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ABSTRACT

Systems and methods for joint replacement are provided.
The systems and methods include a surgical orientation
device and at least one orthopedic fixture. The surgical
orientation device and orthopedic fixtures can be used to
locate the orientation of an axis in the body, to adjust an
orientation ofa cutting plane or planes along a bonysurface,
to distract a joint, or to otherwise assist in an orthopedic
procedure or procedures.
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SYSTEMS AND METHODS FOR JOINT
REPLACEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation from U'S. patent
application Ser. No. 15/402,574, filed Jan. 10, 2017, which
is a divisional of U.S. patent application Ser. No. 14/949,
525, filed Nov. 23, 2015, which is a continuation from USS.
patent application Ser. No. 14/570,889, filed Dec. 15, 2014,
which is a continuation from U.S.patent application Ser. No.
12/626,162, filed Nov. 25, 2009, which is a continuation
from U.S. patent application Ser. No. 12/509,414,filed Jul.
24, 2009, which claims benefit under 35 U.S.C. § 119(e) to
USS. Provisional Patent Application No. 61/102,754, filed
Oct. 3, 2008, U.S. Provisional Patent Application No.
61/135,863, filed Jul. 24, 2008, U.S. Provisional Patent
Application No. 61/102,767, filed Oct. 3, 2008, U.S. Pro-
visional Patent Application No. 61/155,093, filed Feb. 24,
2009, U.S. Provisional Patent Application No. 61/104,644,
filed Oct. 10, 2008, U.S. Provisional Patent Application No.
61/153,268, filed Feb. 17, 2009, U.S. Provisional Patent
Application No. 61/153,257, filed Feb. 17, 2009, U.S. Pro-
visional Patent Application No. 61/153,255, filed Feb. 17,
2009, U.S. Provisional Patent Application No. 61/173,158,
filed Apr. 27, 2009, U.S. Provisional Patent Application No.
61/187,632, filed Jun. 16, 2009, and U.S. Provisional Patent
Application No. 61/173,159, filed Apr. 27, 2009, 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 which 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 compo-
nents. 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.

[0004] Current systems and methods often use expensive,
complex, bulky, and/or massive computer navigation sys-
ems which require a computer or computers, as well as
hree 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
ocated, and often require extensive training, cost, and room.

[0005] Where such complex and costly system are not
used, simple methods are used, such “eyeballing”the align-
ment of rods with anatomical features, such as leg bones.
These simple methods are not sufficiently accurate to reli-
ably align and place implant components and the bones to
which such components are attached.
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SUMMARY OF THE INVENTIONS

[0006] Accordingly, there is a lack ofdevices, systems and
methods that can be used to accurately position components
of prosthetic joints without overly complicating the proce-
dures, crowding the medical personnel, and/or burdening the
physician of health-care facility with the great cost of
complex navigation systems.
[0007] In accordance with at least one embodiment, a
surgical orientation device for use in a total knee arthro-
plasty procedure having an associated three-dimensional
coordinate reference system can comprise a portable hous-
ing configured to connect to a knee bone by wayof one or
more orthopedic fixtures, a sensor located within the hous-
ing, the sensor configured to monitor the orientation of the
housing in the three-dimensional coordinate reference sys-
tem, the sensor further configured to generate orientation
data corresponding to the monitored orientation of the
surgical orientation device, and wherein the sensor com-
prises a multi-axis accelerometer. The surgical orientation
device can further comprise a display module configured to
display one or more angle measurements corresponding to
an offset from a flexion-extension angle or a varus-valgus
angle of a mechanicalaxis of the knee joint, and wherein the
sensor can be oriented relative to the housing at an acute
angle to maximizethe sensitivity of the sensor when coupled
to a tibia or a femur.

[0008] In accordance with another embodiment, an ortho-
pedic orientation system for use in a joint procedure can
comprise an orthopedic fixture adapted to be coupled with a
knee bone and to be adjustable in multiple degrees of
freedom, and a surgical orientation device having an asso-
ciated three-dimensional coordinate reference system. The
device can comprise a portable housing configured to con-
nect to a knee bone by wayofthe orthopedic fixtures, and
a sensor located within the housing, the sensor configuredto
monitor the orientation of the housing in the three-dimen-
sional coordinate reference system, the sensor further con-
figured to generate orientation data corresponding to the
monitored orientation of the surgical orientation device. The
surgical orientation device can further comprise an output
device configured to inform a userof the orientation of the
device relative to a reference plane corresponding to a
mechanical axis of the joint, and wherein the sensor can be
configured for optimum sensitivity in the range of motion of
the orthopedic fixture.
[0009] In accordance with at least one embodiment, an
orthopedic system for orienting a cutting plane during a joint
replacement procedure can comprise a base memberattach-
able to an anterior face of a tibia, at least one adjustment
device connected to and moveable relative to the base

member, and atleast one probe for referencing a plurality of
anatomical landmarks, the anatomical landmarks referenc-
ing a mechanicalaxis of the leg. The at least one adjustment
device can be moveablein at least one degree of freedom so
as to orient a cutting guiderelative to a proximal feature of
the tibia, such that the cutting guide is oriented at a selected
angle relative to the mechanical axis.
[0010] In accordance with at least one embodiment, an
interactive user interface for aiding a user in performing an
orthopedic procedure can be provided, wherein the user
interface is displayed on a display associated with a surgical
orientation device configured to monitor the orientation of
the surgical orientation device in a three-dimensional coor-
dinate reference system and wherein the user interface is
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configured to perform acts comprising showing the user
steps to be performed in the identified orthopedic procedure
and guiding the user in performance of the steps. Guiding
the user can comprise displaying one or more instructive
imagesrelated to a first step to be performed in the identified
orthopedic procedure, prompting the user to press a user
input after performingthefirst step of the identified ortho-
pedic procedure, receiving a confirmation from the user that
the first step of the identified procedure has been performed,
and displaying one or more instructive imagesrelated to the
second step to be performed in the identified orthopedic
procedure.
(0011] In accordance with another embodiment, a moni-
toring system can be provided for monitoring an orientation
of a surgical orientation device having an associated three-
dimensional coordinate reference system during an ortho-
pedic procedure,the orientation system comprising a display
having a window andan on-screen graphic, displayed in the
window and representing one or more orientation measure-
ments correspondingto an orientation of the surgical orien-
tation device about one or more axes of the three-dimen-

sional coordinate reference system, the one or more
orientation measurements generated by a processor.
[0012] In accordance with at least one embodiment, a
method for preparing a proximal portion of a tibia for
receiving a knee implant can comprise coupling an ortho-
pedic fixture with a proximal feature of the patient’s leg,
connecting a portable surgical orientation device to an
adjustment device that is connected to the orthopedic fixture
and moveable relative to the leg, moving the adjustment
device to move the portable surgical orientation device in
response to a prompt from the portable surgical orientation
deviceto orient the orthopedic fixture relative to a mechani-
cal axis ofthe leg.
[0013] In accordance with another embodiment, a method
for performing total knee arthroplasty on a knee joint of a
patient can comprise preparing a proximal portion ofa tibia
for receiving a knee implant, including coupling an ortho-
pedic fixture with a proximal portion of the patient’s tibia,
connecting a portable surgical orientation device to a move-
able portion of the orthopedicfixture, moving the moveable
portion of the orthopedic fixture to move the portable
surgical orientation device in response to a prompt from the
portable surgical orientation device to orient a cutting guide
at an intendedorientation relative to a mechanicalaxis of the

eg, and resecting the proximal tibia along the cutting guide
o define a tibial plateau. The method can further comprise

preparing a distal portion of a femur for receiving a knee
implant, including coupling an orthopedic fixture and the
portable surgical orientation device with an anterior surface
of a distal portion of the femur, moving at least one of the
emurandthetibia in response to a promptfromthe portable

surgical orientation device to align the femur with the
mechanical axis of the leg, securing a cutting guide with an
anterior feature of the femur such that the guide is substan-
ially perpendicularto the mechanical axis, and resecting the

distal femur.

[0014] In accordance with another embodiment, a method
of performing an orthopedic procedure can comprise cou-
pling an orthopedic fixture and the portable surgical orien-
tation device with a distal portion of a limb that comprises
a portion of a ball-and-socket joint, the portable surgical
orientation device including a housing enclosing a sensor
and a microprocessor. The method can further comprise
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activating the sensor within the portable surgical orientation
device, such that the sensor outputs a signal indicative of
orientation, collecting positional information of the portable
surgical orientation device; and determining the location of
the mechanical axis of the limb based on the positional
information collected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows a representation of a human leg,
identifying the femoral head, knee joint, femur, tibia, and
ankle;

[0016] FIG.2A isa perspective view ofa tibial preparation
system according to one embodiment that can be used in
connection with preparation of an aspect of a knee joint
during a knee joint replacement procedure;
[0017] FIG. 2B is a perspective view of another tibial
preparation system according to one embodimentthat can be
used in connection with preparation of an aspect of a knee
joint during a knee joint replacement procedure;
[0018] FIG. 3Aisa perspective view ofa first arrangement
of another tibial preparation system according to one
embodimentthat can be used in connection with preparation
of an aspect of a knee joint during a knee joint replacement
procedure;
[0019] FIG. 3B is a perspective view of a second arrange-
ment of the tibial preparation system of FIG. 3.A;
[0020] FIG. 4A is a perspective view ofa first arrangement
of another tibial preparation system according to one
embodiment that can be used in connection with preparation
of an aspect of a knee joint during a knee joint replacement
procedure;
[0021] FIG. 4B is a perspective view of a second arrange-
mentofthe tibial preparation system of FIG. 4A;
[0022] FIG. 51s a perspective view of femoral preparation
system according to one embodiment that can be used in
connection with preparation of an aspect of a knee joint
during a knee joint replacement procedure;
[0023] FIG. 6 is a perspective view of a femoral prepara-
tion and knee distraction system according to one embodi-
ment that can be used in connection with preparation of an
aspect of a knee joint during a knee joint replacement
procedure;
[0024] FIG. 7 is a perspective view of a surgical orienta-
tion device according to one embodiment that can be used
for orienting a resection plane or planes;
[0025] FIG. 8 is a back view of the surgical orientation
device of FIG.7;
[0026] FIG. 9 is a perspective view of the surgical orien-
tation device of FIG, 7;

[0027] FIG. 10A is a top view of the surgical orientation
device of FIG.7;

[0028] FIG. 10B is a bottom viewof the surgical orien-
tation device of FIG. 7;

[0029] FIG. 11 is a block diagram ofan electrical system
of the surgical orientation device of FIG. 7;
[0030] FIGS. 12A-12Cillustrate operation of accelerom-
eters according to embodiments that can be used as sensors
in the electrical system of FIG. 11;
[0031] FIG. 12D is a perspective view ofinterior compo-
nents of the surgical orientation device of FIG. 7;
[0032] FIG. 12E is a flow chart of an embodiment of an
orientation measurement process performed by the surgical
orientation device of FIG. 7;
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[0033] FIG. 12F is a side view ofaleft leg of a patient
illustrating an orientation reference frame;
[0034] FIG. 13 is a perspective view of a surgical orien-
tation device according to another embodiment;
[0035] FIG. 14 is a perspective viewof a coupling device
according to one embodimentthat can be used to connect the
surgical orientation device of FIG. 7 to other components;
[0036] FIG. 15 is a perspective view an outer housing of
the coupling device of FIG. 14;
[0037] FIG. 16 is a perspective view of interior compo-
nents of the coupling device of FIG. 14;
[0038] FIG. 17 is a plan view of the coupling device of
FIG. 14;

[0039] FIG. 17A is an exploded view a coupling device
according to another embodiment;
[0040] FIG. 18 is a perspective view of an orthopedic
fixture according to one embodiment which can be used as
a universaljig;
[0041] FIG. 19 is an exploded view of the orthopedic
fixture of FIG. 18;

[0042] FIG. 20 is a perspective view of a set of target
probes according to one embodiment which can be used in
conjunction with the orthopedic fixture of FIG. 18;
[0043] FIG. 21A is a perspective view of thetibial prepa-
ration system of FIG. 2A attached to the tibia;
[0044] FIG. 21B is a perspective view ofa tibial prepa-
ration system, as modified from thetibial preparation system
of FIG. 2A, emitting laser light onto a target probe;
[0045] FIG. 224Ais a perspective view ofthetibial prepa-
ration system of FIG. 2B;
[0046] FIG. 22Bis a side view of the tibial preparation
system of FIG. 2B;
[0047] FIG. 22C is a perspective view of thetibial prepa-
ration system of FIG. 2B, without a surgical orientation
device attached;

[0048] FIG. 23A is a perspective view ofa tibial prepa-
ration system, as modified from thetibial preparation system
of FIG. 2B, showing measuring devices;
[0049] FIG. 23Bis a perspective view ofthetibial prepa-
ration system of FIG. 23A being used to reference an
anatomical landmark;

[0050] FIG. 24 is a perspective view of a landmark acqui-
sition assembly according to one embodiment that can be
used in the tibial preparation system of FIG. 3.A;
[0051] FIGS. 25A-B are perspective views of a primary
and secondary rod of the landmark acquisition assembly of
FIG. 24;

[0052] FIG. 26 is a front view of a connecting element of
the landmark acquisition assembly of FIG. 24;
[0053] FIG. 27 is a perspective view of the second
arrangement of the tibial preparation system of FIG. 3B,
showing an extramedullary alignment guide according to
one embodimentthat can be used along the anterior side of
the tibia:

[0054] FIGS. 28 and 29 are perspective viewsofthe first
arrangement of the tibial preparation system of FIG. 3A
during a knee joint replacement procedure;
[0055] FIGS. 30-36B are perspective views of the second
arrangement of the tibial preparation system of FIG. 3B
during a knee joint replacement procedure;
[0056] FIG. 37is a perspective view of a cutting block and
a cutting tool being used to resect a portion ofthe proximal
tibia;
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[0057] FIG. 38 is a perspective view of the tibial prepa-
ration system of FIG. 4B during a knee joint replacement
procedure;
[0058] FIG. 39 is a perspective view of a the second
arrangement of the tibial preparation system of FIG. 4B

[0059] FIG. 40 is a perspective view of an orthopedic
fixture according to one embodiment which can be used in
the femoral preparation system of FIG. 5;

[0060] FIG. 41 is an exploded view of the orthopedic
fixture of FIG. 40;

[0061] FIG. 42 is a perspective view of the femoral
preparation system of FIG. 5 duringa stage of a kneejoint
replacement procedure;

[0062] FIG. 43 is a perspective view of the femoral
preparation system of FIG. 5 during another stage of a knee
joint replacement procedure;
[0063] FIG. 44 is a perspective view of a distraction
device according to one embodiment which can be used in
the femoral preparation system of FIG. 6;
[0064] FIG. 45 is a side view ofthe distraction device of
FIG. 44;

[0065] FIG. 46 is a top view of the distraction device of
FIG. 44;

[0066] FIG. 47 isa partial perspective view of a portion of
the distraction device of FIG. 44;

[0067] FIG. 48 is a perspective view of a portion of the
distraction device of FIG. 44;

[0068] FIGS. 49A-B are anterior views of the femoral
preparation system of FIG. 5 being used to distract a knee
joint with visual guidance using a visual indicator, such as
a laser;

[0069] FIG. 50A is an anterior view of the femoral prepa-
ration system of FIG. 5 after the knee has been distracted;

[0070] FIG. 50B is an anterior view of the femoral prepa-
ration system of FIG. 5 after the knee has been distracted;

[0071] FIG. 51Ais a perspective viewofa first pin being
inserted into an opening in the femoral preparation system of
FIG. 5;

[0072] FIG. 51B is a perspective view of a second pin
being inserted into an opening in the femoral preparation
system of FIG.5;

[0073] FIG. 52 is a perspective view ofa cutting block and
a cutting tool being used to resect a portion of the distal
femur;

[0074] FIG. 53 is an anterior viewof the femoral prepa-
ration system of FIG. 5 being used to distract a knee joint
with visual guidanceusing a visual indicator, such asa laser;

[0075] FIG. 54 is an anterior viewof the femoral prepa-
ration system of FIG. 5 being used to distract a knee joint
with visual guidanceusing a visualindicator, such asa laser;

[0076] FIG. 55 is an anterior view of the femoral prepa-
ration system of FIG. 5 being used to distract a knee joint
with visual guidanceusing a visual indicator, such asa laser;

 
[0077] FIG. 56 is a perspective view of the femoral
preparation system of FIG. 5 after the knee has been
distracted;

[0078] FIG. 57 is a perspective view of a cutting block
which can be usedto resect the distal femur;

[0079] FIGS. 58A-61K showscreen displays generated by
one embodiment of the interactive user interface of the

surgical orientation device of FIG.7.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

 

[0080] 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 embodi-
ments described below. 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 advan-
tages 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 accor-
dance 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.

[0081] In addition, in the following description of the
mvention, a “module” includes, but is not limited to, soft-
ware or hardware components which perform certain tasks.
Thus, a module may include object-oriented software com-
ponents, 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.

[0082] 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, deforma-
tion, 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 ofa tibia.

[0083] 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
properorientation of the instruments and to assist in more
fully understanding the construction of the instruments, a
small chart is included on many ofthe figures. The charts
indicate the general directions—anterior, posterior, medial,
and lateral, as well as proximal anddistal. 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. Poste-
rior/anterior is a broad term as used herein, and includes,
without limitation, rotational movementina posterior and/or
anterior direction (e.g. in a flexion/extension direction)
relative to the knee joint shown in FIG.1.
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[0084] 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 ofboth the proximaltibia and distal femur. These
cuts are made to prepare the tibia and femur for the pros-
thetic components. After these cuts are made, the prosthetic
components can be attached and/or secured to thetibia and
femur.

[0085] 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-opera-
tively, the surgeon can use the systems and methods
described herein to make these cuts accurately. While the
systems and methods are described in the context of a knee
joint replacement procedure, the systems and/or their com-
ponents 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

[0086] FIGS. 2-6 show various systems which can be used
in orthopedic procedures, such as joint replacement proce-
dures. Such systems can include a tibial preparation system
10, a femoral preparation system 510, and a knee distraction
and femoral preparation system 610. As described below,
each of these systems can be embodied in a number of
variations with different advantages.

II. Tibial Preparation Systems and Methods

[0087] Anumberofdifferent tibial preparation systems are
discussed below. These systemsare useful for modifying the
natural tibia to enable it to have a prosthetic component
securely mounted upon it.
A. Tibial Preparation System with Target Probes
[0088] With reference to FIG. 2a, a tibial preparation
system 10 can comprise a surgical orientation device 12, or
other measuring device, which can be used to measure and
record the location of anatomical landmarksofuse in a total

knee procedure, such as the location of the mechanical axis
of the leg. The mechanicalaxis ofthe 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 the center of the knee, to a center, or
mid-point, of the ankle (see, for example, FIG. 1). Generally,
an ideal mechanicalaxis in a patient allows load to pass from
the center of the hip, through the center of the knee, and to
the center of the ankle. Thetibial preparation system 10 also
can include a coupling device 14, a universal jig 16, and
target probes 18a, 18D.
[0089] Asused herein, the term “universal jig” is a broad
term and includes, without limitation, orthopedic fixtures
that are adapted to be connected to or coupled with, directly
or indirectly, an anatomical structure, such as a bone,a limb,
a portion of a joint, and to be moveable in one or more
degrees of freedom, and in somecases is multiple degrees of
freedom.Asdiscussed further below, the universaljig 16 can
be one form of an orthopedic fixture that can be used to
couple the surgical orientation device 12 with a bone adja-
cent to a knee joint. In certain techniques discussed below
the surgical orientation device 12 is used with a plurality of
orthopedicfixtures. The coupling device 14 advantageously
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enables the surgical orientation device 12 to be quickly
coupled and decoupled with a variety of orthopedic fixtures
during the procedure. This enables the surgical orientation
device 12 to be used in a modular fashion, with a variety of
orthopedic fixtures at one or more stages of a procedure.

1. Surgical Orientation Device for Verifying
Alignment of Orthopedic Fixtures

[0090] A surgical orientation device can be provided
which can be used for verifying an alignment of an ortho-
pedic fixture or fixtures, or a cutting plane or planes, during
an orthopedic procedure. Surgical orientation device is a
broad term as used herein, and includes, without limitation,
devices which can be used alone or in conjunction with an
orthopedicfixture or fixturesto orient a cutting plane during
an orthopedic procedure or to otherwise identify or track a
relative position of one or more surgical devices or ana-
tomical structures, and can encompass any of the embodi-
ments shown in the drawings and as described herein. For
example, FIG. 7 shows an embodimentofa surgical orien-
ation device 12. The surgical orientation device 12 can

comprise a compact, generally hand-held and/or portable
device for use in orienting a cutting guide or other surgical
ool in a joint replacement procedure. The surgical orienta-
ion device 12 can be used to locate a portion of the
mechanical axis that extends through the lowertibia or a
portion thereof. Also, the surgical orientation device 12 can
be used to locate a portion of the mechanical axis that
extends through the femur or a portion thereof. In certain
echniques discussed below, the surgical orientation device
12 is used to locate one, two, or more planesintersecting the
mechanical axis. The surgical orientation device 12, as
described herein, can be used alone or in conjunction with
other devices, components, and/or systems.
[0091] Ina preferred arrangement, the surgical orientation
device 12 can comprise a generally rectangular-shaped,
box-like structure having an outer housing 20. The outer
housing 20 can be portable. The outer housing 20 can be
comprised, at least in part, of plastic including but not
limited to ABS, polycarbonate, or other suitable material.
The surgical orientation device 12 can be configured for
hand-held use.

[0092] With continued referenceto FIG.7, a front side 22,
or a portion of the front side 22, of the surgical orientation
device 12 can comprise a display 24. The display 24 can be
a separate component from the outer housing 20 or can be
integrated on or within the outer housing 20. The display 24
can comprise an output device. For example,the display 24
can comprise a liquid crystal display (‘LCD”) or Ferroelec-
tric 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 an
embodiment, the display 24 comprises a Quarter Video
Graphics Array (“QVGA”) Thin Film Transistor (“TFT”)
LCDscreen. Othertypes of display screens can also beused,
as can other shapes, sizes, and locations for the display 24
on the surgical orientation device 12.
[0093] The surgical orientation device 12 can further
comprise at least one user input device 26. Theat least one
user input device 26 can comprise a plurality of buttons
located adjacent the display 24. The buttons can be acti-
vated, for example, by a finger, hand, and/or instrumentto
select a mode or modes of operation of the device 12, as
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discussed further below. In a preferred arrangement, the at
least one user input comprises three buttons located under-
neath the display 24 as illustrated in FIG. 7. In other
embodiments, the user input device 26 is a separate com-
ponent from the housing 20. For example, the user input
device 26 can comprise a remote input device coupled to the
surgical orientation device 12 via a wired or wireless con-
nection. In yet other embodiments, the user input device 26
comprises a microphone operating in conjunction with a
speech recognition module configured to receive and pro-
cess verbal instructions received from a user.

[0094] As discussed below in connection with Figures
eethe surgical orientation device 12 includes a user
interface with which a clinician can interact during a pro-
cedure. In one embodiment, the display 24 and at least one
user input 26 can form a user interface. The user interface
allows a surgeon, medical personnel, and/or other user to
operate the surgical orientation device 12 with ease, efli-
ciency, and accuracy. Specific examples andillustrations of
how the user interface can operate in conjunction with
specific methods are disclosed further herein.

[0095] FIGS. 8 and 9 showa back side 27 of the surgical
orientation device 12. The back side 27 can include an

attachmentstructure or structures 28, as well as a gripping
feature or features 29 for facilitating handling of the surgical
orientation device 12. The attachment structures 28 can

facilitate attachmentof the surgical orientation device 12 to
another device, such as for example the coupling device 14.
In a preferred arrangement, the attachment structures 28
comprise grooves, or channels 30, along a portion of the
back side of the surgical orientation device 12.

[0096] The attachment structures 28 can be formed, for
example, from protruding portions of the back side of the
surgical orientation device 12, and can extend partially, or
entirely, along the back side of the surgical orientation
device 12. The attachment structures 28 can receive corre-

sponding, or mating, structures from the coupling device 14,
so as to couple, or lock, the coupling device 14 to the
surgical orientation device 12. FIGS. 10A and 10B showtop
and bottom sides 31a, 315 of the surgical orientation device
12. The surgical orientation device 12 can compriseoptical
components 32 that can be located on the top side 31a, the
bottom side 314,or the top and bottom sides 31a, 31ofthe
surgical orientation device 12. The optical components 32
can comprise transparent windows 34 integrated into the
surgical orientation device 12. The optical components 32
can be windowsthat permit visible light (e.g. laser light) to
emit from the top side 31a, the bottom side 314, or both the
top and bottom sides 31a, 316 of the surgical orientation
device 12. While the embodimentillustrated in FIGS. 10a

and 105 shows two windows34fortransmitting light, other
numbers are also possible. Additionally, while the optical
components 32 are shownlocated on the top and bottom of
the surgical orientation device 12, in other embodimentsthe
optical components 32 can be located in other positions
and/or on other portions of the surgical orientation device
12.

[0097] FIG. 11 illustrates a high-level block diagram of an
electrical system 1100 of the surgical orientation device 12.
Theelectrical system 1100 comprises an electronic control
unit 1102 that communicates with one or more sensor(s)
1104, one or more visible alignment indicators 1106, a
power supply 1108, a display 1110, external memory 1112,
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one or more user input devices 1114, other output devices
1116 and/or one or more input/output (“I/O”) ports 1118.

[0098] In general, the electronic control unit 1102 receives
input from the sensor(s), the external memory 1112, the user
input devices 1114 and/or the I/O ports 1118 and controls
and/or transmits output to the visible alignment indicators
1106, the display 1110, the external memory 1112, the other
output devices 1116 and/or the I/O ports 1118. Theelectronic
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 elec-
tronic 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 comprises, by way of example,
one or more processors, program logic, or other substrate
configurations representing data and instructions, which
operate as described herein. In other embodiments, the
electronic control unit 1102 comprises 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 yet other embodiments, the
electronic control unit 1102 comprises an application-spe-
cific integrated circuit (ASIC) or one or more modules
configured to execute on one or more processors. In certain
embodiments, the electronic control unit 1102 comprises an
AT91SAM7SE microcontroller available from Atmel Cor-

poration.
[0099] The electronic control unit 1102 can communicate
with internal memory and/or the external memory 1112 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 permanentstorage of information. In
some embodiments, the external memory 1112 includes an
AT49BV160D-70TU Flash device available from Atmel

Corporation and a CY62136EV30LL-45ZSXI_ SRAM
device available from Cypress Semiconductor Corporation.
Theelectronic control unit 1102 can communicate with the

external memory 1112 via an external memory bus.
[0100] In general, the sensor(s) can be configured to
provide continuousreal-time data to the surgical orientation
device 12. The electronic control unit 1102 can be config-
ured 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 orienta-
tion device 12. 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.

