92 can

comprise a window or opening 137 through which the position adjustment features 104 of

the articulating arm 98 can be seen as the cutting block 92 is moved along the articulating

arm 98.

[0135] Referring to FIGS. 19, 20, 2 1, and 28, the cutting block 92 can be used

for distal femoral resection during a femoral preparation method. The cutting block 92



can be oriented and translated in a varus/valgus direction and a flexion/extension direction

by other components of the femoral preparation system 10 during the femoral preparation

method, providing at least two degrees of freedom. During the femoral preparation

method, the cutting block's attachment to the articulating arm 98 can provide an initial

placement of the cutting block 92 adjacent to the distal end portion of a femur 82.

Thereafter, the microblock assembly 90 can be used to physically adjust the orientation of

the cutting block 92 when the cutting block 92 is attached to the microblock assembly 90

and the microblock assembly 90 is attached to the distal end portion of the femur.

[0136] Referring to FIGS. 19, 20, and 28, the physical adjustment of the

orientation of the cutting block 92 can be achieved by adjusting the translation adjustment

features 130 of the translation structures 120 as discussed above. For example and

referring to FIG. 19, the translation structure 120 can comprise two ball screws, and the

translation adjustment feature 130 of each of the translation structures 120 can comprise a

feature for receiving a hex driver. Turning the translation adjustment feature 130 of one

of the ball screws in a clockwise direction or counter clockwise direction can change the

cutting angle of the cutting block 92 in a flexion-extension direction. Turning the

translation adjustment feature 130 of the other one of the ball screws can change the

cutting angle of the cutting block 92 in a varus-valgus direction. In some embodiments,

the translation structures 120 can facilitate pivoting of the cutting block 92 within a range

of approximately twenty degrees (e.g. +-ten degrees on either side of a predetermined

angle). Other ranges are also possible.

[0137] Referring to FIGS. 23 and 24, the anterior probe 94 can be a member

adapted to be attached in a secure but releasable fashion to, for example, (i) the

articulating arm 98 of the distal guide assembly 88; or (ii) the microblock assembly 90.

During a femoral preparation method, the anterior probe 94 can extend from the

microblock assembly 90 to an anterior cortex 138 of a femur 140. The anterior probe 94

can be adjustable via push button, screw, or other mechanism to assist in referencing the

anterior cortex 138. The anterior probe 138 can allow the femoral jig assembly 12 to be

stabilized in an approximate desired flexion angle during a femoral preparation method.

III. FEMORAL PREPARATION METHODS



[0138] Referring to FIGS. 22-31, the femoral preparation system 10 described

above can be used to prepare the femur for a total knee replacement.

A: ~ Attaching an Orthopedic Assembly on a Femur

[0139] Referring to FIG. 22, in preparation for the distal femoral resection, the

method can begin with locating a distal point that is intersected by the mechanical axis of

the femur.

[0140] In one technique for locating a distal point of the mechanical axis of

the femur 140, a distal end portion 142 of the femur is exposed using any conventional

surgical technique. The tibia. 144 and the femur 140 can then be placed in approximately

90 degrees of flexion as shown in FIG. 22. It is possible to place the leg in other degrees

of flexion.

[0141] A small hole 146 for receiving a portion of the midline pin 102 can

then be drilled using any conventional surgical technique at an appropriate anatomical

location within the distal end portion 142. The anatomical location can be the center of

the intercondylar notch, a location near the insertion of the anterior cruciate ligament

("ACL"), an entry point to the intramedullary canal, or other suitable anatomical

landmark or combination of landmarks within the distal end portion 142. In one

embodiment, the small hole 146 can be drilled at the approximate center of the

intercondylar notch as shown in FIG. 22.

[0142] The method can further comprise installing the femoral jig assembly 1

onto the distal end portion 142 by inserting the midline pin 102 into the small hole 146 as

shown in FIGS. 22 and 23. Placement of the midline pin 102 in the approximate center of

the intercondylar notch places the femoral jig assembly 12 in an approximate center

position of the distal end portion 142 and the modular paddle 96 on distal condyles 148 of

the femur 140. The modular paddle 96 can then be fitted to a distal apex of the distal

condyles 148 thereby allowing the femoral jig assembly 12 to be placed in an approximate

neutral varus/valgus direction as shown in FIG. 23.

[0143] The method can further include an optional step of adjusting the

anterior probe 94 by placing the anterior probe 94 on the anterior cortex 138 of the femur

140. The anterior probe 94 can be adjusted via push button, screw, or other mechanism to

assist in referencing the anterior cortex 138 as shown in FIG. 23. Placement of the



anterior probe 94 on the anterior cortex 138 can allow the femoral jig assembly 12 to be

stabilized in the approximate desired flexion angle. In some embodiments the femoral jig

assembly 12 does not need to be precisely set in a flexion/extension direction. Rather, the

initial-placement can serve a a visual tool to avoid hyper-flexion or hyper-extension.

[0144] Once the femoral jig assembly 12 is placed by the midline pin 102 in

an approximate neutral varus/valgus orientation or angle and by the anterior probe 94 in

the approximate desired flexion angle, the method can further include verifying the

rotational positioning of the femoral jig assembly 12 in an effort to ensure that the femoral

jig assembly 12 is in the desired position. In one embodiment, the desired position may

be less than about 5 degrees rotation relative to a Whitesides line or epicondylar axis. In

another embodiment, the desired position may range from about 0 degrees to about 30

degrees relative to a Whitesides line or epicondylar axis. This verification process can be

completed by obtaining the information provided by the reference markings 108 of the

modular paddle 96. The reference markings 108 can inform the user of an offset distance

150 (see, eg., FIG. 2B) of the reference sensor device 16 in a frontal plane or a

flexion/extension direction (e.g. an "AP Offset Data"). The AP Offset Data can generally

be the offset distance 150 measured from a reference point on the reference device 16,

such as the center of the sensor 64 in the reference device 1 , to a reference point on the

femoral jig assembly 12, such as the center of the midline pin 102 as shown in FIG. 2B.

Upon completion of this verification process, the method can include inserting

microblock pins 152 into the appropriate microblock pin receiving features 132, allowing

the microblock assembly 90 to be attached to the distal femoral condyles 148 in an

approximate desired position as shown in FIG. 24.

[0145] Once the microblock assembly 90 is attached to the distal femoral

condyles 148, the method can include noting the indicia of distance provided by the

reference markings 108 and the location of the midline pin 102 in relation to the reference

markings 108 in order to establish the AP Offset Data discussed above. The AP Offset

Data can then be entered into the surgical orientation device 14. In some embodiments,

this process of obtaining and entering AP Offset Data into the surgical orientation device

14 can be avoided if a fixed offset distance is provided by the configuration of the femoral

preparation system 10.



[0146] Referring to FIG. 25, the method can further include removing the

distal guide assembly 88 and the anterior probe 94 from the femoral jig assembly 12,

leaving only the microblock assembly 90 present and attached to the distal condyles 148.

[0147] Referring to FIG. 26, the method can further include attaching the

surgical orientation device 14 and the reference sensor device 16 to the microblock

assembly 90 using the first coupling device 18 and second coupling device 20 and their

respective components for attachment as discussed above. Once the surgical orientation

device 14 and the reference sensor device 16 are attached to the microblock assembly 90,

the method can further include placing the leg in extension as shown in FIG. 27.

[0148] In the method thus far, a distal point corresponding to the mechanical

axis of the femur can be approximated by using a portion of the femoral jig 12 to locate

the center of the femur. In addition to the above anatomy that can approximate this

location, a clinician can employ a method that considers the most distal point of the sulcus

of the trochlea to correspond to the distal portion of the mechanical axis. In some

embodiments, the IMU is offset a certain distance from the center of the distal femur.

This offset can be accounted for by using the AP Offset Data, as discussed above. This

offset can be communicated to the surgical orientation device 14 so that the system can

factor it in its calculation of the mechanical axis. For example, in certain embodiments,

the reference sensor 16 encloses the IMU 1105 and is spaced a variable distance anterior

to the center of the distal femur. This distance can be entered into the surgical orientation

device 14 to eliminate a bias error that would be created by this offset. In other

embodiments, instrumentation can be provided that eliminates the variability of this

distance, such that the distance between the IMU (e.g., incorporated into the reference

sensor 16) and the center of the femur is constant. In that case, the surgical orientation

device 14 or a system employing the surgical orientation device 14 can be configured to

automatically eliminate this bias error.

B. Calculating the Location of the Mechanical Axis Using an Orientation
Device

[0149] Referring to FIG. 27, in a preferred embodiment, an orientation device

can be used to calculate the location of the mechanical axis in the femur. For example,

the reference sensor device 16 and or orientation device 14 can be used to determine the

relative coordinates of a center pivot point on the femur. By determining the coordinates



of the pivot point of the femoral head 154, the reference sensor device 16 and/or surgical

orientation device 14 can calculate the location and/or orientation of the mechanical axis

that extends through the femur.

[01-50] In orderto determine the coordinates of the pivot point of the femoral

head 154 (i.e. the pivot point of the mechanical axis), the leg can be moved (e.g. swung).

For example, the leg can be moved in several different directions and/or planes (see

arrows in FIG. 27), with the reference sensor device 1 and or surgical orientation device

14 attached. Readings such as angular rate and acceleration ("surgical orientation device

14 and/or reference sensor device 16 data") of the femur 140 can be obtained by the

reference sensor device 16 and/or surgical orientation device 14 until the location and/or

orientation of the mechanical axis of the leg and the femur 140 ("femoral mechanical

axis") is found. In one embodiment, where one or more multi-axis (e.g., two-axis)

accelerometers and gyroscopes are used, surgical orientation device 14 and/or reference

sensor device 16 data for each movement of the femur 140 can be numerically integrated

over time to obtain a trajectory of position and velocity points (one point for each IMU

data). The IMU data can be integrated without imposing any plane trajectory constraints

on movements of the femur 140.

[0151] The acceleration and angular rate sensed by the reference sensor device

16 and/or surgical orientation device 14 during the leg movement can be processed while

the leg is moved about its pivot point. The reference sensor device 16 and/or surgical

orientation device 14 can provide an output vector representing the center of the rotation

with respect to the inertial sensor axes of the reference sensor device 16 and/or surgical

orientation device 14.

[0152] The IMU data can be input to a microprocessor in the reference sensor

device 16 and/or surgical orientation device 14. In a preferred embodiment, the

microprocessor can be located on the reference sensor device 16, and output from the

microprocessor of the reference sensor device 16 can be transmitted via an RF wireless

link to the surgical orientation device 14. The leg can be moved about its pivot point

while inertial data is being processed by the microprocessor. An algorithm implemented

on the microprocessor can process the inertial data in real time and determine if the leg is

static or dynamically moving. Data from both states can be used by the algorithm to

determine the pivot point.



[0153] The method of calculating the location and/or orientation of the

mechanical axis described herein, and for calculating in general the location and/or

orientation of any axis based on a pivot point, can provide accurate determination of pivot

point location and radius -of- curvature- without the burdensome and sometimes near

impossible restraints of external measurements encountered in medical procedures. For

example, the method can permit calculation of pivot points in blind situations where the

end joint is typically hidden or unobservable, such as for the case of the head of a femur.

[01S4] Examples of three possible leg movement trajectories for calculating

the IMU data are: (i) a horizontal swing from the leg's position of origin to the surgeon's

right and then back again; (ii) a horizontal swing from the origin to the surgeon's left and

then back again; and (iii) a vertical swing upward and then back again. In some protocols,

at least one horizontal movement and at least one vertical movement are included to

provide IMU data. During each swing trajectory the IMU data can be stored for future

processing.

[0155] In some embodiments, the mechanical axis can be detected by moving

and/or swinging the leg when it is attached to the surgical orientation device 14 and the

reference sensor device 16 on a horizontal plane (e.g. a plane along the operating table),

starting from a known fixed position and orientation ("home position", which can be close

to the surface of the horizontal plane) and obtaining IMU data. The arrows shown in FIG.

27 illustrate at least one example of how the direction or directions the leg 100 can be

moved. In one embodiment, the leg can be placed in full extension and subjected to the

following movements: (i) abducting the leg about 30 degrees and returning the leg

substantially to a home position; and (ii) raising the leg about 30 degrees and returning the

leg substantially to a home position. The abduction can occur before the raising

movement or vice versa. During the placement and movements discussed above, the leg

can stay extended and the microblock assembly 90 (including the microblock pins 152

attaching the microblock assembly 90 to the distal condyles 148) can clear the tibia 144

through a full range of motion. In some embodiments, the leg can be abducted about 20

degrees and returned to the home position, and raised about 20 degrees and returned to the

home position. In yet other embodiments, the leg can be abducted between about 10

degrees and returned to the home position, and raised between about 10 degrees and

returned to the home position. In yet other embodiments, the leg can be abducted

between about 5 degrees and returned to the home position, and raised between about 5



degrees and returned to the home position. Other ranges and degrees of movement are

also possible. In some embodiments, the leg can be swung in one generally looping

motion from a home position back to the home position, the looping motion causing both

an abduction and raising-of-the leg. -

[0156] The reference sensor device 16 and/or surgical orientation device 14,

which can be coupled to the leg during such movements, can have axes angled with

respect to an axis of the sensor(s) disposed in the reference device 16 and/or in the

surgical orientation device 14. For example, as illustrated in Figure 12, the sensor board

46 can be mounted at an acute angle to a plane extending longitudinally through the

housing 22. In other embodiments, the reference sensor device 16 and/or surgical

orientation device 14 have axes that are not angled, e.g., parallel to or co-planar with, an

axis of the reference sensor device and/or surgical orientation device .

[0157] As the leg is swung, the sensors inside the reference sensor device 16

and/or surgical orientation device 14 can detect movement of the reference sensor device

16 and/or surgical orientation device 14, collect IMU data on this movement, and transmit

the IMU data to, for example, the surgical orientation device 14. From receiving all of the

IMU data transmitted from the sensors inside both the surgical orientation device 1 and

reference sensor device 16, the reference sensor device 6 and/or surgical orientation

device 14 can then calculate, and in some cases display, the location of the center of

rotation of the femur 140, the center of the femoral head 154, and/or the femoral

mechanical axis.

