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(57) Abstract: In an embodiment, the methodolo-
gy of the present invention is based on the use of
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components. In an embodiment, an alignment
guide of the present invention includes a first
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nent, wherein the second mobile component and
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Docket No.: 019870-073802/PCT
Electronically Filed: September 10, 2010
TITLE
ALIGNMENT GUIDES FOR USE IN COMPUTER ASSISTED ORTHOPEDIC SURGERY

TO PREPARE A BONE ELEMENT FOR AN IMPLANT

RELATED APPLICATIONS

This application claims the benefit of and priority to U.S. Provisional Application Ser. No.
61/241,269, filed Sep. 10, 2009, the entirety of this application is hereby incorporated herein by

reference.

BACKGROUND
[001] Total knee arthroplasty (TKA) is one of the most clinically successful and cost-
effective interventions in health care, with numerous investigators reporting excellent long-term
results in terms of reducing pain, improving function, and increasing quality of life in patients.
Among the many factors that influence TKA outcomes, surgical technique and final prosthesis
alignment appear the most critical. It is known that an accurate restoration of the overall lower
limb alignment reduces polyethylene wear and therefore the risk of aseptic loosening.
Furthermore, errors in varus/valgus alignment greater than 3 degrees for the femoral or tibial
component have been shown to result in less satisfactory clinical outcomes and a higher risk of
loosening. Also, malrotation in the transverse plane of the femoral or tibial components has been
shown to affect correct function of the extensor mechanism of the replaced knee, which may lead
to anterior knee pain. The elevation of the joint line limits the range of motion of the knee.
Finally, instability, malalignment, and/or malposition are the major reasons for TKA revision
and, except for infection, are all related to incorrect surgical technique. Although various guides

for alignment have been designed to improve accuracy, several limitations remain.

[002] Computer Assisted Orthopedic Surgery (CAOS) is a discipline where computer
technology is applied pre-, intra- and/or post-operatively to improve the outcome of orthopedic
surgical procedures. The principal idea behind CAOS is that operative outcomes will be

improved through the use of computer technology. Taking the example of joint replacement, the
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task of the surgeon is to integrate the new joint components into the patient's existing anatomy.
CAOS technologies allow the surgeon to: plan the component placement in advance, including
determination of the appropriate component sizes; measure the intra-operative placement of the
components in real time, making sure that the plan is adhered to; and measure the post-operative

result.

SUMMARY

[003] Alignment guides for use in computer assisted orthopedic surgery to prepare a
bone element for an implant are disclosed herein. In an embodiment, the methodology of the
present invention is based on the use of an intraoperative navigation system and of a reduced and

compact alignment guide for alignment of implant components.

[004] According to an embodiment of the present invention, there is disclosed an
alignment guide for preparing a bone element for receiving an implant that includes a first
component fixable to the bone element, wherein the first component serves as a fixed rigid body;
and a second component moveable with respect to the first component and having at least one
guide that accommodates a surgical instrument, wherein the second component and two control
mechanisms form a first link, wherein the two control mechanisms are working in parallel to
perform adjustments in up to two degrees of freedom so as to result in up to two degrees of

freedom alignment of the at least one guide for preparing the bone element for the implant.

[005] According to an embodiment of the present invention, there is disclosed an
alignment guide for preparing a bone element for receiving an implant that includes a first
component fixable to the bone element comprising a first bore that accommodates a first ball
head fastener; and a second bore that accommodates a second ball head fastener, wherein the
first component serves as a fixed rigid body; and a second component moveable with respect to
the first component comprising a first ball socket that accommodates a first ball of the first ball
head fastener; a second ball socket that accommodates a second ball of the second ball head
fastener; and at least one guide that accommodates a surgical instrument, wherein the first ball

head fastener and the second ball head fastener are working in parallel to perform adjustments in
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up to two degrees of freedom so as to result in up to two degrees of freedom alignment of the at

least one guide for preparing the bone element for the implant.

[006] According to an embodiment of the present invention, there is disclosed an
alignment guide for preparing a bone element for receiving an implant that includes a first
component fixable to the bone element, wherein the first component serves as a fixed rigid body;
a second component moveable with respect to the first component; and a third component
moveable with respect to the second component and the first component, the third component
comprising at least one guide that accommodates a surgical instrument, wherein the second
component and n control mechanisms form a first link, wherein n control mechanisms are
working in parallel to perform adjustments in up to n degrees of freedom of the alignment guide
so as to result in up to n degrees of freedom alignment of the at least one guide for preparing the
bone element for the implant, wherein the third component and m control mechanisms form a
second link, wherein m control mechanisms are working in parallel to perform adjustments in up
to m additional degrees of freedom of the alignment guide so as to result in up to m additional
degrees of freedom alignment of the at least one guide for preparing the bone element for the
implant, and wherein a total degree of freedom adjustment of the at least one guide relative to the

first component is up to n + m degrees of freedom.