[0101] In some arrangements, the one or more sensors
1104 can compriseat 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 12. For example, the sensor
module 1104 can comprise at least one gyroscopic sensor,
accelerometersensor, tilt sensor, magnetometer and/or other
similar device or devices configured to measure, and/or
facilitate determination of, an orientation of the surgical
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orientation device 12. 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 gener-
ally to an orientation in which an axis of the sensor is
perpendicular to the force of gravity, and thereby experi-
ences no angular offset, for example tilt, pitch, roll, or yaw,
relative to a gravitational force vector. In other embodi-
ments, the sensor(s) 1104 can be configured to provide
measurements for use in dead reckoning or inertial naviga-
tion systems.
[0102] In various embodiments, the sensor(s) 1104 com-
prise one or more accelerometers that measure the static
acceleration of the surgical orientation device 12 due to
gravity. For example, the accelerometers can be usedastilt
sensors to detect rotation of the surgical orientation device
12 about one or moreofits axes. The one or more acceler-

ometers 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
ofrotation). The changes in orientation about the axes of the
accelerometrs can be determined relative to gravitational
zero and/orto a reference plane registered duringatibial or
femoral preparation procedure as described herein.
[0103] Incertain embodiments, a multi-axis accelerometer
(such as the ADXL203CE MEMSaccelerometer available
fromAnalog Devices, Inc. or the LIS331DLH accelerometer
available from ST Microelectronics.) detects 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) ofthe surgical orientation device 12 and changes in
angular position from a vertical plane (e.g., roll rotation) of
the surgical orientation device 12. The changes in angular
position from the horizontal and vertical planes of the
surgical orientation device 12 (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 12.

[0104] In some arrangements, the sensors 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 module 1104 can comprise a three-axis
gyroscope sensor(or three gyroscope sensors) and a three-
axis accelerometer (or three accelerometer sensors) to pro-
vide positional and orientational measurements for all six
degrees of freedom ofthe surgical orientation device 12. In
some embodiments, the sensors provide an inertial naviga-
tion or dead reckoning system to continuously calculate the
position, orientation, and velocity of the surgical orientation
device 12 without the need for external references

[0105] In some embodiments, the sensors 1104 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 12. The magne-
tometer can advantageously be configured to detect changes
in angular position about a horizontal plane. In other
embodiments, the sensors 1104 comprise one or more sen-
sors capable of determining distance measurements. For
example a sensor located in the surgical orientation device
12 can be in electrical communication (wired or wireless)
with an emitter element mounted at the end of a measure-

ment probe. In certain embodiments, the electrical control
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unit can be configured to determinethe distance between the
sensor and emitter (for example, an axial length of a
measurement probe corresponding to a distance to an ana-
tomical landmark, such as a malleolus).
[0106] In other embodiments, the one or more sensors
1104 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 comprises 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 mate-
rials, and/or determining the flow and/or viscosity of sub-
stances in the materials, and/or determining the temperature
of tissues or substances within materials.

[0107] In certain embodiments, the sensors 1104facilitate
determination of an orientation of the surgical orientation
device 12 relative to a reference orientation established

during a preparation and alignment procedure performed
during orthopedic surgery. Further details regarding the
operation of the sensors in conjunction with a total knee
replacement surgery will be discussed below.
[0108] The one or more sensors 1104 can form a compo-
nent of a sensor module that comprises at least one sensor,
signal conditioning circuitry, and an analog-to-digital con-
verter (“ADC”). In certain embodiments, the components of
the sensor module 1104 are 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 other
embodiments, the sensor module is 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 certain embodiments, the signal conditioning
circuitry comprises filtering circuitry and gain circuitry. The
filtering circuitry can comprise one morefilters, such as a
low pass filter. For example, a 10 Hz single pole low pass
filter can be used to removevibrational noise or other low

frequency components ofthe 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. 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.

[0109] 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 certain embodi-
ments, 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 certain embodi-
ments, the ADC comprises an AD7921 two channel, 12-bit,
250 Kiloseconds per Sample ADC.In an arrangement hav-
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ing a 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 contro] unit 1102. In other embodiments, the
electronic control unit 1102 comprises an on-board ADC
that can be used to convert the sensor output signals into
digital data counts.

[0110] With continued reference to FIG. 11, the visible
alignment indicators 1106 can comprise one or more lasers,
which can be configured to project laser light through the
optical component or components 32 described above. For
example, the 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, andor a cross-hair onto a target
or targets, including but notlimited to an anatomical feature
or landmark, to providealternative or additional orientation
information to a surgeon regarding the orientation of the
orientation device 12. For example, laser light can be used
to project a plane on a portion ofboneto indicate a resection
line and a cross-hair laser pattern can be used to ensure
alignment along two perpendicular axes. In certain embodi-
ments, 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. The electronic control unit 1102 can

then be configured to determine the distance to the target.
The lasers can be controlled by the electronic contro! unit
1102 via pulse width modulation (“PWM”) outputs. In
certain embodiments, the visible alignment indicators 1106
comprise Class 2M lasers. In other embodiments, the visible
alignment indicators 1106 comprises other typesoflasers or
light sources.

[0111] The power supply 1108 can comprise one or more
power sources configured to supply DC powerto the elec-
tronic system 1100 of the surgical orientation device 12. In
certain embodiments, the power supply 1108 comprises one
or more rechargeableor replaceable batteries and/or one or
more capacitive storage devices (for example, one or more
capacitors or ultracapacitors). In other embodiments, power
can be supplied by other wired and/or wireless power
sources. In preferred arrangements, the power supply 1108
comprises two AA alkaline,lithium, or rechargeable NiMH
batteries. The surgical orientation device 12 can also include
a DC/DCconverter to boost the DC power from the power
supply toa fixed, constant DC voltageoutput (e.g., 3.3 volts)
to the electronic control unit 1102. In some embodiments,
the DC/DC converter comprises a TPS61201DRC synchro-
nous 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 certain embodiments, the
surgical orientation device 12 can comprise a timer config-
ured to cause the surgical orientation device 12 to tempo-
rarily power off after a predetermined period of inactivity
and/or to permanently power off after a predetermined
time-out period.

[0112] As discussed above, the display 1110 can comprise
an LCDorother type screen display. The electronic control
unit 1102 communicates with the display via the external
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memory bus. In certain embodiments, the electronic system
1100 comprises a display controller and/or an LED driver
and one or more LEDs to provide backlighting for the
display 1110. For example, the display controller can com-
prise an LCD controller integrated circuit (“IC”) and the
LED driver can comprise a FAN5613 LEDdriveravailable
from Fairchild Semiconductor International, Inc. The elec-
ronic control unit 1102 can be configured to control the
LED drivervia 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”) imagesor icons. The GUI images can
includeinstructive images, such as illustrated surgical pro-
cedure steps, or visual indicators of the orientation infor-
mation received from the sensor(s) 1104. For example, the
display 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 bubblelevel indicator to aid
a user in maintaining a particular orientation. The display
can also be configured to display alphanumeric text, sym-
bols, and/or arrows. For example, the display can indicate
whethera laser is on or off and/or include an arrow to a user

input button with instructionsrelated to the result ofpressing
a particular button.

[0113] With continued reference to FIG. 11, the user input
device(s) 1114 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 12, verify a position of the
surgical orientation device 12, turn the visible alignment
indicators 1106 on and off, and/or turn the entire surgical
orientation device 12 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 LEDstatus 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 other embodiments, output from the
electronic control unit 1102 can be sent to external display
devices, data storage devices, servers, and/or other comput-
ing devices (e.g., via a wireless network communication
link).

[0114] The VO ports 1118 of the electronic control unit
1102 can comprise a JTAG port and one or moreserial
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 UARTport can be
an infrared (“IR”) serial port in communication with an
infrared (“IR”) transceiver. The IR serial port can be used to
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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.

[0115] As described above, the sensor(s) 1104 can com-
prise one or more accelerometers. Accelerometers can mea-
sure the static acceleration of gravity in one or more axes to
measure changes in tilt orientation. For example, a three-
axis accelerometer can measurethe static acceleration due to

gravity along three orthogonal axes, as illustrated in FIG.
12A. A two-axis accelerometer can measurethe static accel-

eration due to gravity along two orthogonal axes (for
example, the x and y axes of FIG. 12A). The outputsignals
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

changesits orientation with respect to the gravitational force
vector. In certain embodiments, an accelerometer experi-
ences static acceleration in the range from -1 g to +1 g
through 180 degreesoftilt (with -1 g corresponding to a -90
degreetilt, 0 g corresponding to a zero degreetilt, and +1 g
corresponding to a +90 degreetilt. The acceleration along
each axis can be independent of the acceleration along the
other axis or axes.

[0116] FIG. 12B illustrates a measured acceleration along
each of the three axes of a three-axis accelerometer in six

different orientation positions. TOP and BOTTOMlabels, as
well as a circle indicating Pin 1 of the accelerometer, have
been included to aid in determining the variousorientations.
A gravitational force reference vectoris illustrated as point-
ing 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
accelerometeris parallel to the force of gravity; therefore,
the x and yacceleration components of static acceleration
due to gravity at positions A and B are 0 g and the z
componentof 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 per-
pendicular to the force of gravity and the y-axis is parallel
to the force of gravity; therefore, the x and z acceleration
components ofstatic acceleration due to gravity at positions
C and E are 0 g and the y componentofstatic acceleration
due to gravity at positions C and E is +1 g and -1 g,
respectively. At positions D andF, the y-axis and z-axis are
perpendicular to the force ofgravity and the x-axis is parallel
to the force of gravity; therefore, the y and z acceleration
components ofstatic acceleration due to gravity at positions
D and F are 0 g and the x component ofstatic 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 arrange-
ments, a three-axis accelerometer can be used asa tiltmeter
to measure changes in orientation about two axes.

[0117] Multi-axis accelerometers can be conceptualized as
having a separate accelerometer sensor for each ofits 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 (.e., operates with maximum or optimum accuracy
and/or resolution) when its sensitive axis is substantially
perpendicular to the force of gravity (1.c., when the longi-
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tudinal plane of the accelerometer sensor is parallel to the
force of gravity) and least responsive whenthe 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. 12C 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 rangesof tilt motion makes
the measurements muchless accurate for tilt measurements

over 45 degrees. In certain embodiments, when the mount-
ing angle of the surgical orientation device 12 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. For example,for use during
the knee surgery preparation procedures described herein,
the sensor(s) 1104 can be mounted at approximately a
22-degree angle relative to the anterior-posterior axis of the
surgical orientation device 12 to accountfor a predetermined
range of motion of the surgical orientation device 12 about
the flexion/extension axis during the procedures. It should
be appreciated by one of ordinary skill in the art that the
accelerometer can be mounted at acute angles other than
approximately 22 degrees. In other arrangements, the sensor
(s) 1104 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
three-axis accelerometeris used, the accelerometer sensor(s)
can be mountedin parallel with the anterior-posterior axis of
the surgical orientation device 12. In one three-axis accel-
erometer arrangement, a handoff system can be incorporated
o ensure that the accelerometer sensors with the most

accurate reading (e.g., <45 degrees) are being used at each
orientation position. The handoff system can employ hys-
eresis to avoid “bouncing” phenomena during the handoffs
between the accelerometer sensors.

[0118] FIG. 12D illustrates the inside of the surgical
orientation device 12, according to an embodiment of the
invention. The surgical orientation device 12 can comprise
one or more circuit boards and/orother circuitry capable of
installation within the surgical orientation device 12. As
illustrated, the surgical orientation device 12 can comprise a
sensor board 36A and a main board 36B. The components of
he sensor module (including the sensor(s) 1104) can be
mounted on the sensor board 36A and the other components
of the electrical system 1100 are mounted on the main board
36B. The sensor board 36A can comprise one or more
sensors 40 (e.g., sensor(s) 1104 as described above). In
alternative embodiments, the sensor board 36A and the main
board 36B can be combined into a single circuit board. The
sensor board 36A and the main board 36B can comprise
rigid or flexible circuit boards. The sensor board 36A andthe
main board 36B can be fixedly or removably attached to the
outer housing 20.

[0119] Asillustrated, the sensor board 36A is mountedat
an approximately 22-degree angle relative to a plane extend-
ing longitudinally through the housing 20, which can be
parallel to or correspond to an anterior-posterior axis of the
main board 36B. As described above, mounting the sensor
board 36A at an offset angle can enable the one or more
sensors to operate in the regions of maximum or optimum
sensitivity, accuracy and/or resolution. The particular
mounting offset angle can be selected based on a range of
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motion of the surgical orientation device 12 during a par-
ticular orthopedic procedure. For example, during thetibial
preparation procedures described herein, the surgical orien-
tation device 12 can bealigned with the coronalplane ofthe
tibia with the leg in flexion and during the femoral prepa-
ration procedures described herein, the surgical orientation
device 12 can be aligned to the leg in extension. Accord-
ingly, the mounting offset angle is set at approximately 22
degrees to keep the orientation of the sensors from getting
too close to the less accurate, low resolution range when the
surgical orientation device 12 is positioned in the two
flexion/extension orientations. As shown in FIG. 12D,the
surgical orientation device 12 can include two AA batteries
38 as the power supply 1110 for providing power to the
surgical orientation device 12. The surgical orientation
device 12 also can include lasers 42 asthe visible alignment
indicators 1106 described above.

[0120] FIG. 12E is a high-level flowchart of an exemplary
conversion process for converting an analog voltage output
signal of a multi-axis accelerometer into an angle degree
measurement for presentation on the display 24. Although
the steps are described as being implemented with hardware
and/or software, each of the steps illustrated in FIG. 12E can
be implemented using hardware and/or software. It should
be appreciated that a similar conversion process can be
performed for any other type of sensor or for multiple
separate sensors without departing from the spirit and/or
scope of the disclosure.
[0121] For each axis of rotation measured (e.g., pitch and
roll), the multi-axis accelerometer can continuously output
an analog voltage signal. At Block 1205, the signal condi-
tioning circuitry of the sensor module canfilter the analog
output voltage signal (e.g., with a low passfilter) to remove
noise from the signal that may be present due to the high
sensitivity of the multi-axis accelerometer. At Block 1210,
the signal conditioning circuitry amplifies, or boosts, the
output voltage signal, for example, via the gain circuitry
described above.

[0122] At Block 1215, the ADC can convert the continu-
ous analog voltage signal into a discrete digital sequence of
data samples,or voltage counts. In certain embodiments, the
ADC can sample the analog voltage signal once every two
milliseconds; however, other samplingrates are possible.In
certain embodiments, the analog voltage signal is over-
sampled. At Block 1220, the electronic control unit 1102 can
generate a stable data point to be converted to an angle
measurement. The electronic control unit 1102 can apply a
median filter to the sampled data to eliminate outliers (e.g.,
spikes) in the data. For example, the electronic unit 1102 can
use an 11-sample median filter to generate the middle value
from the last 11 samples taken. The output of the median
filter can then be fed into a rolling average filter (for
example, a 128 sample rolling averagefilter). The rolling
averagefilter can be used to smoothe or stabilize the data
that is actually converted to an angle measurement. The
electronic control unit 1102 can implement Blocks 1215 and
1220 usinga finite impulse response (“FIR”) or an infinite
impulse response (“IIR”) filter implemented in a software
module.

[0123] At Block 1225, the electronic control unit 1102 can
convert the voltage count data to an angle measurement in
degrees. In performing the conversion,the electronic control
unit 1102 can be configured to apply a calibration conver-
sion algorithm based on a calibration routine performed
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during a testing phaseprior to sale of the surgical orientation
device 12. The calibration conversion can be configured to
account for unit-to-unit variations in components and sensor
placement. The calibration routine can be performed for
each axis being monitored by the multi-axis accelerometer.
The calibration conversion can comprise removing any
mechanicalor electrical offsets and applying an appropriate
gain calibration for a positive or negativetilt.
[0124] As described above, the ADC can comprise an
ADC with 12-bit resolution, which provides 4096 distinct
voltage counts, wherein a -90 degree tilt corresponds to 0
counts (-2048 signed counts), a zero degree tilt corresponds
to 2048 counts (0 signed counts), and a +90 degree tilt
corresponds to 4096 counts (+2048 signed counts). Thetilt
angle for each axis (e.g., pitch and roll) of the multi-axis
accelerometer can be calculated from the voltage count data
based on standard trigonometric relationships as the arcsin
of the acceleration component in each particular axis. In
arrangements in which the electronic control unit 1102
applies the calibration conversion,thetilt angle for each axis
can be calculated as follows:

.|(SignedADC Counts + OFFSET) x GAIN) (12.1)
ANGLE=asinraga

where OFFSET corresponds with a zero offset of the sur-
gical orientation device 12 determined during the calibration
routine and GAIN corresponds with a ratiometric value
determined during the calibration routine, with one GAIN
value being used for negative tilt angles and a different
GAINvalue being used for positive tilt angles.
[0125] Also at Block 1225, in arrangements where a
dual-axis accelerometer is used, the electronic control unit
1102 can be configured to adjust the pitch angle (x axis)
calculation to account for the mounting offset angle (de-
scribed above) of the dual-axis accelerometerrelative to the
outer housing 20 of the surgical orientation device 20. The
result of Block 1225 is an absolute angle for each axis of
rotation (e.g., pitch, roll) being monitored by the dual-axis
accelerometer. The absolute pitch and roll angles can be
used to calculate orientation measurements of the surgical
orientation device 12, such as a flexion-extension angle and
a varus/valgus angle (as described in more detail below).
[0126] Orientation measurements for the surgical orienta-
ion device 12 can be determined based on a widevariety of
reference frames in conjunction with any of a variety of
surgical procedures. For example, when used in conjunction
with a total knee replacement arthroscopic procedure, a
reference frame can be established as shown in FIG. 12F.

[0127] As illustrated in FIG. 12F, the reference frame
1200 comprises three orthogonal axes (labeled x, y and z)
having a pointoforigin at the center of a patient’s knee joint
when the patient’s left leg is in flexion. The x-axis is
illustrated as extending out of the page (in a lateral direction
rom the knee parallel to the horizon). The y-axis is illus-
rated as extending along a coronal plane ofthe tibia. The
z-axis is illustrated as extending straight out from the knee
at an offset of 90 degrees from the coronal plane ofthetibia.
As described herein, a flexion/extension rotation, or poste-
rior-anterior pitch rotation, correspondsto rotation about the
x-axis of the reference frame 1200 and a varus/valgus
rotation, or a medial-lateral rotation, correspondsto rotation
aboutthe z-axis of the reference frame 1200. A roll rotation,
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as described herein, correspondsto rotation about the y-axis
of the reference frame 1200. During the performance of
alignment procedures in which the leg is fully extended, the
x-axis maintains the same orientation and the y and z axes
rotate toward the mechanical axis of the leg about the x axis.

[0128] Asdescribed above, a sensor 40 (e.g., a multi-axis
accelerometer) can be configured to measure changes in
angular position from a horizontal axis (e.g., pitch) and a
vertical axis (e.g., roll). In performing the methods described
herein, the surgical orientation device 12 can be mounted
such that the pitch measurement of the sensor 40 corre-
sponds to rotation about the x axis (e.g., flexion/extension
rotation) of the reference frame 1200 and such that the roll
measurement of the sensor 40 corresponds with rotation
about the y axis of the reference frame 1200.

[0129] In arrangements employing the use of thetibial
preparation system 310, the flexion/extension angle is cal-
culated according to formula 12.1 above. In arrangements
where a dual-axis accelerometer is used, the calculated
flexion/extension angle can be adjusted to account for a
mounting offset angle or can be compared to a reference
flexion/extension orientation plane to generate a relative
angle measurement. A relative flexion/extension angle can
be generated by subtracting a reference flexion/extension
angle stored in memory from the absolute measured flexion/
extension angle. In certain embodiments, the reference flex-
ion/extension angle corresponds with the orientation of the
coronal plane of thetibia.

[0130] In arrangements employing the use of the tibial
preparation system 310, the varus/valgus angle can be
derived based on the assumption that the pitch angle of the
accelerometer, which corresponds with the flexion/extension
angle of the surgical orientation device 12, is fixed and
known(e.g., the surgical orientation device 12 is mounted to
an extramedullary alignment guide 314 that can only be
rotated laterally or medially on a planeoffixed pitch) and on
the assumption that the rotation angle ofthe roll sensor of
the accelerometer was substantially zero degrees when the
fixed pitch angle measurement (e.g., the reference flexion/
extension angle) was registered, or recorded. Based on these
two assumptions, the varus/valgus angle can be calculated as
follows:

sin(rollangle) (12.2)Varus/Valgus Angle = aresin| ————_———_
arusiValgus Angle=aresin| —(fixedpirchangle)

wheretheroll angle is the current absolute roll angle being
measured by the roll sensor of the accelerometer. A relative
varus/valgus angle can be generated by subtracting a refer-
ence varus/valgus angle stored in memory from the absolute
measured varus/valgus angle. In certain embodiments, the
reference varus/valgus angle corresponds with the orienta-
tion of the sagittal plane of the tibia.

[0131] In arrangements where the tibial preparation sys-
tems 410 and 610 are used, the flexion/extension angle and
the varus/valgus angle can be calculated as follows:

sin(rollangle) | (12.3)Varus/Valgus Angle =seta
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-continued

sin(rollangle) (12.4)
FlexionfExtension Angle = arcsin) ———————-——— |,

sin Varus/ValgusAngle)

wherethe roll angle is the current absolute roll angle being
measured by the accelerometer and the pitch angle is the
current absolute pitch angle being measured by the accel-
erometer. As discussed above, these calculations can also be
adjusted based on a calibration conversion or a mounting
offset angle.
[0132] In certain embodiments, the above calculations can
be performed by software modules executed by the elec-
tronic control unit 1102. In other embodiments, the elec-
tronic control unit 1102 can generate the angle measure-
ments using data stored in one or more look-up tables
(“LUT’s). In other embodiments, other calculations can be
derived based on the type of sensor or sensors used, the
procedure being performed, and/or the reference frame
being employed.
[0133] In certain embodiments, the electronic control unit
1102 can performastabilization routine, process, or algo-
rithm to assess or determine the stability, or reliability, of the
calculated angle measurements. For example, the electronic
control unit 1102 can keep a history of the last 100 ms of
calibrated sample data for each axis being monitored by the
sensor(s) 40. Each time a new sample is added to the
100-sample history, a maximum and minimum value is
determined for the 100-sample data set. The electronic
control unit 1102 can then determine a delta difference
between the maximum and minimum values. The electronic

control unit 1102 can then compare the delta difference
between the maximum and minimumvaluesto a threshold.

If the delta difference is lower than the threshold, then the
data is considered to be stable and it is stored in memory
(e.g., external memory 1112) and time-stamped.If the delta
difference is greater than the threshold, then the data is
considered to be unstable. Whenretrieving an angle reading
to display to the user, the electronic control unit 1102 can be
configured to transmit the last stable data reading (assuming
it is not too old) to the display 1110 instead of the current
unstable reading. If the last stable angle exceeds a time
threshold, the unstable angle reading can be displayed along
with a visual indication notifying the user that the angle
reading is unstable. For example, a red “shaky hand”icon or
graphical user interface image can be displayed on the
display screen.

 

2. Surgical Orientation Device with a Disposable
Portion Which Allows Inner Components to be

Reused in a Sanitary Manner

[0134] In one embodiment, a surgical orientation device
can be provided with a disposable housing. This arrange-
ment can maximize reuse of internal components while
maintaining the cleanliness of the device. FIG. 13 shows an
embodiment of a surgical orientation device 12@ which
comprises a disposable outer housing 21. The disposable
outer housing 21 can include, or be releasably attachedto, a
cover 44. The cover 44 can be in the form ofa latch, flap,
zipper, plastic-zip fastener, or other similar structure which
covers and/or seals an opening in the disposable outer
housing 21. The cover 44 can be pivotally connected to a
portion of the disposable outer housing 21, such that when
the cover 44 is swung open or removed, visual inspection
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and removal/insertion of interior, reusable components (e.g.
the electronic control unit 1102, display 24, optical compo-
nents 32) of the surgical orientation device 12a is provided.
[0135] The disposable outer housing 21 can be manufac-
tured and packaged in a sterile state and can providea sterile
barrier between the reusable components inside the surgical
orientation device 12 and their outside environment. Thus,
once the surgical orientation device 12 has been used, the
disposable outer housing 21 can be discarded or destroyed,
and the interior, reusable components can be used again.
[0136] The disposable outer housing 21 can also be manu-
factured such that it engages and/or receives one or more
interior reusable components of the surgical orientation
device 12. Preferably these components are received within
the housing 21 without the interior reusable components
contacting any outside surface of the disposable outer hous-
ing 21, thereby protecting the outside surfaces of the dis-
posable outer housing 21 from contact with the interior
reusable components. A separate, sterile shield can provide
a temporary barrier between the sterile housing and non-
sterile surgical orientation device 12 during insertion to
prevent accidental contact between the surgical orientation
device 12 and outside surfaces of the housing. Once the
surgical orientation device 12 is inserted the shield can be
removed and discarded allowing the door to be closed.
[0137] The disposable outer housing 21 can containslots
or grooves on one or more interior walls of the disposable
outer housing 21 to enable the interior reusable components,
or a combined set of interior reusable components in the
form of a reusable assembly, to be positioned or set within
the disposable outer housing 21. For example, the reusable
components or assemblycan contain slots or grooves which
mate with the slots or grooves of the disposable outer
housing 21. This mating arrangement can minimize contact
between more delicate features of the reusable components
(e.g. a circuit board) and the inside surfaces ofthe disposable
outer housing 21. In some embodiments the inside of the
disposable outer housing 21 and the outside of the interior
reusable components or assembly can be tapered to allow
easy, low precision insertion of the interior reusable com-
ponents or assembly but provide secure mating once the
disposable outer housing 21 and the reusable interior com-
ponents or assembly are fully engaged. Electrical contact
between the surgical orientation device 12 and housing can
be provided by spring loaded probes and conductive con-
tacts. The disposable housing 21 can include touch screen
for user interface. (e.g. an LCD display canstill be part of
the SOD). The disposable housing 21 can be packaged with
disposable batteries so users don’t have to deal with recharg-
ing ofbatteries.

[0138] In yet other configurations, the interior reusable
components, assembly, and/or disposable outer housing 21
of the device can contain other mating features, including
but not limited to clamps or adaptors, which facilitate
sanitary handling of the surgical orientation device 12.

[0139] The disposable outer housing 21 can also contain
one or more sheets of material, such as a thin plastic layer,
temporarily affixed to one or moreofits outside surfaces (for
example by a weak adhesive), sufficient to protect the
disposable outer housing 21 from contamination by the
reusable interior components or assembly during the process
of engaging the disposable outer housing 21 to the reusable
interior components or assembly. The sheets of material
temporarily affixed to the disposable outer housing 21 can be
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removed following the engagement of the disposable outer
housing 21 to the reusable interior components or assembly.
[0140] In a preferred arrangement, the disposable outer
housing 21 can includea transparentsection orsections(e.g.
a thin plastic membrane) which covers both the display 24
and user inputs 26. This section or sections of the disposable
housing 21 can be manufactured to allow the user to
manipulate the user interface elements by pressing against
his section or sections of the disposable housing 21. For
example, the disposable outer housing 21 can include a
ouch-sensitive overlay which covers the display 24 to

enable the display 24 of the surgical orientation device 12 to
be operated as a touch screen. The surgical orientation
device 12 can include an electrical interface, for example
probes or sliding contacts, between the disposable and
re-usable elements of the touch screen(i.e. the transparent
sections of the disposable outer housing 21 and the display
24) to enable the transfer of information, electricity and/or
other energy between the disposable outer housing 21 and
the display 24.
[0141] With continued reference to FIGS. 12 and 13, the
batteries 38 can be in either or both of the reusable and

disposable portion or portions of the surgical orientation
device 12. If the batteries 38 are containedin the disposable
outer housing 21, the surgical orientation device 12 can
contain one or more transmission media, connectable
between the reusable interior elements or assembly and the
disposable outer housing 21, capable of conducting power
from the batteries in the disposable outer housing 21 to the
reusable interior components or assembly that requires
powerfor the surgical orientation device’s operation.