[0158] In a preferred arrangement, where the surgical orientation device 14 is

disposable and the reference sensor device 16 is reusable, the reference sensor 16 can be

configured to take measurements as the femur is moved to calculate the center of femoral

rotation, while the surgical orientation device 1 can be configured to receive information

from the reference sensor device 16 and/or to display information on display 26. In such

an arrangement, the surgical orientation device 14 can comprise a multi-axis

accelerometer, and the reference sensor device can comprise both a multi-axis

accelerometer and a multi-axis gyroscope. In this manner, the more expensive

components necessary to make such calculations can be incorporated into the re-usable

reference sensor device 16. However, in other embodiments the surgical orientation

device 14, rather than the reference sensor device 16, can include the additional

components and/or sensors necessary to calculate the center of femoral rotation.



[0159] Various formulae, which can be derived from basic centripetal

acceleration physics coupled with optimal estimation or Kalman filtering techniques, can

be used during the process described above to perform the calculations in the reference

sensor device 16 or surgical orientation device 14

C. Error Correction Technique to Remove Biases

[0160] In some embodiments, prior to determining the location and/or

orientation of the center of rotation of the mechanical axis, an error correction technique

can be used to remove biases in the surgical orientation device 14 and/or reference sensor

device 16. For example, an error correction technique can include assessing 1) static bias;

2) gyroscopic bias; and 3) accelerometer bias in the surgical reference sensor device 16

and/or surgical orientation device 14.

1. Static Bias Determination

[0161] In a preferred embodiment, static bias determination can comprise

acquiring data from the IMU of the reference sensor device 16 and/or surgical orientation

device 14 in a static condition. This static condition can provide a baseline for the

reference sensor device 16 and/or surgical orientation device 14 and can permit

determination of biases for internal sensor(s).

[0162] For example, once a user is ready to commence the method of

determining the center point of rotation of the mechanical axis as described above, the

user can press a user input 28 on the surgical orientation device 14. Once the user input

28 is pressed, the surgical orientation device 14 can indicate that the user should hold the

surgical orientation device 14 motionless. The user can be required to hold the surgical

orientation device 14 motionless for a given period of time. In a preferred embodiment,

the user can be required to hold the surgical orientation device 14 motionless for

approximately three seconds, though other times or ranges or times are also possible. For

example, in some embodiments the user can be required to hold the surgical orientation

device motionless for at least one but no more than three seconds. By holding the surgical

orientation device motionless, any static biases can be determined, and can subsequently

be removed (e.g. subtracted) during data acquisition.



[0163] In some embodiments, if the user does not hold the surgical orientation

device 14 still for a long enough period, a fail condition can be displayed on the surgical

orientation device 14, and the user can be required to start over again by pressing the user

input 28.

[0164] Inclusion of a gravitation vector can be used for more accurate final

results. For example, initial orientation of the reference sensor device 16 and/or surgical

orientation device 14 during static bias determination can be used to create an initial

gravity vector transformation matrix relating the orientation of the IMU to the inertial

gravity vector. Angular rate data can be used to propagate the attitude of the reference

sensor device 16 and/or surgical orientation device 14 and update the inertial gravity

vector transformation matrix during subsequent motion.

2. Gyroscope and Accelerometer Bias Determination

[0165] Removing gyroscope and accelerometer biases can help to correct for

errors that may arise from starting and stopping in a rotated orientation. A gyroscope bias

determination can comprise, for example, propagating a direction cosine matrix (DCM)

using rate sensors in the surgical orientation device 14 and/or reference sensor device 16.

An accelerometer bias determination can comprise, for example, propagating a direction

cosine matrix from the gyro bias to remove a gravity component of the accelerometers.

[0166] In order to determine gyroscope and accelerometer bias in the surgical

orientation device 4 and/or reference sensor device 16, the leg (with surgical orientation

device 14 and/or reference sensor device 16 attached) can be moved by an operator or

other means in such a way that sufficient rate and acceleration data is achieved for all

axes. In a preferred arrangement, during this data acquisition phase, and/or any other

phase for error correction or data collection during an orthopedic method, the reference

sensor device 16 and/or surgical orientation device 14 can determine, without user

intervention, what phase of data collection it is in, static or dynamic. In contrast, in some

embodiments the user can press a user input 28, for example, to tell the reference sensor

device 16 and/or surgical orientation device 14 that it is in a static or dynamic state.

[0167] During gyroscope and accelerometer bias determination, the leg can be

moved (e.g. swung through at least different two planes), and an average angular rate of

leg movement of at least 30 degrees per second can be provided to acquire data, though



other rates are also possible. For example, in some embodiments an average angular rate

of at least 20 degrees can suffice. In yet other embodiments an average angular rate of at

least 10 degrees can suffice.

[0168]- In a preferred arrangement, the leg can be moved in more than- one

plane, or for example in a loop configuration, and a beginning and ending attitude of the

leg after leg movement is complete can be v/ithin 15 degrees on any axis, though other

beginning and ending attitudes are also possible. In a preferred arrangement, the leg can

be swung and returned back to its home position within approximately 2 cm in the

abduction plane, though other ranges and values are also possible.

[0169] In a preferred embodiment, the surgical orientation device 14 and/or

reference sensor device 16 can advantageously detect when motion (e.g. swinging) of the

leg has stopped, and can detect if the leg has returned to its home (i.e. starting) position.

For example, the surgical orientation device 14 and/or reference sensor device 16 can

include a 1 Hz filter to prevent false stopping detection. The surgical orientation device

14 and/or reference sensor device 16 can average the rate of motion over half a second to

determine whether the movement of the leg, and consequently the movement of the

surgical orientation device 14 and/or reference sensor device 16, has come to a stop.

[0170] By moving (e.g. swinging) the leg in the manner described above and

returning it to a home position, gyroscope and accelerometer biases can be accounted for

in the surgical orientation device 4 and/or reference sensor device 16. With these biases

accounted for, the method of determining the center of rotation of the mechanical axis can

be made more accurate.

D. Additional Detail for Determining the Mechanical Axis

[0171] Provided below is additional detail that describes the methodology

behind the surgical orientation device 14 and/or reference device 16 and how it is used to

make certain calculations:

[0172] At least one purpose of the surgical orientation device 14 and/or

reference device 16 and systems described herein is to provide guidance to the surgeon as

to how to position a cutting block on the bone in order to achieve a cutting plane that is

perpendicular to the load bearing axis of the bone (or some number of degrees off of that

perpendicular plane if desired). A jig, such as that described above, can be fixed to the

bone to be cut and the reference sensor device 1 and surgical orientation device 14 can



be attached to that jig (one device is attached to a fixed portion of the jig to act as a

reference to the bone's orientation and the other device is attached to an articulating arm

of the jig to provide the surgeon a means to find and set the desired cutting plane). The

articulating arm of the jig can be constrained to only be moved in two dimensions - pitch

and yaw (not rotation). These two axes form a plane that can be adjusted to guide the

placement of the cutting block which guides the saw to cut the bone on that plane.

[0173] Embodiments of a general approach can include determining the yaw

(or varus / valgus (V V)) and pitch (extension / flexion) angles required to bring the

surgical orientation device 14 and or reference device 16 from its initial orientation

(provided by the other device, i.e. surgical orientation device 14 and/or reference device

16) to its present orientation.

[0174] In some embodiments, both sensors can begin aligned generally to the

same gravity vector (so that small angle assumptions apply). The present orientation of

the fixed sensor in the surgical orientation device 14 and/or reference device 16 can be

considered the initial orientation of the navigation sensor. The sensor in the surgical

orientation device 14 and/or reference device 16 can be free to move in pitch and yaw

from the initial orientation, but roll is considered fixed X,Y, and Z coordinate axes for

both sensors can be generally aligned. Both sensors can be calibrated with offset and gain

and corrected for misalignment.

[0175] The surgical orientation device 14 and/or reference sensor device 16

can both be 3 axis accelerometers and either one can play the role of a fixed sensor. They

can report the X, Y and Z components of the local gravity vector within the sensors

coordinate system. For example, the fixed sensor can be the reference sensor device

and reports XI, Yl, Zl. The navigation sensor can be the surgical orientation device 14

Unit and reports X2, Y2, Z2.

[0176] At least one purpose of the system described herein is to provide an

apparatus and method to determine the relative coordinates of a center pivot point on a

rigid linkage that overcomes the requirement for direct physical measurement. The

acceleration and angular rate sensed by the surgical orientation device 14 and or reference

device 16 can be processed while the link is moved by some means about its pivot point.

The apparatus can provide an output vector representing the center of the linkage rotation

with respect to the inertial sensor axes.



[0177] A method can start with the step of attaching the surgical orientation

device 14 and/or reference device 16 to the linkage in a rigid manner. The data required

from the surgical orientation device 14 and/or reference device 16 can be acceleration and

angular rate. The -data is input to a microprocessor. In a preferred embodiment, the

microprocessor is located on the link and output from the processor is transmitted via RF

wireless link, though this collocation is not a necessary condition. The link can be moved

about its pivot point while inertial data is being processed by the microprocessor. The

algorithm implemented on the microprocessor can process the inertial data in real time

and determines if the link is static or dynamically moving. Data from both states is used

by the algorithm to determine the center of the link rotation. This result is output by the

microprocessor to the user.

[0178] The method and apparatus can provide accurate determination of pivot

point location and radius of curvature without requiring any external measurements. This

allows determination of effective link pivot point in blind situations where the end joint is

hidden or unobservable. An example of this is determination of the pivot point location a

human femur. Below are formulae which are derived from basic centripetal acceleration

physics coupled with optimal estimation or Kalman filtering techniques to determine

pivot point location.

[0179] The instantaneous translational velocity of a point on a rigid body is

related to the link length and angular rate by

R^, = ύύ X R

[0180] Further, the translational velocity can be computed by integrating

acceleration over the same time interval as shown here

[0181] Both of these can be further integrated into a position vector, R, which

represents the mechanical axis of the system, or the radial arm to the center of rotation.

The unknown vector R is the key desired output from the apparatus. The vector R is

found thru optimal estimation of the system. One cost function that can be used for

estimation is

] = - eT We

[0182] where e is the residual value computed from the difference between the

measured value and the expected values. For this method and apparatus, the measured



value is the translational velocity and / or position determined by integration of the

accelerometer. The expected value is the translational velocity and / or position

determined by multiplying the estimated link vector by the measured angular rate data and

the time interval across which that rate-data is obtained in some cases. W s a matrix of

weighting values that is typically all evenly weighted at unity.

[0183] One method is to vary an estimated vector, R, in such a way that the

cost function is minimized.

[0184] There are many types of optimal estimator formulation. One can use a

Gauss-Newton in this description. Other methodology can also be used. Kalman filter

estimators and other optimal (or even sub-optimal) methods are valid also.

[0185] Prior to the final estimation, noise and error removal and reduction

from the raw sensor data can be performed. This includes rate sensor bias, bias stability,

angle random walk, scale factor errors and mechanical misalignments. Also included are

accelerometer bias, bias stability, velocity random walk, scale factor errors and

mechanical misalignments. Possible errors introduced by inaccurate removal of

gravitational influence are reduced. The amount of noise and error removal is

proportional to the inherent capabilities of the sensors. As sensor technology gets better,

certain portions of the algorithm may no longer be needed to achieve the same accuracy.

[0186] There can be two modes to the operation of the system, data acquisition

and optimal estimation. During the data acquisition phase, data is acquired from the

surgical orientation device 14 and/or reference device 16 in a static condition, i.e.

motionless. This static condition provides a baseline for the sensor and allows

determination of biases for all internal sensors. The surgical orientation device 14 and/or

reference device 16 is then moved by an operator or other means in such a way that

sufficient rate and acceleration data is achieved for all axes. Lack of sufficient motion in

any axes can reduce the effectiveness of the final output. During the data acquisition

phase, the apparatus can determine without user intervention what phase of data collection

it is in, static or dynamic.

[0187] Correct inclusion of gravitation vector in the method can be important

for accurate final results. Initial orientation of the surgical orientation device 14 and/or

reference device 16 during the static phase of data acquisition is used to create an initial

gravity vector transformation matrix relating the orientation of the surgical orientation

device 14 and/or reference device 16 to the inertial gravity vector. Angular rate data can



be used to propagate the attitude of the unit and update the inertial gravity vector

transformation matrix during subsequent motion.

[0188] Once the data acquisition phase is determined to be complete, the

second phase,-optimal estimation, is entered. This phaseis furtherbrbken down into three

sub phases. These include gyro bias estimation, accelerometer bias estimation, and finally

pivot point link vector estimation.

[0189] Some representative criteria for operation are now described that

provide the most accurate pivot point estimation. During the static data collection, at least

1 second, but no more than 3 seconds of data can necessary in some embodiments.

Longer periods of static data do not adversely affect the output. During the dynamic

motion of the link, average angular rate in excess of 30 degrees per second are desired

Beginning and ending attitude of the link after dynamic motion is complete should be

within 15 degrees on any axis in some embodiments.

[0190] The output pivot point center location, computed in an Χ,Υ,Ζ vector

format, can be transformed into relative 2 dimensional angles (e.g. pitch and yaw)

representing the angular misalignment of the surgical orientation device 14 and/or

reference device 16 sensor axis with respect to the mechanical line of action for the rigid

link.

[0191] There can be 4 major phases to the overall method:

[0192] Data acquisition and pre-scaling

[0193] Static biases are removed from the data and the average body frame

gravity vector is put back in the data

[0194] Optimal estimation of delta theta (rate sensor) bias

[0195] A bias is added to the rate sensor data in order to counter noise and

other effects that result in the final orientation of the device being misaligned from the

starting alignment, despite the fact that the user is required to return the unit back to the

starting orientation.

[0196] Optimal estimation of delta velocity (accelerometer) bias

[0197] A bias can be added to the accelerometer data in order to counter noise

and other effects that result in the final velocity of the device being non-zero.

[0198] Optimal estimation of femur vector and resolution into angles

[0199] Below are mathematical bases for each section.

[0200] Data Acquisition and Pre-Scaling



[0201] The acquisition and pre-scaling required can be dependent on the

sensors selected for the device. One example of is described in the steps below.

[0202] Surgical orientation device 14 and/or reference device 16 raw data can

be acquired from a combination of accelerometers and rate sensofs.

[0203] Data can be scaled into delta theta (radians) and delta velocity (cm/s)

using the data sample rate. There are alternate formulations that may work with the

surgical orientation device 14 and/or reference device 16 data natively, but this makes

integration and other repeated functions using this data less computationally intense when

implemented on a microprocessor.

[0204] In some embodiments, the average of the raw data per each sensor and

axis during static conditions can be determined.

[0205] In some embodiments, the Direction Cosine Matrix required for level

to current orientation can be computed.

[0206] In some embodiments, the estimated average starting gravity vector in

IMU body frame can be computed.