[007] According to aspects illustrated herein, there is disclosed an alignment guide for
preparing a bone element for receiving an implant that includes a first component fixable to the
bone element comprising a first bore that accommodates a first ball head fastener; and a second
bore that accommodates a second ball head fastener, wherein the first component serves as a
fixed rigid body; a second component moveable with respect to the first component comprising a
first ball socket that accommodates a first ball of the first ball head fastener; a second ball socket
that accommodates a second ball of the second ball head fastener; a third ball socket that
accommodates a third ball of a third ball head fastener; a fourth ball socket that accommodates a
fourth ball of a fourth ball head fastener; and a fifth ball socket that accommodates a fifth ball of
a fifth ball head fastener; and a third component moveable with respect to the second component
and the first component comprising a third bore that accommodates the third ball head fastener; a
fourth bore that accommodates the fourth ball head fastener; a fifth bore that accommodates the
fifth ball head fastener; and at least one guide that accommodates a surgical instrument, wherein

the first ball head fastener and the second ball head fastener are working in parallel to perform
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adjustments in up to two degrees of freedom so as to result in up to two degrees of freedom
alignment of the at least one guide for preparing the bone element for the implant, wherein the
third ball head fastener, the fourth ball head fastener and the fifth ball head fastener are working
in parallel to perform adjustments in up to three additional degrees of freedom so as to result in
up to three additional degrees of freedom alignment of the at least one guide for preparing the
bone element for the implant, and wherein a total degree of freedom adjustment of the at least

one guide relative to the first component is up to five degrees of freedom.

[008] According to aspects illustrated herein, there is disclosed a method of preparing a
femur for receiving an implant that includes fixing a first component of an alignment guide to
distal condyles of the femur; tracking orientation and relative displacement of a second
component of the alignment guide with respect to the first component using a mobile navigation
tracker; controlling up to n degrees of freedom of the alignment guide by parallel adjustment of
the second component relative to the first component to position the second component in a
desired position relative to the femur; tracking orientation and relative displacement of a third
component of the alignment guide with respect to the second component and the first component
using the mobile navigation tracker; controlling up to m additional degrees of freedom of the
alignment guide by parallel adjustment of the third component relative to the second component
and the first component to position the third component in a desired position relative to the
femur; forming at least one hole on a femoral cortex of the femur using a drill bit or similar
means; maintaining the drill bit on the femoral cortex so as to serve as a fixation means; forming
at least one hole on the distal condyles of the femur; removing the alignment guide from the
femur; positioning a cutting block attachable to the fixation means on the femoral cortex;
performing a distal femoral resection using the cutting block as a guide; removing the cutting
block from the anterior femoral cortex; positioning a cutting block on the distal condyles based
on the hole formed on the distal condyles; and completing resection of the femur for receiving

the implant.
BRIEF DESCRIPTION OF THE DRAWINGS

[009] The present invention will be further explained with reference to the attached

drawings, wherein like structures are referred to by like numerals throughout the several views.
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The drawings shown are not necessarily to scale, with emphasis instead generally being placed

upon illustrating the principles of the present invention.

[0010] FIG. 1A, schemes 1-4, are flow charts showing various embodiments of parallel
manipulator structures having a closed kinematic chain, wherein at least two control mechanisms
are working in parallel to perform adjustments in two degrees of freedom. An alignment guide of

the present invention can have a structure as shown in schemes 1-4.

[0011] FIG. 1B, schemes 5-9, are flow charts showing various embodiments of parallel
manipulator structures having a closed kinematic chain, wherein at least two control mechanisms
are working in parallel to perform adjustments in two degrees of freedom. An alignment guide of

the present invention can have a structure as shown in schemes 5-9.

[0012] FIG. 1C, schemes 10-13, are flow charts showing various embodiments of
paralle] manipulator structures having a closed kinematic chain, wherein at least two control
mechanisms are working in parallel to perform adjustments in two degrees of freedom. An

alignment guide of the present invention can have a structure as shown in schemes 10-13.

[0013] FIG. 1D, schemes 14-17, are flow charts showing various embodiments of
parallel manipulator structures having a closed kinematic chain, wherein at least two control
mechanisms are working in parallel to perform adjustments in two degrees of freedom. An

alignment guide of the present invention can have a structure as shown in schemes 14-17.