 
3. Device for Coupling a Surgical Orientation

Device to Orthopedic Fixtures

[0142] A device can be provided which can be used to
couple a surgical orientation device to one or more ortho-
pedic fixtures. For example, FIGS. 2 and 14 show a coupling
device 14. The coupling device 14 can comprise a housing
46, cam mechanism 48, and a surgical orientation device
attachment mechanism 50. The coupling device 14 can be
used generally to attach two surgical instruments and/or
components together. For example, in the tibial preparation
system 10, the coupling device 14 can be used to couple the
surgical orientation device 12 to the universal jig 16.
[0143] FIG. 15 showsthe housing 46, which can be made
out of plastic or other suitable material including but not
limited to polypropylene or PET. The housing 46 can
include openings and/or slots 52 for insertion of the cam
mechanism 48 and surgical orientation device attachment
mechanism 50. The housing 46 can further include an
elongate portion 54, which can be inserted into the grooves
or channels 30 along the back portion of the surgical
orientation device 12 described above.

[0144] FIG. 16 shows the cam mechanism 48, which can
comprise a handle 56 with an off-center cam 58 at one end.
The off-center cam 58 can be pivotally attached to an arm
60. The arm 60 can include a pin or pivot mechanism which
is insertable into an opening 52 of the housing 46.
[0145] FIG. 17 shows the coupling device 14 fully
assembled. The coupling device 14 can be used to friction-
ally engage and hold onto a surgical instrument or compo-
nent. For example, as the handle 56is rotated, the arm 60 can
swing into a position such that an end 62 of the arm 60 is
frictionally engaged with or clamps onto a portion of a
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surgical instrument or component extending through the
opening 64. The surgical instrument or component can
extend between structures 77 of the housing 46 suchthat as
the arm 60 swings, the end 62 can contact the surgical
instrument or component and press it firmly against the
structure 77, thereby at least partially locking the surgical
instrument or component to the coupling device 14.
[0146] With reference again to FIG. 16, the surgical ori-
entation device attachment mechanism 50 can comprise a
knob 66. The knob 66can be attached to an arm 68. The arm
68 can be attachedto a rotatable structure 70. Therotatable

structure 70 can comprise a pin 72 whichcanbeinserted into
an opening 62 of housing 46. The rotatable structure 70 can
also comprise a protrusion 74. As the knob 66 is pushed,
and/or turned,the protrusion 74 can pivot about the pin 72.
[0147] With reference to FIGS. 8, 9, 14, and 16, the
surgical orientation device 12 can besecurely attached to the
coupling device 14. To attach the surgical orientation device
12 to the coupling device 14, the elongate portion 54 ofthe
coupling device 14 can be inserted into the grooves or
channels 30 along the back of the surgical orientation device
12. Once a portion of the elongate portion 54 is inside the
grooves or channels 30, the surgical orientation device
attachment mechanism 50 canbe usedto secure the surgical
orientation device 12 to the coupling device 14. For
example, the knob 66 can be pulled, and/or turned, such that
the protrusion 74 pivots about the pin 72, and movesinto a
groove 76 shown in FIGS.8 and 9. Once inside the groove
76, the protrusion 74 can inhibit the surgical orientation
device 12 from slipping off of and/or becoming removed
from, the coupling device 14. In some embodiments, the
knob 66 and/or protrusion 74 can bebiased by a compressive
member(e.g. spring) housed in the housing 46 to facilitate
attachment of the coupling device 14 to the surgical orien-
tation device 12. For example, the protrusion 74 can be
biased towards a locking position in which the protrusionis
moved towards the groove 76 shown in FIGS. 8 and 9. In
some embodiments, the knob 66 can be pushed and/or
turned to release the surgical orientation device 12 from the
coupling device 14.
[0148] While the coupling device 14 described above can
be used to attach and/or couple the surgical orientation
device 12 with the universal jig 16, other methods and
devices for attaching and/or coupling the componentsof the
tibial preparation system 10 are also possible.
[0149] FIG. 17a shows another embodimentof a coupling
device 14'. The coupling device 14’ can be similar to the
coupling device 14 described above, and can include an
elongate protrusion 54", a handle 56’, an arm 60', and a knob
66". The knob 66' can comprise a lever-like structure which
can pivot in order to lock and unlock a portion of the
coupling device.

4, Orthopedic Fixture for Orienting a Surgical
Orientation Device in Multiple Degrees of Freedom

[0150] An orthopedic fixture can be provided which can
have a moveable portion or portions which are used to orient
a surgical orientation device. The surgical orientation device
can be oriented in multiple degrees of freedom. For
example, FIGS. 2, 18, and 19 show an orthopedic fixture in
the form of a universal jig 16. The universal jig 16 can
comprise a base member 78, a posterior/anterior adjustment
block 80, a varus/valgus adjustment block 82, and a cutting
block 84 (e.g. an anterior block for placementor attachment
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along an anterior surface of the tibia). These components
provide for multiple degrees of freedom of operation of a
moveable portion of the jig 16 such that devices coupled
therewith (e.g., the surgical orientation device 12) can be
movedto a variety of orientations during the procedure.

a. Base Member for Providing an Anchored or
Fixed Initial Position of an Orthopedic Fixture

[0151] A base member can be provided that anchors an
orthopedicfixture and/or provides a fixed initial position of
a moveable orthopedic fixture. For example, a base member
78 can comprise a structure that is rigidly and/or fixedly
attached to an anatomical structure. The base member 78 can

be attached to an anterior surface of a patient’s tibia. In a
preferred arrangement, the base member 78 can comprise at
least one base memberattachment opening 86. For example,
the base member 84 can comprise two base memberattach-
ment openings 86. Attachment openings, apertures, and/or
holes as described herein with respect to tibial preparation
system 10 and other systems described herein, can comprise
bores, non-threadedholes, threaded holes, and/or other types
of holes or openings which extend partially or entirely
through a structure.
[0152] For example, the base member attachment open-
ings 86 can extend entirely through the base member 78.
Each of the base member attachment openings 86 can be
configured to receive a fastening device, such as for example
a screw, to anchor the base member 78 into a bone or other
anatomicalstructure and fix the base member 78relative to
the bone or anatomical structure.

[0153] The base member 78 can further comprise a base
memberreceiving opening 88. Thereceiving opening 88 can
be located along an anterior side of the base member78, and
can be sized and shaped so as to receive a pin of the
varus/valgus adjustment block 82. The receiving opening 88
can extendentirely or partially through the base member 78,
and in some embodiments can be partially or entirely
threaded.

[0154] The base member 78 can further comprise a base
member pin 90. Pins, as described herein with respect to
tibial preparation system 10 and other systems described
herein, can be solid, threaded, formed ofplastic, metal, or
other material, comprise linear bearings, and/or have shapes
sizes, and configurations other than those shown and/or
described.

[0155] The pin 90 can extend through an opening or
openings 91 of the base member 78, and can be sized and
shaped so as to be inserted through a cut-out 95 of the
posterior/anterior adjustment block 80. The pin 90 can be
partially or entirely threaded, and can include a knobbed
portion 90a on one end which can be gripped and turned by
a user.

[0156] The base member 78 can further comprise an
elongate base member rod 92. The elongate base member
rod 92 can extend distally beneath the pins 90, 96, and can
include a brace-like structure 94 on a distal end thereof. The

brace-like structure 94 can be curved, and used to brace
and/or hold the universal jig 16 against the patient’s skin
overlying the tibia during the knee replacement procedure.
The base member rod 92 and structure 94 can provide a
stabilizing force against a portion of the tibia. For example,
the structure 94 can be placed around, or wrapped, against
the skin near a proximal portion ofthe tibia. The universal
jig 16 can, while being anchored or moved as described
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herein, experience a force or forces which can tend to cause
the universal jig 16 as a whole to twist or rotate. The
structure 94 can at least partially absorb these forces by
bracingitself against the tibia. For example, the structure 94
can minimize a torquing motionofthe universal jig 16 while
an anchoring pin or pins are being inserted through the base
member andinto the tibia. Also, once the universal jig 16 is
lockedin position for resection it canresist torquing during
resection caused by pressureof a cutting tool in a slot of the
cutting block 84. This can improve accuracy ofresection.
The base member rod 92 and structure 94 can be adjusted
accordingly to account for these forces. For example, the
structure 94 can be rotated aboutthe end of the base member

rod 92, and/or be made of material capable of withstanding
anticipated forces. Additionally or alternatively, the base
member rod 92 can be configured to adjust distally so as to
extend or shorten, depending on a desired location for the
structure 94.

b. Device for Adjusting a Posterior/Anterior Slope
of a Cutting Block

[0157] A device can be provided which can be used to
adjust the orientation in a sagittal plane of a surgical
orientation device and/or cutting block. For example, and
with continued reference to FIGS. 2, 18, and 19, the poste-
rior/anterior adjustment block 80 of universal jig 16 can
comprise a structure which is moveable (e.g. rotatable) in at
least one of a posterior and anterior direction.

[0158] The posterior/anterior adjustment block 80 can
comprise a cutout 95. The cutout 95 can be sized and shaped
so as to generally receive and/or surround the base member
pin 90. The cutout 95 can extend entirely through the
posterior/anterior adjustment block 80, and can generally
form a cut-out portion of the block 80.

[0159] The posterior/anterior adjustment block 80 can
further comprise a posterior/anterior adjustment pin 96. The
pin 96 can extend through an opening 97 of the posterior/
anterior adjustment block 80. One end of the pin 96 can be
sized and shaped so as to contact and/or be inserted within
an opening 97a of the varus/valgus adjustment block 82. The
pin 96 can bepartially or entirely threaded, and can include
a knobbed portion 96a on one end which can be gripped and
turned bya user.

[0160] The posterior/anterior adjustment block 80 can
further comprise posterior/anterior adjustment block hinge
openings 98. The hinge openings 98 canbe sized and shaped
to receive a pin-like structure. The posterior/anterior adjust-
ment block 80 can pivot about the pin-like structure and/or
about an axis extending through the hinge openings 98 when
the knob 96a on the endofthe posterior/anterior adjustment
block pin 96 is turned.

[0161] The posterior/anterior adjustment block 80 can
further comprise an opening 105 and/or structure which can
receive and/or affix a portion of the cutting block 84 (e.g. rod
104)to the posterior/anterior adjustment block 80. Byaffix-
ing the posterior/anterior adjustment block 80 to the cutting
block 84, movement of the posterior/anterior adjustment
block 80 and cutting block 84 can be linked such that
movementof the posterior/anterior adjustment block 80 can
cause similar or identical movementof the cutting block 80.

[0162] The posterior/anterior adjustment block 80 can
further comprise a posterior/anterior adjustment block guide
rod 99. The guide rod 99 can extend from the posterior/
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anterior adjustment block 80, and can be sized and shaped
to receive and/or couple with the surgical orientation device
12, or coupling device 14.

c. Device for Adjusting a Varus/Valgus Slope of a
Cutting Block

[0163] A device can be provided which can be used to
adjust the orientation in a coronal plane of a surgical
orientation device and/or cutting block. For example, and
with continued reference to FIGS. 2, 18, and 19, the varus/
valgus adjustment block 82 of universal jig 16 can comprise
a structure which is moveable (e.g. rotatable) in at least one
of a varus/valgus direction.
[0164] The varus/valgus adjustment block 82 can com-
prise a varus/valgus adjustment block pin 100. The pin 100
can extendthrough a portion orportionsof the varus/valgus
adjustment block 82. The pin 100 can be received within the
base memberreceiving hole 88, and in some embodiments
can be partially or entirely threaded. In some embodiments
the pin 100 can be unthreaded. The pin 100 can include a pin
opening 100a. The pin opening 100a can receive the same
pin-like structure received by the hinge openings 98
described above.

[0165] When the base member pin 90 is tumed, the
varus/valgus adjustment block 82 can pivot about the pin
100, such that the varus/valgus adjustment block 82 pivots
in at least one of a varus and valgus direction.
[0166] The varus/valgus adjustment block 82 can further
include an opening 103 along a side surface 101 of the
varus/valgus adjustment block 82, which can receive the
base memberpin 90. In some embodiments the opening 103
can be threaded or structured in a manner such that turning
the knob 90a on the end of the pin 90 in either a clockwise
or counterclockwise direction can cause movement of the

varus/valgus adjustment block 82.
[0167] With continued reference to FIGS. 2 and 18, move-
ment of the varus/valgus adjustment block 82 can cause
movementofthe posterior/anterior adjustment block 80. For
example, a portion or portions of the varus/valgus adjust-
ment block 82 can rest within and/or be contacted on either

side by portions of the posterior/anterior adjustment block
80, such that any movementof the varus/valgus adjustment
block 82 in a varus or valgus direction likewise causes
similar or identical movement of the posterior/anterior
adjustment block 80.

d. Cutting block Which Can be Oriented in a
Posterior/Anterior, and/or a Varus/Valgus, Direction

for Bone Resection

[0168] Accutting block, or other orthopedic fixture, can be
provided for bone resection. The cutting block can be
oriented with the aid of a surgical orientation device, an
orthopedic fixture, or a surgical orientation device and an
orthopedic fixture. For example, and with continued refer-
ence to FIGS. 2, 18, and 19, the cutting block 84 can
comprise at least one opening 102. One opening 102 can
comprise, for example, an elongate slit along a width of an
upper, or proximal, portion of the cutting block 84 for
receiving and guiding a saw, blade, or other cutting tool.
Other openings 102a can extend from an anterior face 84a
of the cutting block 84 towards a posterior face 845 thereof,
and can comprise holes for insertion of an anchoring pin or
pins. In various techniques, such pins are extended through
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the openings 102a andinto an anteriorfaceofthe tibia. The
cutting block 84 can also include a probe 84 for aiding in
referencing an anatomical landmark.
[0169] As described above, the posterior/anterior adjust-
ment block 80 can be coupled to the cutting block 84 such
that movementofthe posterior/anterior adjustment block 80
causes similar or identical movementofthe cutting block 84.
For example, the cutting block 84 can comprise a cutting
block guide rod 104. The guide rod 104 can extend from the
upper, or proximal, portion of the cutting block 84, and can
be sized and shaped so as to be received within the opening
105 of the posterior/anterior adjustment block 80. The
opening 105 can extend through the posterior/anterior
adjustment block 80 adjacent the posterior/anterior adjust-
ment block hinge holes 98. This opening can receive the
cutting block guide rod 104, and couple the anterior/poste-
rior adjustment block 80 to the cutting block 84 to link
movement between the posterior/anterior adjustment block
80 and cutting block 84. The cutting block 84, as well as
other cutting blocks described herein, can in some embodi-
ments be removablyattachable to one or more components
of an orthopedic fixture, and can be attached or removed at
various stages of an orthopedic procedure.

5. Target Probes Which Can be Used to Identify
Anatomical Planes or Axes

[0170] Target probes can be provided for identifying ana-
tomical planes and/or axes. For example, and with reference
to FIGS. 2 and 20, the at least one target probe 18a, 185, or
other targets or devices, can comprise a structure for con-
tacting an anatomical landmarkandservingasa target for an
emitted laser beam or beams from the surgical orientation
device 12. For example, in a preferred arrangement, the at
least one target probe 18a, 18 can comprise an elongate
member 106 with an anatomical contact portion 107 and a
target portion 108.
[0171] The anatomical contact portion 107 can comprise
an end of the elongate member 106 or other structure
configured to contact an anatomical feature, such as for
example the lateral malleolus. The anatomical contact por-
tion 107 canbe held against the anatomical feature by hand,
can be drilled into the anatomical feature, or can be held
against and/or coupled with the anatomical feature in some
anotherfashion.

[0172] The anatomical contact portion 107 can be con-
nected to or integrally formed with the target portion 108.
The target portion 108 can comprise an area on the target
probe 18a, 185 which, as described further herein, is con-
figured to indicate whether the target probe 18a, 185 is
aligned with the surgical orientation device 12 and/orcutting
block 84. For example, the target portion 108 can comprise
one or more target shapes 110, in the form of markings,slits,
or other structures. The target shapes 110, if for example in
the form of slots, can be wide enough to allow a beam of
laser light, such as for example a beam in the form of a plane
or a cross-hair beam, to pass through the target shapes 110.
FIG.20 illustrates an embodiment of a target probe 185 with
a target shape 110 in the form ofasingleslot, and a target
probe 18a with twoslots in the form of a cross, for example
formed as two perpendicular lines or slots
[0173] The target portion 108 can additionally be adjust-
able, such that as the anatomical contact portion 107 is held
in place against the anatomical landmark,the target portion
108 can be movedrelative to the anatomical landmark. For
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example, the target portion 108 can comprise a screw or
other element which can be adjusted in order to change the
length of the target probe 18a, 185. In one embodiment, a
device is provided to enable the position of the target portion
108 on the elongate member 106 to be adjusted. The device
enables the target portion 108 to be movedcloser to or away
from the contact portion 106. Such adjustment provides one
technique for aligning an orthopedic fixture, a surgical
orientation device, or an orthopedic fixture and surgical
orientation device, with a coronalor sagittal plane.

[0174] The target probes 18a, 186 can further include a
marking or markings which indicate a current length of the
target probe 18a, 18, and/or indicate the degree or amount
of adjustment which has been madeto the target probe 18a,
18). For example, the target portion 108 can comprise
millimeter markings or other visual indicia corresponding to
lengthwise offset along a length of the target portion 108,
indicating adjustments in the length of millimeters.

[0175] In some embodiments,the target probes 18a, 185
shown in FIG. 20 can comprise the sametarget probe. Thus,
FIG. 20 can illustrate opposite sides of the same target
probe. For example, one side of the target probe can have a
cross-hair target 110, and the otherside of the target probe
can have a single slot target 110.

6. Additional Sensors for Relative Movement

[0176] While the embodiment of the tibia preparation
system 10 described above is described as having a sensor
or sensors 40 located entirely within the surgical orientation
device 12, in other embodiments the tibia preparation sys-
tem 10, or other systems used for joint replacement and/or
resection (e.g. for hip and shoulder), can include an addi-
tional sensoror sensors 40. These additional sensors 40 can

be located on other surgical components and/or anatomical
landmarks. U.S. Pat. No. 7,559,931 discloses examples of
sensors on multiple surgical components and/or anatomical
landmarks, andis herein expressly incorporated by reference
and madea part of this disclosure. In one embodiment, the
tibia preparation system 10 can include an additional sensor
40 located on the base member78,or on the proximaltibia.
The additional sensor 40 can include a microcontroller

and/or communication device (e.g. infrared or other wireless
technology (e.g. Bluetooth™)) which can relay information
from the additional sensor 40 to the electronic control unit

1102 of the surgical orientation device 12. This additional
sensoror sensors 40 can detect changes in movement of the
tibia and/or leg during a knee replacement procedure, so as
to verify whether the patient’s leg (which typically is
securely held in place during the procedure) has inadver-
tently or unintentionally moved in a varus/valgus, posterior/
anterior, and/or other direction.

[0177] Theelectronic control unit 1102 can be configured
to receive the information from this additional sensor or

sensors 40, and/or the sensor’s communications device, and
combine that information with information from the sensor

or sensors 40 located within the surgical orientation device
12 to calculate an overall, or aggregate, movement and
orientation of the surgical orientation device 12 relative to an
axial line or plane. The electronic control unit 1102 can
correct for changesin position of this axis or plane, and the
display 24 can indicate to the user an appropriate varus/
valgus and/orflexion/extension angle for resection, based on
the actual location of the mechanical axis or plane.
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[0178] Additionally, this additional sensor or sensors 40
can be located in a device. The device can be constructed

such that the device is autoclavable and reusable, and can
allow insertion and removal of a disposable battery. The
additional sensor or sensors 40 can be incorporated with any
of the systems and/or methods described herein, and can be
placed on any of the components of the systems described
herein.

B. Acquiring Orientation Information Using a Visible
Indicator and Target Probes

[0179] 1. Pre-Operative Planning
[0180] Pre-operative planning can be used to prepare for a
joint replacement procedure. For example, in a knee replace-
ment procedure, the user can assess a desired varus/valgus
angle and flexion/extension angle for resection of the tibia
along a proximal portion of the tibia. This assessment can be
made, for example, by clinical inspection (e.g. x-rays or
manualvisual inspection) of the knee prior to surgery. The
pre-operative planning will usually determine what angle or
angles ofresection will be appropriate prior to attachment of
the prosthetic knee component or componentsto the tibia.
[0181] The leg can then be secured by placement in a leg
holder, and the knee can be exposed using a standard
surgical procedure. Osteophytes on the proximaltibia can be
removed, and a resection depth of the tibia can be deter-
mined by using a stylus or other instrumentation. For
example, depth of resection can be determined by aligning
the stylus length-wise, parallel with the tibia, with the depth
of resection being determined by the point of contact
betweenthetip ofthe stylus and the lowestpoint of a medial
condyle of the proximal tibia. This resection depth can
provide an indication to the user of what size prosthetic
component or components to use, as well as howfar to cut
into the tibia with a cutting tool (e.g. saw blade).
[0182] 2. Registering the Coronal and Sagittal Planes
[0183] After pre-operative planning for a joint replace-
ment procedure, the tibial preparation system 10 described
above can be used to identify the location and orientation of
an axial line, as well as to orient a cutting block relative to
the axial line.

[0184] For example, once the desired varus/valgus and
posterior/anterior angles for resection have been determined
pre-operatively, the tibial preparation system 10 can be
assembled. The surgical orientation device 12, coupling
mechanism 14, and universaljig 16 can be coupled together,
and the tibial preparation system 10 can be positioned
adjacent the proximal tibia on an anterior side of the tibia
(i.e. front of the leg).
[0185] In a preferred arrangement, the tibial preparation
system 10 can be positioned and/or moved until the surgical
orientation device 12 is generally centered with the insertion
of an anterior cruciate ligament and a medialtibial insertion
of the patella tendon in a patient’s knee. To achieve this
centering, the surgical orientation device 12 can emit a laser
beam or beams proximally from one of its optical compo-
nents 32. This laser beam or beamscanilluminate a portion
ofthe kneejoint, and the tibial preparation system 10 can be
moveduntil the laser beam is aligned with at least one of the
insertion of the anterior cruciate ligament and the medial
tibial insertion of the patella tendon(e.g. the medial third of
the tibial tuberosity). For example, if the optical component
32 emits a cross-hair beam, centering can be verified with a
vertical portion (e.g. one whichis parallel to or coincident
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with a sagittal plane extending through the leg) of the beam
being aligned with both the insertion of the anterior cruciate
igamentand the medialtibial insertion of the patella tendon.

[0186] With reference to FIG. 21a, once centering has
been achieved, the base member 78 of the universaljig 16
can be coupled to or otherwise secured adjacentto a proxi-
mal portion of the tibia T. Preferably, the coupling secure-
ment is such that the base member 78 has zero or substan-

ially zero degrees of freedom relative to the tibia T. In one
echnique, the base member 78 is pinned, which comprises
placing at least one pin or other anchoring device through
he holes 102a described above and into an anterior face of
he tibia.

[0187] The user can then pick up and adjust locations of
he target portions 108 of the target probes 18a, 185. For
example, the lengths of the target probes 18a, 18b can be
adjusted to take into account a distance, which exists after
attachment of the universal jig 16 to the tibia, between the
optical element 32 of the surgical orientation device 12 and
a mechanical axis ofthe leg.

 
[0188] Ina preferred arrangement, a stylus, markerpin,or
other measuring device can be used to measure the distance
between an A/P point on the proximal tibia and a plane
parallel to a coronal plane containing the mechanical axis.
This distance can be measured, for example,by referring to
analogous numbering systems labeled on both the target
probe 18a, 18b and the measuring device. For example, a
FIG. 216 showsa tibial preparation system 10'. Thetibial
preparation system 10' is similar to the preparation system
10 described above, and includes the surgical orientation
device 12 and a universaljig 16'. The measuring device 109,
as shown in FIG. 21A, can be located proximalthe cutting
block 84 in a system 10 or 10'. The measuring device 1092
can comprise etchings, or markings, to measure distance.
The measuring device 109a can be moved, for example,
until a tip 1094 of the measuring device 109a is resting over
he insertion point of the anterior cruciate ligament in the
knee (for example as shown in FIG. 21B), and/ora soft point
on the top of the tibia commonlyreferred to as the A/P point
of the mechanical axis. This point is located along a tibial
spine on top of the tibia, and generally marks the location of
a point along the mechanical axis of the leg.

  
[0189] The user can use the measuring device 109a to
measure the distance between the coronal plane containing
he mechanical axis (including the A/P point) and, for
example, the location of the optical element 32 on the
surgical orientation device 12. Oncethis distance is known,
he length ofthe target probes 18a, 184 can be adjusted until
he target portions 108 are approximately the same distance
anterior ofa coronal plane containing the mechanical axis as
is optical element 32 on the surgical orientation device 12.

[0190] In another embodiment, the distance between the
optical element 32 of the surgical orientation device 12 and
he coronal plane containing the mechanical axis can be
measured directly with the target probe 18a, 180 itself (for
example, using a target probe 18a, 185 that contains an
adjustable marker), such that a desired length of the target
portion 108 on the target probe 18a, 184 can beset directly.

[0191] Oncethe length of the target probe 18a, 185 is set,
he user can palpate adjacent to a distal feature of the
patient’s tibia, such as for example the ankle, to find a
ocation ofthe lateral malleolus. Oncethis location is found,
he usercan hold, couple, and/or affixafirst target probe 182
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adjacentto a distal feature of the patient’s tibia, such as for
example onto the lateral malleolus as shown in FIG. 21B.
[0192] The laser 42 can then be activated. FIG. 215 shows
the tibial preparation system 10' with its laser 42 turned on.
For example, an optical element 32 on the surgical orienta-
tion device 12 can be activated by pressing one of the user
inputs 26 on the surgical orientation device 12, and can emit
a crosshair laser beam distally toward the ankle, and toward
the first target probe 18a.
[0193] With at least one cross-hair laser beam pointing
towards the ankle, the knobs on the universal jig 16 can be
adjusted until the laser beam illuminates a target shape 110
on the target portion 108 of target probe 18a. As described
above, the target shape 110 can be a cross-shaped object,
slot, cross mark, T-shaped, L-shaped, or some other shape
containing perpendicular lines that meet or intersect. The
user can adjust the position of the universal jig 16 until the
crosshair beam of the laser beam lines up in both directions
along or through the target shape 110.
[0194] In some embodiments, the target probe 18a, 185
can contain a sensor to detect feedback from the cross-hair

beam of the laser and can be configured to emit noise or
other feedback to confirm that the cross-hair beam of the

laser has been positioned correctly on the target portion 108
of target probe 18a, 199.
[0195] Once the cross-hair beam of the laser is aligned
with the target shape 110, the user can input the orientation
of the surgical orientation device 12 (and simultaneously
cutting block 84), into the surgical orientation device 12 as
a first reference position. For example, the user can press one
of the user inputs 26 on the surgical orientation device 12,
and the surgical orientation device 12 can register and/or
calculate the current orientation of the surgical orientation
device 12 based ondata collected from the sensor or sensors

40. The orientation of the surgical orientation device 12 in
this first reference position can be used to identify the
orientation of a coronal plane that contains the mechanical
axis of the leg. In one technique, data collected from the
sensor 40 in connection with the probe 18a can also be used
to determine a first reference point for identifying the
location and/ororientation of a sagittal plane containing the
same mechanical axis.