[0207] In some embodiments, the biases from all channels (rate and

acceleration) can be removed.

[0208] In some embodiments, the body gravity vector can be added to the

accelerometer channels.

[0209] Optimal Estimation of Delta Theta Bias

[0210] The purpose of this step can be to determine the optimum rate sensor

corrections (in the form of a single constant bias for each sensor axis) that "force" the

final attitude of the unit at the end of the maneuvers to be identical to the starting attitude.

[0211] Let the matrix be the direction cosine matrix that represents the

rotation from the initial attitude ( ) to the propagated attitude p ) at a given instant in time,

t . includes the term a is , which is the rate sensor data from the IMU at each time

step and a constant correction term. This final correction is determined in the

following steps to augment the data in an optimal fashion to ensure that the calculated



final attitude matches the initial attitude despite noises and other errors that alter the

propagation from the correct solution.

[0212] Let be the equivalent set of Euler angles that represent the single

rotation from the iriitial attitude to the current attitude represented by .

[0213] The surgeon can move the surgical orientation device 14 and/or

reference device 16 in a prescribed set of motions and return the unit back to the starting

attitude. The assumption is that sensor noises will result in an incorrect attitude at the end

of the motions. Using Gauss-Newton or any variety of similar optimal estimation

algorithm, the xi terms will be determined that mimmize the attitude error cost

function.

[0214] For determination of & terms, we define the cost function as:

[0215] / P initial ~ Pfinai

[0216] This cost function can be minimized by altering the χ ί terms

according to an optimal estimation algorithm. We present a Gauss-Newton approach

here, though other equivalent approaches are also appropriate.

[0217] Given a loss function,/, evaluated at a local point i , we want to

modify ¾ by as: = + i , so that 7 is decreased. Standard texts and

references show methods to solve this problem.

[0218] Using a Gauss Newton algorithm to solve this problem, we substitute

/ = Pinitial — Pf i l for the loss function with P initial = by definition, and x t =

[0219] Figure 50C is a flow chart for calculations and operations shows the

procedure that is used to iteratively solve for the optimal value of x , .

[0220] The output result is a set of data that represents the change in angular

rotation based on corrected rate sensor data.

[0221] Optimal Estimation of Delta Velocity Bias

[0222] The purpose of this step is to determine the optimum accelerometer

sensor corrections (in the form of a single constant bias for each sensor axis) that "force"

the final velocity of the unit at the end of the maneuvers to be identical to the starting

velocity based on integrated acceleration data.



[0223] This approach can be augmented to include an additional constraint

that the starting and stopping positions must be identical as well.

[0224] Let the matrix be the direction cosine matrix that represents the

rotation from the initial position ( ) to the propagated position (p) at a given instant in

time. This has been presented previously.

[0225] This rotation matrix is applied to the accelerometer data and a

correction term & x is ) to transform it into the inertial reference frame.

[0226] The surgeon can move the unit in a prescribed set of motions and

return the unit back to the starting position. The assumption is that sensor noises will

result in an incorrect velocity at the end of the motions. Using Gauss-Newton or similar

optimal estimation algorithm, the ax i b terms will be determined that minimize a

representative velocity error cost function.

[0227] For determination of A rf , terms, we define the cost function as:

[0228] 1=
Vinitial - f l

[0229] This cost function can be minimized by altering the isj terms

according to an optimal estimation algorithm.

[0230] We do not repeat the procedure here, but the prior Gauss-Newton flow

chart is applicable to this estimator.

[0231] The output result is a set of data that represents the change in position

in the inertial frame of the IMU based on the accelerometer data.

[0232] Optimal Estimation of Femur Vector

[0233] The purpose of this step is to determine the optimum vector from the

surgical orientation device 14 and/or reference device 16 frame to its rigid body center of

rotation. The accelerometer sensor data provides a linear acceleration estimate of velocity

and motion. In a similar manner, the rate sensors on the surgical orientation device 14

and/or reference device 16 will provide estimates of position and motion if the rigid

vector to the unit is known.

[0234] The accelerometer data provides a position vector at each time

step The creation of this data set has been detailed.

[0235] The rate sensor data can provide a position vector at each time step per

the equation: ¾ =



[0236] For determination of R s terms, we define the cost function as:

[0237] l = R - Rg

[0238] This cost function can be minimized by altering the R s terms

according to an optimal estimation algorithm.

[0239] We do not repeat the procedure here, but the prior Gauss-Newton flow

chart is applicable to this estimator.

[0240] To use the previous method, we substitute / = R a R for the loss

function with a an unchanging dataset created previously and R created thru the cross

product of the data set and the current estimated vector.

[0241] The output result is an optimal estimation of the vector from the IMU

to the center of the rotation, R rst .

[0242] This vector is located in the body frame of the IMU.

[0243] Angles in pitch and yaw to the center of the joint can be computed

based on this vector.

E. Adjusting an Angle of Resection

[0244] Once biases have been removed, and the reference sensor device 16

and/or surgical orientation device 1 has calculated the pivot point of the mechanical axis

as described above and located the mechanical axis, the user can begin adjusting and

orienting the cutting block 92 relative to the location of the mechanical axis. For

example, the surgical orientation device 14 can display the varus/valgus and

flexion/extension angle adjustments needed for the surgical orientation device 14 (and the

femoral jig assembly 12) to reach neutral alignment with the mechanical axis that passes

through the femoral head 154.

[0245] Advantageously, in some embodiments the reference sensor device 16

can enable the procedure to proceed without fixation of the leg being operated upon

because the reference sensor device 16 can track the relative positions of the leg. For

example, at least one of the reference sensor device 16 and the surgical orientation device

14 can communicate with the other, such that any relative movement of one of the devices

can be tracked by the other, and the resulting overall orientation of the reference sensor



device 16 and/or surgical orientation device 14 can be displayed on display 26 of the

surgical orientation device 14. In some embodiments, the reference sensor device 16 can

track movement of the leg (i.e. femur or tibia), such that if the leg moves during a

procedure, the overall orientation of the surgical orientation device 14 can remain

accurate.

[0246] With continued reference to FIGS. 22-31, a femoral preparation

method can comprise placing the leg back into a flexion position (similar to the position

shown in FIG. 22) and using varus/valgus and flexion/extension angle adjustment

information provided by the surgical orientation device 14 in order to adjust an intended

angle(s) of resection. The varus/valgus and flexion/extension angle adjustments of the

femoral jig assembly 12 can be made by the translation structures 120 discussed above

(e.g., by turning each of the translation adjustment features 130 in a clockwise or counter¬

clockwise position, and reading the resulting change in orientation on the display 26 of

the surgical orientation device 14).

[0247] Any varus/valgus and flexion/extension angle adjustments of the

femoral jig assembly 1 made by the adjusting the translation adjustment features 130 as

discussed above can be reflected and displayed in approximately real time by the surgical

orientation device 14. The varus/valgus and flexion/extension angle adjustments of the

femoral jig assembly 12 can be made until the user is satisfied with the varus/valgus and

flexion/extension angles of the femoral jig assembly 12 being reflected and displayed by

the surgical orientation device 14. In some embodiments, when the surgical orientation

device 14 and the femoral jig assembly 12 are aligned with the mechanical axis, the

surgical orientation device 14 can provide a signal, such as for example a flashing green

light on its display 26.

[0248] Furthermore, the surgical orientation device- 14 can provide an

indication of degrees of movement. For example, the surgical orientation device 14 can

inform the user how many degrees (e.g. in half degree increments) the surgical orientation

device 14 and the femoral jig assembly 12 are rotated past the mechanical axis of the leg

in one or more planes. The surgical orientation device 14 can display this information in

its display 26, and/or provide audio indications to the user.

[0249] After the femoral jig assembly 12 is aligned with the femoral

mechanical axis and/or the cutting angles are selected, the method can include attaching

the cutting block 92 and the distal guide assembly 88 to the microblock assembly 90 of



the femoral jig assembly 12 as shown in FIG. 28. The cutting block 92, distal guide

assembly 88, and microblock assembly 90 can be coupled, e.g., attached to each other or

coupled independently to the femur. In most cases, the distal guide assembly 88 will have

moved from-the-original position illustrated in Figure 22, so the pin 102 would not

necessarily line up with the hole created as discussed in connection with Figure 22. In

these cases, cutting block 92, distal guide assembly 88, and microblock assembly 90 can

be coupled by connecting the articulating arm 98 with the microblock assembly 90 and

the cutting block 92 via the attachment features 122 and the receiving features 136. If at

this point of the procedure the distal guide assembly 88 is in the original position, the pin

102 also can be inserted back into the hole 146 to aid in coupling the cutting block 92,

distal guide assembly 88, and microblock assembly 90.

[0250] As discussed above, the distal femoral resection depth can be set by

moving the articulating arm 98 in a desired position in relation to the cutting block 92 by

adjusting the position adjustment features 104.

[0251] Referring to FIGS. 29 and 30, the femoral jig assembly 12 optionally

can include an alignment rod 156 if the user desires to confirm alignment by referencing

the anterior superior iliac spine visually. The optional alignment rod 154 can be attached

to different parts of the femoral jig assembly 12 such as to one of the attachment features

122 of the microblock assembly 90 or one of the receiving features 136 or opening in the

cutting block 92. Two exemplary embodiments of the optional alignment rod 156 are

shown in FIGS 29 and 30.

[0252] Referring to FIG. 31, the femoral preparation method can include

immobilizing the cutting block 92 at the femoral resection location by inserting positional

pins 158 into the appropriate receiving features 136. Any number of positional pins 158

(e.g., 2 or more) can be inserted into the appropriate receiving features 136. Except for

the cutting block 92 immobilized at the femoral resection location by the positional pins

158, all other components of the femoral preparation system 10 such as the surgical

orientation device 14, the reference sensor device 16, the first coupling device 18, the

second coupling device 20, the distal guide assembly 88 and the microblock assembly 90

can all be disconnected and removed during this stage of the method as shown in FIG. 31.

[0253] The method can further include using the cutting block 92 to perform

the desired distal femoral resection using standard methods. For example, a cutting tool

or tools can be moved through the at least one opening 134 of the cutting block 58, so as



to prepare the distal femur for receiving a knee joint prosthetic. After a distal femoral

resection is completed in accordance with the method described above, the proximal (i.e.

upper) tibia can then be resected.

IV. ALTERNATIVE EMBODIMENT OF FEMORAL JIG ASSEMBLY

[0254] Referring to FIGS. 31A-C, an alternative embodiment of a femoral jig

assembly 12' can comprise an orthopedic assembly for femoral preparation during a total

knee replacement procedure. The jig assembly 12' provides three point connection to a

bone to enhance stability. Although the jig 12 allows as many as six microblock pins 152

to be inserted into the femur and thus provide a stable configuration, an arrangement that

provides a pin location that is spaced away from the location of the pins 1 2 can provide a

triangular pin arrangement, which is much more stable and less prone to rocking.

[0255] The femoral jig assembly 12' can be similar to the femoral jig

assembly 12 described above, and have similar components. For example, the femoral jig

assembly 12' can comprise a distal guide assembly 88', a microblock assembly 90', and a

cutting block 92'.

[0256] The distal guide assembly 88' can comprise a modular paddle 96', an

articulating arm 98', and a midline pin 102'. The modular paddle 96' can comprise an

extension 97'. As used in this specification, the term "modular paddle" or more generally

"modular "includes structures that can form part of a kit, for example, of selectable parts.

Various other kits, including any combination of the components described herein, can

also be used or implemented in accordance with the methods described herein. The

extension 97' can comprise, for example, a generally L-shaped structure having a slot 99'

for receiving or for facilitating movement of the articulating arm 98'. The extension 97'

can comprise a marking or markings (not shown), similar to the markings 108 on the

paddle 96 described above, for indicating an AP offset. For example, a series of lines can

be provided along the slot 99' such as on one or more of the distal, lateral, or medial

surfaces of the extension 97'. These lines can be used to collect AP Offset Data, as

discussed above to enable one or more orientation or reference devices coupled with the

femoral jig assembly 12' to account for the offset from the midline pin 102' and the

orientation or reference device.



[0257] The articulating arm 98' can comprise or be coupled with a gripping

structure 0 Γ located on an end of the articulating arm 98' that extends through the slot

99'. The gripping structure 101 ' can be configured to be gripped by a user's hand or

fingers and moved, along with the rest of articulating arm 98', in an anterior / posterior

direction (see, e.g. FIGS. 3IB and 31C showing a change in position of the articulating

arm 98' from posterior to anterior). The articulating arm 98' can extend through the slot

99', and through, for example, a sleeve 103' located within the microblock assembly 90'.

As illustrated in FIGS. 3IB and 31C, the sleeve 103' can form part of a sliding member

105' that sits within the microblock assembly 90' (e.g. within grooves of a member 118').

Thus, when the gripping structure 10 is held and moved in an anterior / posterior

direction, the articulating arm 98', sleeve 103', and 105' move as well. The cutting block

92' can rest on or be attached to the articulating arm 98', such that movement of the

gripping structure 10 additionally causes anterior / posterior movement of the cutting

block 92', moving the cutting block 92' closer to the condyles of the femur when ready

for resection. This advantageously allows the cutting block 92' to be moved close to the

femur, making it easier to insert pins and secure the cutting block when needed.

[0258] The microblock assembly 90' can comprise a microblock member 116'

that includes a stabilizing bar 107'. The stabilizing bar 107' can be formed integrally

with or attached to the microblock member 116'. In other embodiments, the stabilizing

bar 107' can be integrally formed with or attached to the distal guide assembly 88'. The

stabilizing bar 107' can be used to help anchor and/or secure the jig assembly 12' to the

femur by providing a third anchoring location. For example, the microblock member

116' can comprise openings 132' on either side of the microblock member 116' (e.g.

medial and lateral) for receiving pins. T e stabilizing bar 107' enhances stability of the

microblock member 116' provided by the two openings 132' to further reduce rotational-

movement of the jig assembly 12' about an axis extending between the two openings 132'

on either side of the microblock member 116'. The stabilizing bar 107' can be used to

provide a third anchoring point, completing a triangular array of anchoring points (e.g.,

medial and lateral of an anterior-posterior mid-plane, adjacent to the condyles and

proximal of the condyles) along the femur that add stability to the jig assembly 12'. In the

illustrated embodiment, two anchor locations can be disposed distally of the cutting block

92' and one can be positioned proximally thereof. For example, the stabilizing bar 107'

can extend around one side of the microblock assembly 90' (i.e. depending on how the



knee anatomy is structured and/or moved during a procedure). In some embodiments, the

stabilizing bar 107' can project posteriorly to attach to the distal femur (e.g. to the back

side of the femur, or to a ledge, condyle, plateau or side of the femur). In one technique,

during the procedure the patella is displaced to a lateral side of the knee joint and the

stabilizing bar 107' is coupled with and extends from a portion of the microblock

assembly 90' that will be disposed on a medial side of the knee joint during the procedure.