[0014] FIG. 1E, schemes 18-20, are flow charts showing various embodiments of
paralle] manipulator structures having a closed kinematic chain, wherein at least two control
mechanisms are working in parallel to perform adjustments in two degrees of freedom. An

alignment guide of the present invention can have a structure as shown in schemes 18-20.

[0015] FIG. 1F, schemes 21-23, are flow charts showing various embodiments of
parallel manipulator structures having a closed kinematic chain, wherein at least two control
mechanisms are working in parallel to perform adjustments in two degrees of freedom. An

alignment guide of the present invention can have a structure as shown in schemes 21-23.

[0016] FIG. 1G, schemes 24-26, are flow charts showing various embodiments of

parallel manipulator structures having a closed kinematic chain, wherein at least two control
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mechanisms are working in parallel to perform adjustments in two degrees of freedom. An

alignment guide of the present invention can have a structure as shown in schemes 24-26.

[0017] FIG. 1H, schemes 27-29, are flow charts showing various embodiments of
parallel manipulator structures having a closed kinematic chain, wherein at least two control
mechanisms are working in parallel to perform adjustments in two degrees of freedom. An

alignment guide of the present invention can have a structure as shown in schemes 27-29.

[0018] FIG. 2 is a flow chart showing a Prior Art serial manipulator structure having an

open loop kinematic chain.

[0019] FIG. 3 shows a perspective front view of an embodiment of an alignment guide

of the present invention.

[0020] FIG. 4 shows a perspective back view of the alignment guide of FIG. 3.
[0021] FIG. S shows a front view of the alignment guide of FIG. 3.
[0022] FIG. 6 shows a perspective front view of an embodiment of an alignment guide

of the present invention.

[0023] FIGS. 7A and 7B show perspective front views of the alignment guide of FIG. 6

fixed to a bone element for preparing the bone element for an implant.

[0024] FIGS. 8A-8I show perspective views of an embodiment of a method of preparing

a femur for receiving an implant using the alignment guide of FIG. 6.

[0025] FIG. 9 shows a perspective view of an embodiment of an alignment guide of the

present invention.

[0026] While the above-identified drawings set forth presently disclosed embodiments,
other embodiments are also contemplated, as noted in the discussion. This disclosure presents
illustrative embodiments by way of representation and not limitation. Numerous other
modifications and embodiments can be devised by those skilled in the art which fall within the

scope and spirit of the principles of the presently disclosed invention.
DETAILED DESCRIPTION

[0027] Computer technology has been introduced to assist in more accurate positioning

of prosthetic components, allowing the surgeons to make informed decisions intraoperatively for
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precise prosthetic placement. Computer-assisted knee replacement surgery gives orthopaedic
surgeons greater ability to perform less invasive procedures due to the enhanced surgical
visualization. In CAOS, a data processor is used to receive and deliver data to assist the surgeon
in making the best decisions. A three dimensional (3D) representation of the patient's knee is
created by entering in patient data. Software will generate a digital model of each patient's knee
joint. Additionally, the software can provide detailed data relating to the bones and surrounding
soft tissues. In some cases, there is no need for either X-rays or CT scans. This benefits the
patient since no radiation exposure is involved. A technology is applied to produce a moving
digital image of the patient's joint as it is moved during the operation. CAOS is incorporated with
software to process representations real time. A digital model is produced that serves as a map
for each particular procedure. The representation is then made available to surgeons to guide
them through the operation. Surgical instruments can be incorporated into the map so that
instrument position and progress can be monitored and controlled to within fractions of
millimeters and degrees. Surgeons can use this real-time data to correct the procedure

intraoperatively.

[0028] In an embodiment, the methodology of the present invention is based on the use
of an intraoperative navigation system and of a reduced and compact alignment guide for
alignment of implant components. In an embodiment, an alignment guide of the present
invention is used to augment drill bit stabilization for improved drilling accuracy, which may
have particular importance when using navigation systems to drill into small anatomic confines.
In an embodiment, an intraoperative navigation system for use with an alignment guide of the
present invention includes a computer for running the navigation system (for example, a central
control unit with a 3D graphics board) and sensing devices used to track objects to reproduce
their movements in virtual scenary. In an embodiment, the methodology of the present invention
includes a measurement process for collecting patient-specific medical data, a decision making
process for generating a surgical plan, a registration process for aligning the surgical plan to the
patient, and an action process for accurately achieving the goals specified in the plan. In order to
guide the surgeon towards correct placement of prosthetic components, the accurate and precise
location of hole placement relative to the patient’s anatomy can be tracked by intraoperative
sensing devices and the required placement can be visually communicated to the surgeon on a

video monitor. In an embodiment, one sensing device can be directly or indirectly fastened to the
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femur, one sensing device can be fastened to the tibia, and additional sensing device(s) can be
fastened to a mobile component of an alignment guide of the present invention. In an
embodiment, the navigation system software includes a registration module, a tracking module

and a graphical human-machine interface.