[0196] The user can then position a second target probe or
probes 184 on the medial malleolus, the location of which
may be determined by again palpating the ankle. Once the
location of the medial malleolusis identified and the second

target probe or probes 18are held in place, the universaljig
16 can be adjusted until a beam of the cross-hair laser beam
illuminates a desired target shape 110 on a second target
probe 18.
[0197] Once the second target probe 185 has been posi-
tioned properly, the surgeon can again press one of the user
inputs 26 on the surgical orientation device 12, and the
surgical orientation device 12 can register and/or calculate
the current orientation of the surgical orientation device 12
in the second reference position based on data collected
from the sensor or sensors 40 inside the surgical orientation
device 12. The orientation of the surgical orientation device
12 in this second reference position can be used to identify
the orientation of a plane extending through the tibia which
contains the mechanical axis of the leg, and/or can be used
to locate a secondreference pointfor identifying the location
and/ororientation ofa sagittal plane containing the mechani-
cal axis.
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[0198] When using the surgical orientation device 12 to
determinethe first and second reference positions, output of
the sensors 40 in the surgical orientation device 12 can be
monitored after light is directed to the selected location in a
manner that minimizes error in the reading. For example, a
transient phase can beeliminated in the output ofthe sensors
40 to arrive at an accurate estimation of the given anatomical
landmark and/ortarget probe 18. The electronic control unit
1102 can be configured to perform stabilization algorithms
or methods to minimize or substantially remove erroneous
output caused by vibrational or other movements, as
described above.

[0199] With continued reference to FIGS. 21a¢ and 214,
once information about both the first and second reference

positions has been acquired and registered in the surgical
orientation device 12, the user can direct the surgical ori-
entation device 12 to calculate the location of a desired point
between the lateral malleolus and the medial malleolus. This

desired point can lie within the aforementioned sagittal
plane containing the mechanical axis. The desired point can
vary, depending on the user’s medical training and experi-
ence. For example, the desired point can be located midway
betweenthe lateral malleolus and medial malleolus, or 55%
toward the medial malleolus from the lateral malleolus, or at
some other predetermined location.

[0200] The user can use one or more user inputs 26 to
provide commandsto direct the surgical orientation device
12 to calculate the location of this desired point and to
calculate the location and/ororientation of the sagittal plane
containing this desired point. Once the surgical orientation
device 12 has calculated where this desired point is, the
surgical orientation device 12 can provide location feedback
o the user, for example in the form of a visual signal or
signals on the display 24, indicating that the location ofthis
desired point, and/or the location of the sagittal plane, has
been calculated.

[0201] In some embodiments, two target probes 18a can
be used, each with a cross target 110. One of the target
probes 18a can first be used to identify a coronal plane
containing the mechanical axis, and both the target probes
18a can then be usedto identify a sagittal plane containing
he mechanical axis. Since the coronal plane can be regis-
ered by thefirst target probe 18a with a cross target 110, the
user can line up a vertical portion of the cross-hair laser
beam (e.g. one which is parallel or coincident with a sagittal
plane extending through the leg) with the vertical portion of
he second target probe 18a, and the location of the sagittal
plane can be calculated. This alignment can be made without
ining up both the horizontal and vertical portions of the
cross-hair laser beam on the second target probe 18a, since
doing so can cause the orientation of the surgical orientation
device 12 to deviate from the already registered coronal
plane.

[0202] 3. Adjusting an Orthopedic Fixture to Set a Cutting
Block Orientation

 
[0203] Once the location of the coronalandsagittal planes
containing the mechanical axis has been acquired and reg-
istered by the surgical orientation device 12, the surgical
orientation device 12 can calculate andstore the location and

orientation of the mechanical axis of the leg. Based on this
stored information, the surgical orientation device 12 can be
used to adjust the cutting block 84 in order to obtain a
desired orientation for resection of the proximal tibia. For
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example, the universal jig 16, 16' can be adjusted to move
the surgical orientation device 12.
[0204] With reference to FIG.2, both a varus/valgus angle
and posterior/anterior angle of the cutting block 84 can be
set by the user. In order to adjust these angles of the cutting
block 84, the user can turn the knobs 90a, 96a on the ends
of pins 90 and 96 on the universal jig 16. Turning these
knobs can change the angle and/ororientation of the varus/
valgus adjustment block 82, and posterior/anterior adjust-
mentblock 80, respectively. As the varus/valgus adjustment
block 82 and posterior/anterior adjustment block 80 are
moved(e.g. rotated), the cutting block 84 can also be moved,
along with the surgical orientation device 12.
[0205] Asthe cutting block 84 is moved (e.g. swung) in a
varus/valgusdirection, the surgical orientation device 12 can
provide a reading or readings on its display 24 indicating
whether the surgical orientation device (and likewise the
cutting block 84) is aligned with the sagittal plane contain-
ing the mechanical axis, or whether the cutting block 84 is
angled at some degree relative to the sagittal plane contain-
ing the mechanical axis. For example, the surgical orienta-
tion device 12 canindicate on its display 24 a difference in
degrees between the current orientation of the cutting block
84, and an orientation of the cutting block 84 in which the
cutting block 84 is aligned substantially or exactly parallel
to (or exactly on) the sagittal plane containing the mechani-
cal axis.

[0206] Similarly, as the cutting block is moved (e.g.
swung) in a posterior/anterior direction, the surgical orien-
tation device 12 can provide a reading or readings on its
display 24 indicating whetherthe surgical orientation device
(and likewise the cutting block 84) is aligned with the
coronal plane containing the mechanical axis, or whether the
cutting block 84 is angled at some degree relative to the
coronal plane containing the mechanical axis. For example,
the surgical orientation device 12 can indicate onits display
24 a difference in degrees between the current orientation of
the cutting block 84, and anorientation ofthe cutting block
84 in which the cutting block 84is aligned substantially or
exactly parallel to the coronal plane containing the mechani-
cal axis.

[0207] In some embodiments, the cutting block 84, or
other cutting blocks described herein, can be attached to a
universaljig after the universal jig has been adjusted. Thus,
the final position of the cutting block can be adjusted, and
the cutting block can then beattached, as opposed to being
attached during the entire adjustment process.

[0208] The surgical orientation device 12 can further be
useful in setting and/or confirming a resection depth of the
tibia once the varus/valgus and posterior/anterior angles
have been determined. For example,in a preferred arrange-
ment, the user can activate the laser 42 (e.g. a proximal
cross-hair beam laser) on the surgical orientation device 12
by pressing oneofthe user inputs 26, and can hold or attach
a device for confirming a cut line or plane, for example a
mirror 226 as shown in FIG. 22A of the system 210. The
mirror 226 can be coupled to or integrally formed with the
universaljig 16 or other surgical component. The mirror 226
can be held or attached at a certain angle such that a
horizontal beam of the cross-hair beam, extending, for
example,parallel to a coronal plane, is reflected through an
opening 102 on the cutting block 84 and onto the tibia,
illuminating an area onthe tibia which a cutting saw would
cut through if moved through the cutting block 84. The
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points of bone on the tibia which prevent the passage of the
laser beam (and whichare therefore illuminated by the laser)
across the tibia are those which would be resected by the
cutting saw. In the event that a different depth of the
resection is desired, the user can adjust the cutting block 84
and reconfirm depth of resection.

C. Tibial Preparation System with Mechanical Referencing
of a Distal Landmark

[0209] A tibia preparation system can be provided which
uses a moveable orthopedicfixture with a probe to reference
one ore more anatomical landmarks mechanically. The
probe can comprise a mechanical swing arm. For example,
FIGS. 26 and 22-23 illustrate a tibial preparation system
210. Tibial preparation system 210 is a variation onthetibial
preparation system 10 described above, and can comprise
the surgical orientation device 12 described above, as well as
a universal jig 212. The tibial preparation system 210 can
differ from the tibial preparation system 10, for example,in
that the system 210 can utilize a mechanical structure or
structures to locate anatomical landmarks adjacent the distal
tibia, as opposed to using a target or targets with a light
source as described above.

1. Orthopedic Fixture for Orienting a Surgical
Orientation Device and/or Cutting Block in

Multiple Degrees of Freedom

[0210] An orthopedic fixture can be providedfor orienting
a surgical orientation device and/or cutting block. For
example, the universaljig 212 can be similar to the universal
jig 16 described above. With reference to FIGS. 22A-C,the
universal jig 212 can comprise a base member 214 opera-
tively coupled to a posterior/anterior adjustment block 216,
and/or a varus/valgus adjustment block 218.

a. Base Member for Providing an Anchored or
Fixed Initial Position of an Orthopedic Fixture

[0211] A base member can be provided which anchors an
orthopedicfixture and/or provides a fixed initial position of
a moveable orthopedic fixture. For example, the base mem-
ber 214 can comprise a structure which is rigidly and/or
fixedly attached to an anatomical structure, such as a bone.
In a preferred arrangement, the base member 214 can
comprise a proximal mounting structure, such as for
exampleat least two base memberattachment openings(not
shown) whichare in the form ofholes extending through the
base member 214. Each of the base member attachment

openings can be configured to receive a fastening device,
such as for example a screw, to anchor the base member 214
into a bone or other anatomical structure and fix the base
member 214 relative to the bone or anatomical structure. For

example, the base member 214 can be mounted on a
proximalportion of the tibia.

[0212] The base member 214 can further comprise an
elongate base member rod 220, similar to rod 92 described
above. The elongate base member rod 220 can extend
distally from an upper, or proximal, portion of the base
member 214, and can include a brace-like structure 222 on
its distal end, similar to structure 94 described above. The
brace-like structure 222 can be curved to better conform to

the curvature of the anatomy. The brace-like structure 222
can be used to brace and/or hold the universal jig 212 against
the patient’s skin overlying the tibia during the knee replace-
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ment procedure. For example, and as described above, the
brace-like structure 222 can provide a stabilizing force.
[0213] Similarto the system 10, the base member 214 can
be operatively connectedto a cutting block 224, as described
further herein. The cutting block 224 can be located proxi-
mal the base member 214, and can moverelative to the base
member 214.

[0214] The base member 214 can further comprise a
device for confirming a cutline or plane, as described above.
For example, the base member can comprise a mirror 226.
The mirror 226 can be formed as part of the cutting block
224, or other surgical component. The mirror 226 can
comprise a 45 degree (or other angle) reflective surface,
whichcan reflect a light beam or beamsalong the surface of
an anatomical feature. For example, and as described above,
the mirror 226 can be angled and/orfixed such that a beam
of a cross-hair laser beam is reflected through an opening
102 on the cutting block 224 and onto the tibia, illuminating
an area on the tibia which a cutting saw would cut through
if moved through the cutting block 224.

b. Device for Adjusting a Posterior/Anterior Slope
of a Cutting Block

[0215] An adjustment device can be provided which can
be used to adjust the orientation of a surgical orientation
device and/or cutting block. For example, and with contin-
ued reference to FIGS. 22 and 23, a posterior/anterior
adjustment block 216 can comprise a structure that is
moveable (e.g. rotatable) in at least one of a posterior and
anterior direction. For example, the universal jig 212 can
includeat least one knob 228. When the knob 228is turned,
the posterior/anterior adjustment block 216 can rotate about
a hinge,pin, or other structure, such as for example pin 229,
in the universal jig 212 to change a posterior/anterior angle
of the cutting block 224. As discussed further below, the
surgical orientation device 12 can be coupled to the adjust-
ment block 216 for movement therewith. Thus, movement
of the adjustment block 216 can also changethe plane angle
of the surgical orientation device 12.
[0216] The posterior/anterior adjustment block 216 can
further comprise a connector 230. The connector 230 can
comprise a structure which operatively connects the poste-
rior/anterior adjustment block 216 to the surgical orientation
device 12. For example, the connector 230 can comprise a
structure which facilitates translational movement of the

surgical orientation device 12 relative to the posterior/
anterior adjustment block 216. The connector 230 can
comprise a channel 231. The channel 231 can facilitate
movement of an upper, or proximal, portion 232 of the
posterior/anterior adjustment block 216 relative to the con-
nector 230 (e.g. sliding movement).
[0217] With reference to FIGS. 226 and 23, the connector
230 can comprise,or be attached to, a clamp 233. The clamp
233 is a coupling device similar to the coupling device 14
described above. For example, the clamp 233 can be secured
to the back side of the surgical orientation device 12 to
couple the surgical orientation device 12 to another structure
or structures. In the tibia preparation system 210, the clamp
233 can be used to couple the surgical orientation device 12
to the posterior/anterior adjustment block 216.
[0218] With reference to FIGS. 22-23, the connector 230
can further comprise, or be attached to, a swing arm 234.
The swing arm 234 can comprise a landmark acquisition
device which can be used to locate and/or identify specific

089



   

        
          

           
           
             

         
           

         
            
            
          
         

         
         

         
          

         
          

           
           

            
         
         

         
             

           
    

          
        

         
       

           
       
          

          
          

      

          
        

           
        

         
       

       
          

         
         

    

         
  

         
          

        
        

          
          
           

         
           

          
           

   

 
  

       
          

         
         

           
       

         
         

      
  

         
     
   

          
         

          
         
        

          
           

            
          

         
          

     
         

           
          

           
         

           
           

          
         
         
      

            
           
         

        
          

           
          

          
            

           
           

          
           

          
          

            
          

             
        

        
         

         
          
           

            
          

         

090

US 2018/0153587 Al

andmarks, such as for example landmarks adjacent the
distal tibia. The swing arm 234 can comprise an elongated
structure or structures, such as for example a metal rod or
rods, which can extend from a proximalportion ofthe tibia
(e.g. near the knee joint) to a distal portion ofthe tibia (near
he ankle). The swing arm 234 can extend generallyverti-
cally (e.g. in a proximal to distal direction) behind the
surgical orientation device 12, and/or can be hinged, such
hatat least one of a distal portion 236 and proximalportion
238 of the swing arm 234 can swing and/orrotate relative to
he other proximal or distal portion 236, 238. For example,
he distal and proximal portions 236, 238 can comprise
elongate structures connected by a hinge portion 239 located
between the distal and proximal portions 236, 238. The
hinge portion 239 can permits relative movement of the
distal portion 236 with respect to the proximalportion 238.
n other embodiments the swing arm can comprise more
han one hinge portion 239. The hinge portion or portions
239 can be located at other locations than that shown in

FIGS. 22a, 225, and 23. The swing arm 234 can also
comprise a distal end 240. The distal end or tip 240 can
comprise a pointed structure or structures, and/or a distal
mounting structure, which can contact and/or couple with an
anatomical landmark. For example, the hinge portion 239 of
the swing arm 234 can be moved or swung until the tip 40
is in contact with, or is coupled to, an anatomical landmark
adjacentthe distal tibia.

[0219] Similar to the universal jig 16 described above, the
posterior/anterior adjustment block 216 of universal jig 210
can be operatively connected to the cutting block 224.
Movementof the posterior/anterior adjustment block 216
and cutting block 224 can be linked (e.g. by pins, hinges,
etc.) such that movement of the posterior/anterior adjust-
ment block 216 can cause similar or identical movement of

the cutting block 224. Movementof the cutting block 224
can, at the same time, cause similar or identical movement
of the surgical orientation device 12.

[0220] While the swing arm 234 is described as forming
part of the posterior/anterior adjustment block 216, the
swing arm 234 can alternatively be formed as part of the
base member 214 and/or varus/valgus adjustment block 218
described below. Similarly, while the base member 214 is
described as being separate from the posterior/anterior
adjustment block and varus/valgus adjustment block 218,
the base membercan, in at least some embodiments, refer
generally to a combination or combinations ofthe posterior/
anterior adjustment block 216, swing arm 234, and/or varus/
valgus adjustment block 218.

 

c. Device for Adjusting a Varus/Valgus Slope of a
Cutting Block

[0221] An adjustment device can be provided which can
be used to adjust the orientation of a surgical orientation
device and/or cutting block. For example, and with contin-
ued reference to FIGS. 22A-C, the varus/valgus adjustment
block 218 can comprise a structure which is moveable (e.g.
rotatable) in at least one of a varus/valgus direction. For
example,the universal jig 212 can includeat least one knob
242. When the knob 242is turned, the varus/valgus adjust-
ment block 218 can rotate about a hinge, pin, or other
structure in the universal jig 212 to change a varus/valgus
angle of the surgical orientation device 12, as well as the
cutting block 224.
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[0222] Movement of the varus/valgus adjustment block
218 can correspond to or result in movement of the poste-
rior/anterior adjustment block 216. For example,a portion or
portions of the varus/valgus adjustment block 218 can rest
within and/or be contacted on either side by portions of the
posterior/anterior adjustment block 216, such that any
movement of the varus/valgus adjustment block 218 in a
varus or valgus direction likewise causes similar or identical
varus/valzus movementofthe posterior/anterior adjustment
block 216.

d. Cutting Block Which Can be Oriented in a
Posterior/Anterior, and/or a Varus/Valgus, Direction

for Bone Resection

[0223] Accutting block, or other orthopedicfixture, can be
provided for bone resection. The cutting block can be
oriented with the aid of a surgical orientation device, an
orthopedic fixture, or a surgical orientation device and an
orthopedic fixture. The cutting block 224, as described
above, can comprise at least one opening 102. For example,
one opening 102 can comprisean elongate slit along a width
of an upper, or proximal, portion ofthe cutting block 224 for
receiving and guiding a saw, blade, or other cutting tool.
Other openings 102a (not shown) can comprise holes for
insertion of an anchoring pin or pins, or other structures.
[0224] 2. Modified Orthopedic Fixture
[0225] The system 210 described above can be modified.
For example, FIGS. 23A and 23B show a system 210°. The
system 210' is a modification of system 210, and can
comprise a universal jig 212' similar to the jig 212 described
above. The system 210' can also comprise a surgical orien-
tation device 12. The universal jig 212' can be adjusted by
moving (e.g. pivoting) a swing arm 234' by hand about a
proximal portion 212¢ of the universal jig 212', rather than
adjusting knobs by hand. The proximal portion 212a@ can
comprise a varus/valgus adjustment device (such as the one
described above), a posterior/anterior adjustment device
(suchas the one described above), and/or a pivotpin or pins.
Knobs can be included for locking the swing arm 234' in
place. In some embodiments the universal jig 210' can
comprise knobsfor fine-tune adjusting. In one embodiment,
the swing arm 234' can comprise an extendable portion that
enables a distal portion thereof to be extended away from a
base portion. The distal portion can include a moveable rod
extendable from another member(e.g., a hollow rod) that is
fixed to the base. The distal portion can be fastened in any
of a range ofpositionsrelative to the fixed, proximalportion.
The distal portion preferably can be clamped in a range of
positions. In one embodimenta distal portion of the swim
arm 234' can be coupled with a block to enable adjustment
of a tip into contact with anatomical landmarks. In some
embodiments, the jig 212' can be coupled with a proximal
tibia and the arm 234" is adapted to contact lateral or medial
malleolus. In some embodiments, the jig 212' can be coupled
with a distal femur and the arm 234"is adapted to contact a
structure corresponding to a femoral head, a lesser tro-
chanter or a greater trochanter, as discussed herein.
[0226] With reference to FIG. 23A, the modified system
210' can comprise a measuring device 109a, and a measur-
ing device 109c. As described above with respect to system
10, the measuring device 109a can be used to measure a
distance between an A/P pointalong the top of the tibia and
a coronalplane parallel to the coronal plane containing the
mechanical axis. The measuring device 109a can include a
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marking or markings providing a visual indication of dis-
tance, and can slide within a block 109d. The measuring
device 109c can also measure a distance, and can include a
marking or markings to provide a visual indication of
distance.

D. Acquiring Orientation Information Using Mechanical
Referencing of a Distal Landmark

[0227] 1. Registering the Coronal and Sagittal Planes
[0228] After pre-operative planning for a joint replace-
ment procedure, the tibial preparation system 210, 210'
described above can be used to identify the location and
orientation of an axial line, as well as to orient a cutting
block relative to the axial line.

[0229] For example, once the desired varus/valgus and
posterior/anterior angles for resection have been determined
pre-operatively for a knee replacement procedure as
describe above, the tibial preparation system 210, 210' can
be provided. In one technique at least some of the compo-
nents are modular, enabling using such component with
multiple other orthopedic components. As such, the tibial
preparation system 210, 210' can be assembled from these
components.

[0230] The surgical orientation device 12 can be coupled
o the universal jig 212, and the tibial preparation system

210, 210' can be positioned adjacent the proximaltibia on an
anterior side of the tibia (.e. front of the leg). In other
echniques, the tibial preparation system 210, 210' is par-
ially or completely pre-assembled orintegrated.

[0231] In a preferred arrangement, the tibial preparation
system 210, 210' can be positioned such that the surgical
orientation device 12 is generally centered with the insertion
of an anterior cruciate ligament and a medialtibial insertion
of the patella tendon in a patient’s knee, for example as
described above with respectto tibial preparation system 10.
Once centering has been achieved, the base member 214 of
the universal jig 212, 212" can be pinned, anchored, and/or
otherwise secured to the tibia, such that the base member
214 has zero or substantially zero degrees of freedom
relative to the tibia.

[0232] The user can then slide the connector 230 in a
posterior and/or anterior direction (e.g. translate the connec-
tor 230 forwards or backwards), until the swing arm 234,
234' is located proximate an anatomical landmark. For
example, the connector 230 can slide until the tip 240 of the
swing arm 234, 234'is located adjacent the lateral malleolus
on the patient’s ankle. The lower, or distal, portion 238 can
swing and/orrotate during such movementin orderto get the
tip 240 closer to the lateral malleolus.

[0233] In a preferred arrangement, measuring devices
109a and 109c, such as the onesillustrated in system 210",
can be used. For example, one measuring device 109a can
be located proximal the universal jig 212 or 212', and
another measuring device 109c can be located at a distal end
of the swing arm 234 or 234'.

[0234] The measuring devices 109@ can be moved until a
tip of the measuring device 109cis resting over the insertion
point of the anterior cruciate ligament in the knee, and/or a
soft point on the top ofthe tibia commonly referred to as the
A/P point of the mechanical axis. As described above, this
point is located along a tibial spine on top of the tibia, and
generally marksthe location of a point along the mechanical
axis ofthe leg.

 

Jun. 7, 2018

[0235] The measuring device 109c can then be moved
until a tip 240 or 240' is positioned next to the lateral
malleolus (for example as shown in FIG. 23B). For example,
the user can palpate adjacent to a distal feature of the
patient’s tibia, such as for example the ankle, to find a
location of the lateral malleolus of the tibia. Once this

location is found, the user can position the tip 240, 240' of
the swing arm 234, 234' adjacent to a distal feature of the
patient’s tibia, such as ontothe lateral malleolus as shown in
FIG. 23B.

[0236] The measuring devices 109a, 109c can then be
adjusted until portions 109d are approximately the same
distance anterior of a coronal plane containing the mechani-
cal axis, placing the surgical orientation device 12 in an
orientation parallel to that of the coronal plane containing
the mechanical axis. Each measuring device 109a, 109¢ can
have analogous numbering systems. For example, the mea-
suring devices 109a, 109c can comprise etchings, or mark-
ings.
[0237] The user can activate the surgical orientation
device 12, such as by pressing one of the user inputs 26 on
the surgical orientation device 12. Once activated, the,
surgical orientation device 12 can register (e.g. record) the
orientation of the surgical orientation device as a first
reference position. For example, the surgical orientation
device 12 can register and/or calculate the current orienta-
tion of the surgical orientation device 12 based on data
collected fromthe sensors 40. The orientation of the surgical
orientation device 12 in this 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 determineafirst reference point for identifying the
location and/ororientation of a sagittal plane containing this
same mechanical axis.

[0238] The user can then swing the swing arm 234, 234!
over to the other (e.g., medial) side of the leg, such that the
tip 240, 240' is located adjacent the medial malleolus. For
example, the user can turn the knob 242 on system 210 so
that the posterior/anterior adjustment block 216, connector
230, and swing arm 234 are moved in a varus/valgus
manner,until the swing arm 234 has movedto the otherside
ofthe leg. The lower, or distal, portion 238 of the swing arm
234 can swing and/or rotate during such movement in order
to avoid hitting or contacting the an anterior side ofthe leg.
[0239] The user can then again palpate the ankle, and
position the tip 240, 240' of the swing arm adjacent to the
medial malleolus. Once the location of the medial malleolus

is identified, the user can press one of the user inputs 26 on
the surgical orientation device 12 to cause the surgical
orientation device 12 to determine the orientation of the

surgical orientation device 12 in a second reference position.
For example, the surgical orientation device 12 can register
and/or calculate the current orientation of the surgical ori-
entation device 12 based on data collected from the sensors
40.

[0240] The orientation of the surgical orientation device
12 in this second reference position can be 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/ororientation of a sagittal plane containing
the same mechanicalaxis.

[0241] When using the surgical orientation device 12 to
determinethe first and second referencepositions, output of
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the sensors 40 in the surgical orientation device 12 can be
monitored in a manner that minimizeserror in the reading.
For example, a transient phase can be eliminated in the
output of the sensors 40 to arrive at an accurate estimation
of the given anatomical landmark as discussed above.

[0242] Once information about both the first and second
reference positions has been acquired and registered in the
surgical orientation device 12, the surgical orientation
device 12 can determine (e.g. calculate) the location of a
desired plane betweenthe lateral malleolus and the medial
malleolus. As described above, the desired plane corre-
spondsto the sagittal plane containing the mechanicalaxis.
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 mal-

eolus, or at some other predeterminedlocation.

[0243] The user can use one or more user inputs 26 to
direct the surgical orientation device 12 to calculate the
location of and/ororientation of the sagittal plane. Once the
surgical orientation device 12 has calculated where the
sagittal plane is, the surgical orientation device 12 can
provide location feedback to the user, for example in the
orm of a visual signal or signals on the display 24, indi-

cating that the location of the sagittal plane has been
calculated.

 
[0244] 2. Adjusting an Orthopedic Fixture to Set the
Orientation of a Cutting Block

[0245] Once the locations of the coronal and sagittal
planes containing the mechanical axis have been acquired
(e.g. registered) by the surgical orientation device 12, the
surgical orientation device 12 can calculate and store the
ocation and orientation of the mechanical axis of the leg.
Based on this stored information, the surgical orientation
device 12, and universal jig 212, 212', can be used to adjust
a cutting block in order to obtain a desired orientation for
resection of the top of the tibia.

[0246] For example, and as described above with respect
0 tibial preparation system 10, the knob or knobs 90a, 96a

on the universal jig 212 can be turned to set a desired
varus/valgus and posterior/anterior angle for resection. Dur-
ing this adjustment, the surgical orientation device 12 can
provide a reading or readings on its display 24 indicating
whether the surgical orientation device (and likewise the
cutting block 224)is aligned with the sagittal plane and/or
coronalplane containing the mechanical axis, or whether the
cutting block 224 is at an acute anglerelative to the sagittal
plane and/or coronal plane containing the mechanicalaxis.