The stabilizing bar 107' can comprise a pin tube 109' with an opening 1 for receiving

a pin (not shown) that extends through the femur and helps to anchor the jig assembly 12'

in place.

[0259] As discussed elsewhere herein, a variation on the femoral jig assembly

' enables procedures that do not require collecting AP offset data. For example, the

arm 98' can be configured not to be moveable, e.g., to be in a fixed anterior-posterior

location relates to the midline pin 102' during at least one phase of the procedure. In the

embodiment of Figures 3 1A-31C, positioning of the cutting block 92' is facilitated by the

movement of the arm 98'. If the arm 98' is fixed, the block 92' can be mounted on a

separate mechanism that is moveable in the anterior-posterior direction to facilitate

positioning the block 92' away from the femur at one point of a procedure and up adjacent

to the femur in another phase.

V. TESTING OF THE EMBODIMENTS OF THE INVENTION

[0260] Embodiments of the invention similar to those described herein have

recently been tested. In a comparison with a commercially available, FDA-cleared

optical-based computer-assisted surgery system currently used in the United States

operating rooms, 20 mechanical tibial mechanical axis registrations were conducted on 4

cadaver legs and 30 femoral mechanical axis registrations were conducted on 5 cadaver

legs using each of an embodiment of the invention and the standard optical-based

computer-assisted surgery system. (See tables below; registrations labeled N/A were not

taken into account because they did not meet test criteria) The average difference

between the distal femoral cutting block mechanical axis orientation calculated by the

embodiment of the invention and that calculated by the optical-based computer assisted

surgery system was no more than 1 degree for both varus/valgus and flexion/extension

angles. Similarly, the average difference between the tibial cutting block mechanical axis



orientation calculated by the embodiment of the invention and that calculated by the

commercially-available optical-based computer assisted surgery system was no more than

1 degree for both varus/valgus and posterior slope angles. These results provide

acceptable performance in a very compact and simple to use system. Also, these excellent

results are produced by much less costly devices.

TABLE 1: FEMORAL



6 2 3 2 1 0 2

7 2 3 0.5 0.5 1.5 2.5

4 1 N/A N/A N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A

3 0 5 -1.5 3.5 1.5 1.5

4 0 5 0.5 3.5 -0.5 1.5

5 0 3 2 6 -2 -3

6 0 0 1.5 0.5 -1.5 -0.5

7 0 0 1.5 0 -1.5 0

8 0 0 0 0 0 0

9 0 0 0 0.5 0 -0.5

10 0 0 1 1 - 1 - 1

5 1 0 5 0 3 0 2

2 0 5 0.5 3.5 -0.5 1.5

3 0 5 0 4.5 0 0.5

4 0 5 0 4.5 0 0.5

5 0 5 0 4 0 1

Mean 0.0 0.6

Stdev 1.09 1.17

Max 2.00 3.00

TABLE 2: TIBIAL



4 0 3 0.0 3.5 0.0 -0.5

5 0 3 0.0 3.0 0.0 0.0

3 1 2 5 0 6.5 2.0 -1.5

2 2 5 0.5 6.5 1.5 -1.5

3 2 5 1 7 1.0 -2.0

4 2 5 2 5 0.0 0.0

5 2 5 1 6.5 1.0 -1.5

4 1 0 7 - 1 9 1.0 -2.0

2 0 7 - 1 9 1.0 -2.0

3 0 7 -0.5 8 0.5 -1.0

4 0 7 0 8 0.0 -1.0

5 0 7 -0.5 7.5 0.5 -0.5

5 1 0 7 0 8 0.0 -1.0

2 0.5 7 2.5 7.5 -2.0 -0.5

3 0 7 1.5 9.5 -1.5 -2.5

4 0 7 1 6 -1.0 1.0

5 0 7 0.5 9 -0.5 -2.0

Mean 0.2 -1.0

Stdev 1.00 0.93

Max 2.00 2.5

VI. USER INTERFACES FOR FEMORAL PREPARATION METHODS

[0261] As discussed above, various components such as the electronic control

unit 1102, the user input 26 and the display 26 of the surgical orientation device 14 can

form an interactive user interface. The interactive user interface can include a graphical

user interface having an interactive window displaying on-screen graphics on the surgical

orientation device 14. The interactive user interface can provide the user with a plurality

of screen displays illustrating steps to be performed in a surgical procedure and can guide



the user through the performance of the steps. Each screen display can comprise one or

more on-screen graphics. The on-screen graphics can comprise one or more visual cues

or indicators to prompt the user as to what step or steps to take next during one of the

procedural methods described above.

[0262] The visual cues referenced herein can comprise instructive images,

diagrams, pictorial representations, icons, animations, visual cues, charts, numerical

readings, measurements, textual instructions, warnings (visual and/or audible), or other

data. The interactive user interface can be configured to alter attributes (e.g., color) of the

on-screen graphics according to one or more data protocols. The interactive user interface

can provide visual feedback to the user during performance of one or more surgical

procedures. The interactive user interface can be configured to generate GUI images to be

displayed to the user. As described above, the user can interact with the surgical

orientation device 14 via one or more user input devices 1114 (e.g., buttons, switches,

touch screen displays, scroll wheel, track ball, keyboard, remote controls, a microphone in

conjunction with speech recognition software). The interactive user interface can further

allow a user to confirm that a step has been completed (for example, by pressing a user

input button). The interactive user interface can allow the user to enter data (e.g., a

numerical value, such as a distance, an angle, and or the like), verify a position of the

surgical orientation device 14, turn an optional visible alignment indication system on and

off, and/or turn the entire surgical orientation device 14 on and off.

[0263] In certain embodiments, the interactive user interface can provide one

or more drop-down lists or menus from which a user can make selections. For example,

the user can make selections from a drop-down list using a scroll wheel, trackball, and or

a series of button presses. In some embodiments, the user interface provides a drop-down

list of predicates that dynamically updates based on user input.

[0264] In at least one embodiment, a module for creating an interactive user

interface can comprise a computer readable medium having computer readable program

code embodied therein. The computer readable program code can include computer

readable program code configured to display one or more of a plurality of GUI images on

the user interface of the surgical orientation device 14, the GUI images comprising

instructive images related to the performance of a surgical procedure. The computer

readable program code can be configured to receive instructions from a user identifying

the surgical procedure to be performed. The computer readable program code can be



configured to show the user steps to be performed in the identified process for the

identified surgical procedure. The computer readable program code can be configured to

guide the user in performance of the steps. For example, the computer readable program

code can be configured to receive from the user an instruction to continue to the next step

in the procedure, to receive orientation data from a sensor mounted within the surgical

orientation device, and to display the orientation data on the user interface of the surgical

orientation device.

[0265] In at least one embodiment, the surgical orientation device 14 can

include a display module configured to display information and at least one sensor

module configured to monitor the position and orientation of the surgical orientation

device 14 and the reference sensor device 16 in a three-dimensional coordinate reference

system, and to generate orientation data corresponding to the monitored positions and

orientations of the surgical orientation device 14 and the reference sensor device 16.

[0266] The surgical orientation device 14 can further comprise a control

module configured to receive orientation data from the at least one sensor module and

convert it to objective signals for presentation on a display module. The control module

can be configured to display a set of GUI images or other on-screen graphics on the

display module, the GUI images or on-screen graphics representing the orientation data

received from the sensor module and also representing instructive images related to the

performance of the joint replacement surgery.

[0267] In at least one embodiment, the surgical orientation device 14 can

receive orientation data from a sensor module, receive input commands from a user input

module to store orientation data from a user input module, convert the orientation data to

a human readable format for presentation on a display device, and display on the display

device on-screen graphics or GUI images for communicating information to a user based

on the input commands and the orientation data, the information comprising instructive

images for performing a joint replacement surgery and one or more visual indicators of a

current orientation of the display device with respect to a fiducial, or reference,

orientation.

[0268] FIGS. 32A-J display exemplary screen shots that can be displayed by

the interactive user interface of the surgical orientation device 14 (e.g. displayed on an

LCD screen on the front of the surgical orientation device 14) during the various steps of

an orthopedic procedure.



[0269] For example, FIG. 32A displays a screen shot that provides a visual cue

informing the user that the knee being operated on is to be placed in a flexion position and

that the femoral jig assembly 12 should be attached to the distal end portion of the knee.

[0270] FIG. 32B displays a screen shot that provides a visual cue informing

the user to enter an AP Offset Data. The image in FIG. 32B can be displayed in response

to pressing a user input button 28 specified by the surgical orientation device 14 in FIG.

32A. In another embodiment, and as described above, the process of obtaining and

entering AP Offset Data into the surgical orientation device 14 can be avoided if a fixed

offset distance is provided by the configuration of the femoral preparation system 10.

[0271] FIG. 32C displays a screen shot that provides a visual cue informing

the user to perform a removal step of the method described above. The image in FIG.

32C can be displayed in response to pressing a user input 28 button specified by the

surgical orientation device 14 in FIG. 32B.

[0272] FIG. 32D displays a screen shot that provides a visual cue informing

the user to perform installation and leg extension placement steps of the method described

above. The image in FIG. 32D can be displayed in response to pressing a user input

button 28 specified by the surgical orientation device 14 in FIG. 32C.

[0273] FIG. 32E displays a screen shot that provides a visual cue informing

the user to perform a 30 degree abduction step. The image in FIG. 32E can be displayed

in response to pressing a user input button 28 specified by the surgical orientation device

shown in FIG. 32D.

[0274] FIG. 32F displays a screen shot that provides a visual cue informing

the user to perform a 30 degree raising leg step. The image in FIG. 32F can be displayed

in response to pressing a user input button 28 specified by the surgical orientation device

14 in FIG. 32E. Alternatively, it is possible to change the sequence so that FIG. 32F is

displayed in response to pressing the user input button 28 specified by the surgical

orientation device 14 in FIG. 32D and FIG. 32E is displayed in response to pressing the

user input button 28 specified by the surgical orientation device in FIG. 32F.

[0275] FIG. 32G is a screen shot that provides a visual cue informing the user

of angle adjustments (e.g. varus/valgus and flexion/extension angle adjustments) needed

for the surgical orientation device 12 and the femoral jig assembly 12 to reach neutral

alignment with the mechanical axis. The image in FIG. 32G can be displayed in response



to pressing a user input button 28 specified by the surgical orientation device 14 in FIG.

32F.

[0276] FIG. 32H displays a screen shot that provides a visual cue informing

the user how to perform angle adjustments (e.g. varus/valgus and flexion/extension angle

adjustments) of the translating member 18 by using the translation structures 120. FIG.

32H can be displayed in response to pressing a user input button 28 specified by the

surgical orientation device 14 in FIG. 32G.

[0277] FIG. 321 displays a screen shot that provides a visual cue informing the

user to perform a femoral resection depth adjustment step. The image in FIG. 321 can be

displayed in response to pressing a user input button 28 specified by the surgical

orientation device 14 shown in FIG. 32H. At this step, the cutting block 92, which can be

attached to the microblock assembly 90, can be at a desired location aligned with the

mechanical axis for distal femoral resection.

[0278] FIG. 32J displays a screen shot that provides a visual cue informing the

user to perform a tibial preparation method. The image in FIG. 32J can be displayed in

response to pressing a user input button 28 specified by the surgical orientation device 1

shown in FIG. 32H. In some embodiments, the display 26 of the interactive user interface

can be configured to automatically shut off after the femoral procedure is completed,

rather than moving directly to the tibial preparation.

VII. TIBIAL PREPARATION SYSTEMS

[0279] Referring to FIG. 33, a tibial preparation system 210 can be used for

modifying a natural tibia with a proximal tibial resection to enable a prosthetic component

to be securely mounted upon the proximal end of the tibia. The tibial preparation system

210 can comprise, for example, a tibial jig assembly 212, a landmark acquisition assembly

214, a surgical orientation device 14 (e.g. the surgical orientation device described above),

and a reference sensor device 16 (e.g. the reference sensor device described above).

A. Orthopedic Assembly for Angular Adjustment

[0280] The tibial jig assembly 212 can comprise an orthopedic assembly for

use in preparing a tibia for a prosthetic component, and in particular for making angular

adjustments relative to an anatomical feature. Referring to FIGS. 34-38, the tibial jig



assembly 212 can comprise for example one or more of a posterior slope assembly 216, a

varus-valgus assembly 218, and a mounting bar assembly 220. T e tibial jig assembly

212 can be configured to be coupled with one or more additional components. For

example, the tibial jig assembly 212 can be coupled with a stylus resection guide 222, a

tibial cutting block assembly 224, and/or a midline probe assembly 226, as illustrated in

FIGS. 43, 44A-B, and 45A-C, respectively.

[0281] Referring to FIGS. 34 and 38, the tibial jig assembly 212 can include a

reference sensor device interface 228 by which the reference sensor device 6 can be

coupled to the tibial jig assembly 212, and a surgical orientation device interface 230 by

which the surgical orientation device 14 can be coupled to the tibial jig assembly 212.

The reference sensor device 16 can preferably be coupled with the tibial jig assembly 212

such that during a total knee replacement procedure, the reference sensor device 16

follows the movement of the tibia, and generally does not move independently with

respect to the tibia. In some embodiments, reference sensor device interface 228 can

comprise a plurality of posts disposed on a side surface of the mounting bar assembly 220

for connecting with the reference sensor device 16. The configuration of the reference

sensor device interface 228 can enable low profile mounting of the reference sensor

device 16 beneath other components of the tibial jig assembly 212, such that the reference

sensor device 16 can be located between at least one moving component of the tibial jig

assembly 212 and the tibia of the patient.

[0282] In a preferred arrangement, the orientation device interface 230 and the

reference sensor device interface 228 can be coupled with portions of the tibial jig

assembly 212 that are capable of moving relative to each other. For example, the

orientation device interface 230 can be disposed on a movable portion of the tibial jig

assembly 212, such as the posterior slope assembly 216, whereas the reference sensor

device interface 228 can be disposed on a generally stationary portion of the tibial jig

assembly 212, such as the mounting bar assembly 220.