[0029] In an embodiment, an alignment guide of the present invention provides guidance
to a surgeon during a computer assisted TKA while preparing bone cuts. In an embodiment, an
alignment guide of the present invention provides guidance to a surgeon during a computer
assisted TKA to reduce the number of outliers while maintaining an ease of use. In an
embodiment, an alignment guide of the present invention provides guidance to a surgeon during
a computer assisted TKA to allow for intra-operative adjustment of one or a multitude of

anatomical parameters.

[0030] In an embodiment, an alignment guide of the present invention is a five degree-of-
freedom parallel manipulator made up of a fixed support or base plate connected to an end
effector platform having guides by means of a number of "legs". In an embodiment, an alignment
guide of the present invention is a five degree-of-freedom parallel manipulator that is a closed-
loop kinematic chain mechanism whose end effector platform is linked to the base plate by two
independent kinematic chains with a total of five actuators (also referred to as “control
mechanisms”). In an embodiment, a first kinematic chain comprises a mobile link and two
actuators; and a second kinematic chain comprises a separate mobile link and three actuators. In
an embodiment, the number of actuators (two) of the first kinematic chain plus the number of
actuators (three) of the second kinematic chain is the same as the number of degrees-of-freedom
(five) of the end effector platform. In an embodiment, an alignment guide of the present
invention is a five degree-of-freedom parallel manipulator having good positioning accuracy and
stability. In an embodiment, this accuracy and stability arises at least in part, from the fact that
the legs are working essentially in tension/compression and are subjected to virtually no bending,

thereby leading to small unwanted deformations.

[0031] In an embodiment, an alignment guide of the present invention is a parallel
kinematic linkage system having a closed kinematic chain, wherein at least two control
mechanisms are working in parallel to perform adjustments in two degrees of freedom. In an

embodiment, an alignment guide of the present invention is a parallel kinematic linkage system
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having a closed kinematic chain, wherein at least two control mechanisms are working in parallel
to perform adjustments in two degrees of freedom (“a first link”), and wherein at least three
control mechanisms are working in parallel to perform adjustments in three additional degrees of
freedom (“a second link™), wherein the first link adjustments and the second link adjustments are
performed in series. In an embodiment, an alignment guide of the present invention is a parallel
kinematic linkage system having a closed kinematic chain as illustrated, for example, in any of
schemes 1-29 of FIGS. 1A-1H. FIGS. 1A-1H shows various embodiments of parallel
manipulator structures having a closed kinematic chain, wherein at least two control mechanisms
are working in parallel to perform adjustments in two degrees of freedom. This is opposed to a
serial kinematic linkage system having an open loop kinematic chain meaning that every
additional axis is mounted on the previous one, wherein adjustments are performed in series, as
illustrated in FIG. 2. An alignment guide of the present invention can have a structure as shown
in any of schemes 1-29, wherein at least two control mechanisms are working in parallel to
perform adjustments up to, and including, six degrees of freedom. In an embodiment, an
alignment guide of the present invention has two control mechanisms working in parallel to
perform adjustments in two degrees of freedom (see, for example, schemes 1-3, schemes 5-6,
schemes 8-9, schemes 12-15, schemes 19-22, and scheme 24). In an embodiment, an alignment
guide of the present invention has three control mechanisms working in parallel to perform
adjustments in three degrees of freedom (see, for example, scheme 4, scheme 7, scheme 10,
schemes 16-17 and schemes 22-24). In an embodiment, an alignment guide of the present
invention has four control mechanisms working in parallel to perform adjustments in four
degrees of freedom (see, for example, scheme 11, scheme 18 and scheme 25). In an embodiment,
an alignment guide of the present invention has five control mechanisms working in parallel to
perform adjustments in five degrees of freedom (see, for example, scheme 26). In an
embodiment, an alignment guide of the present invention has six control mechanisms working in
parallel to perform adjustments in six degrees of freedom (see, for example, schemes 27-29). An
alignment guide of the present invention can have a structure as shown in any of schemes 1-29,
as well as additional schemes that may not be present in FIG. 1, wherein at least two control
mechanisms are working in parallel to perform adjustments up to, and including, six degrees of

freedom.
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[0032] Detailed embodiments of the present invention are disclosed herein; however, it is
to be understood that the disclosed embodiments are merely illustrative of the invention that may
be embodied in various forms. In addition, each of the examples given in connection with the
various embodiments of the invention is intended to be illustrative, and not restrictive. Further,
the figures are not necessarily to scale, some features may be exaggerated to show details of
particular components (and any size, material and similar details shown in the figures are, of
course, intended to be illustrative and not restrictive). Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a

representative basis for teaching one skilled in the art to variously employ the present invention.