[0247] Oncethe orientation of the cutting block 224 has
been adjusted and set, the mirror 226 can be used. For
example, the user can press one of the user inputs 26 on the
surgical orientation device 12 to direct a laser beam out of
he optical element 32 and onto the mirror 226. The laser
beam can bereflected through an opening 102 on the cutting
block 224 and onto thetibia, i!luminating an area on the tibia
or resection through the cutting block 224. The points of
bone on the tibia illuminated by the laser are those which
would be resected by the cutting saw. In the event that a
different depth of the resection is desired, the user can adjust
he cutting block 224 and reconfirm depth of resection.
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E. Other Target Systems and Methods

[0248] While thetibial preparation systems 10, 10', 210,
and 210' and their methods of use are described above

specifically in terms of a system that incorporates a surgical
orientation device 12, a universal jig 16 or 212, a laser
system, and/or a set of target probes 18 or swing arm 234,
in other embodiments other components can be used to
determine anatomical planes on the human body and/or
facilitate alignment of surgical devices, systems, and/or
anatomicalparts.
[0249] For example, a light system other than a laser
system can be attached to a surgical orientation device that
is otherwise similar to the surgical orientation device 12
described above. A user can position the surgical orientation
device until the light is illuminating a target, such as for
example an anatomical landmark, and the surgical orienta-
tion device can acquirethis first position as a reference. The
user can then position the device until the laser is illumi-
nating another anatomical landmark and the surgical orien-
tation device can acquire this secondposition as a reference.
Third, fourth, and/or additional reference positions can also
be obtained in the same technique.
[0250] The surgical orientation device can employ an
algorithm that calculates some appropriate point (e.g. a
midpoint), as directed by the user, between the two ana-
tomical landmarks that corresponds to the position of a
desired anatomical plane. The surgical orientation device
can also provide feedback to the userto position the surgical
orientation device in alignment with this plane. Alterna-
tively, if a desired plane or axis can be determined based on
the position of one, two, three, or more anatomical land-
marks, a system can be used to make such determination
based on a light-mapping of such landmark(s) and corre-
sponding calculations performed by a surgical orientation
device.

[0251] In some embodiments, the surgical orientation
device 12, or other surgical orientation device, can be held
at some distance from the body by the user. The surgical
orientation device 12 canbe used asa registration guide. For
example,the user can activate a light system on the surgical
orientation device that illuminates a line along the body,
such as for example along the mechanicalaxis. Once the line
is visibly aligned along the mechanical axis, the surgical
orientation device can press a user input 24 and the surgical
orientation device can register an orientation of the surgical
orientation device. This orientation information can later be

used to align orthopedicfixtures or cutting blocks.
[0252] Insome embodiments, the target systems described
herein, or other target systems, can be used to locate targets
on the hip, femur,or other areas of the body, and to use such
targets to acquire planesor axes extending through the body.
For example, the universal jig 16 can be attached on the
femur, and the system 10, including target probes 18a, 185
described above, can be used to locate landmarks such as the
greater trochanter, center of the head of a femur, a point of
entrance of a ligament, or other landmarks, and use these
landmarks to reference an anatomical plane or planes. Simi-
larly, the universaljig 212 can be attached on the femur, and
the system 210, including swing arm 234' can be used to
reference an anatomicalplane or planes.
F. Tibial Preparation System with Landmark Acquisition
Assembly and Extramedullary Alignment Guide
[0253] FIGS. 3a and 36 showatibial preparation system
310 (shown as assemblies 310a and 3108) for use in a joint
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replacement procedure, such as for example a knee replace-
ment procedure. The tibial preparation system 310 can
comprise the surgical orientation device 12 described above,
the coupling device 14 described above, a landmark acqui-
sition assembly 312, and an extramedullary alignment guide
314. The tibial preparation system 10 can be different from
the systems 10 and 210, for example in that the system 310
can utilize both a structural alignment guide and surgical
orientation device alongsidea lateral side of thetibia (e.g.
held alongside the tibia) to locate a plane containing the
mechanical axis, and a second structural alignment guide
(with surgical orientation device) attached along the anterior
side ofthe tibia.

[0254] 1. Orthopedic Fixture for Acquiring Anatomical
Planes or Axes

[0255] An orthopedic fixture can be provided which can
be used to identify and acquire anatomical planes and/or
axes. For example, FIG. 24 shows an embodiment of a
landmark acquisition assembly 312. The landmark acquisi-
tion assembly 312 can comprise an orthopedic fixture which
can be used to identify the location of an axial line or plane.
The landmark acquisition assembly 312 can comprise a
structure or structures for contacting an anatomical land-
markor landmarksin order to obtain an alignment of an axis
or plane extending through those anatomical landmarks.
[0256] For example, in a preferred arrangement, the land-
mark acquisition assembly 312 can comprise an elongate
member, for example a primary rod 316, with a proximal end
317a and a distal end 3176. The landmark acquisition
assembly 312 can further comprise a connecting element or
elements 318, and secondary rod or rods 320. The secondary
rod or rods 320 can comprise transverse members coupled
with each of the proximal and distal ends 317a, 3176 of the
primary rod 316. While the embodiment shown in FIG. 24
includes a single primary rod 316, two connecting elements
318, and four secondary rods 320, other embodiments can
include other numbers or configurations of primary rods,
connecting elements, and/or secondary rods. In some
embodiments, the connecting element 3218 can be made
integral with the primary rod 316 or a secondary rod 320.
[0257] The landmark acquisition assembly 312 can be
arranged, for example, such that each connecting element
318 connects the primary rod 316 to at least one secondary
rod 320. The secondary rods 320 and primary rod 316 can
be at right angles to one another,as illustrated in FIG. 11, or
can be at angles other than right angles.
[0258] FIG. 25A showsa first portion 322 and a second
portion 324 of a cross-section of the primary rod 316. The
first portion 322 can be generally rounded, while the second
portion 324 can be generally flat. The second portion 324
can facilitate connection with other components or devices
in the system 310. For example, the second portion 324 can
be configured to inhibit a connected device from rotating
about or pivoting about the primary rod 316. Thefirst and
second portions 322, 324 can be arranged to permit only one
orientation for the landmark acquisition assembly 312.
Other configurations and shapes for a first portion 322 and
second portion 324 besides those illustrated in FIG. 25 are
also possible.
[0259] FIG. 25B showsends 326ofthe secondary rod 320
which can be narrowed and/or or pointed. The ends 326 can
be used to contact portions of the human body in order to
locate and/or pinpoint landmarks on the body, such land-
marks including but not limited to the proximal tibia near the
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ligamentous attachmentofthe collateral ligaments, and the
malleolus protruding out of the ankle region. Other shapes
and configurations for the ends 326 are also possible. The
secondary rod 320 can further includeribs, protrusions, or
other structures which can engage the connecting element
318 and permit the secondary rod or rods 320 to be adjusted
within the connecting element 318.

[0260] FIG. 26 shows an opening 328 in the connecting
element 318 which can receive the primary rod 316 and
facilitate connection of the primary rod 316 to another
structure or structures. Asillustrated in FIG. 26, the opening
328 can be shaped to receive the primary rod 316. The
opening 328 can include a roundedportion and a flat portion
both configured to engagingly receive thefirst portion 322
and second portion 324 of the primary rod 316.

[0261] The connecting element 318 can further include
additional openings shaped to receive, for example, the
secondary rods 320 shown in FIG. 25. The secondary rods
320 can be threaded, and openingsofthe connecting element
218 can include internal threads to receive the secondary
rods 320. In a preferred arrangement, the opening 328, or
other openings in the connecting element 318, can include
notches, or grooves, which provide tactile feedback to a user
when the primary rod 316 and/or secondary rod or rods 320
are sliding through the openings. The opening 328 or other
openings in the connecting element 318 can extendentirely
through the connecting element 318, thus allowing the
primary rod 316 and/or secondary rod or rods 320 to be
inserted entirely through the connecting element 318.

[0262] 2. Orthopedic Fixture for Orienting a Surgical
Orientation Device

[0263] An orthopedic fixture can be providedfororienting
a surgical orientation device and/or cutting block. For
example, FIG. 27 showsan extramedullary alignment guide
314. The extramedullary alignment guide 314 can comprise
an orthopedic fixture which can be attached, at least in part,
to an anatomical location, and can extend outside and/or
along an appendage of the body. The extramedullary align-
ment guide can be used to aid in orienting a surgical
orientation device, such as for example surgical orientation
device 12, and for locating an axialline orplane.

[0264] Asillustrated in FIG. 27, the extramedullary align-
ment guide 314 can comprise a distal mounting structure,
such as for example a clamping portion 330, which can
clamponto a distal feature of a patient’s leg or tibia, such as
for example an ankle. The extramedullary alignment guide
314 can further comprise an elongate, extended rod 332
which can extend outside the body and generally parallel to
the tibia. The clamping portion 330 can include a slide 334,
which permits the extended rod 332 to slide and/or swing in
front of the leg and tibia. The slide 334 can comprise an
elongate recess or recesses along the clamping portion. The
extended rod 332 can include a portion which fits within
these recesses, and slides back and forth.

[0265] The extramedullary alignment guide can further
comprise, or be attached to, a proximal mounting structure,
such as for example a cutting block 84. The cutting block 84
can be identical to the cutting block 84 described above. For
example, the cutting block 84 can comprise an opening 102
for insertion of a cutting tool (e.g. a cutting saw).
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G. Acquiring Orientation Information Using a Landmark
Acquisition Assembly and Extramedullary Alignment Guide

[0266] After pre-operative planning for a joint replace-
mentprocedure,the tibial preparation system 310 described
above can be used to identify the location and orientation of
an axial line, as well as to orient a cutting block relative to
the axialline.

[0267] For example, the leg to be operated on can be
secured by placement in a leg holder, and the knee can be
exposed using standard surgical procedure. Duringthis time
an extramedullary alignment guide, for example the
extramedullary alignment guide 314, can be held in position
adjacent the leg. A single spike on an end of the extramed-
ullary alignment guide can be placed in a proximal medial
tibial spine, such that an end of the extramedullary align-
ment guide is in position over the proximal medial tibial
spine. Alternatively, a non-spiked rod can be used with an
ankle clamp holding the guide in place.
[0268] Resection depth of the tibia can then be determined
by, for example, using a stylus on the extramedullary align-
ment guide. For example, a depth of resection can be
determined by aligning the stylus length-wise, parallel with
he tibia, with the depth ofresection being determined by the
point of contact betweenthetip of the stylus and the lowest
point of the medial condyle of the tibia.
[0269] Once the desired varus/valgus and posterior/ante-
rior angles for resection have been determined pre-opera-
ively for a knee replacement procedure, and the resection
depth has been determined, the tibial preparation system
(referring to system 310a) can be assembled as shown in
FIG. 3a. For example, the surgical orientation device 12,
coupling mechanism 14, and landmark acquisition assembly
312 can be coupled together, and the landmark acquisition
assembly 312 can be positionedlaterally alongsidethetibia
and outside of the leg.
[0270] FIGS. 28 and 29 show thetibial preparation system
310a locatedlaterally alongsidethetibia. Specifically, FIGS.
28 and 29 show the tibial preparation system 10 being used
to locate and reference an orientation of an axialline, in this
case the mechanical axis extending through the lower(e.g.
distal) leg.
[0271] In order to reference the orientation of the
mechanical axis, the secondary rods 320 on the landmark
acquisition assembly 312 can be adjusted such that their
pointed ends 326 contact specified landmarks on the body.
These landmarks can be pre-marked on the lowerleg prior
to a knee joint replacement procedure. Location of the
landmarks can be acquired, for example,prior to a resection
of the proximal tibia, with the tibia subluxed sufficiently to
exposethe tibial plateaus.
[0272] As shownin FIGS,28 and 29, the tibia preparation
system 310a can be used to acquire the mechanical axis in
a coronal plane (i.e. acquire the orientation of a coronal
plane containing the mechanical axis). For example, the
secondary rods 220 can be adjusted and positioned such that
one secondary rod 220 contacts the lateral collateral liga-
ment ofthe proximalfibula head and another secondary rod
320 contacts the apex of the lateral malleolus. Once the
secondary rods 320 have been adjusted, and are in contact
with the aforementioned anatomical landmarks, the orien-
tation of the mechanical axis can be obtained.

[0273] Oneofthe user inputs 26 on the surgical orientation
device 12 (e.g. a middle button below the display 24) can be
pushed to record and/or register the orientation of the
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mechanical axis. The landmark acquisition assembly 312
can then be movedslightly back and forth until the surgical
orientation device 12 indicates that the surgical orientation
device 12 has acquired a plane containing the mechanical
axis and verifies that the orientation has been recorded in the

surgical orientation device 12. This indication can include,
for example, a reading of zero on display 24, or some other
signal. In a preferred arrangement, the display 24 can
display a zero degrees reading and a flashing light (e.g. a
green light), as shown in FIG. 29.

[0274] Once the surgical orientation device 12 has
acquired an orientation of the mechanical axis, the surgical
orientation device 12 and coupling device 14 can be
removed fromthe landmark acquisition assembly 312, and
the tibia preparation system can be re-assembled into system
3106 such that the surgical orientation device 12 and cou-
pling device 14 are coupled with the extramedullary align-
ment guide 314.
[0275] FIG. 30 showsthetibia preparation system 3108 in
an assembled state. In a preferred arrangement, the
extramedullary alignment guide 214 can be aligned with the
front of the leg. The clamping portion 330 can be used to
clamp and/or secure a lower, or distal, portion of the
extramedullary alignment guide 314 to the patient’s ankle.

[0276] The extramedullary alignment guide 314 can be
moved(e.g. rotated) in a first degree ofrotation (e.g. roll)
until the sensor or sensors 40 in the surgical orientation
device 12 observe that the surgical orientation device 12 is
in a plane parallel to the coronal plane containing the
mechanical axis of the leg. Once the sensor or sensors 40
inside the surgical orientation device 12 observe that the
surgical orientation device 12 is in this orientation, the
surgical orientation device 12 can provide an indication to
the user. For example, the surgical orientation device 12 can
display zero degrees and a flashing light on the display 24.
In a preferred arrangement, a pictorial representation of a
bubble can be displayed that, for so long as the surgical
orientation device 12 remainsaligned with gravitational zero
within an allowable range, stays within the confines of two
vertical lines, each on one side of the bubble. The two
vertical lines marking the confines of the “level”orientation
range can correspondtoarelative angle ortilt of plus and
minus three degrees or plus and minus one degree, for
example. In another embodiment, the graphical display of a
bubble can be combined with a secondary indication to cue
the user as to the state of alignment. For example, if the
bubble moves beyondthe lines, the background color ofthe
screen behind the bubble can change fromafirst state (e.g.,
a first color, such as green) to a secondstate (e.g., a second
color, such as amber) to indicate that the orientation is out
of the acceptable range. Once the user has received this
indication, the user can press a user input 26 (e.g. a middle
button below display 24), confirming and/orregistering the
orientation of the surgical orientation device 12.
[0277] The extramedullary alignment guide 314 can then
be moved(e.g. rotated) in a second degree of rotation (e.g.
pitch) until the sensor or sensors 40 observe that the surgical
orientation device 12 is in a plane parallel to the coronal
plane containing the mechanical axis of the patient’s leg.
Once the sensor or sensors 40 inside the surgical orientation
device 12 observe that the surgical orientation device 12 is
in this orientation, the surgical orientation device 12 can
again provide an indication to the user. For example, the
surgical orientation device 12 can display zero degrees and
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a flashing green light on the display 24, and/or a bubble as
described above. FIG. 31 shows such a flashing light on a
display 24. Once the user has observed this light or other
indication, the user can press a user input 26 (e.g. a middle
button below display 24). confirming and/or registering the
orientation of the surgical orientation device 12.

[0278] In some embodiments, the surgical orientation
device can provide an indication when the surgical orienta-
tion device 12 is aligned in both degrees of freedom at the
same time, rather than providing an indication each time
separately. The user can then press the user input 26 once,
rather than twice, to confirm registration ofthe orientation of
the surgical orientation device 12.

[0279] In yet other embodiments, the surgical orientation
device 12 can monitor and store the output of tilt meter
sensors 40 in the surgical orientation device 12, such that
whenthe tilt meter sensors 40 have been steadyfor a certain
period, the surgical orientation device 12 can record the
output to confirm and/or register the orientation of the
surgical orientation device 12. In one technique, the surgical
orientation device 12 can average the data recorded over a
period of time (e.g. data recorded over the last second or
several secondspriorto pressing a user input 26) and use the
average as the acquired data for the coronal plane. This
process can be used in other instances of the procedures
described herein, for example when the surgeon or other
medicalpersonnelis directing the surgical orientation device
12 to acquire a plane ororientation of the surgical orienta-
tion device 12. This method can be advantageous in that it
can reduce and/or eliminate inaccuracies caused by physical
movement during a key-press (or other force imposed by the
surgeon or other medical personnel onto the surgical orien-
tation device 12, electrical noise due to the current flow

during a key-press (or other user action), other vibrational
movement, or electrical and physical (audio) noise. In
certain embodiments, the surgical orientation device 12 can
be configured to identify the data corresponding to the time
a button is pressed and then use the most recent “good”data
obtained before the button was pressed by the user (for
example, before the fluctuations in the data occurred due to
the button press).

[0280] After registering the orientation of the mechanical
axis as described above, the resection depth can be verified
with a stylus. FIG. 32 showsa stylus 336. The stylus 336 can
be attached to the extramedullary alignment guide 214. The
stylus 336, or other surgical instrument, can be used to
confirm and/or select a desired depth of resection for the
tibial cut. This resection depth can be specified, for example,
in an implant manufacturer’s technique guide, and can help
determine whatsize prosthetic component or componentsto
use for the replacement knee joint.

[0281] The user can then orient the cutting block 84 into
the pre-operatively determined varus/valgus and posterior/
anterior angles for resection. For example, the extended rod
332 of the extramedullary alignment guide 214 can be
adjusted (e.g. swung) in the sagittal (i.e. flexion/extension)
plane in order to move the cutting block 84 into the
pre-operatively determined posterior/anterior angle. In one
arrangement, a lower, or distal, portion of the extended rod
332 can be moved and/or adjusted further away from or
closer to the clamping portion 330. FIGS. 33A and 33B
illustrate movement of the extended rod 332 towards the

clamping portion 330. By moving the distal, end of the
extended rod 332 away from or closer to the clamping
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portion 330 of the extramedullary alignment guide 313, the
posterior/anterior angle the cutting block 84 can be altered.
[0282] The extramedullary alignment guide 314 can addi-
tionally include markings, for example, which give an
indication of the angle created by adjustment of the extended
rod 332. Ina preferred arrangement, the surgical orientation
device 12 can also provide a read-out on its display 24 ofthe
angle of orientation of the resection plane created by moving
the extended rod 332.

[0283] Oncethe extended rod 332is positioned as desired,
a first mounting pin 333, or other anchoring device, can be
inserted through the cutting block 84, for example as shown
in FIGS. 34A and 34B. Oncethis first mounting pin 333 is
inserted, the cutting block 84 and extending rod 332 can be
restricted from movement in all but a varus/valgus plane
along the front of the tibia.
[0284] The user can then locatethe sagittal plane contain-
ing the mechanical axis through use of a laser guide or
guides. For example, the user can press one of the user
inputs 26 (e.g. the middle button beneath the display 24) on
the surgical orientation device 12 to activate a laser system
in the surgical orientation device 12. When thelaser system
is activated, the optical elements 32 on the top and bottom
of the surgical orientation device 12 can emit red (or other
color) laser beamsout of the surgical orientation device 12.
The laser beams can be in the form of lines, planes,
cross-hairs, or other configurations.
[0285] Other locations for a laser system or systems can
also be used. For example, the laser system can be attached
to or integrated with the primary rod 316, secondary rods
320, and/or adjacent the surgical orientation device 12. In
some embodiments, the laser system can be an entirely
separate feature or device. In some embodiments, the laser
system can be usedfor establishing the correct cutting angle
during resection of the tibia and/or femur by providing
beams which illuminate the epicondyles and/or a White-
side’s line to establish proper rotational orientation of a
femoral implant.
[0286] FIGS. 35a@ and 356 illustrate how a laser system
can be used to align the cutting block 84 with the sagittal
plane which contains the mechanical axis. Once activated,
the laser system in the surgical orientation device 12 can
project a redlaser light against the lowerleg, with the laser
light forminga lineorlines along the exterior of the lower
leg to provide visual cues as to alignment. For example, and
as shown in FIGS. 35a and 358,the laserlight (dashed line
in the figures) can emanate down the leg and extended rod
332 from an optical element 32 on the surgical orientation
device 12, and can illuminate a landmark or landmarks, such
as for example an anatomical landmark betweenthefirst and
second toes on the patient’s foot. Because only one pin or
other anchoring device is inserted into the cutting block 84,
the extended rod 332, surgical orientation device 12, and
cutting block 84 can swing about the inserted first pin in a
varus/valgus plane until the laser light is pointing to the
desired landmark on the foot. FIGS. 35A and 35Billustrate

an example of this movement.
[0287] Once the laser light has hit the desired landmark,
the user can press a user input 26 on the surgical orientation
device 12, and the surgical orientation device 12 canregister
the orientation of the sagittal plane. The surgical orientation
device 12 can then provide a display of the varus/valgus
angle as the varus/valgus angle changes relative to this
recorded initial position. For example, the display 24 can
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indicate zero degrees when the cutting block is aligned with
the sagittal plane, and can read other values whenthe cutting
block is swung one wayorthe other relative to the initial
position. This can allow the user to change the varus/valgus
angle until the varus/valgus angle of the cutting blockis at
its pre-operatively determined value.

[0288] Once this desired value is obtained, the user can
insert a second pin or pins, or other anchoring device or
devices, through the cutting block 84 and into the tibia.
FIGS. 36A and 36B illustrate a second mounting pininser-
tion. Once the second mounting pin 333 is inserted, the
cutting block 84 can be fixed in place, or substantially fixed
in place.

[0289] Once the cutting block is fixed, the rest of the
extramedullary alignment guide 313, as well as the surgical
orientation device 12 and coupling device 14, can be
removed. FIG. 37 illustrates the cutting block 84fixed to the
ibia, with a cutting tool beginning to resect the tibia by
moving a saw blade through the opening 102.

H. Tibial Preparation System with a Single Orthopedic
Fixture

[0290] A tibial preparation system can be provided which
uses a single orthopedic fixture, instead of two orthopedic
fixtures as described above. For example, FIGS. 4a and 44
show a tibial preparation system 410 for use in a joint
replacement procedure, such as for example a knee replace-
ment procedure. The tibial preparation system 410 can
comprise the surgical orientation device 12 described above,
he coupling device 14 described above, and a landmark
acquisition assembly 412. Thetibial preparation system 410
can be different from the systems 10, 210, and 310, for
examplein that the system 410 can utilize a single structural
alignment device with a surgical orientation device, the
alignment device being used along the lateral side of the
tibia (e.g. held alongside the leg), as well as along the
anterior side of the tibia.

 
[0291] The landmark acquisition assembly 412 can be
similar to the landmark acquisition assembly 312 described
above. For example, the landmark acquisition assembly 412
can comprise a primary rod, connecting element or ele-
ments, and secondaryrod or rods.

[0292] The landmark acquisition assembly 412 can further
include a handle 414. The handle 414 can attached to or

integrally formed with a first portion 416 of the landmark
acquisition assembly 414. For example, the handle 414 can
be attached to or integrally formed with a primary rod, or
other extending structure, of the first portion 416 of the
landmark acquisition assembly 412.

[0293] The handle 414 can also bereleasablycoupled to a
second portion 418 of the landmark acquisition assembly
412. For example, one endofthe handle 414 can be screwed
onto, and/or latched onto, an end of the second portion 418,
suchthat the second portion 418 of the landmark acquisition
assembly 412 can be removed from thefirst portion 416.

[0294] Thesurgical orientation device 12 can be coupled
to the landmark acquisition assembly 412. For example, the
surgical orientation device 12 can be coupled to the first
portion 416 of the landmark acquisition assembly 412 with
the coupling device 14. As shownin FIG. 46, the surgical
orientation device 12 can comprise a laser system or systems
42.
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[0295] A cutting block 84 can also be attached to or
integrally formed with thefirst portion 416, and canitselfbe
attached to or integrally formed with a stylus 420 used for
determining resection depth.

Acquiring Orientation Information Using a Single
Orthopedic Fixture

[0296] After pre-operative planning for a joint replace-
mentprocedure,the tibial preparation system 410 described
above can be used to identify the location and orientation of
an axial line, as well as to orient a cutting block relative to
the axial line.

[0297] For example, once the desired varus/valgus and
posterior/anterior angles for resection have been determined
pre-operatively for a knee replacement procedure,the tibial
preparation system 410 can first be assembled as shown in
FIG. 4a. The surgical orientation device 12, coupling
mechanism 14, and landmark acquisition assembly 412 can
be coupled together, and the landmark acquisition assembly
412 can be positioned laterally alongside the tibia and
outside ofthe leg.

[0298] Similar to the method described above with respect
to the landmark acquisition assembly 312, the secondary
rods or structures on the landmark acquisition assembly 412
can be placed against predetermined anatomical landmarks
alongside the leg, and the surgical orientation device 12 can
register an orientation of the mechanical axis. Once the
orientation of the mechanical axis has been registered, the
landmark acquisition assembly can be positioned and/or
aligned in front of the tibia, (i.e. anterior to the tibia)

[0299] FIGS. 38 and 39 show the landmark acquisition
assembly 412 placed in front of the tibia T. The landmark
acquisition assembly 412 can be moved and/orrotated in a
first degree of rotation (e.g. roll) until the sensor or sensors
40 in the surgical orientation device 12 observethat the roll
of the surgical orientation device 12 is aligned with gravi-
tational zero. For example, one axis of a dual-axis acceler-
ometer sensor 40 can be aligned with gravitational zero.
Once the sensor or sensors 40 inside the surgical orientation
device 12 observe that the surgical orientation device 12 is
in this orientation, the surgical orientation device 12 can
provide an indication to the user. For example, the surgical
orientation device 12 can display zero degrees and a flashing
green light on the display 24, or a bubble as described above.
Oncethe user has received this indication, the user can press
a user input 26 (e.g. a middle button below display 24),
confirming and/orregistering the orientation of the surgical
orientation device 12.

[0300] The landmark acquisition assembly 412 can then
be rotated and/or moved in a second degreeofrotation (e.g.
pitch) until the sensor or sensors 40 observe that the surgical
orientation device 12 is in a plane parallel to the coronal
plane containing the mechanical axis of the patient’s leg.
Once the sensor or sensors 40 inside the surgical orientation
device 12 observe that the surgical orientation device 12 is
in this orientation, the surgical orientation device 12 can
again provide an indication to the user. For example, the
surgical orientation device 12 can display zero degrees and
a flashing green light on the display 24, or a bubble as
described above. Once the user has observed this light or
other indication, the user can press a user input 26 (e.g. a
middle button below display 24), confirming and/orregis-
tering the orientation of the surgical orientation device 12.
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[0301] As described above, in some embodiments the
surgical orientation device can provide an indication when
the surgical orientation device 12 is aligned in both degrees
of freedom at the same time, rather than providing an
indication each time separately. Similarly, in some embodi-
ments the user can press the user input 26 once, rather than
twice, to confirm registration of the orientation of the
surgical orientation device 12.
[0302] Once the cutting block 84 is aligned with the
mechanical axis, the opening 102 which comprises an elon-
gated slot for receiving a cutting saw can extend generally
perpendicular to the mechanical axis extending through the
tibia. If pins were inserted through the cutting block 84 into
the proximalend ofthe tibia to anchorthe cutting block 84,
and a cutting saw was inserted through this elongated slot
102, the cutting saw would resect the top of the tibia and
leave a flat tibial plateau perpendicular to the mechanical
axis.