1. Device for adjusting a posterior/anterior slope of a cutting block

[0283] In a preferred arrangement, the tibial jig assembly 212 can comprise a

component for adjusting a posterior/anterior slope of the surgical orientation device 14

and/or a cutting block. For example, as seen in FIGS. 34-38, and 40A-B, the tibial jig



assembly 212 can comprise a posterior slope assembly 216 that is adjustable in a posterior

and anterior direction relative to the mounting bar assembly 220. With reference to FIG.

38, the posterior slope assembly 216 can comprise an elongate posterior slope arm 232, a

posterior slope cam 234, a washer 236, a first posterior slope cam pin 238, a second

posterior slope cam pin 240, a posterior slope opening (e.g. slot) 242, and a posterior

slope pivot arm 244.

2. Device for adjusting a varus/valgus slope of a cutting block

[0284] In a preferred arrangement, the tibial jig assembly 212 can also

comprise a component for adjusting the varus/valgus slope of a cutting block. For

example, as seen in FIGS. 34-38, the tibial jig assembly 212 can comprise a varus/valgus

assembly 218 that is adjustable in a varus and valgus direction. With reference to FIG.

38, the varus-valgus assembly 218 can comprise an elongate varus-valgus arm 246, an

opening 248 to receive the posterior slope pivot arm 244, a varus-valgus cam assembly

250, a varus-valgus cam pin 252, a varus-valgus slide opening 254, a posterior pivot pin

256, a varus-valgus pivot pin 258, an opening 260 to receive the varus-valgus pivot pin

258, a posterior pivot pin 262, and an opening 264 to receive at least a portion of the

elongate arm 232 described above.

3. Device for securing an orthopedic fixture against the tibia

[0285] In a preferred arrangement, the tibial jig assembly 212 can also

comprise a device for securing an orthopedic fixture against the tibia. For example, as

seen in FIGS. 34-39B, in some embodiments the tibial jig assembly 212 can comprise a

mounting bar assembly 220 that is configured to be secured (e.g. anchored) to a tibia. The

mounting bar assembly 220 can comprise a mounting bar 266 configured to rest against

the lower leg or tibia. The mounting bar 266 can have a generally v-shaped formation, or

any other formation that facilitates alignment and/or placement against a lower leg. The

mounting bar assembly 220 can further comprise an elongate mounting bar arm 268, a

pivot guide member 270 configured to extend within the varus-valgus slide opening 254

described above, an opening 272 configured to receive the varus-valgus pivot pin 258

described above, a rotation pin washer 274, and a bone rest 276. As illustrated in FIG.

39B, the bone rest 276 can comprise a rotation pin 278, anchor spring 280, and rotation



pin washer 282 that permits the bone rest 276 to be rotated 180 degrees (e.g. to be used on

a left leg as opposed to a right leg and vice versa). As illustrated in Figure 39B, the pivot

guide member 270 can further comprise at least one varus-valgus stop pin 284 to limit the

rotational movement of the tibial jig assembly 212 described above. The bone rest 276

can be optional. For example, Figures 50A-50B show a variation of the tibial preparation

system that couples a proximal portion thereof with a tibial plateau instead of with an

anterior face of the tibia. The embodiment of Figures 50A-50B is advantageous at least in

that it eliminates the need for drilling holes in the anterior face of the tibia for mounting

the bone rest 276.

[0286] Secure engagement of the mount bar assembly 220 with the lower leg

of the patient can be enhanced by providing a spring (not shown) that, in use, wraps

around the posterior side of the leg and couples to medial and lateral sides of the

mounting bar 266. The spring can be secured to tabs 286 of the mounting bar 266 seen in

FIG. 38. The spring can also be a tension member or another form of biasing member.

[0287] As illustrated in FIGS. 34-36, the components of the tibial jig assembly

212 can be adjusted and moved relative to one another. For example, Figure 34 is a

perspective view of the tibial jig assembly 212 with the posterior slope assembly 216 at a

generally neutral position. In FIG. 34, the varus-valgus assembly 218 is also in a neutral

position. As used herein the "neutral position" is a broad term that includes any position

in which a selected portion of the tibial jig assembly 212 or components associated

therewith is parallel to or in a common plane with a mechanical axis or other relevant axis

of the knee joint.

[0288] FIG. 35 is a perspective view of the tibial jig assembly 212 of FIG. 34,

with the posterior slope assembly 216 out of the neutral position providing an anterior to

posterior slope adjacent a proximal end of the tibial jig assembly 212. Such a slope can

correspond to an anterior to posterior slope for a cutting block.

[0289] FIG. 36 is a perspective view of the tibial jig assembly 212 of FIG. 34,

with both the posterior slope assembly 216 and the varus-valgus assembly 218 out of their

neutral positions. For example, in FIG. 36, the varus-valgus assembly 2 8 is oriented to

provide a lateral to medial slope if applied to a patient's left knee.

[0290] The movement of the posterior slope assembly 216 and the varus-

valgus assembly 218 can be controlled by suitable mechanisms, such as for example those

illustrated in FIG. 38 and described above. The tibial jig assembly 212 can also be locked



in any of a range of varus-valgus and/or posterior/anterior positions, such as for example

by the cam-locking devices illustrated in FIG. 38.

[0291] As described above, the surgical orientation device 14 and reference

sensor device 16 can be attached to the tibial jig assembly 212. Preferably, the surgical

orientation device can be locked in place relative the tibial jig assembly 1 . For

example, referring to FIG. 40B, the orientation device interface 230 can include a release

device 288 for releasably holding the orientation device 14 on the tibial jig assembly 212.

The release device 288 can include an actuating member 290, and a device 292 for

applying a force to the surgical orientation device 14 (e.g. a clamp). The release device

288 can further comprise a mounting bracket 294, a saddle 296, and saddle pins 298. In

one arrangement, at least one of the surgical orientation device 14 and the reference

sensor device 6 can be releasably attached to the tibial jig assembly 212.

[0292] In one arrangement, the release device 288 can also be used to actuate a

locking device 299 disposed at a proximal end of the tibial assembly 212. The locking

device 299 includes a push button 299A that is slideably received in a channel 299B

extending posteriorly from an anterior surface of the posterior slope assembly 216. See

Figure 40A. The push button 299A can be coupled with a gripping device disposed inside

the posterior slope assembly 216 that can be biased into gripping engagement with a

portion of the cutting block assembly 224 (or other removable component) inserted into

the posterior slope assembly 216. By depressing the push button 299A, the grip can be

released from the portion of the cutting block assembly 224 inserted into the posterior

slope assembly 216. In one arrangement, the release device 288 has a proximally

extending projection 292A for actuating the push button 299A. These features are

discussed below in greater detail in connection with Figures 44A-B and 47-48.

[0293] Figures 50A-50B show a tibial jig assembly 212A that includes a tibial

plateau mounting arrangement. The assembly 212A is similar to the tibial jig assembly

212 except as discussed below. The assembly 212A includes a mounting bar 268A and a

tibial plateau anchor 226A that is adapted to engage with the tibial plateau in a manner

that secures the proximal end of the jig assembly 212A to the tibia. This arrangement

eliminates the need to secure the bone rest 276 to the tibia and can facilitate eliminating

the bone rest completely. Also, this arrangement permits greater adjustability in the

proximal-distal directions compared to the embodiment illustrated in Figure 50, which

shows the bone rest 276 disposed distally of the position of the cutting block 332. The



degree of distal adjustment of the cutting block 332 is limited in that the bottom surface of

the cutting block 332 would eventually contact the top surface of the bone rest 276 is

sufficient distal adjustment is made. In the embodiment of Figures 50A-50B, the bone

rest 276 is not present and thus does not limit the proximal-distal adjustment.

[0294] The tibial plateau anchor 226A includes an anchor pin 226B, an arm

226C that can extend anteriorly of the anchor pin 226B, and a locking device 226D that

can be releasably secured to the proximal end of the mounting bar 268A. The anchor pin

226B can take any suitable configuration but preferably includes a rigid pin that extends

in a distal-proximal direction when the jig assembly 212A is in use. The free (distal) end

of the anchor pin 226B can include teeth that engage with the tibial plateau. In one

technique the distal end of the anchor pin 226B is embedded in the tibial plateau by an

amount sufficient to stabilize the tibial jig assembly 212A. In another embodiment, the

arm 226C is secured to the tibial plateau by two screws (not shown) that are drive through

through-holes H that extend proximal to distal through posterior end of the arm 226C.

Preferably the through-holes H include at least two through-holes H that are angled

relative to each other so that the arm 226C cannot slide proximally off of the screws.

[0295] An end of the arm 226C opposite the through-holes H extends

anteriorly to an anterior location that would correspond to the position of the mounting

bar 268A, i.e., just in front of the anterior face of the tibia in use. The arm 226C can be

slidably coupled with the locking device 226D at a joint 226E. The joint 226E can be a

ring having an inner perimeter matching the outer perimeter of the arm 226C. The arm

226C can have other features that facilitate mounting to the tibia, such as those described

in connection with the midline probe assembly 226.

[0296] The locking device 226D can take any suitable configuration, but

preferably is adapted to connect to the mounting bar 268A by a release device 226F. The

release device 226F includes a finger actuatable lever 226G that has a hook 226H at a

distal end and a toggle 2261 at a proximal end. The hook 226H is adapted to be received

in a recess formed in the proximal end of the mounting bar 268A. The locking device

226D can also include a plurality of pins 226J that can be received in corresponding

recesses 226K in the proximal end of the mounting bar 268A.

[0297] Figure 50B shows that in use, the jig assembly 212A can be secured to

the tibia with screws, as discussed above, or by contacting or embedding the pin 226B in

the tibial plateau and resting the mounting bar 266 and the landmark acquisition device



214 on an anterior face of the leg. Thereafter the cutting block 332 (discussed below in

connection with Figures 44A-B, can be positioned against the tibial section to be resected.

As discussed above, with the bone rest not present, the degree of proximal-distal

adjustment of the cutting block 332 is enhanced. Prior to resecting the proximal tibia, the

screws placed through the through-holes H could be removed if the resection plane is to

be proximal of the distal end of the screws.

B. Orthopedic Assembly for Landmark Acquisition

[0298] FIGS. 4 1 and 42 illustrate various features of the landmark acquisition

assembly 214. T e landmark acquisition assembly 214 can comprise a structure that is

configured to contact and/or obtain information about anatomical landmarks on the

human body. The landmark acquisition assembly 214 can be attached to or form part of

the tibial jig assembly 212. For example, the landmark acquisition assembly 214 can be

releasably attached to the posterior slope assembly 216. The landmark acquisition

assembly 214 can comprise a distal tube assembly 300, as well as a probe assembly 302.

[0299] The distal tube assembly 300 can comprise an elongate member 306, a

first clamping device 308 disposed at a proximal end of the elongate member 306, and a

second clamping device 310 located at the distal end of the elongate member 306. The

first clamping device 308 can include a cam member 314, and can be used to releasably

fasten the distal tube assembly 300 to the posterior slope assembly 216. The second

clamping device 310 can include a knob 316 and slot 318. The knob 316 can be used to

tighten and/or adjust a position of a probe assembly positioned within the slot 18.

[0300] Referring to FIG. 42, the probe assembly 302 can include an elongate

member 320. The elongate member 320 can have a first portion 322 and a second portion

324. In some embodiments, the first and second portions 322, 324 are an angled relative

to each other. In other embodiments, the elongate member 320 can generally be straight.

The probe assembly 302 can comprise a probe member 326 that is located on at least one

end of the elongate member 320. The probe member 326 can be configured to contact an

anatomical landmark, such as for example a malleolus on a patient's ankle. The elongate

member 320 can further comprise a series of markings 327, indicating distance and/or

length. The markings can be used to measure, for example, an AP offset of the probe

member 326.



C. Resection Guide for Resecting an Anatomical Feature

[0301] FIG. 43 illustrates various features of a stylus resection guide 222 for

resecting an anatomical feature. The resection guide 222 can comprise a post 328 that can

be received in a mount recess on a proximal aspect of the tibial jig assembly 212 (not

shown). The stylus resection guide 222 can further include a locking device 329, such as

a detent mechanism component, disposed thereon. The detent mechanism can be

configured to engage a corresponding feature in the tibial jig assembly 212 to selectively

mount the stylus resection guide 222 to the tibial jig assembly 212.

D. Cutting Block Assembly for Resecting an Anatomical Structure

[0302] FIGS. 44A and 44B illustrate various features of a cutting block

assembly 224 for resecting an anatomical structure. The cutting block assembly 224

illustrated in FIGS. 44A and 44B is a left cutting block assembly 224. The cutting block

assembly 224 can be optimized, for example, for resecting the proximal tibia of the left

leg of the patient. The cutting block assembly 224 preferably can be configured to be

moveable from a first position spaced away from an anterior surface of the tibia to a

second position up against the tibia (e.g. as seen in FIGS. 48 and 49). A right cutting

block assembly 224 can be formed as a mirror image of the left cutting block assembly

224.

[0303] The cutting block assembly 224 can comprise an adjustment

mechanism 330 for distal-proximal adjustment of a cutting block 332. For example, the

adjustment mechanism 330 can include a fastening device 334. The fastening device 334

can comprise, for example, a threaded rod or other type member that permits rotational

movement of the adjustment mechanism 330. The fastening device 334 can be inserted

into a recess 299C (see FIG. 46) that extends distally from a proximal surface of the tibial

assembly 212. Thereafter, a gripping device coupled with the push button 299A can be

urged into frictional or teeth-to-teeth engagement within the recess 299C. The proximal-

distal position of the cutting block 332 can be adjusted by raising the actuating member

290 to cause the projection 292A to depress the button 299A to release the gripping

device from the threaded rod or other fastening device 334. Once the desired proximal-



distal position is achieved, the actuating member 290 can be released to permit the push

button 299A to move anteriorly, which permits the gripping device to once again grip the

threaded rod (see FIGS. 48, 9).

[0304] In some embodiments, the fastening device 334 can be secured by a

spring loaded locking member that is actuated by the actuating member 290 as discussed

above.

[0305] In one embodiment, the cutting block assembly 224 can include a

cutting block 332 and a positioning device coupled with the cutting block 332. The

positioning device can comprise a coupling member for connecting the cutting block

assembly 224 to another portion of the tibial jig assembly 212, a cantilevered member 333

and a fine adjustment device. The coupling member can be an elongate member such as a

rod. In one embodiment, cylindrical grooves can be formed along the length of the

coupling member for engagement with a locking member. In one embodiment, the fine

adjustment device can include a slot 335 formed in the cantilevered member along which

the cutting block 332 can be moved. Preferably the cutting block 332 can also be attached

to the cantilevered member in a way that permits the cutting block 332 to rotate about an

axis extending perpendicular to the cantilevered member (e.g., about a vertical axis). See

FIG. 44A.

[0306] The cantilevered member can be shaped to facilitate positioning the

cutting block 332 around other features of a jig. For example, the locking device 226D of

the tibial jig assembly 212A can be positioned directly between the location where the rod

of the fastening device 334 is received in the posterior slope assembly 216 and the

location where the cutting block 332 is desired to be positioned. The cantilever member

of the adjustment mechanism 330 can be curved to extend laterally or medially around the

locking device 226. See Figure 50B. This enables the center of rotation to be positioned

anterior of the locking device 226D. .

E. Midline Probe Assembly

[0307] FIGS. 45A-C illustrate various features of the midline probe assembly

226. The midline probe assembly 226 can be used for determining a resection depth

and/or an A/P offset of the tibial assembly 212. The midline probe assembly 226 can

comprise, for example, mounting pins 336 that can be received in corresponding recesses



338 (see FIG. 48) in a proximal aspect of the tibial jig assembly 212, for example on a

proximal surface of the mount bar assembly 220. The midline probe assembly can further

comprise a set of markings 340 for helping to identify an A/P offset, along with an

adjustable probe bar 337 and guide bar 339, the guide bar 339 having an opening for

receiving the probe bar 337.

VIII. TIBIAL PREPARATION METHODS

[0308] Referring to FIGS. 46-50, the tibial preparation system 210 described

above can be used to prepare the tibia for a total knee replacement.

[0309] Figure 46 illustrates the tibial jig assembly 212 fully assembled with a

reference sensor device 16 coupled to the reference sensor device interface 228 and with a

surgical orientation device 14 coupled with the orientation device interface 230.

Advantageously, and as described above, the reference sensor device 16 can enable the

procedure to proceed without fixation of the leg being operated upon because the

reference sensor device 16 can track the relative positions of the tibia and the surgical

orientation device 14.

[0310] The midline reference probe assembly 226 can be coupled with a

proximal face of the mounting bar assembly 220 and can be positioned at an appropriate

anatomical location at the proximal tibia, for example at a point just posterior to the

insertion of the anterior cruciate ligament (ACL), or at another suitable anatomical

landmark. For example, a tip 341 of the midline reference probe assembly 226 can be

resting over the insertion point of the anterior cruciate ligament in the knee, and/or a soft

point on the top of the tibia commonly referred to as the A/P point of the mechanical axis.

This point is generally located along a tibial spine on top of the tibia, and marks the

location of a point along the mechanical axis of the leg. Indicia of distance on an upper

surface of the midline reference probe assembly 226 (e.g. via markings 340) can be noted

and a corresponding A/P offset position can be set in the landmark acquisition assembly

214 (e.g. via markings 327 described above) See FIG. 46.

[0311] Referring to FIG. 47, the method can further comprise acquiring

landmarks to determine the location of the mechanical axis passing through the tibia. For

example, landmarks can be acquired by engaging the probe member 306 of probe

assembly 302 first with a medial malleolus, and then with the lateral malleolus (or vice



versa). FIG. 47 illustrates acquisition of one malleolus. Acquisition of the other

malleolus can similarly be accomplished by swinging the distal tube assembly 300 and a

portion or portions of the tibial jig assembly 212 such that the probe member 306 contacts

the other side of the leg. Thereafter, the surgical orientation device 14 can determine the

location of the mechanical axis, e.g., by locating sagittal and coronal planes extending

through the mechanical axis. In some embodiments, the surgical orientation device can

calculate the location of the mechanical axis by assuming that the mechanical axis extends

from the point of contact of the midline reference probe assembly 226 with the proximal

tibia through a point that is halfway between the two malleolus points contacted by the

probe member 306 on either side of the leg, or any other appropriate point.

[0312] In some embodiments, the user can activate the surgical orientation

device 14, such as by pressing one of the user inputs 28 on the surgical orientation device

1 , during each landmark acquisition. Once activated, the, surgical orientation device 14

can register (e.g. record) the orientation of the surgical orientation device 14 as a

reference position (e.g. a first reference position). For example, the surgical orientation

device 14 can register and/or calculate the current orientation of the surgical orientation

device 4 based on data collected from the sensor(s) inside the surgical orientation device

14. The orientation of the surgical orientation device 1 in a first reference position can

be used to identify and register the orientation of a coronal plane which contains the

mechanical axis of the leg, as well as to determine a first reference point for identifying

the location and/or orientation of a sagittal plane containing this same mechanical axis.

[0313] The user can then swing the probe member 306 over to the other (e.g.

medial) side of the leg, such that the reference probe 306 is located adjacent the other

malleolus. During each landmark acquisition, the user can palpate the ankle. Once the

location of the other (e.g. medial) malleolus is identified, the user can press one of the

user inputs 28 on the surgical orientation device 14 to cause the surgical orientation

device 14 to determine the orientation of the surgical orientation device 14 in a second

reference position. For example, the surgical orientation device 14 can register and/or

calculate the current orientation of the surgical orientation device 14 based on data

collected from the sensor(s) inside the surgical orientation device 14.

[0314] The orientation of the surgical orientation device 14 in the second

reference position can again be used to identify the orientation of a coronal plane

extending through the tibia that contains the mechanical axis of the leg, and/or can be



used to locate a second reference point for identifying the location and/or orientation of a

sagittal plane containing the same mechanical axis.

[0315] When using the surgical orientation device 14 to determine the first

and second reference positions, output of the sensor(s) in the surgical orientation device

14 can be monitored in a manner that minimizes error in the reading. For example, a

transient phase can be eliminated in the output of the sensors to arrive at an accurate

estimation of the given anatomical landmark.

[0316] Once information about both the first and second reference positions

has been acquired and registered in the surgical orientation device 14, the surgical

orientation device 14 can determine (e.g. calculate) the location of a desired plane

between the lateral malleolus and the medial malleolus. The desired plane can correspond

to the sagittal plane containing the mechanical axis. The desired plane can vary,

depending on factors such as the patient's specific anatomy and the surgeon's training and

experience. For example, the desired plane can be located midway between the lateral

malleolus and medial malleolus, or 55% toward the medial malleolus from the lateral

malleolus, or at some other predetermined location.

[0317] The user can use one or more user inputs 28 to direct the surgical

orientation device 4 to calculate the location of and/or orientation of the sagittal plane.

Once the surgical orientation device 14 has calculated where the sagittal plane is, the

surgical orientation device 14 can provide location feedback to the user, for example in

the form of a visual signal or signals on the display 26, indicating that the location of the

sagittal plane has been calculated.

[0318] In some embodiments a laser can be provided on the surgical

orientation device 14 to confirm the position. The tibial assembly 212 can be configured

to interact with the laser to provide a confirmation of alignment. In one embodiment, the

laser can emit a cross-hair laser pattern in which a first component is directed through

slots and a second component impinges on indicia on the probe member 306 distally

and/or on the midline reference probe assembly 226 proximally as a confirmation of

appropriate positioning of the midline reference probe assembly 226. Embodiments of

laser use are described, for example, ' in U.S. Patent Publication No. 2010/0063508, the

contents of which are incorporated by reference in their entirety.

[0319] Referring to FIG. 48, once the mechanical axis has been identified, the

midline reference probe assembly 226 can be removed and replaced with the tibial cutting



block assembly 224. The cutting block assembly 224 can be positioned such that the

cutting block 332 is spaced away from anterior surface of the tibia. The surgical

orientation device 14, and tibial assembly 212, can be used to adjust the cutting block 332

in order to obtain a desired orientation for resection of the top of the tibia.

[0320] For example, the posterior slope assembly 216 and varus/valgus

assembly 218 can each be independently adjusted to change the angle of the cutting block

332, and subsequently, the angle of the intended resection. During this adjustment, the

surgical orientation device 14 can provide a reading or readings on its display 26

indicating whether the surgical orientation device 14 (and likewise the cutting block 332)

is aligned with the sagittal plane and/or coronal plane containing the mechanical axis.

[0321] Referring to FIG. 49, the method can further comprise rotating the

cutting block 332 such that the cutting block 332 is positioned up against an anterior

surface of the proximal tibia once the desired angle has been set.

[0322] Referring to FIG. 50, once the cutting block is in position, the cutting

block 332 can be mounted to an anterior surface of a proximal portion of the tibia by a

plurality of pins 342. The surgical orientation device 14 can be removed, as can the tibial

assembly 212. After the cutting block 332 has been mounted to the tibia, a proximal

portion of the tibia can be resected.

IX. USER INTERFACES FOR TIBIAL PREPARATION METHODS

[0323] As discussed above, in at least one embodiment, the surgical

orientation device 14 can display on-screen graphics or GUI images for communicating

information to a user based on input commands and orientation data. The images can be

instructive for performing a joint replacement surgery.

[0324] FIGS. 51A-51L display exemplary screen shots that can be displayed

by the interactive user interface of the surgical orientation device 14 (e.g. displayed on an

LCD screen on the front of the surgical orientation device 14) during the various steps f

an orthopedic method.

[0325] For example, FIG. 51A displays a screen shot that provides a visual cue

informing the user to check the surgical orientation device 14 and reference sensor device

16 to see if batteries are installed, and to check to make sure the surgical orientation

device 4 is detecting the reference sensor device 16.



[0326] FIG. 5IB displays a screen shot that provides a visual cue informing

the user to confirm whether a green LED light is lit on the reference sensor device. If

there is a green light, the surgical orientation device 14 has detected the reference sensor

device 16. The image in FIG. 5IB can be displayed in response to pressing a user input

button 28 specified by the surgical orientation device 14 in FIG. 5 1A.

[0327] FIG. 5 1C displays a screen shot that provides a visual cue informing

the user to acquire and confirm a neutral position of the surgical orientation device 14.

For example, the user can place the surgical orientation device 14 on a level surface with

its display screen 26 facing up, and the user can confirm whether there is a 0 degree

reading for both varus/valgus and posterior slope. The image in FIG. 51C can be

displayed in response to pressing a user input 28 button specified by the surgical

orientation device 1 in FIG. 5IB.

[0328] FIG. 5ID displays a screen shot that provides a visual cue informing

the user to select the right or left knee. The image in FIG. 5ID can be displayed in

response to pressing a user input 28 button specified by the surgical orientation device 14

in FIG. 51C.

[0329] FIG. 5IE displays a screen shot that provides a visual cue informing

the user to place the tibial assembly 212 against the tibia, to secure the reference sensor

device 6 to the tibial assembly 212, and to secure the mounting bar assembly 220 to the

tibia, for example with pins. The image in FIG. 5IE can be displayed in response to

pressing a user input 28 button specified by the surgical orientation device 14 in FIG.

51D. ) ·

[0330] FIG. 5IF displays a screen shot that provides a visual cue informing

the user to confirm that the tibial assembly 212 is in a neutral position. The image in FIG.

5IF can be displayed in response to pressing a user input 28 button specified by the

surgical orientation device 1 in FIG. 5IE.

[0331] FIG. 51G displays a screen shot that provides a visual cue informing

the user to confirm movement capabilities of the swing arms (e.g. movement of posterior

slope assembly 216 and varus/valgus assembly 218). In some embodiments, the user can

confirm maximum ranges of angular adjustment. The image in FIG. 51G can be

displayed in response to pressing a user input 28 button specified by the surgical

orientation device 14 in FIG. 5IF.



[0332] FIG. 51H displays a screen shot that provides a visual cue informing

the user to confirm an A/P offset based on markings on the midline probe assembly 226

and landmark acquisition assembly 214. The image in FIG. 5 1H can be displayed in

response to pressing a user input 28 button specified by the surgical orientation device 1

in FIG. 51G.

[0333] FIG. 511 displays a screen shot that provides a visual cue informing the

user to register a first landmark (e.g. malleolus). The image in FIG. 511 can be displayed

in response to pressing a user input 28 button specified by the surgical orientation device

14 in FIG. 51H.

[0334] FIG. 5 1J displays a screen shot that provides a visual cue informing the

user to register a second landmark. The image in FIG. 51J can be displayed in response to

pressing a user input 28 button specified by the surgical orientation device 14 in FIG. 511.

[0335] FIG. 5IK displays a screen shot that provides a visual cue informing

the user to determine a desired anterior/posterior slope angle and varus/valgus slope angle

for resection. The image in FIG. 51K can be displayed in response to pressing a user

input 28 button specified by the surgical orientation device 14 in FIG. 5 1J.

[0336] FIG. 51L displays a screen shot that provides a visual cue informing

the user to remove the midline probe assembly 212 and to set a resection depth using the

stylus 222. The image in FIG. 51L can be displayed in response to pressing a user input

28 button specified by the surgical orientation device 14 in FIG. 5IK.

[0337] FIGS. 52-55 display additional exemplary screen shots that can be

displayed by the interactive user interface of the surgical orientation device 14 (e.g.

displayed on an LCD screen on the front of the surgical orientation device 14) during the

various steps of an orthopedic procedure.

[0338] For example, FIG. 52 displays a screen shot that provides a visual cue

informing the user that a procedure is finished.

[0339] FIG. 53 displays a screen shot that provides a visual cue informing the

user that the surgical orientation device 14 has completed and passed one or more self-

tests.

[0340] FIG. 54 displays a screen shot that provides a visual cue informing the

user that the surgical orientation device 14 is experiencing a system fault.

[0341] FIG. 55 displays a screen shot that provides a visual cue informing the

user to confirm again whether the left or right leg is being prepared. This visual cue can



appear, for example, if the user is registering the lateral malleolus and the tibial assembly

212 continues to move in a lateral direction, as opposed to a medial direction.

X. ATTACHMENT OF PROSTHETIC COMPONENTS

[0342] Once all of the tibial and/or femoral cuts are made with the systems

and/or methods described above, a knee joint prosthetic or prosthetics can be attached to

the distal femur and/or proximal tibia. The knee joint prosthetic devices can comprise a

replacement knee joint. The replacement knee joint can be evaluated by the user to verify

that alignment of the prosthetic components in the replacement knee joint does not create

any undesired wear, interference, and/or damage to the patient's anatomy, or to the

prosthetic components themselves.

[0343] While the systems and methods presented herein are described in the

context of a knee joint replacement procedure, the systems and/or their components and

methods can similarly be used in other types of medical procedures, including but not

limited to shoulder and hip replacement procedures.

[0344] Additionally, while the systems and methods presented herein are

described in the context of individual components and assemblies, in some embodiments

one or more of the assemblies can be provided in the form of a kit for use by a surgeon.