[0303] However, as with the other methods described
above, the cutting block 84 can be adjusted in orderto orient
the cutting block into the pre-operatively determined varus/
valgus and/or posterior/anterior angles for resection. For
example, the first portion 416 and secondportion 418 of the
landmark acquisition assembly 412 can be separated, and
the second portion 418 can be placed to the side. The first
portion can then be moved and/or rotated by hand in a
varus/valgus direction and/or posterior/anterior direction.
[0304] FIG. 39 showsthe landmark acquisition assembly
412 being maneuvered by hand. For example, the handle
414 can be moved towards or away from the distal end of the
tibia in a sagittal plane to movethefirst portion 416 and
cutting block 84. This movement can alter the angle of any
pin placement in the cutting block 84, and consequently,
alter the posterior/anterior angle of the cutting block 84.
[0305] Once the landmark acquisition assembly 412 and
cutting block 84 are aligned as desired, a pin or other
anchoring device can be inserted through a hole 102 ofthe
cutting block 84 andinto the tibia, for example as shown in
FIG.39. This first pin can anchorthecutting block in place,
yet allow the cutting block 84 to swing in a varus-valgus
direction about thefirst, fixed pin.
[0306] The handle 414 can then be used to swing thefirst
portion 416 about the fixed pin, and to orient the cutting
block in the varus/valgus plane. For example,a laser system,
such as one described above, can be used while the cutting
block 84 is pinned and swung by the handle 414. A laser
beam or beams can emanate form the surgical orientation
device 12 out of the optical element or elements 32. Similar
to what is shown in FIGS. 35a and 354,the laser beam can
identify a landmark, such as the area between thefirst and
second toes on the patient’s foot, in order to acquire an
orientation of the sagittal plane containing the mechanical
axis.

[0307] Oncethe orientation of the sagittal plane contain-
ing the mechanical axis has been acquired and registered in
the surgical orientation device 12, the handle 414 can be
moved again to change the varus/valgus angle until the
display 24 on the surgical orientation device 12 indicates
that the varus/valgus angle of the cutting block is at its
pre-operatively determined value.
[0308] Once the desired pre-operatively determined
angles are obtained, a second pin orpins, or other anchoring
device or devices, can be placed through the openings 102
in the cutting block 84, and the cutting block 84 can be
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anchored firmly, such that there is substantially no freedom
of motion. The handle 414 and rest of first portion 416 can
then be removed completely, leaving only the cutting block
84 securely anchoredto the tibia. A cutting tool (e.g. cutting
saw) can then be moved through the elongate opening 102
on the cutting block 84 to resect a portion or portions ofthe
proximaltibia.

III. Femoral Cut/Knee Distraction Systems and
Methods

[0309] Asdiscussed above, knee replacement procedures
commonly involve a resection of the tibia along the proxi-
maltibia. This resection of the tibia typically leaves a tibial
plateau or plateaus along the proximal tibia, which can
provide a location for placement and/or attachment of a
prosthetic knee joint.
[0310] In addition toatibial resection, oralternatively to
a tibial resection, a knee replacement procedure can further
comprise a resection of a portion or portions of the distal
femur. Resecting a portion orportionsofthe distal femur can
provide a location for placement and/or attachment of a
femoral knee joint prosthetic. As with the tibial resection,
the orientation of a cutting block, and/or cutting plane or
planes, can be pre-operatively determined in order to pro-
vide a desiredfit and/or orientation for the femoral knee joint
prosthetic. Properly orientating the cutting plane or planes
alongthe distal femur can facilitate alignmentof the femoral
knee joint prosthetic with the tibial knee joint prosthetic.
This alignment can create a set of knee joint prosthetics
which function smoothly, continuously, and/or without sub-
stantial wear duringtheir life of use.
[0311] Along with attaining and/or facilitating proper
alignment between the femoral knee joint prosthetic and the
tibial knee joint prosthetic, the user can additionally prepare
the knee joint such that the ligaments and/or soft tissue
surrounding the knee joint is substantially balanced after
attachment of the knee joint prosthetics. A balanced joint
refers generally to a joint in which onesideofthe knee is not
substantially straining, pulling, and/or constraining the other
side of the knee. For example, in an unbalanced kneejoint,
the ligaments and soft tissue on the lateral side of the knee
may be experiencing tension at a substantially higher degree
as compared to the ligaments and soft tissue on the medial
side of the knee. During a knee joint replacement procedure,
it can be advantageous to balance the tension on either side
of the knee, so as to prevent undesired strain or stress within
the knee joint. This balancing can be achieved, for example,
by use of a knee distraction device or instrument which
distracts the distal femur from the proximaltibia in a manner
that achieves substantial balancing ofthe knee joint prior to
attachment of the knee joint prosthetics.
[0312] Systems and methods of preparing a femoral cut,
and/or distracting the knee are described further herein.
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 usedin other
types of medical procedures, including but not limited to
shoulder and hip replacement procedures.
A. Femoral Preparation System with a Moveable Orthopedic
Fixture

[0313] FIG. 5 showsa femoralpreparation system 510 for
use in a joint replacement procedure, such as a knee joint
replacement procedure. The femoral preparation system 510
can be used to resect a portion of a femur, and can comprise
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the surgical orientation device 12 described above, the
coupling device 14 described above, and an orthopedic
fixture, such as a universal jig 512.

1. Orthopedic Fixture for Orienting a Surgical
Orientation Device in Multiple Degrees of Freedom

[0314] An orthopedic fixture can be provided which can
have a moveable portion or portions which are used to orient
a surgical orientation device. Thesurgical orientation device
can be oriented in multiple degrees of freedom. For
example, FIGS. 40 and 41 illustrate the universal jig 512.
The universal jig 512 can be similar to the universal jigs
described above. For example, the universal jig 512 can
comprise a base portion 514, a posterior/anterior adjustment
block 516, and a varus/valgus adjustment block 518.
[0315] The universaljig 512 can facilitate movementofa
cutting block in at least two degrees of freedom. For
example, the universal jig 512 can be configured to enable
the surgeon to move a cutting block in a direction that
changes the angle of the cut on the femur such that the
cutting angle slopes either from the posteriorto the anterior
side of the knee or from the anterior to the posterior side
(flexion-extension), providing one degree of freedom. The
cutting block 512 can additionally or alternatively be con-
figured so that a cutting block can be moved such that the
cutting angle slopes in a varus-valgus manner, thereby
providing a second degree of freedom.
[0316] In some embodiments,it can be desirable to pro-
vide multiple degrees of freedom in a translation direction.
For example, the universal jig 512 can be configured to
enable a cutting block to be moved in a proximal (toward the
hip joint) or distal (toward the foot) direction, providing a
first degree of freedom in translation. The universal jig 512
can further be configured such that a cutting block can be
moved posteriorly toward the surface of the knee joint or
anteriorly away from the surface of the knee joint to create
more space between the block and the joint. In one technique
it can be desirable to havethe ability to move a cutting block
posteriorly into contact with the anterior surface of the
emur.

 
a. Base Member for Providing an Anchored or

Fixed Initial Position of an Orthopedic Fixture, and
Slide Member for Allowing Translational

Movement

[0317] A base membercan be provided which can anchor
or fix an initial position of an orthopedic fixture. A slide
membercan also be provided for allowing translation move-
ment of a portion or portions of the orthopedic fixture. For
example, and with continued reference to FIGS. 40 and 41,
the base member 514 can beattached to a distal portion of
the femur. For example, a pin, screw, or other anchoring
device can be inserted through a hole or holes 520 located
along the base member 514. The holes 520 can take any
suitable configuration and orientation. For example, the
holes 520 can be angled at 45° with respectto the posterior
surface of the base member 514. Oncethe anchoring devices
are inserted through the base member 514 and into thedistal
femur, the base member 514 can beheld stablerelative to the
femur, while other portions of the universal jig 512 can
moverelative to the base member 514.

[0318] The base member 514 can comprise a slot or slots
522 extending along a portion or portions of the base
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member 514. The slots 522 can be configured to receive
corresponding, or mating, flanges formed on a slide member
524. For example, the slots 522 can be configured to receive
flanges 526 along slide member 524, as shown in FIG. 41.
The slots 522 and flanges 526 can be configured such that
slide member 524 canslide and/ortranslate both distally and
proximally relative to the base member 514 and femur.

[0319] The slide member 524 can further comprise receiv-
ing holes 528. The receiving holes 528 can be sized and/or
shaped so as to receive a pivot pin on the posterior/anterior
adjustment block 516.

b. Device for Adjusting a Posterior/Anterior Slope
of a Cutting Block

[0320] A posterior/anterior adjustment device can be pro-
vided which can be used to adjust the orientation of a
surgical orientation device and/or cutting block adjacent the
femur. For example, the posterior/anterior adjustment block
516 can comprise a pivot pin 530. As described above, the
pivot pin 530 can be received by the receiving holes 528 on
the slide member 524. The pivot pin 530 can facilitate
pivoting motion and/or rotation of the posterior/anterior
adjustment block 516 relative to the slide member 524
and/or base member 514 in a posterior/anterior direction. In
a preferred arrangement, the pivot pin 530 can facilitate
pivoting of the posterior/anterior adjustment block 516
within a range of approximately twenty degrees (e.g. +-ten
degrees on either side of a predetermined angle). Other
ranges are also possible.

[0321] The posterior/anterior adjustment block 516 can
further comprise a receiving hole or holes 532. The receiv-
ing holes 532 can be sized and/or shaped so as to receive a
pivot pin. The pivot pin can extend through the receiving
holes 532 as well as through a receiving hole or holes on the
varus/valgus adjustment block 518.

c. Device for Adjusting a Varus/Valgus Slope of a
Cutting Block

[0322] A varus/valgus adjustment device can be provided
which can be used to adjust the orientation of a surgical
orientation device and/or cutting block adjacent the femur.
For example, the varus/valgus adjustment block 518 can
comprise an elongate rod 534. The elongate rod 534 can
extend distally from the base member 514 when the univer-
sal jig 512 is attached to the distal femur. In a preferred
arrangement of the universal jig 512, the elongate rod 534
can be coupled to the coupling device 14, and the coupling
device 14 can be couple to the surgical orientation device 12.

[0323] With continued reference to FIG. 41, the varus/
valgus adjustment block 518 can further comprise a receiv-
ing hole 536. As described above, the receiving hole 536 can
receive a pin which extends through the receiving holes 532.
The pin extending through the receiving holes 532 and 536
can facilitate pivoting motion and/or rotation of the varus/
valgus adjustment block 518 relative to the base member
514 in a varus/valgus direction. In a preferred arrangement,
the pivot pin 530 can facilitate pivoting of the posterior/
anterior adjustment block 516 within a range of approxi-
mately twenty degrees (e.g. +-ten degreeson either side of
a predetermined angle). Other ranges are also possible.

[0324] The varus/valgus adjustment block 518 can further
comprise a flange or flanges 538. The flanges 538 can be
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configuredto be received by corresponding, or mating,slots
in a cutting block or otherstructure.

d. Cutting Block Which Can be Oriented for Bone
Resection

[0325] Acutting block,or other orthopedic fixture, can be
provided for bone resection. The cutting block can be
oriented with the aid of a surgical orientation device and an
orthopedic fixture or fixtures. FIGS. 40 and 41 illustrate a
cutting block 540. The cutting block 540 can be similar to
the cutting block 84 described above. For example, the
cutting block 540 can comprise at least one opening 102.
One opening 102 can comprise, for example, an elongate
slot configured to receive a cutting tool, such as for example
a cutting saw.
[0326] The cutting block 540 can further comprise a slot
or slots 542. The slots 542 can be configured to receive the
flanges 538 on the varus/valgus adjustment block 518. The
combination of the slots 542 and flanges 538 can facilitate
movement(e.g. translational movement) of the cutting block
relative to the varus/valgus adjustment block 518. For
example, in a preferred arrangement the cutting block 540
can translate in a posterior/anterior direction (i.e. towards or
away from the femur).

B. Acquiring Information Using a Femoral Preparation
System

[0327] FIGS. 42 and 43 show a method of using the
femoral preparation system 510. In a preferred arrangement,
the base member 514 isfirst pinnedto a distal aspect of the
femur F, which has been exposed in any conventional
surgical manner. The orientation device 12 can then be
coupled with the elongate rod 534, for example by using the
clamping device 14. Thereafter, the femoral preparation
system 10, including the surgical orientation device 12, as
well as the entire lower leg, can be moved, swung, and/or
pivoted about a proximal headofthe femuruntil the location
and/ororientation of the mechanicalaxis of the leg is found.
[0328] For example, the center of rotation of the head of
the femur, and/or the mechanical axis of the patient’s leg,
can be detected by moving and/or swinging the leg and
attached surgical orientation device 12 on a horizontal plane
(e.g. a plane along the operating table), starting from a
knownfixed position and orientation (referred to as the
origin, which can be close to the surface of the horizontal
plane) and obtaining inertial readings such as angular dis-
placement and acceleration (referred to as IMU data). The
arrows in FIG.43 illustrate at least one example of how the
direction or directions the leg can be moved.
[0329] The surgical orientation device 12, which can be
coupled to the leg during such movement, can comprise at
least one single- or multi-axis gyroscope sensor 40 and/orat
least one single- or multi-axis accelerometer sensor 40. The
accelerometer(s) can have axes angled with respect to an
axis of the surgical orientation device 12. As the leg is
swung, the sensors 42 can detect movementof the surgical
orientation device 12, and collect the IMU data.

[0330] From this IMU data, the surgical orientation device
12 can calculate the location of the center of rotation of the

femur, as well as the location of the mechanical axis running
through the leg.
[0331] Once the surgical orientation device 12 has made
the above-described calculation or calculations, the surgical
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orientation device 12 can be rotated and/or moved by the
universaljig 512 to align the surgical orientation device 12
with the mechanical axis of the leg. When the surgical
orientation device 12 is aligned with the mechanical axis of
the leg, the surgical orientation device 12 can provide a
signal, such as for example a flashing green light on its
display 24.

[0332] The user can then use the universaljig 512 to move
and/or changethe position of the surgical orientation device
12 and cutting block 540, in order to achieve a pre-opera-
tively determined resection angle or angles for resection of
the femur. As with the tibial cut methods described above,
the varus/valgus and posterior/anterior angles for resection
can be adjusted by moving the varus/valgus adjustment
block 518 and/or posterior/anterior adjustment block 516.
Other adjustments, movements, translations, rotations, and/
or changesin position of the cutting block 540 can also be
made.

[0333] The surgical orientation device 12 can provide an
indication of degrees of movement. For example, the sur-
gical orientation device 12 can inform the user how many
degrees (e.g. in half degree increments) the surgical orien-
tation device and cutting block 540 are rotated past the
mechanical axis in one or more planes. The surgical orien-
tation device can display this information in its display 24,
and/or provide audio indications to the user as well.

[0334] The cutting block 514 can then be brought into
contact with the distal femur. The cutting block 540 can be
immobilized, for example, by advancing pins through one or
more openings 102. The user can then disconnect the
surgical orientation device 12 from the universaljig 512, e.g.
by releasing the clamping device 14. Additionally, or alter-
natively, the user can disconnecta portion or portions ofthe
universaljig 512 from the cutting block 540, therebyleaving
the cutting block 540 behind onthedistal femur. Thereafter,
the cutting block 540 can be used to resect the distal femur.
For example, a cutting tool or tools can be moved through
an elongate opening or openings 102, so as to prepare the
distal femur for receiving a knee joint prosthetic.

C. Alternative Method of Using Femoral Preparation System

[0335] In other embodiments, the center of rotation and
the mechanical axis can be detected by moving the leg about
the junction of the femoral head and an acetabulum in
several different planes, as opposed to one plane, and
obtaining IMU inputs of the femur for various locations of
the distal end of the femur approximating a portion of a
spherical surface, with the center of the sphere being the
femoral head center. For example, in one embodimentof the
surgical orientation device 12 incorporating one or more
multi-axis accelerometers and gyroscopes, IMU data for
each movement of the femur can be numerically integrated
over time to obtain a trajectory of position and velocity
points (one point for each IMU input) without imposing any
plane trajectory constraints on movementsof the femur. The
location of the sphere center (e.g., the femoral head center)
can be calculated using, for example, a non-linear least-
squaresfit algorithm. Examples of three possible leg move-
ment trajectories for calculating IMU data are: (4) a hori-
zontal swing from the leg’s position of origin to the
surgeon’s right and then back again;(11) a horizontal swing
from the origin to the surgeon’s left and then back again; and
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(iii) a vertical swing upward and then back again. During
each swing trajectory the IMU data can be stored for future
processing.
[0336] Accuracy in determining the femoral head center
can be improved if both positive and negative time integra-
tions are performed for each movementofthe femur from an
origin at t=T0 to a given position at t=T1 and then back
again to the origin at t=T2. The negative integrations (which
correspond to integration from T2 to T0 in one technique)
can be used to reduce the integration errors which mayarise,
for example, because of imperfect calibration or drift. For
example, following each inertial measurement for a given
location of the distal femur, the leg can be returned to its
origin, with input provided to the surgical orientation device
12 that the surgical orientation device 12 has been returned
to the origin. In one embodiment, the surgical orientation
device 12 can be configured to assume or recognizethat it
has been returned to the origin. The surgical orientation
device 12 can include a microcontroller in its electronic

control unit 1102, for example, that can be configured to
perform forward and backward integration over the maneu-
ver and compare the results. This can be done as a way to
calibrate the sensors 40.

[0337] Whentaking inertial readings, the surgical orien-
tation device 12 can assumethat roll motion of the femur

(with respect to a femurline) is zero. In one method, the user
can restrict the femur roll motion as much as possible and
endeavor to move the femur in pitch and yaw motions (with
respect to the femur line) when taking readings.
[0338] In one embodiment,the surgical orientation device
12 can be placed at the origin with no motion for a
pre-determined time period to signal positioning at the
origin, e.g., at least one second in between swing trajecto-
ries. This can facilitate the surgical orientation device’s
recognition ofthe start and end of a swingtrajectory. In such
an embodiment, a numerical value for magnitude of the
acceleration of gravity or the location of the device in an
Earth Centered Rotating (ECR) coordinate system can be an
input to the processing inside the electronic control unit
1102.

[0339] In one embodiment of the device, there can be a
parameterized function mapping of the IMU readings to the
assumedor estimated acceleration and angular orientation in
a frame attached to the device. This set of trajectory points
(i.e. free trajectory points) along with the set IMU readings
can be referred to as spherical independent values. There can
be four individual dynamic sets of independent values,
which are: position, velocity, IMU gyro values, and IMU
accelerometer values. During the processing, a correspond-
ing set of spherical dependent values can be generated,
assuming the motion ofthe surgicalorientation device 12 is
constrained to the surface of the sphere and there is no roll
motion about the line connecting the center of the sphere and
the surgical orientation device 12. This set of values can be
a function ofthe center ofthe sphere (the value for the radius
of the sphere can be knownsincethe origin is assumedto lie
on the surface of the sphere) and, if needed, a set of IMU
calibration parameters. The assumption can be madethatat
each IMU cycle time the surgical orientation device 12 is at
a point of intersection of the sphere and the line connecting
the corresponding independent position point and the center
of the sphere.
[0340] The algorithm employed bythe surgical orientation
device 12 to determine the femoral head center can utilize a
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mathematical principle that determines the values for the
unknown parameters (femoral head center and IMU cali-
bration parameters) that minimize a cost function consisting
of the sum of the squares of the difference between the
spherical independent values and the spherical dependent
values. The spherical independent IMU values can be pro-
vided by the sensor or sensors 40, and the spherical depen-
dent IMU values can be calculated.

[0341] The following are two Cartesian coordinate frames
that may be used to describe an algorithm:

[0342] 1. The inertial Trajectory frame or T-frame. The
coordinate frame for integrating the IMU input values.
The origin is at the center of device at the start and end
of each trajectory and the unit vectors are
[0343] Z-axes (Z,) points upward
[0344] X-axes (X,) points in patients foot to head in

the horizontal plane
[0345] Y-axes (Y,) points to the surgeonsleft in the

horizontal plane (Y,=Z7,xX,).
[0346] 2. The moving and rotating Device frame or

D-frame. The IMU systemcanbe attachedto this frame
and its origin can be located at the center of the IMU
device. At the start/end of each frame it should be

aligned with the T-frame.
[0347] X-axes (X,)={X,7)
[0348] Y-axes (Y,)=(Y,)
[0349] Z-axes (Z,,)=(Z,)

The following symbols can be used to describe the process-
ing that generates the spherical independenttrajectory points
for the nth swing trajectory according to one technique that
can be incorporated into an embodiment of an orientation
device described herein.

[0350] A—IMU cycle timeinterval
[0351] ,,°—Starting timeof the trajectory
[0352] t,,'—Ending time of the Ith IMU cycle (I**A).
[0353] N,,'—Total number oftrajectory IMU time inter-

vals.

[0354] 1,%—Trajectory ending time (N,,“*A)
[0355]  w,,(t}IMU angular velocity input value for time

t

[0356] w,,'—IMU angularvelocity input value for cycle I
(w,,(t)=w,,' for (I-1)*A<tsI*A)

[0357] a,(t)—IMUacceleration input value for the nth
swing at timet.

[0358] _a,,,—IMU angular velocity input value for cycle I
(a,(t)=a,' for (I-1)*A<tsI*A)

[0359] W,(x,,,w(t))—The function that maps the IMU
angular velocity value to the assumed/estimated angular
velocity in the D-frame.

[0360] x,—Gyro calibration parameters that can beesti-
mated such as biases and scale factors.

[0361] N,,—Number of Gyro calibration parameters (can
be zero)

[0362] ,,’(t): Direction Cosine matrix—mapsa vector in
the D-frameto a vector in the T-fame.It can be calculated

using both forward and backward time integration

OQ =h+ {CODD Wola,wis) x TOL (s)asPu

100



   

 

         

 

       
     

    
       
          

     
     

      
      
      
      

      

      

 

 
           

   
      

 

 

           
     

        
       

         
         

            

           
             

         
       

            
     

    

 

    

      
     

     

 

    

    

 

  

      
           

    

         
          

            

        
       

       
  

         
        

         
       

 

         
        

          
      

        

 

            
 

        

 

              
 

        

101

US 2018/0153587 Al

-continued

“O50 =+{ CO (0) Wo (yy, w(s)) XDD (A)(s)dsLE

100

°0)001

[0363] A,(x,,a(t)}—The function that maps the IMU
accelerometer value to the assumed/estimated accelera-
tion in the D-frame.

[0364] x,,: Accelerometercalibration parameters that may
need to be estimated such as biases and scale factors.

[0365] N,—NumberofAccelerometercalibration param-
eters (can be zero).

[0366] *R,”(x,.x,)—Ith positive trajectory position point
[0367] ~R,,(x,,x,,)—Ith negative trajectory position point
[0368] *V,,70x,,X,)—Ithpositive trajectory velocity point
[0369] ~V,,’(x.,,X,)—Ith negativetrajectory velocity point

RACaXmle1X4 Vn(S) a(S))ds dt

he=  

RitSmVrAdents w(s),a9))ds dt

Paarodeleatas Wl)nls)ls

VelaXeLinAotaWal),als))as

Ap%oWlS)4,(8)-Op(A,.8)ApX44,(S))

[0370] R,“(x,.X,p) Ith trajectory position point.

RuleaxpBCR,rw)HL-BYCRCar))

BtVt"

Error in double integration due to white is proportional to the
ime of integration.
[0371] V,,(X,,X4)—TheIth trajectory velocity point

FxsamBMCK,Gt)-BYCP,Est)

 

BCG,0,7)?

 Errorin single integration due to white is proportionalto the
square-root of time of integration.
[0372] The following describes a processing for the
spherical dependent trajectory parameters. Mostof the cal-
culation can be performed in the Inertial Trajectory Frame.
This processing assumes the points are constrained to the
surface of a sphere. The center of the sphere is denoted by

Rcorthethree componentvector (x.y,,Z,). Since the origin
is assumed to be onthe sphere the radius of the sphereis

Rewtye422)?

[0373] The following symbol and expression are use to
describe howthe Ith spherical dependenttrajectory param-
eter values can be calculated in terms of the (I-1)th values
for the nth swing trajectory.
[0374] *R,’—Ith position point

SRJ=unit(R,!)*Re

[0375] °6,,’—Ith rotation vector

59Faunit®R,71x8R,)*are cos(unit(®R,7!)-unit
ORD)

[0376] *°Q,’Ith angular velocity vector

SQ04a

Jun. 7, 2018
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[0377] °V,7—Ith velocity point
SpIsSo LSpl
Vif QOR,!

[0378] °A,’—Ith acceleration vector

S4 Z6y, Isp EIA

[0379] °@,’—Ith Spherical Trajectory direction cosine
matrix; transformsa vector in the Device frameto a vector

in the Trajectory frame.

100

atgata 1 |001

The operator “@®”producesthe direction cosine matrix that
results from rotating the direction cosine matrix to the nght
of the operator about the angle to the left of the operator.

[0380] ,°@,7Ith angular velocity vector for the nth
swing trajectory expressed in the device frame

pQ,J=1/2*FOF0ASQ7

[0381] ,°A,7—Ith acceleration vector expressed in the
device frame

pAsaeaJ@AP7

[0382] °w,7: Ith calculated gyro value (the application of
the inverse mapping of the gyro calibration function)

Sys Wp(e.p°Q,.)

[0383] °a,,7: Ith calculated gyro value (the application of
the inverse mapping of the accelerometer calibration
function)

°ay=ApwpAn)

[0384] The following contains a definition of the four
trajectory parameter cost functions and the total cost func-
tion. The total cost function represents a weighted average of
the four trajectory parameter cost functions.

YR Seo Veo Zoo Xs Xw Position Cost Function

NA 2

YE (es Ves Zes Has Kw) = » PR, - Rif=1

Nr R
Res Ver Les XA, Xw) = » Yn Mer Ver Zee XA, Xw)n=l

Vv (Kes Yeo Zor 44, 4w)- Velocity Cost Function

M 2IN es Ver Ler Fas Xw) = s PV) Val |f=1

Nr
_ v

Wer Ver 2» Las Aw) = » Yn er Ver Zor Xa, Xw)n=l

¥o(Xes Ves Zen La, Aw) Gyro Cost Function

wnG Syd iy
Yn Mer Ver Zor Fay Xw) = | PW — WlT=
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-continued
Nr G .

YeMer Ver Zor ¥as Hw) = » Yn Mer Yer Ze Xa ¥w)n=l

V¥aA(Xer Veo Ze Xa, Xw) Accelerometer Cost Function

MiAy Sf ab?
Yn er Vor Zor Xa Xw) = » a, — alf=1

Nr
( z -y y4 :Yaor Yoo Zor XAs XW) = Vn (We, Vor Zo. XA, Xw)n=l

¥(Xe. Yoo Ze Xa, Xw)- Total Cost Function

Ver Yor Zor Fas ¥w) =

GR *YRes Ves Les Xas Mw) + Qy #YV Mes Ves Ses ¥as Aw) +

OG *YGXe> Yoo Ses Xs XW) + Wa *YA%oy Yoo Ses XA, Xw)

The mathematical goal of the algorithm can be to solve the
following 3+ Na+ Nw equations for (K.y,.Z.X4X,) that
minimize the Total Cost Function.