For example, in some embodiments a kit can comprise each of the components of the

femoral preparation system 10 and the tibial preparation system 210 described above. In

some embodiments, a kit may comprise only the surgical orientation device 14 and

reference sensor device 16. In some embodiments a kit may comprise only the femoral

preparation system 10, or only the tibial preparation system 210. Various other

combinations and kits are also possible.

[0345] Although these inventions have been disclosed in the context of certain

preferred embodiments and examples, it will be understood by those skilled in the art that

the present inventions extend beyond the specifically disclosed embodiments to other

alternative embodiments and/or uses of the inventions and obvious modifications and

equivalents thereof. In addition, while several variations of the inventions have been

shown and described in detail, other modifications, which are within the scope of these

inventions, will be readily apparent to those of skill in the art based upon this disclosure.

It is also contemplated that various combinations or sub-combinations of the specific

features and aspects of the embodiments can be made and still fall within the scope of the



inventions. It should be understood that various features and aspects of the disclosed

embodiments can be combined with or substituted for one another in order to form

varying modes of the disclosed inventions. Thus, it is intended that the scope of at least

some of the present inventions herein disclosed should not be limited by the particular

disclosed embodiments described above.



WHAT IS CLAIMED IS:

1. A femoral j ig assembly comprising:

a distal guide assembly configured to be positioned adjacent to distal

condyles of a femur;

a microblock assembly releasably attachable to the distal guide assembly,

the microblock assembly comprising a microblock member and a translating

member configured to be moved relative the microblock member; and

a cutting block assembly releasably attachable to the microblock assembly.

2. The femoral jig assembly of Claim 1, wherein the distal guide assembly

comprises a modular paddle configured to be placed against the distal ends of the

condyles, the modular paddle comprising an open channel.

3. The femoral jig assembly of Claim 1, wherein the distal guide assembly

comprises a modular pin configured to extend through the open channel into the distal end

of the condyles.

4. The femoral jig assembly of Claim 1, wherein the distal guide assembly

further comprises an arm extending from one end of the modular paddle.

5. The femoral jig assembly of Claim 1, wherein the microblock assembly

comprises translating means for moving the translating member relative the microblock

member.

6. The femoral jig assembly of Claim 1, wherein the translating means

comprises ball screws.

7. The femoral jig assembly of Claim 1, wherein the microblock assembly

comprises an attachment structure for releasably connecting a surgical orientation device

to the microblock member.

8. The femoral jig assembly of Claim 1, wherein the microblock assembly

comprises an attachment structure for releasably connecting a reference device to the

translating member.

9. The femoral jig assembly of Claim 1, wherein the distal guide assembly

comprises an arm configured to extend through at least one of the microblock assembly

and cutting block assembly.



10. The femoral jig assembly of Claim 1, wherein the microblock assembly

comprises at least one opening for insertion of fastening pins for attaching the microblock

member to the distal condyles.

11. The femoral jig assembly of Claim 1, further comprising at least one

orientation device integrally formed with or coupled to the microblock assembly, the

orientation device configured to sense changes in orientation of a long axis of the femur

or tibia relative to a fixed reference frame.

12. The femoral jig assembly of Claim 1, comprising a first orientation device

coupled to the microblock member, and a second orientation device coupled to the

translating member.

13. The femoral j ig assembly of Claim 1,

wherein at least a portion of the distal guide assembly configured to be

positioned adjacent to distal condyles of a femur;

wherein the microblock assembly is releasably attachable to the distal

guide assembly, the microblock assembly comprising a microblock member

having at least one opening for attaching the microblock member to a femur at a

first location, a translating member configured to be moved relative the

microblock member, and a stabilizing bar having at least one opening for attaching

the microblock member to a femur at a second location.

14. The femoral jig assembly of Claim 13, wherein the distal guide assembly

comprises a modular paddle configured to be placed against the distal ends of the

condyles.

15. The femoral jig assembly of Claim 14, wherein the distal guide assembly

comprises an L-shaped extension structure extending from the modular paddle.

16. The femoral jig assembly of Claim 15, wherein the L-shaped extension

structure comprises an open channel.

17. The femoral jig assembly of Claim 16, wherein the distal guide assembly

further comprises an articulating arm, at least a portion of the articulating arm extending

through the open channel.

18. The femoral jig assembly of Claim 17, wherein the articulating arm

comprises a gripping structure.

19. The femoral jig assembly of Claim 18, wherein the distal guide assembly

comprises a modular paddle, an extension structure extending from the modular paddle



having an elongate channel for receiving an articulating arm, and an articulating arm, the

articulating arm extending through the cutting block and configured to be moved along

the elongate channel for changing the position of the cutting block relative the femur.

20. The femoral jig assembly of Claim 13, wherein the microblock assembly

comprises an attachment structure for releasably connecting a surgical orientation device

to the microblock member.

21. The femoral jig assembly of Claim 13, wherein the microblock assembly

comprises an attachment structure for releasably connecting a reference device to the

translating member.

22. The femoral jig assembly of Claim 13, wherein the stabilizing bar wraps

around the microblock assembly, such that the at least one opening on the stabilizing bar

is located opposite the translating member from the at least one opening on the

microblock member.

23. The femoral jig assembly of Claim 13, wherein the stabilizing bar projects

posteriorly and is attached to the distal femur.

24. A surgical orientation system comprising:

a surgical orientation device comprising:

a first portable housing configured to be coupled with a knee bone

by way of one or more orthopedic fixtures;

a first sensor located within the first housing, the first sensor

configured to monitor the orientation of the first sensor in a coordinate

system and to generate a signal corresponding to the orientation of the

surgical orientation device relative to the coordinate system; and

a display module configured to display an indication of a change in

one or more angle measurements relative to the coordinate system based at

least in part on the signal; and

a reference device comprising:

a second portable housing configured to connect to a knee bone by

way of one or more orthopedic fixtures; and

a second sensor located within the second housing, the second

sensor configured to monitor the orientation of the second sensor relative

to the coordinate system, the second sensor configured to generate



orientation data corresponding to the monitored orientation of the reference

device;

an orthopedic fixture configured to be connected to a knee bone and with

the surgical orientation device and reference sensor such that the surgical

orientation device and reference device are separately moveable relative to each

other;

wherein at least one of the surgical orientation device and reference device

is further configured to determine the spatial location of the mechanical axis of the

leg.

25. The surgical orientation system of Claim 24, wherein at least one of the

surgical orientation device and reference device is configured to calculate the spatial

orientation of the mechanical axis of the leg based upon one or more femoral leg

movements.

26. The surgical orientation system of Claim 25, wherein the leg movements

comprise movements in at least one of the abduction-adduction plane and in the anterior-

posterior plane.

27. The surgical orientation system of Claim 26, wherein the leg movements

comprise movement in both the abduction-adduction plane and the anterior-posterior

plane.

28. The surgical orientation system of Claim 27, wherein the leg movements

comprise movement of the leg up to about 30 degrees and returning the leg to a home

position, and raising the leg about up to about 45 degrees and returning the leg to the

home position.

29. The surgical orientation system of Claim 241, wherein the first sensor

comprises a multi-axis accelerometer.

30. The surgical orientation system of Claim 24, wherein the second sensor

comprises a multi-axis accelerometer and a multi-axis gyrocscope.

31. The surgical orientation system of Claim 24, wherein the surgical orientation

device comprises an electronic control unit, and the reference device comprises a wireless

communication device that is configured to relay information from the second sensor to

the electronic control unit of the surgical orientation device.

32. The surgical orientation system of Claim 31, wherein the wireless

communication device comprises an infrared communication device.



33. The surgical orientation system of Claim 24, wherein the surgical orientation

device comprises at least one structure for facilitating releasable attachment to an

orthopedic fixture.

34. The surgical orientation system of Claim 24, wherein the reference device

comprises at least one structure for facilitating releasable attachment to an orthopedic

fixture.

35. The surgical orientation system of Claim 24, wherein the display module

comprises an LCD screen.

36. The surgical orientation device of Claim 24, wherein at least one of the

surgical orientation device and reference device is further configured to determine the

center of rotation of an anatomical structure to determine the spatial location of the

mechanical axis of the leg.

37. The surgical orientation device of Claim 24, wherein at least one of the

surgical orientation device and reference device is configured to send information about

the spatial location of the mechanical axis to the other of the surgical orientation device or

reference device.

38. An orthopedic system comprising:

a portable surgical orientation device having an associated three-

dimensional coordinate reference system and an interactive user interface

configured to display one or more angle measurements corresponding to an offset

from a flexion-extension angle or a varus-valgus angle of a mechanical axis of a

femur, the surgical orientation device having a first sensor;

a reference device having a second sensor;

wherein each of the first and second sensors have at least one of a three-

axis accelerometer and a three-axis gyroscope, at least one of the first and second

sensors being configured to monitor an orientation of the surgical orientation

device in the three-dimensional coordinate reference system and to generate

orientation data corresponding to the monitored orientation of the surgical

orientation device;

a coupling device;

an interface support member;



a femoral jig assembly comprising a microblock assembly and a cutting

block assembly, the femoral jig assembly being releasably attachable to:

(i) the orientation device via the coupling device,

(ii) the second sensor via the interface support member, and

(iii) distal condyles of a femur via the microblock assembly.

39. The orthopedic system of Claim 38, wherein the interactive user interface

is configured to display one or more angle measurements when the surgical orientation

device is coupled with the distal condyles by the femoral jig assembly, and the femur is

placed in a predetermined location and when the femur is moved in various predetermined

directions.

40. The orthopedic system of Claim 38, wherein the femoral jig assembly

further comprises a distal guide assembly including a modular paddle, an arm, a midline

guide, and a midline pin, the midline pin configured to extend through the midline guide

into the distal condyles of the femur, the modular paddle having a channel engaging the

midline guide, the modular paddle extending over the midline guide and midline pin such

that the modular paddle can be moved in at least one direction relative the midline pin.

4 1. The orthopedic system of Claim 40, wherein the modular paddle comprises

measurement markings alongside the channel of the modular paddle for determining an

AP offset.

42. The orthopedic system of Claim 38, wherein the microblock assembly

comprises a microblock member, a translating member, and translation structure for

moving the translating member relative to the microblock member, the microblock

member comprising an opening configured to receive the arm of the distal guide

assembly.

43. The orthopedic system of Claim 42, wherein the translation structure

comprises ball screws.

44. The orthopedic system of Claim 42, wherein the translating member is

configured to be moved in one or more of a varus-valgus and flexion-extension direction

relative the microblock member via the translation structure.

45. The orthopedic system of Claim 38, wherein the cutting block assembly

comprises at least one opening for insertion of a cutting saw, the cutting block assembly

further comprising an opening configured to receive the arm of the distal guide assembly.



46. The orthopedic system of Claim 38, wherein the second sensor generates

orientation data corresponding to the orientation of the cutting block assembly relative to

the mechanical axis of the femur.

47. An orthopedic system capable of monitoring orientation within a three-

dimensional coordinate reference system, the system comprising:

a portable surgical orientation device having a user interface configured to

indicate angular displacement of a mechanical axis of a femur in an anterior-

posterior plane or in a medial-lateral plane, the surgical orientation device having

a first sensor;

a reference device having a second sensor;

wherein at least one of the first and second sensors comprises a three-axis

accelerometer and a three-axis gyroscope, at least one of the first and second

sensors being configured to monitor the orientation of the surgical orientation

device in the three-dimensional coordinate reference system and to generate

orientation data corresponding to the monitored orientation of the surgical

orientation device;

a fixture comprising a first member configured to couple with the surgical

orientation device, a second member configured to couple with the reference

device, and a base member configured to be secured to a portion of a distal femur,

wherein at least one of the first member and the second member is movably

coupled with the base member.

48. An orthopedic system for monitoring orientation in a three-dimensional

coordinate reference system, the system comprising:

a base member attachable to a proximal aspect of a tibia;

at least one adjustment device connected to and moveable relative to the

base member;

at least one probe for referencing a plurality of anatomical landmarks, the

anatomical landmarks referencing a mechanical axis of the leg;

wherein the at least one adjustment device is moveable in at least one

degree of freedom to orient a cutting guide relative to a proximal feature of the

tibia, such that the cutting guide is oriented at a selected angle relative to the

mechanical axis;



a first orientation device comprising an interactive user interface

configured to display one or more angle measurements corresponding to an offset

from a posterior slope angle or a varus-valgus angle of the mechanical axis the

first orientation device having a first sensor, the first orientation device being

coupled to or integrally formed with the at least one adjustment device;

a second orientation device having a second sensor, the second orientation

device being coupled to or integrally formed with the base member;

wherein each of the first and second sensors have at least one of a three-

axis accelerometer and a three-axis gyroscope, at least one of the first and second

sensors being configured to monitor orientation of the first orientation device in

the three-dimensional coordinate reference system and to generate orientation data

corresponding to the monitored orientation of the first orientation device.

49. The orthopedic system of Claim 48, wherein the first orientation device is

configured to receive orientation data from the second orientation device to calculate the

monitored orientation of the first orientation device.

50. The orthopedic system of Claim 48, wherein the first orientation device

and second orientation device are separately moveable relative to each other by way of the

at least one adjustment device and base member.

51. The surgical orientation system of Claim 48, wherein the first surgical

orientation device comprises an electronic control unit, and the second orientation device

comprises a wireless communication device that is configured to relay information from

the second sensor to an electronic control unit of the first orientation device.

52. The surgical orientation system of Claim 48, wherein the base member is

configured to be secured by a plurality of pins to the tibia.

53. The surgical orientation system of Claim 485, wherein the user interface

comprises an LCD screen.

54. The surgical orientation system of Claim 48, wherein the at least one

adjustment device comprises a pivot arm.

55. The surgical orientation system of Claim 48, wherein the base member is

attachable to the anterior face of the tibia.

56. The surgical orientation system of Claim 48, wherein the base member is

attachable to the tibial plateau of the tibia.



57. An implant alignment device comprising:

an orthopedic fixture having a base configured to couple with a distal

portion of a femur or a proximal portion of a tibia, a moveable portion configured

to move relative to the base, and a guide member configured to couple with the

moveable portion;

a reference device coupled to or integrally formed with the base or

moveable portion of the orthopedic fixture, the reference device configured to

sense changes in orientation of a long axis of the femur or tibia relative to a fixed

reference frame; and

a surgical orientation device coupled to or integrally formed with the base

or moveable portion of the orthopedic fixture to enable positioning of the guide

member in a prescribed orientation relative to the proximal tibia or distal femur.