NOPoZoX4Xy)Ox-O

NSooZoXaX)!OY=O

NeFoZeoX4Xp)/62.—0

[0385] VxyO5Yo%oXsXy))=0, Vx, the gradient wrt
accelerometer calibration parameters

[0386] Vx A¥XoYoZ%45% 7))=0, WX the gradient wrt
gyro calibration parameters

D. Femoral Preparation System with Knee Distraction
Device for Resecting the Femur and/or Distracting the Knee
Joint

[0387] A femoral preparation system can be provided
which can both align a cutting block for resecting a bone, as
well as distract a joint so as to balance the tissue surrounding
he joint. For example, FIG. 6 shows a femoral preparation
system 610 for use in a joint replacement procedure, such as
or example a knee joint replacement procedure. The femo-

ral preparation system 610 can comprise the surgical orien-
ation device 12 described above, the coupling device 14
described above, and a distraction instrument, such as for
example a knee distraction device 612. As described further
herein, the femoral preparation system 610 can be used for
both alignment and distraction.
[0388] FIG. 44 shows a knee distraction device 612. The
knee distraction device 612 can be configuredto distract the
knee joint during a knee replacement procedure and balance
he soft tissue and/or ligaments within the knee joint. The
knee distraction device 612 can additionally or alternatively
be configured to facilitate attachment of a cutting block to
he distal femur for resection of the distal femur.

[0389] With continued reference to FIG. 44, the knee
distraction device 612 can comprisea distractor body, such
as for example a body 614. The body 614 can comprise an
inner body portion 616, an outer body portion 618, and at
least one adjustment device 620. The knee distraction device
612 can further comprise a reference feature, such as for
example a tibial baseplate 624, and at least one distraction
element 626. The knee distraction device can further com-

prise guide portion 628. The body 614,tibial baseplate 624,
and distraction elementor elements 626 can form an anterior

portion of the knee distraction device 612.
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[0390] In some embodimentsthe distraction elements 626
can comprise femur contacting components. For example,
the distraction elements 626 can include generally flat, thin,
foot portions 630 which extend away fromthe body 614, and
can be configured to engage the bottom of a bony landmark,
such as for example a femoral condyle. The distraction
elements 626 can further include posts 632 which can be
movable relative to the tibial baseplate 624, and can extend
into a portion or portions of the outer body portion 618.
[0391] The posts 632 can be controlled by the adjustment
devices 620 on either side of the body 614. The adjustment
device or devices 620 can comprise knobs, and the distrac-
tion elements 626 can resemble feet, with legs which extend
from a lower, or distal, portion of the body 614.
[0392] The tibial baseplate 624 can comprise a planar
member coupled to the distractor body, and can sit under-
neath the distraction elements 626. The tibial baseplate can
be configured to be positioned onatibial plateau. Thetibial
baseplate 624 can extend at an angle perpendicular to a front
face of the body 614. The distraction elements 626 can be
coupled with the distractor body, and can be configured to be
moved relative to the tibial baseplate 624 to increase or
decrease a gap therebetween. The distraction elements 626
can also extend at an angle perpendicularto the front face of
the body 614, and can individually be moved away from the
tibial baseplate 624 (e.g. in a proximal direction), or towards
the tibial baseplate 624 (e.g. in distal direction), by turning
the adjustment devices 620.
[0393] FIG. 45 showsa side view of the knee distraction
device 612. As shown in FIG. 45, the knee distraction device

612 can comprise a sizing stylus 622. The stylus 622 can
form a posterior portion of the knee distraction device 12,
and can be a modular device that can be changed to
approximate a desired femoral implantsize and/or to accom-
modate anatomical differences between the left and nght
knee joints. The stylus 622 can reference a particular femo-
ral implant size and a corresponding measurement along an
anterior aspect of the femur. The stylus 622 can generally
comprise an anterior/posterior (A/P) sizing guide, and in
some embodiments can include a marking or markings 634
along an attached post. The marking or markings 634 can
provide an indication of how far the stylus 622 has been
raised or lowered relative to, for example, the distraction
element 626. The stylus 622 can be attachedto, and/or move
with, the inner body portion 616. The stylus 622 can be used,
for example, to help measure the needed size of a knee joint
prosthetic during a knee joint replacement procedure.
[0394] The body 614 of the knee distraction device 612
can further comprise a securing device 636. The securing
device 636 can comprise, for example, a knob which can be
turned to lock the guide portion 628 in place. When
unlocked, the guide portion 628 can slide within an opening
of the outer body portion 618.

[0395] In some embodiments, the guide portion 628 can
protrude at least 75 mm beyondthe tibial baseplate 624. In
some embodiments, the guide portion 132 can be 12.7 mm
in diameter. Other diameters are also possible. In some
embodiments, a cross section of the guide portion 628 can
comprise a generally round portion and a generally flat
portion similar to the primary rod 316 of the landmark
acquisition assembly 312 described above. A portion of the
guide portion 628 can be used, for example, as a handle. The
guide portion 628 can be used to couple the knee distraction
device 612 to the surgical orientation device 12. For
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example, the coupling device 14 can beattached to the guide
portion 628, and the surgical orientation device 12 can be
attached to the coupling device 14.
[0396] FIGS. 44, 45, and 46 illustrate how the inner body
portion 616, outer body portion 618, and posts 632 can
function together. FIG. 44 shows a channel 638 extending
downthe outer body portion 618 on either side of the outer
bodyportion 618. The posts 632, which are shown extending
from beneath the outer body portion 618 in FIG. 44, can
extend up into these channels 638.
[0397] FIG. 45 shows a top view of the knee distraction
device 612, looking down the channels 638. Asillustrated,
the tops of posts 632 can be seen inside the channels 638.
FIG. 45 also showsextrusions 640. The extrusions 640 can

form part of the inner body portion 616, and can extend
partially or entirely into the channels 638.
[0398] FIG. 47 showsthe knee distraction device 612 with
the outer body portion 618 removed. The extrusion 640,
which extends from inner body portion 616, can rest on top
ofthe post 632, such that as the post 632 is moved inside the
channel 638, the inner body portion 616 is moved as well.
In some embodiments, the adjustment device 620 and post
632 can comprise a rack and pinion-like gear system,
wherein the post 632 comprises a plurality of gear teeth, and
the adjustment device 620 comprises a plurality of corre-
sponding gear teeth. When the adjustment device 620 is
turned, the post 632 can be movedeither up or down(e.g.
proximally or distally) within the channel 638. As the post
632 moves, the post 632 can carry the inner body portion
640, and stylus 636, with it. In some embodiments, only one
extrusion 640 can be used to dictate and/orfacilitate move-

ment of the inner body portion 616.
[0399] With continued reference to FIG. 47, the inner
body portion 616 can comprise a modular structure or
device, such as for example a sizing guide, which can be
used for a specifically-sized implant or implants, and/or for
a rightleg or left leg only. In some embodiments,the inner
bodyportion 616 can be removable from the knee distrac-
tion device 612. The inner bodyportion 616 can be used to
measure femoral implantsize, and can contain holes through
which pins can be placed into the femur (or other bony
structure) for mounting another surgical apparatus or appa-
ratuses.

[0400] Ina preferred arrangement of the knee distraction
device 612, movement of the post or posts 632 can be
racked or monitored. For example, the knee distraction
device 612 can provide audible and/or visual feedback to the
user, indicating the degree or extent to which a post 632 and
distraction element 626 have been moved relative to an

initial starting position. FIG. 48 showsa pin 642 and spring
644 which can be inserted into the outer body portion 618.
The spring 644 can bias the pin 642 against gear teeth along
the post 632, such that as the post 632 moves up and/or
down, a user can hear and/or feel an edge of the pin 642
contacting the gear teeth along the post 632. This contact can
produce an audible click. or clicks. This contact can addi-
tionally or alternatively provide a force (e.g. frictional)
which can hold the post 632 in a desired position, until the
adjustment device 620 is turned again.
[0401] With continued reference to FIGS. 44-48, the dis-
traction elements 626, including the foot portions 630, can
be moved up and down (e.g. proximally and distally)
relative to the tibial baseplate 624 by the adjustment device
or devices 626. For example, the distraction elements 626
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can be moved individually and independently in a vertically
upwards (e.g. proximal) direction to apply pressure to the
distal condyles of a femur or other bony structure in the
body, and move the condyles of the femur to a desired
position. This movement can distract the knee joint, sur-
rounding soft tissue, and/or ligaments. In some embodi-
ments, a pressure or force gauge or gauges can be incorpo-
rated with the knee distraction device 612 to determine the

amount of compressive force which was applied by, or is
being applied by, the distraction elements 626 against the
condyles of the femur.
[0402] The knee distraction device 612 can include an
indicator whichindicates the distance the inner bodyportion
616 has traveled relative to the tibial baseplate 624 after the
adjustment device or devices 20 has been turned. For
example, the indicator can be in the form of markings and/or
other structures or components which provide a visual or
audio indication.

[0403] The knee distraction device 612 can further com-
prise a spring or springs which can apply a constant spring
force to whatever anatomical structure or structures the

distraction elements 626 are contacting. For example, each
distraction element 626 can include a pre-tensioned spring,
such that when the knee distraction device 612is placed into
an anatomical joint (e.g. a knee joint), the pre-tensioned
springs can be released, and a constant, pre-determined
pressure can be applied by the distraction elements 626 to
any contacted anatomical structures (e.g. condyles). In some
embodiments, the pressure applied can be approximately
70-80 psi. In other embodimentsthe pressure applied by can
be approximately 60-90 psi. Other pressures and/or pressure
ranges are also possible. The pressures applied by each
spring can be different.
[0404] In some embodiments, when the knee distraction
device 612is being used to distract the knee joint, a ligament
or ligaments can be released on either or both sides of the
knee. The knee distraction device 100 can be used to modify
the ligament(s) of the knee to provide a desired balance of
forces around the knee joint.

[0405] Ina preferred arrangement, the foot portions 630
can be removably attached to the posts 632. The foot
portions 630 can be adjustable relative to the body 614
and/or posts 632. For example, the foot portions 630 can be
longitudinallyslotted, such that the foot portions 630 can be
adjusted in a longitudinal direction in a plane containing the
tibial baseplate 624. This adjustment can allow the foot
portions 630 to beinserted into a knee joint, or other joint,
at different depths, for example based on the knee jointsize.
By making the foot portions 630 slotted and/or adjustable
relative to the posts 632, the foot portions 630 can be
inserted to a particular desired depth during each step of a
procedure. Furthermore, the adjustability of the foot portions
630 can enable a single pair of foot portions 630 to be used
throughout a joint procedure. In other contexts, a plurality of
depths can be achieved by providing a set of foot portions
630 of different lengths that can be coupled with the posts
632.

[0406] Ina preferred arrangement, the foot portions 630
can additionally be rotatably adjustable. For example, the
foot portions 636 can rotate in one ore more directions about
the posts 632. This rotation can facilitate use of the knee
distraction device 612 in knee joints which vary in size, and
where for example the femoral condyles in a particular knee
joint are spacedsignificantly far apart. This rotation can also
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allow the foot portions 630 to be inserted through a rela-
tively narrowincision in the body and then spread out once
inside the knee joint (e.g. rotate away from one another) to
engage the femoral condyles. This rotation can inhibit the
use of larger, more undesirable incisions on a patient’s body,
thereby leaving the patient with a smaller, less visible scar
after a joint replacement procedure.

[0407] FIG. 47 illustrates an opening or openings 646. The
openings 646 can be located on the inner body portion 616,
and can extend through the entire inner body portion 616.
While eight such openings 646 are shown in FIG. 47,
different numbers, sizes, shapes, and/or locations of open-
ings 646 can also be used.

[0408] The openings 646 can be usedas drill hole and/or
pin insertion guides. For example, when the kneedistraction
device 612 has distracted a distal femoral condyle or con-
dyles in a knee replacement procedure, a pin or pins can be
inserted into the distal femur in orderto provide a mounting
ocation for a cutting block. The openings 646 can be used

as guides for insertion of these pins. The openings 646 can
be spaced apart from one anotherin a pattern or patterns. For
example, some of the openings 646 along the bottom of the
inner body portion 616 can be spaced slightly higher, and/or
urther away from the tibial baseplate 624 than other open-

ings 646 along the bottom of the inner body portion 616.
Similarly, some of the openings 646 along the top of the
inner body portion 616 can be spaced slightly higher, and/or
urther away from the tibial baseplate 624 than other open-

ings along the top of the inner body portion 616. This
spacing can be used, for example, to eventually control the
orientation of a cutting block whichis later attached to the
pins.

[0409] The knee distraction device 612 described above
can be biocompatible for short term exposure to the inner
anatomyofthe knee or other body joint, and can besterilized
by autoclave and/or gas. The weight of the knee distraction
device 612 can vary. For example, in a preferred arrange-
ment, the knee distraction device 612 can have a maximum
weight of 1 kg, and can generally be lightweight for ease of
operation and handling. Other maximum weights, including
weights greater than 1 kg, are also possible.

[0410] The knee distraction device 612 can operate with-
out lubricants. Materials can be selected and treated to

prevent galling and provide smooth operation consistent
with expectations for a high quality surgical instrument. In
general, the knee distraction device 612 described above can
be made robust to withstand normal and abusive use, espe-
cially rough handling during cleaning and/orsterilization.
The knee distraction device 612 can be etched with part
numbers, revisions levels, and company name and logo.
Other markings can be added to provideclarity.

[0411] The knee distraction device 612, or other similar
distraction devices, can be used in joints other than the knee
joint. For example, the knee distraction device 612 can be
used in the elbow, or other joint, to distract a joint.

 

E. Acquiring Orientation Information and Distracting a Joint
Using a Femoral Preparation System

[0412] During a knee joint replacement procedure, the
knee distraction device 612 and femoral preparation system
610 described above can be used to align and balance the
igamentous structure of the knee joint and/or determine an
orientation for a cut or cuts along the femur. In some
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techniques, one cut is referred to as the distal femoral cut
(DFC). The DFC removesa distal(i.e., lower) portion of the
femur.

[0413] Prior to using the femoral preparation system 610,
and prior to the DFC, the proximal (i.e. upper) tibia can be
cut. For example, and as described above, a tibial prepara-
tion system 10, 210, 310, 410, or other tibial preparation
system can be used to resect a portion or portions of thetibia,
such that the proximal end of the tibia comprises generally
a flat plane or plateau. Based on pre-operative determina-
tions of desired varus/valgus,posterior/anterior, and/or other
angles for this tibial resection plane, the pleateau can be
perpendicular to the mechanical axis, or at an angle other
than perpendicular to the mechanicalaxis.
[0414] Priorto insertion ofthe kneedistraction device 612
into the knee joint, an appropriately sized and/or configured
inner body portion 616 can be chosen. For example, the
inner body portion 616 can indicate “LEFT” for a left leg
and “RIGHT”for a right leg. Additionally, prior to insertion
of the knee distraction device 612, osteophytes on the femur
and/or tibia can be removed to prevent obstruction and
interference.

[0415] FIGS. 49a and 494 showthe leg in full extension,
with a portion of the knee distraction device 612 inserted
into the knee joint. The distraction elements 626 are shown
inserted underneath the femoral condyles, and above the
tibial plateau, such that one distraction element 626 is
located generally underneath one condyle, and another dis-
traction element 626 is located generally under the other
condyle. Thetibial baseplate 624 is also showninserted into
the knee joint.
[0416] Prior to or after insertion of the knee distraction
device 612, the laser 42 of the surgical orientation device 12
can be tured on, such that a laser beam or beams emanate
from the optical element or elements 32. For example, and
as shown by the arrow in FIG. 49a, the user can press one
of the user inputs 26. The laser beams are illustrated in
dashed lines in FIGS. 49a and 49b.

[0417] With reference to FIGS. 49a, 49b, 50a, and 503,
once a portion ofthe knee distraction device 612 is inserted
into the knee joint, the distraction elements 626 can be
moved up or down by turning the adjustment devices 620.
For example, the distraction elements 626 can be moved
away from the tibial baseplate 624 and into contact with
distal aspects of the femoral condyles, thereby causing the
knee distraction device 12 to apply an opposing force or
forces to the proximal tibia and the distal aspect of the
femoral condyles. This force or forces can distract the knee
joint and its surrounding soft tissue and/or ligaments. Each
distraction element 626 can be moved independently, and as
described above, if desired each distraction element 626 can
applya different amount ofpressureor force to each femoral
condyle. Ina preferred arrangement, andas described above,
as a distraction element 626 moves, the distraction element
626 can cause identical movementofthe inner bodyportion
616. In other embodiments, the inner body portion 616 can
remain stationary while the distraction elements 626 are
moved.

[0418] With continued reference to FIGS. 49a, 495, 50a,
and 505, the laser beam or beams emanating from the
surgical orientation device 12 can provide an indication of,
and/or facilitate, alignment of the femoral preparation sys-
tem 610. For example, while the distraction elements 626
are being moved and/or adjusted, and the knee joint is being
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distracted, the laser beams can move towards a desired
anatomical landmark or landmarks. As shown in FIG. 508,

one of these landmarks can be on the hip and/or femoral
head, and the other can be on the foot and/or ankle. These
landmarks can be used to identify an orientation of the
mechanical axis. For example, if the laser beams are point-
ing to one or more of these landmarks, the user can have a
visual indication that the surgical orientation device 12 is
generally aligned with the mechanical axis. The user can
also have a visual indication that a gap, or distance, between
one femoral condyle and the tibial plateau is substantially
identical to the gap, or distance, between the other femoral
condyle and the tibial plateau. In some embodiments, the
user can release one or more ligamentsin the knee joint prior
o or during the knee distraction in order to facilitate
simultaneous symmetryof the gaps, mechanical axis align-
ment, and/or balancingofthe soft tissue and/or ligaments in
he knee joint.

[0419] During distraction, the surgical orientation device
12 can be configured to measure and display tension within
he soft tissue on the medial and/orlateral sides of the knee

joint. For example, the knee distraction device 612 can
comprise sensors, or other structures, which can relay infor-
mation to the surgical orientation device about the degree of
ensile force being exerted upon the distraction element or

elements 626, and/orthe tibial baseplate 624. The surgical
orientation device 12 can display this information, for
example, on the display 24. If the tension on a medial or
lateral side of the knee is too great, the user can change the
tension by adjusting (e.g. turning) one or more of the
adjustment members 620.

 
[0420] Once the distraction elements 626 have applied a
desired level of pressure or force against the condylesof the
femur, and/or the femoral preparation system 610 is aligned
with the mechanicalaxis (or other axial line), a drill or other
cutting tool can be used to drill holes through the openings
646 of the knee distraction device 612 into the femur. In

some embodiments, the openings 646 closest to the outer
body portion 618 can be used. In other embodiments,
different sets of openings 646 can be used. The openings 646
which are selected can determine and/or change an orien-
ation and/or arrangementofreference pins whichare placed
into the femur. This orientation and/or arrangement of
reference pins can determine the orientation of a cutting
block which can be attached to the reference pinsafter the
emoral preparation system 10 is removed. For example, if
he user has pre-operatively determinedthat a cutting plane
along the distal femur should be oriented at three degrees in
a varus/valgus direction relative to the mechanical axis, the
user can select a set of openings 646 which provide for a
hree degree slope, and drill holes through these openings
646.

 
[0421] These drilled holes can serve as reference holes,
and can be used for insertion of reference pins 647. As
shownin FIGS. 51a and 514,the reference pins 647 can be
inserted through the openings 646 and into the reference
holes in the femur. Once the reference pinsare inserted into
the femur, the femoral preparation system 610 can be
removed, and a cutting block 648. The cutting block 648 can
be placed onto or coupled to the reference pins. As shown in
FIG. 52, once the cutting block 648 is attached, a saw or
other cutting device can then be used to make an appropriate
DFC cut or cuts of the femur.
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[0422] In some knee joint procedures, another cut which
can be madeis a posterior femoral cut (PFC). In preparation
for the posterior femoral cut, the leg can be placed in
approximately 90 degreesof flexion. FIG. 53 showsthe leg
in flexion, with the tibial baseplate 624 and distraction
elements 626 again extended inside the knee joint. The body
614 of the knee distraction device 612 can sit flush with a

plateau formed on the resected femoral condyles from the
DFC.

[0423] Once the knee distraction device 612 is inserted
into the knee joint, the adjustment devices 626 on either side
of the outer body portion 618 can be turned to individually
move the distraction elements 626 away from the tibial
baseplate 624, thereby distracting the knee joint and apply-
ing an individual opposing force or forces to the tibial
plateau and the femoral condyles. Each condyle can be
distracted individually, simultaneously, and/or consecu-
tively.
[0424] FIGS. 53, 54, and 55 show the knee distraction
device 612 during adjustment of the distraction elements
626. As shown in FIGS. 54 and 55,the user can activate the
laser 42 on the surgical orientation device 12 to facilitate
alignment of the surgical orientation device 12 with the
mechanicalaxis. For example, the knee distraction device 12
can be adjusted until a laser hits a landmark such as the area
between the first and second toe on the patient’s foot.
[0425] As shown in FIG. 56, the stylus 622 can then be
positioned and/or adjusted to assess a level of the anterior
cortex resection. For example, with the knee joint in full
flexion, the tip of the stylus 622 can be brought down and
into contact with the femur. The stylus 622 can then be
movedalong the femur to measureor identify a desired size
for the femoral knee joint prosthetic.
[0426] Insome embodiments, an additional device can be
used to project a laser beam or beams onto the resected distal
surface of the femur to create a cross pattern. This cross
pattern can be used, for example, to check the rotational
orientation of the knee distraction device 612 relative to the

femur by comparison of the positions of the beamsrelative
to the epicondylar axis of the femur and a Whiteside’s line.
[0427] As shown in FIG. 56, once the knee distraction
device 612 is aligned with the mechanical axis, holes can be
drilled into the femur, and reference pins 647 can be
inserted. The reference pins 647 can be inserted into various
openings 646, again depending on the desired angle of
resection. For example, and as described above, someofthe
openings 646 can be located at slightly different levels or
elevations on the inner body portion 616. Depending on
wherethereference pins 647 are inserted,a slightly different
angle of resection can be achieved (e.g. zero degrees, plus
three degrees, minus three degrees relative to a plane per-
pendicular to the mechanical axis in the tibia).
[0428] Once the reference pins 647are inserted, a cutting
block 650 can be placed onto or coupled with the reference
pins 647, for example as shown in FIG. 57. A saw or other
cutting device can then make appropriate PFC cut or cuts
(e.g. an anterior, additional posterior, and/or chamfer) along
the femur.

IV. Attachment of Prosthetic Components

[0429] 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
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devices can comprise a replacement knee joint. The replace-
ment 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 damageto the patient’s anatomy, or to the prosthetic
components themselves.

V. User Interfaces

[0430] The systems and methods described above can
each incorporate the use of a measuring device, such as, for
example, the surgical orientation device 12. As described
above, the surgical orientation device 12 can comprise at
least oneuserinput, a display and an electronic control unit.
The user inputs and display, and/or the combination of the
inputs, display, and electronic control unit can together form
part of an interactive user interface. For example, the inter-
active user interface can comprise a housing (e.g., housing
20 described above), a coupling member (e.g., coupling
device 14 described above) formed on or within the housing
configured to removably couple the user interface to an
alignment device (e.g., universal jig 16 described above), a
sensor (e.g., sensor 40 described above), an electronic
control unit (e.g., electronic control unit 1102 described
above), a user input (e.g., user input 26 described above,
which can transmit input commandsto the electronic control
unit), and a display(e.g., display 24 described above).
[0431] The interactive user interface can comprise a
graphical user interface having an interactive window dis-
playing on-screen graphics. For example, the interactive
userinterface can provide the user with a plurality of screen
displays. The screen displays can illustrate the 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 cuesorindicators
to promptthe user as to what step or steps to take next during
one of the procedural methods described above. The visual
cues referenced herein can comprise instructive images,
diagrams, pictoral 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. In certain embodiments,
the interactive user interface can be configured to generate
graphical user interface (“GUI”) images to be displayed to
the user. As described above, the user can interact with the
surgical orientation device 12 via one or more user input
devices 1114 (e.g., buttons, switches, touchscreen displays,
scroll wheel, track ball, keyboard, remote controls, a micro-
phonein conjunction with speech recognition software). The
interactive user interface further can allow the user to

confirm that a step has been completed (for example, by
pressing a user input button). The interactive user interface
can allow theuserto enter data (e.g., a numericalvalue, such
as a distance, an angle, and/orthe like), verify a position of
the surgical orientation device 12, turn a visible alignment
indication system on andoff, and/or turn the entire surgical
orientation device on and off. In certain embodiments, the
interactive user interface provides 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-downlist
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using a scroll wheel, trackball, and/or a series of button
presses. In some embodiments, the user interface provides a
drop-downlist of predicates that dynamically updates based
on user input.

[0432] In at least one embodiment, a module for creating
an interactive user interface can comprise a computer read-
able medium having computer readable program code
embodied therein. The computer readable program code can
comprise a computer readable program code configured to
display one or moreofa plurality of GUI images on a user
interface of a surgical orientation device, the GUI images
comprising instructive imagesrelated to the performance of
a surgical procedure. The computer readable program code
can be configured to receive instructions from a user iden-
tifying the surgical procedure to be performed(e.g., which
joint and/or right or left). The computer readable program
code can be configured to show the user steps to be per-
formed in the identified process for the identified surgical
procedure. The computer readable program code can be
configured to guide the user in performanceofthe steps. For
example, the computer readable program code can be con-
figured to receive from the user an instruction to continueto
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.

[0433] Inat least one embodiment,the surgical orientation
device 12 described above can comprise a display module
configured to display information and a sensor module
configured to monitor the position and orientation of the
surgical orientation device 12 in a three-dimensional coor-
dinate reference system, and to generate orientation data
corresponding to the monitored position and orientation of
the surgical orientation device. The surgical orientation
device 12 can further comprise a control module configured
to receive the orientation data from the sensor module and

convert it to objective signals for presentation on the display
module, the control module also configured to display a set
of GUI images or other on-screen graphics on the display
module, the GUI imagesor on-screen graphics representing
the orientation data received from the sensor module and

also representing instructive images related to the perfor-
manceof the joint replacement surgery.

[0434] Inat least one embodiment,the surgical orientation
device 12 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 humanreadable format for presentation
on a display device, and display on the display device
on-screen graphics or GU] images for communicating infor-
mation 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.

[0435] Inat least one embodiment,the surgical orientation
device 12 described herein can comprise a sensor module
attached to an alignment jig and configured to measure and
record a fiducial orientation and to continuously collect
orientation data of the surgical orientation device, a display
module configured to display at least one visual indicator of
the orientationof the surgical orientation device with respect
to the fiducial, or reference, orientation, the display module
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further configured to display instructive images of one or
more steps to be performed by the surgeon during the joint
replacement surgery, and a control module configured to
receive the orientation data and to convert the orientation

data to objective signals for presentation on the display
module.

[0436] FIG. 58A-61K show various screen shots which
can form part of the interactive user interface or interfaces
described above. For example, FIGS. 58A, 58B, and 58C
illustrate display screen shots for assisting a user in using a
measuring device, for example the surgical orientation
device 12. The screen shots can be seen, for example, on a
display of the measuring device whenthe device is in startup
mode, standby mode, and system fault mode (e.g., system
ailure mode), respectively.

[0437] As shown in FIG. 58A, an interface screen can
illuminate in response to pressing a user input, e.g., a center
button on the surgical orientation device 12. Thereafter, a
message can be displayed indicating to the user that the
surgical orientation device 12 is preparing for operation. The
message can be a display of text on a screen,as illustrated
in FIG. 58A, an audible sound, or other signal to the user to
wait for the device to confirm a proper operationalstate. For
example, a variety of self-tests can be performed. In one
embodiment, information about the operating system, such
as its version, can be displayed for review.
[0438] FIG. 58B showsan operationalstate of the surgical
orientation device 12 in which the surgical orientation
device 12 is ready to receive input indicating that a proce-
dure can begin. The surgical orientation device 12 can be
configured to prompt the user to initiate operation when
ready, for example by pressing a user input 26. In one
embodiment of a surgical orientation device 12, the user
input 26 can comprise a button provided on a front face of
the surgical orientation device 12. The image in FIG. 58B
can be displayed in response to pressing a center button of
the surgical orientation device 12 while the image on FIG.
58Ais displayed. In other embodiments, the user can press
one or more buttons while the image in FIG. 58A is
displayed in orderto initiate the surgical orientation device
12 for use with surgical procedures for different joints (e.g.
right knee joint, left knee joint, right hip joint, left hip joint,
either right or left hip joint). For example, the user can
toggle among displays for each joint until the setting for the
appropriate joint is found. In the standby mode of FIG. 58B,
the display 24 can provide an on-screen graphic of one or
more parameters to be used during the procedure. For
example, a numerical display can be provided for one or
more angles, such as flexion-extension angles, varus-valgus
angles, or rotation angles (e.g. angles of rotation about the
mechanical axis of the leg). The on-screen graphic can
comprise alphanumeric text or symbols of various colors,
one or more background colors, one or more icons, one or
more GUIimages, animations, arrows, and the like.
[0439] FIG. 58B also illustrates that textual instructions
regarding how to begin a procedure once the type of
procedure has been selected. For example, a visual cue can
be provided on thedisplay 24 to start a procedure. FIG. 58B
showsthat the word “START”can be displayed along with
an arrow pointing toward a button or other device.

[0440] FIG. 58C illustrates a visual notification or warning
screen, In certain embodiments, the color of the background
of the display can be changed whenthe deviceis operating
in the fault mode. The interactive user interface can also
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provide an audible alarm or other audible indication to the
user when the deviceis in a system fault mode. This display
screen can be configured such that the screen is displayed
when the surgical orientation device 12 fails to pass a self
test or tests that can automatically be initiated by the surgical
orientation device 12 before or during use of the surgical
orientation device 12.

[0441] FIG. 59A shows a display screen shot which can
instruct the user to position a surgical instrument, for
example, an extramedullary device (e.g. the extramedullary
alignment guide 313) and/or a cutting block, onthetibia. In
one embodiment, the display screen shot can include an
image of the tibia and the surgical instrument displayed
adjacent to a particular aspectof the tibia (e.g., the anterior
surface). The instructive images in FIG. 59A can be dis-
played in response to pressing a button located immediately
below the arrow displayed in FIG. 58B. In a preferred
arrangement, the user can move from one screen to the
following screen by pressing a button indicated below an
arrow displayed on the current screen, and can navigate back
to prior screens bypressing a different button on the surgical
orientation device 12 (for example a left arrow or BACK
button). In certain embodiments, a user can poweroff the
display screen by pressing two different buttons simultane-
ously.
[0442] FIG. 59B showsa display screen shot which can
instruct the user to provide an orientation assembly (e.g.
tibial preparation system 310a). In one method, the user can
be provided with an imageofthe surgical orientation device
12 or other measuring device and the landmark acquisition
assembly 312, and the visual cues of FIG. 59B can instruct
the user to couple these structures together. The visual cues
can include an animationorseries of animations. The screen

shot illustrated in FIG. 59B, as well as other screen shots
described herein, can illustrate that the user interface can
include a combination ofvisual cues or indicators to provide
instructions to the user. For example, text can be provided
along with instructive images or icons. In some embodi-
ments, either text or visual cues can be provided alone. In
another embodiment, audible cues can be provided alone or
in combination with text and/or visual cues. The audible

cues can comprise, for example, speech, a buzzer, or an
alarm.

[0443] FIG. 59C shows a display screen shot which can
instruct the user to position an orientation assembly (e.g.
tibial preparation system 310q) in a coronal plane of thetibia
and to direct the surgical orientation device 12 or other
measuring device to acquire the coronal plane ofthetibia.
The instructive images in FIG. 59C can be displayed in
response to pressing the central button located immediately
below the arrow displayed in FIG. 59B.
[0444] In one method, such as one of the methods
described above, the user can be provided with a surgical
orientation device 12 or other measuring device and a
landmark acquisition assembly 312, coupled together. The
visual cues of FIG. 59C caninstruct the user to position the
tibial preparation system 310a with respectto the tibia by
palpating andplacing a tip 326 of a secondary rod 320 ofthe
landmark acquisition assembly 312 on the location of attach-
mentofthelateral collateral ligament to the proximalfibular
head, and placing a secondtip 326 on the apex ofthelateral
malleolus.

[0445] FIG. 59C can further instruct the user to press a
button of the surgical orientation device 12 indicated by the
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screen (for example by a green arrow) to direct the surgical
orientation device 12 to acquire the coronal plane of the
tibia. In one embodiment, the user interface can provide
information on the status of the process of acquiring the
coronal plane, as well as instruction for operation of the
surgical orientation device 12. For example, the bottom right
hand cornerof the display 24 can provide information on the
status of the acquisition of the coronal plane. The informa-
tion on the screen regarding the status of the acquisition of
the coronal plane can be designed to attract the attention of
the user by, for example, flashing a first color such as green
to indicate that the surgical orientation device 12 is aligned
and a secondcolor, suchas grey, to indicate that the surgical
orientation device 12 is out of alignment.
[0446] This color indication can be combined with a more
specific visual cue such as the visual depiction ofthe degree
ofalignment ofthe surgical orientation device. After the user
has pressed a button on the surgical orientation device
directing the surgical orientation device 12 to acquire the
coronalplane, the surgical orientation device 12 can initiate
a recording of the output of one or more sensors. Such
recording can follow the application of a data protocol that
is selected to minimize error in the measurement, e.g.,
excluding transient reading and processing readings over a
period, such as by employing median and averaging tech-
niques or stabilization algorithms as described above or
otherwise manipulating the readings. In certain embodi-
ments, the data protocolis selected to record in memory the
ast stable data measurement received before the button was

pressed.

[0447] In addition, in certain embodiments, the screen in
FIG. 59C can provide the user with feedback as to whether
the surgical orientation device 12 is being maintained par-
allel (e.g. within an allowable range) to the coronal plane of
he tibia. For example, the display 24 can provide the user
with feedback on the rotation (e.g. roll) of the surgical
orientation device 12 abouta first axis. Instead of displaying
a degree measurement, the display 24 can be configured to
displaya pictorial representation of a bubble that, for so long
as the surgical orientation device 12 remainsparallel to the
coronal plane of the tibia within an allowable range, stays
within the confines of two vertical lines, one line on either
side of the bubble. The two vertical lines marking the
confines of the “level”orientation range can correspond to
a relative angleortilt ofplus and minusthree degrees or plus
and minus one degree, for example. If the bubble moves
beyond either of these lines, the background color of the
display 24 behind the bubble can change, for example, from
green to amber, to indicate that the orientation is out of the
acceptable range.
[0448] FIG. 59C also showsthat a visual cue which can be
provided to the user that the surgical orientation device 12
is in the process of acquiring the coronalplane. For example,
the text “ACQUIRING”can appear on the display 24. The
text “ACQUIRING”can instruct the user to continue to
maintain the orientation of the surgical orientation device 12
so that the surgical orientation device 12 is aligned with the
coronalplane.

[0449] FIG. 59D showsa display screen shot which can
instruct the user to reposition or move the surgical orienta-
tion device 12, or other measuring device, such that the
surgical orientation device 12 is attached to a surgical
instrument(e.g. extramedullary alignment guide 313) on the
tibia. The on-screen graphic of images and visual cues of
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FIG. 59D can be displayed in response to pressing the
central button located immediately below the arrow dis-
played in FIG. 59C.
[0450] In one embodiment, the screen shot in FIG. 59D
can comprise a visual cue or indicator which can comprise
an image of the tibia and the surgical instrument displayed
adjacent to a particular aspect ofthe tibia (e.g., the anterior
surface), with the surgical orientation device 12 or other
measuring device coupled with an anterior surface or side of
the surgical instrument.
[0451] FIG. 59D can also show a visual cue which can
instruct the user to maintain the tibia in its current position
while carrying out the other instructions of FIG. 59D.
Maintaining the tibial position at this stage of the procedure
can be one way of minimizing error in the use of data
acquired by the surgical orientation device 12. In certain
embodiments of the surgical orientation device 12, the
screen in FIG. 59D can provide feedback as to whether the
surgical orientation device 12 is being maintained parallel
(e.g. within an allowable range) to the coronal plane of the
tibia, for example by employing the same bubblepictorial
method, or GUI image, described for FIG. 59D above. Such
feedback can inform the user of any unacceptable rotation
(e.g. roll) of the surgical orientation device 12.
[0452] FIG. 59E showsa display screen shot which can
inform the user to set the posterior slope of a cutting block
(e.g. cutting block 84) or other surgical instrument opera-
tively coupled to the anteriorside ofthe tibia. The instructive
images in FIG. 59E can be displayed in responseto pressing
the central button located immediately below the arrow
displayed in FIG. 59D.
[0453] For example, the bottom left hand comer of the
screen shown in FIG. 59 E can provide a degree measure-
mentof the posterior slope being set bythe userin real time
as the surgical instrument (e.g. extramedullary alignment
guide 313) and surgical orientation device 12 are adjusted,
and can inform the user to insert a first pin through the
cutting block and into the proximaltibia. In certain embodi-
ments, the screen in FIG. 59E can provide feedback as to
whether the surgical orientation device 12 is being main-
tained parallel (e.g. within an allowable range) to the coronal
plane of the tibia, for example by employing the same
bubble pictorial method described for FIG. 59C. Such
feedback can enable the user to control variation in the

rotation (e.g. roll) of the surgical orientation device 12
within an acceptable limit. FIG. 59E shows an animated
depiction of the pin being inserted through the cutting block
and into the proximal tibia, to suggest its insertion by the
user. A text instruction and/or audible signal can be provided
instead of, or in addition to, the animated depiction. For
example, a text instruction can be combined with an ani-
mated depiction to provide a more comprehensive visual
cue.

[0454] FIG. 59F shows a display screen shot which can
instruct the user to commandthesurgical orientation device
12 to acquire a sagittal plane of the tibia. As described
above, the sagittal plane can be a plane extending through
anterior and posterior surfaces of the tibia and including the
portion of the mechanical axis extending through thetibia.
The images in FIG. 59F can be displayed in response to
pressing the central button displayed in FIG. 59E.
[0455] The display screen shot shown in FIG. 59F can also
instruct the user to maintain the tibia in its current position
as a way of minimizing errors that might result from
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movementofthe tibia. Such a visual cue can include, for
example, a text instruction located at the top of the screen
and an arrow directed at a button. Pressing a button can
activate a light source on the device (e.g. laser 42), which
can be directed distally. For example, the surgical orienta-
tion device 12 can include three user inputs 26 in the form
of buttons extending from left to right across the surgical
orientation device 12, and the arrow can direct the user to
press the button furthest to the right.

[0456] FIG. 59G shows a display screen shot which can
instruct the user to set the varus/valgus angle of the cutting
block (e.g. cutting block 84) or other surgical device. The
images in FIG. 59G can bedisplayed in response to pressing
the central button displayed in FIG. 59F.

[0457] The bottom right hand corner of the screen shown
in FIG. 59G can providea real-time degree measurement of
the varus/valgus angle of the surgical orientation device 12
and the cutting block. This degree measurement can corre-
spond to the varus/valgus angle of a cutting plane. The
pictorial representation of the proximal tibia and cutting
block at the right of the screen can informs the user to insert
a second pin through the block and into the proximaltibia.
FIG. 59G can also provide an animated depiction of the
second pin being inserted through the block and into the
proximaltibia, to suggestits insertion. The left-hand portion
of the screen can showthe varus/valgus angle of the surgical
orientation device 12 and the cutting block graphically.

[0458] FIG. 59H showsa display screen shotillustrating a
degree measurement of the angles of proximal tibia resec-
ion, based on the angle ofthe surgical orientation device 12

and the cutting block with respect to the tibia. In one
embodiment, the screen can provide both the anterior-
posterior angle and the varus/valgus angle of the cutting
block both in degree measurement and pictorially. The
images in FIG. 59H can bedisplayed in response to pressing
he central button displayed in FIG. 59G.

[0459] FIGS. 60A, 60B, 60C, and 60D show display
screen shots that can be displayed by the interactive user
interface of the surgical orientation device 12 or other
measuring device in connection with preparation of a por-
ion ofa joint. For example, the screen shots shown in FIGS.
60A, 60B, 60C, and 60D can be displayed in connection
with a femoral cut and/or knee distraction as described

above. In at least one knee procedure, various steps can be
performedbytheuser priorto the user interface interactions
illustrated in FIGS. 60A, 60B, 60C, and 60D. For example,
a tibial resection can be performed using one of the systems
and/or methods described above. After these procedures are
complete, the user can use and refer to the display screens
of FIGS. 60A, 60B, 60C, and 60D.

[0460] FIG. 60A shows a display screen shot which can
inform the user that the surgical orientation device 12 is in
a “Femoral Preparation” mode, and can provide an image of
an arrow instructing the user to push a button (e.g., a center
button on the surgical orientation device 12) when the user
is ready to continue the procedure. The images in FIG. 60A
can be displayed, for example, in response to pressing the
central button displayed in FIG. 59H.

[0461] FIG. 60B showsa display screen shot which can,
for example, inform the user that the surgical orientation
device 12 is in an “Extension-Balancing” mode. The images
in FIG. 60B can be displayed in response to pressing the
central button displayed in FIG. 60A.
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[0462] The display screen shot shown in FIG. 60B can
provide a visual cue informing the user that the knee being
operated on can be in an extension position and that a knee
distraction device (e.g. knee distraction device 612), coupled
with the surgical orientation device 12, can be inserted into
the knee joint and into contact with the femur.
[0463] FIG. 60B can furtherillustrate a visual cueinstruct-
ing the user to adjust the knee distraction device to balance
the tension between the ligaments in the knee. For example,
the screen shot shown in FIG. 60B can contain a visual cue

directing the user to align a tibial laser, which can shine
distally from the surgical orientation device 12 along the
direction of the tibia, and a femoral laser, which can shine
proximally from the surgical orientation device 12 along the
direction of the femur, with certain landmarks on the body.
The display screen shot shown in FIG. 60B canalso display
information indicating that a user input 26 (e.g. button) can
be pushed on the surgical orientation device 12 to turn the
laser off.

[0464] FIG. 60C showsa display screen shot which can,
for example, inform the user that the surgical orientation
device 12 is in a “Flexion-Balancing” mode. The images in
FIG. 60C can be displayed in response to pressing the
central button displayed in FIG. 60B.
[0465] The display screen shot shown in FIG. 60C can
provide a visual cue informing the user that the knee being
operated on can be in a flexion position and that a knee
distraction device (e.g. knee distraction device 612), coupled
with the surgical orientation device 12, can be inserted into
the knee joint and into contact with one or more femoral
condyles. The display screen shot shown in FIG. 60C can
furtherillustrate a visual cue instructing the user to adjust the
knee distraction device to balance the tension between the

ligaments in the knee. For example, the surgical orientation
device 12 can contain a visual cue directing the userto align
a tibial laser, which can shine distally from the measuring
device along the direction of the tibia, with one or more
landmarks on the body. The display screen shot shown in
FIG. 60C can also display informationindicating that a user
input 26 (e.g. button) can be pushed on the surgical orien-
tation device 12 to turn the laser off.

[0466] FIG. 60D showsa display screen shot which can,
for example, inform the user that the surgical orientation
device 12 is in a “Femoral-Sizing” mode, and canillustrate
a flexed knee being sized. The sizing can be accomplished
in any suitable manner, such as by using a stylus. The
display screen shot shown in FIG. 60D can also display
information indicating that a user input 26 (e.g. button) can
be pushed on the surgical orientation device 12 to turn the
laser off. The images shown in FIG. 60D can be displayed
in response to pressing the central button in FIG. 60B.
[0467] FIGS. 61A-K show display screen shots that can be
displayed by the user interface of the surgical orientation
device 12 or other measuring device in connection with
preparation of a portion of a joint. For example, the screen
shots shown in FIGS. 61A-K can be displayed in connection
with a tibial preparation described above.
[0468] FIG. 61A showsa display screen shot which can,
for example, inform the user that the surgical orientation
device is ina joint selection mode. The user can select which
knee (right orleft) will be operated on by pressing a user
input 26 on the surgical orientation device 12. For example,
the user can press a left button for the left knee, and a right
button for the right knee.
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[0469] FIG. 61B showsa display screen shot which can
provide a visual cue informing the user that an orthopedic
fixture (e.g. universal jig 16) can be assembled,if it has not
already been assembled. The images in FIG. 61B can be
displayed in response to pressing a button located immedi-
ately below the arrow or arrows displayed in FIG. 614.

[0470] FIG. 61C shows a display screen shot which can
providea visual cue informingthe userthat the universaljig
16 can be coupled to the surgical orientation device 12, for
example with the coupling device 14 described above. The
images in FIG. 61C can bedisplayedin response to pressing
a button located immediately below the arrow displayed in
FIG. 61B.

[0471] FIG. 61D shows a display screen shot which can
provide a visual cue informing the user that a tibia prepa-
ration system (e.g. tibia preparation system 10) can be
positioned adjacent an anterior surface of the tibia. For
example, the screen in FIG. 61D can provide a visual cue
informing the userthat the tibial preparation system 10 can
be positioned and/or moved until the surgical orientation
device 12 is generally centered with the insertion of an
anterior cruciate ligament and a medialtibial insertion of the
patella tendon in a patient’s knee.

[0472] The images in FIG. 61D can be displayed in
response to pressing a button located immediately below the
arrow displayed in FIG. 61C. Ina preferred arrangement, the
user can move from one screen to the following screen by
pressing a button indicated below an arrowdisplayed on the
current screen, and can navigate back to prior screens by
pressing a different button on the surgical orientation device
12 (for examplealeft arrow or BACK button).

[0473] In some embodiments, the screen in FIG. 61D, or
other screens, can provide the user with feedback as to
whether the surgical orientation device 12 is being main-
tained parallel (e.g. within an allowable range) of an ana-
tomical plane. For example, in one embodiment, the user
interface can provide information on the status of the
process of acquiring the coronal and/or sagittal planes
containing the mechanical axis, as well as instructive images
or textual instructions regarding operation of the surgical
orientation device 12 or steps to be performedin a surgical
procedure.

 

[0474] In some embodiments, the interactive user inter-
face can be configured to display a red “shaky hand”
on-screen graphic or icon to indicate to the user that the
device is not currently receiving stable measurements. In
certain embodiments, the electronic control unit 1102 can be
configured to ignore user attempts to register or record
reference angles when the “shaky hand” icon is being
displayed. The display 24 can also providea textual, audible,
or other visual notification to the user that the current

measurements are unstable. As one example, the background
color of the display screen or the color of the measurement
readings can be changed when the current measurements are
unstable.

[0475] As described above, the display 24 can display an
on-screen graphic of a bubble (as described above)that, for
so longas the surgical orientation device 12 remainsparallel
to the coronal and/or sagittal plane of the tibia within an
allowable range, stays within the confines of two vertical
lines, one line on either side of the bubble. If the bubble
moves beyondeitherof these lines the background color of
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the display 24 behind the bubble can change, for example,
from green to amber, to indicate that the orientation is out of
the acceptable range.

[0476] FIG. 61E shows a display screen shot which can
provide a visual cue informing the user that a centering
stylus, or other measuring device (e.g. measuring device
109a), can be used to measurea first distance from an A/P
point on top of the tibia to an optical element 32 on the
surgical orientation device 12. The images in FIG. 61E can
be displayed in response to pressing a button located imme-
diately below the arrow displayed in FIG. 61D.

[0477] FIG. 61F shows a display screen shot which can
provide a visual cue informing the user that a target probe
(e.g. target probe 18a) can be adjusted such that its length
corresponds to the distance measured by the measuring
device. The images in FIG. 61F can be displayed in response
to pressing a button located immediately below the arrow
displayed in FIG. 61E.

[0478] FIG. 61G showsa display screen shot which can
provide a visual cue informing the user that the lateral
malleoluscan be palpated, andthat a target probe(e.g target
probe 18a) can be held or affixed adjacent the lateral
malleolus. The screen in FIG. 61G canalso provide a visual
cue informing the user that a cross-hair laser can be directed
towards the probe 18a, and the user can press a user input
26 to register the lateral malleolus. The images in FIG. 61G
can be displayed in response to pressing a button located
immediately below the arrow displayed in FIG. 61F.

[0479] FIG. 61H showsa display screen shot which can
provide a visual cue informing the user that the medial
malleoluscan bepalpated, andthat a target probe (e.g. target
probe 185) can be held or affixed adjacent the medial
malleolus. The screen in FIG. 61G canalso provide a visual
cue informing the user that a cross-hair laser can be directed
towards the probe 18a, and the user can press a user input
26 to register the lateral malleolus. The images in FIG. 61H
can be displayed in response to pressing a button located
immediately below the arrow displayed in FIG. 61G.

[0480] FIG. 611 shows a display screen shot which can
provide a visual cue informing the user that a universal jig
(e.g. universal jig 16) can be adjusted to adjust the resection
plane along the proximal tibia. In one embodiment, the
screen can provide both an anterior-posterior angle and a
varus/valgus angle of the cutting block 84 both in degree
measurementandpictorially. The images in FIG. 61] can be
displayed in response to pressing a button located immedi-
ately belowthe arrow displayed in FIG. 61H.

[0481] FIG. 61] shows a display screen shot which can
provide a visual cue informing the user that the resection
depth for the tibial cut can be set. For example, the screen
can continue to provide both an anterior/posterior angle and
a varus/valgus angle of the cutting block 84 in degree
measurementandpictorially. The images of FIG. 61J can be
displayed in response to pressing a button located immedi-
ately below the arrow displayed in FIG. 611.

[0482] FIG. 61K showsa display screen shot which can
provide a visual cue informing the user a tibial preparation
procedure has completed. The screen can include a visual
indication that once the procedure has been completed for
one joint (e.g. left knee), the user can proceed to another
joint. For example, the screen can include an arrow pointing
to a user input 26. The user can press the user input 26 to
proceedto the next joint. In other embodiments, the display

110



   

          
        

        
        

            
       

       
        

        
         

         
             
        

        
           

          
        

           
          
            

         
     

   
     
         
         

           
 

       
           

     
  

        
        

       
   

         
       

          
  

         
        

    
            
  

          
     

          
          

  
          

  
           

          
  

           
       

          
         

          
        

     

 
  

     
         
         

           
 

       
           

     
  
        

        
     

 
         

        
   

        
       
        

      
 

          
    

          
 

          
         

        
           

         
          
 
     

         
         

           
 

       
           

     
  
        

          
   

         
        

       
        

   
         

          
         

      
         

      
         

    
         

        
          
      

     

111

US 2018/0153587 Al

24 of the interactive user interface can be configured to
automatically shut off after the procedure is completed.
[0483] Although these inventions have been disclosed in
he context of certain preferred embodiments and examples,
it will be understood by those skilled in the art that the
present inventions extend beyondthe specifically disclosed
embodiments to other alternative embodiments and/or uses

ofthe inventions and obvious modifications and equivalents
hereof. In addition, while several variations of the inven-
ions have been shown and described in detail, other modi-
fications, which are within the scope of these inventions,
will be readily apparentto those of skill in the art based upon
his disclosure.It is also contemplated that various combi-
nations or sub-combinations of the specific features and
aspects of the embodiments can be madeandstill fall within
he 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

o form varying modesof 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.

1. (canceled)
2. An orthopedic system comprising:
a base memberconfigured to couple to a bone;
at least one adjustment device coupled to and moveable

relative to the base memberin at least one degree of
freedom;

a portable surgical orientation device coupled or config-
uredto couple to the at least one adjustment device, the
portable surgical orientation device comprising:
a housing,
an inertial sensor configured to monitor the orientation

of the portable surgical orientation device in a ref-
erence system upon movementof the portable sur-
gical orientation device,

an electronic control unit configuredto receive an input
from the inertial sensor, perform calculations based
on the input, and transmit an output based on the
calculations, and

a user interface comprising a display, the user interface
configured to illustrate the output as a user-readable
graphic on the display.

3. The system of claim 2, wherein the base memberis a
tibial baseplate.

4. The system of claim 2, wherein the orthopedic system
is a knee distraction device.

5. The system of claim 2, wherein the orthopedic system
is configured to distract a knee joint during a knee replace-
ment procedure.

6. The system of claim 2, further comprising a femoral
resection guide.

7. The system of claim 2, wherein the at least one
adjustment device is coupled or configured to couple to a
femoral baseplate.

8. The system of claim 2, wherein the at least one
adjustment device comprises a rack and pinion.

9. The system of claim 2, further comprising a femoral
baseplate configured to rotate relative to the base member.

10. The system of claim 2, wherein the portable surgical
orientation device is configured to measure and display
tension within the soft tissue.
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11. An orthopedic system comprising:
a base memberconfigured to couple to a bone;
at least one adjustment device coupled to and moveable

relative to the base memberin at least one degree of
freedom;

a portable surgical orientation device coupled or config-
ured to couple to the at least one adjustmentdevice, the
portable surgical orientation device comprising:
a housing,
an inertial sensor configured to monitor the orientation

of the portable surgical orientation device as the
portable surgical orientation device changes orienta-
tion,

an electronic control unit configured to perform one or
more calculations based upon data produced by the
inertial sensor, and

a user interface comprising a display, wherein the
portable surgical orientation device is configured to
provide a reading on the display indicating the
orientation of the portable surgical orientation
device.

12. The system of claim 11, wherein the base member
comprises a first baseplate.

13. The system of claim 12, further comprising a second
baseplate.

14. The system of claim 13, wherein the first baseplate
and the second baseplate are configured to allow rotation
between the first baseplate and the second baseplate.

15. The system of claim 11, wherein the at least one
adjustment deviceis configured to apply a distraction force.

16. The system of claim 11, further comprising a resection
guide.

17. An orthopedic system comprising:
a base memberconfigured to couple to a bone;
at least one adjustment device coupled to and moveable

relative to the base member in at least one degree of
freedom;

a portable surgical orientation device coupled or config-
ured to couple to the at least one adjustmentdevice, the
portable surgical orientation device comprising:
a housing,
an inertial sensor configured to provide an output

related to a position or an orientation of the portable
surgical orientation device,

an electronic control unit configured to perform one or
more calculations based the output of the inertial
sensor to determine, estimate, and/or calculate the
position or the orientation of the portable surgical
orientation device, and

a userinterface comprising a screen, wherein the screen
is configured to provide feedback to a user related to
the position or the orientation ofthe portable surgical
orientation device during a surgical procedure.

18. The system of claim 17, wherein the surgical proce-
dure comprises distraction of a joint.

19. The system of claim 17, wherein the surgical proce-
dure is a resection.

20. The system of claim 17, wherein the orthopedic
system is configured to facilitate soft tissue balancing.

21. The system of claim 17, further comprising a resection
guide for a posterior femoral cut.
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