58. The alignment device of Claim 57, wherein the orthopedic fixture is

capable of movement in at least two degrees of freedom to vary the orientation of the

guide about at least two axes.

59. The alignment device of Claim 57, wherein the orthopedic fixture

comprises a lateral orientation mechanism coupled to the base and an anterior-posterior

orientation mechanism coupled with the lateral orientation mechanism.

60. The alignment device of Claim 57, further comprising a lateral clamp

actuator disposed at a distal portion of the lateral orientation mechanism to fix the lateral

orientation of the guide member.

6 1. The alignment device of Claim 57, further comprising an anterior-posterior

clamp actuator disposed at a lateral portion of the anterior-posterior orientation

mechanism to fix the anterior-posterior orientation of the guide member.

62. The alignment device of Claim 57, wherein the reference sensor is

disposed in a housing and wherein the base comprises a first mounting portion configured

to be secured to the proximal portion of a tibia on a first lateral side and a second

mounting portion on a second lateral side, the second mounting portion configured to

couple with the housing of the reference sensor.

63. The alignment device of Claim 57, wherein the reference sensor and the

surgical orientation device are configured to communicate wirelessly.

64. The alignment device of Claim 57, wherein the reference device comprises

a three-axis accelerometer and a three-axis gyroscope.



65. The alignment device of Claim 57, wherein the surgical orientation device

comprises a three-axis accelerometer.

66. An orientation system, comprising:

an orthopedic positioning jig comprising a first member and a second

member that is movable in two degrees of freedom relative to the first member

and that is constrained in one degree of freedom;

a first orientation device configured as a tilt meter coupled with the first

member and a second orientation device configured as a tilt meter coupled with

the second member;

the first and second orientation devices operably coupled to indicate

angular orientation of a natural or surgically created anatomical feature.

67. A method for performing total knee arthroplasty on a knee joint of a

patient, comprising:

preparing a distal portion of a femur for receiving a knee implant,

comprising:

placing the knee joint in flexion and exposing the distal end

of the femur;

coupling a first orthopedic fixture to a distal portion of the

femur, the first orthopedic fixture comprising a surgical orientation

device, the surgical orientation device comprising an orientation

sensor and an interactive user interface configured to display an

indication of a change in one or more angle measurements

corresponding to a flexion-extension angle or a varus-valgus angle

of a mechanical axis of the femur, the first orthopedic fixture

further comprising a reference device, the reference device

comprising a reference sensor;

monitoring the orientation of the reference sensor while

swinging the leg to obtain information regarding the location of the

mechanical axis of the leg;

adjusting a varus/valgus and flexion/extension angle of a

portion of the first orthopedic fixture by monitoring the first



surgical orientation device and moving the reference device relative

to the surgical orientation device;

attaching a cutting block to the first orthopedic fixture, the

cutting block being oriented relative the adjusted varus/valgus and

flexion/extension angle; and

resecting the distal end of the femur.

68. The method of Claim 67, wherein the knee joint is placed in extension

during the step of swinging the leg.

69. The method of Claim 67, wherein the step of swinging the leg comprises

swinging the leg in at least one of an abduction-adduction plane and in an anterior-

posterior plane.

70. The method of Claim 69, wherein the step of swinging the leg comprises

swinging the leg up to about 30 degrees and returning the leg to a home position, and

raising the leg about up to about 45 degrees and returning the leg to the home position.

71. The method of Claim 67, wherein the step of swinging the leg comprises

swinging the leg from a starting position in a loop-like manner and returning the leg

generally to its initial starting position.

72. The method of Claim 67, further comprising preparing a proximal portion

of a tibia for receiving a knee implant, the preparation of the proximal portion

comprising:

coupling a second orthopedic fixture with a proximal portion of the tibia,

the second orthopedic fixture comprising a second surgical orientation device, a

second reference device, and a moveable portion;

moving the moveable portion of the orthopedic fixture to adjust the

position of the second surgical orientation device in response to a prompt from the

second surgical orientation device to orient a cutting guide at an intended

orientation relative to the mechanical axis; and

resecting the proximal tibia.

73. The method of Claim 67, further comprising obtaining and entering an AP

offset of the first orthopedic fixture into the first surgical orientation device prior to

swinging the leg.

74. The method of Claim 67, wherein the first orthopedic device comprises:



a distal guide assembly configured to be positioned adjacent to the distal

condyles of the femur.

a microblock assembly releasably attached to the distal guide assembly, the

microblock assembly comprising a microblock member and a translating member

configured to be moved relative the microblock member; and

a cutting block assembly releasably attached to the microblock assembly.

75. The method of Claim 72, wherein the second orthopedic device comprises:

a base member attachable to a proximal aspect of the tibia;

at least one adjustment device connected to and moveable relative to the

base member;

at least one probe for referencing a plurality of anatomical landmarks, the

anatomical landmarks referencing the mechanical axis of the leg;

wherein the at least one adjustment device is moveable in at least one

degree of freedom to orient a cutting guide relative to a proximal feature of the

tibia, such that the cutting guide is oriented at a selected angle relative to the

mechanical axis;

76. The method of Claim 72, wherein the first and second surgical orientation

devices are the same device, the first and second reference devices are the same device,

and wherein the surgical orientation device and the reference device are each releasably

attachable to the first and second orthopedic devices.

77. A method for performing total knee arthroplasty on a knee joint of a

patient, comprising:

attaching a base member of an orthopedic fixture to a proximal aspect of a

tibia such that movement of the tibia produces corresponding movement of the

base member, the orthopedic fixture comprising at least one member moveable

relative the base member, the moveable member comprising a probe for

referencing a plurality of anatomical landmarks;

attaching a portable surgical orientation device to the moveable member,

the portable surgical orientation device comprising an interactive user interface,

the surgical orientation device having a first sensor;

attaching a reference device to the base member, the reference device

having a second sensor;



moving the moveable member and probe to contact anatomical locations

on the leg;

directing the surgical orientation device to determine the spatial location or

orientation of the mechanical axis based on the anatomical locations; and

moving the moveable member such that a cutting guide is oriented at a

selected angle relative to the mechanical axis.

78. The method of Claim 77, wherein each of the first and second sensors have

at least one of a three-axis accelerometer and a three-axis gyroscope, at least one of the

first and second sensors being configured to monitor orientation of the surgical orientation

device in a three-dimensional coordinate reference system and to generate orientation data

corresponding to the monitored orientation of the surgical orientation device.

79. The method of Claim 77, wherein the surgical orientation device

comprises an electronic control unit, and the reference device comprises a wireless

communication device that is configured to relay information from the second sensor to

the electronic control unit of the surgical orientation device.

80. The method of Claim 77, wherein the moveable member comprises a pivot

arm.

81. The method of Claim 80, further comprising attaching the base member of

the orthopedic fixture to the anterior face of the tibia.

82. The method of Claim 80, further comprising attaching the base member of

the orthopedic fixture to the tibial plateau of the tibia.

83. A method for resolving angular orientation, comprising:

coupling with a bone an orthopedic positioning jig comprising a first

member and a second member that is movable in two degrees of freedom and

constrained in one degree of freedom, the orthopedic fixture having a cutting

guide and a first orientation device configured as a tilt meter coupled with the first

member and a second orientation device configured as a tilt meter coupled with

the second member; and

moving the first member relative to the second member to indicate angular

orientation of the cutting guide relative to an axis of interest.

84. A method of preparing for orthopedic surgery, comprising:

determining the orientation of a mechanical axis of a bone or joint;



coupling an orthopedic orientation assembly with an extremity of a patient,

the orientation assembly having a positioning device, a reference device and a

surgical orientation device coupled with the positioning device; and

maintaining an alignment between the reference sensor and the surgical

orientation device while moving the surgical orientation device to collect data

indicative of orientation.

85. The method of Claim 84, wherein determining the orientation involves

moving the femur about its center of rotation in order to determine the mechanical axis of

a femur or a leg of the patient.

86. The method of Claim 84, wherein determining the orientation involves

contacting a plurality of anatomical landmarks of the tibia and recording the orientation of

the surgical orientation device to determine the mechanical axis of a tibia or a leg of the

patient.

87. The method of Claim 84, further comprising:

positioning, based upon the determined angles, a cutting guide coupled

with the orthopedic orientation assembly; and

cutting a portion of a femur or a tibia at an angle corresponding to the

position of the cutting guide.

88. The method of Claim 87, comprising calculating a relative difference in

orientation between the surgical orientation device and the reference device prior to

positioning the cutting guide.

89. A method of determining an anatomical feature during a knee procedure,

comprising:

coupling an orientation system with a distal aspect of a femur, the

orientation system comprising a housing, an orientation sensor disposed within the

housing, and a user interface operably coupled with the orientation sensor;

interacting with the user interface to begin an analysis of potential sources

of error in the orientation system after coupling the orientation system to the distal

femoral aspect; and

moving the orientation system to collect data indicative of the anatomical

feature relevant to the knee procedure.



90. The method of Claim 89, wherein the analysis includes a determination of

static bias in the orientation sensor.

91. The method of Claim 90, further comprising maintaining the position of

the orientation sensor for a minimum period prior to moving the orientation system to

provides a signal indicative of no motion.

92. The method of Claim 91, further comprising repeating the step of

interacting with the user interface prior to repeating the step of moving if the minimum

period has not passed prior to the initial step of moving.

93. The method of Claim 89, further comprising maintaining an average

minimum rate of motion of the orientation system during the step of moving.

94. The method of Claim 93, wherein the average minimum rate of motion is

at least 20 degrees per second about an axis of rotation.

95. The method of Claim 89, wherein the orientation sensor includes a

gyroscope and the analysis includes a determination of any gyroscope bias.

96. The method of Claim 89, further comprising, at the end of the moving step,

returning the orientation system to a position that is approximately the same as the

position of the orientation system prior to at the beginning of the moving step.

97. The method of Claim 96, wherein the orientation system is configured to

determine whether the user has returned the orientation system to a position that is

approximately the same as the position of the orientation system prior to at the beginning

of the moving step.

98. The method of Claim 97, wherein the orientation system comprises a filter

with a minimum threshold to prevent a false stop indication.

99. The method of Claim 98, wherein moving comprises moving in a first

plane and further comprising subsequently moving the orientation system in a second

plane that is disposed at an angle to the first plane to collect data indicative of the

anatomical feature relevant to the knee procedure.

100. The method of Claim 99, wherein the initial moving produces abduction of

at least about 20 degrees and subsequently moving produces flexion of at least about 20

degrees.

101. The method of Claim 89, wherein the sensor includes an accelerometer and

the analysis includes determining a gravity component of the accelerometer output.



102. The method of Claim 101, further comprising determining, based upon a

portion of the accelerometer output excluding the gravity component, the orientation of

one or more of the housing and the femur.

103. The method of Claim 89, wherein the orientation system comprises a

reference device and further comprising:

coupling an orthopedic orientation assembly with the femur, the

orientation assembly having a positioning device, the reference device, and a

surgical orientation device coupled with the positioning device;

maintaining the position of the reference sensor relative to the femur while

moving the surgical orientation device to collect data.

104. The method of Claim 89, wherein the anatomical feature is the mechanical

axis of the leg.

105. The method of Claim 89, further comprising:

positioning, based upon the collected data, a cutting guide coupled with the

orthopedic orientation assembly; and

cutting the femur at an angle corresponding to the position of the cutting

guide.

106. The method of Claim 105, comprising calculating a relative difference in

orientation between the surgical orientation device and the reference device prior to

positioning the cutting guide.

107. The method of Claim 89, comprising estimating a vector representing a

mechanical center of rotation of the mechanical axis.

108. The method of Claim 103, wherein the position of the reference sensor is

maintained by constraining roll of the reference sensor and the surgical orientation device.



























































































































































INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/022162

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61 F 2/00 (201 1.01 )
USPC - 606/89

According to International Patent Classification (IPC) o to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A6 2 00 (201 1.01)
USPC - 606 /53, 86R, 87, 89

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent

C . DOCUMENTS CONSIDERED T O BE RELEVANT

Category* Citation o f document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

US 5,720,752 (ELLIOT e t al) 24 February 1998 (24.02.1998) Entire Document 1-12

13-23

US 2008/0275451 A 1 (MCALLISTER e t al) 6 November 2008 (06.1 1.2008) Entire Document 13-23

US 2008/0183179 A 1 (SIEBEL e t al) 3 1 July 2008 (31 .07.2008) Entire Document 18, 19

□ Further documents are listed in the continuation o f Box C .

* Special categories of cited documents: "T"

□
later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot bespecial reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date o f the actual completion o f the international search Date o f mailing o f the international search report

23 May 2011 1 J U 2011
Name and mailing address o f the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R . Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/2 10 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/022162

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13 .1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I, claims 1-23 are drawn to a femoral jig assembly.

Group II, claims 24-37 and 57-65 are drawn to a surgical orientation system and alignment device.

Group III, claims 38-56 and 67-82 are drawn to an orthopedic system and method of performing arthroplasty.

Group IV, claims 66 and 83-88 are drawn to an orientation system and method of angular orientation.

Group V, claims 89-108 are drawn to a method of determining an anatomical feature during a knee procedure.

The inventions listed as Groups l-V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group ,
a distal guide assembly configured to be positioned adjacent to distal condyles of a femur, are not present in Groups ll-V; the special
technical features of Group II, an orthopedic fixture configured to be connected to a knee bone and with the surgical orientation device
and reference sensor such that the surgical orientation device and reference device are separately moveable relative to each other, are
not present in Groups I or lll-V; the special technical features of Group III, first and second sensors have at least one of a three-axis
accelerometer and a three-axis gyroscope, at least one of the first and second sensors being configured to monitor an orientation of the
surgical orientation device in the three-dimensional coordinate reference system and to generate orientation data corresponding to the
monitored orientation of the surgical orientation device, are not present in Groups I, II, IV or V; the special technical features of Group
IV, an orthopedic positioning jig comprising a first member and a second member that is movable in two degrees of freedom relative to
the first member and that is constrained in one degree of freedom, are not present in Groups l-lll or V ; and the special technical features
of Group V, interacting with the user interface to begin an analysis of potential sources of error in the orientation system after coupling
the orientation system to the distal femoral aspect, are not present in Groups l-IV.

Since none of the special technical features of the Groups l-V inventions is found in more than one of the inventions, unity is lacking.

Form PCT SA / 10 (extra sheet) (July 2009)



INTERNATIONALSEARCH REPORT International application No.

PCT/US201 1/022162

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet.

1. I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. □ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 . □ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

IEI No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-23

The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