[0033] FIG. 3 in conjunction with FIG. 4 and FIG. 5 shows an embodiment of an
alignment guide 10 of the present invention. In an embodiment, the alignment guide 10 is a five
degree-of-freedom parallel manipulator made up of a fixed support or base plate 20 connected to
an end effector platform 40 with guides 41 by means of a number of "legs". In an embodiment,
the alignment guide 10 is a five degree-of-freedom parallel manipulator that is a closed-loop
kinematic chain mechanism whose end effector platform 40 is linked to the base plate 20 by two
independent kinematic chains (mobile component 30 and actuators 51 and 53; and mobile
component 40 and actuators 55, 57 and 59). A closed-loop kinematic chain mechanism is one in
which the links and joints are arranged such that at least one closed loop exists. This is opposed
to an open loop mechanism such as the serial robot robotic arm (e.g. articulated robots such as
jointed arms). In an embodiment, a first kinematic chain comprises mobile link 30 and actuators
51 and 53. In an embodiment, a second kinematic chain comprises mobile link 40 and actuators
55, 57 and 59. In an embodiment, the number of actuators (i.e., two) of the first kinematic chain
plus the number of actuators (i.e., three) of the second kinematic chain is the same as the number
of degrees-of-freedom (i.e., five) of the end effector platform. In an embodiment, the alignment
guide 10 of the present invention is a five degree-of-freedom parallel manipulator having good
positioning accuracy. In an embodiment, this accuracy and stability arises at least in part, from
the fact that the legs are working essentially in tension/compression and are subjected to virtually

no bending, thereby leading to small unwanted deformations.

[0034] The alignment guide 10 is used in conjunction with an intraoperative navigation
system to prepare a bone element for an implant. The alignment guide 10 includes the first

component 20 fixable to a bone element. In an embodiment, the first component 20 is
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extramedullary fixable to the bone element. The first component 20 includes a first bore 21 that
accommodates a first ball head fastener 51, and a second bore 23 that accommodates a second
ball head fastener 53. In an embodiment, the first component 20 includes at least one pin hole 24
for accommodating a pin or similar means for removably fixating the first component 20 to the
bone element. In an embodiment, the first component 20 serves as a fixed rigid body for surface
registration of the femur to create specific anatomic reference points. In an embodiment, the first
component 20 serves as a fixed rigid body for surface registration of the femur to create specific
anatomic reference points via an active tracking system attached to the first component 20 via
attachment 25. In an embodiment, the first component 20 is extramedullary fixable to the bone
element via a distal plate 22 of the first component 20. In an embodiment, the first component 20
includes an anterior stylus 28 which can provide guidance for the pre-positioning of the first
component 20 relative to the femur, in order to decrease the amount of adjustments (mainly
along the antero-posterior axis). The alignment guide 10 also includes the second component 30
moveable with respect to the first component 20. In an embodiment, the second moveable
component 30 is rigidly connected to the first component 20. The second component 30 includes
a first ball socket 31 that accommodates a first ball of the first ball head fastener 51, a second
ball socket (not visible) that accommodates a second ball of the second ball head fastener 53, a
third ball socket 35 that accommodates a third ball of a third ball head fastener 55, a fourth ball
socket (not visible) that accommodates a fourth ball of a fourth ball head fastener 57, and a fifth
ball socket (not visible) that accommodates a fifth ball of a fifth ball head fastener 59. The
second component 30, the first ball head fastener 51 and the second ball head fastener 53 form “a
first link”, wherein two control mechanisms are working in parallel to perform adjustments in
two degrees of freedom. The alignment guide 10 also includes the third component 40 moveable
with respect to the second component 30 and the first component 20. In an embodiment, the third
moveable component 40 is rigidly connected to the second component 30. The third component
40 includes a third bore 45 that accommodates the third ball head fastener 55, a fourth bore 47
that accommodates the fourth ball head fastener 57, and a fifth bore 49 that accommodates the
fifth ball head fastener 59. The third component 40, the third ball head fastener 55, the fourth ball
head fastener 57 and the fifth ball head fastener 59 form “a second link”, wherein three control
mechanisms are working in parallel to perform adjustments in up to three additional degrees of

freedom. The third component 40 includes the at least one guide 41 for accommodating a
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surgical instrument for placing at least one hole into the bone element. In an embodiment, the
surgical instrument is a drill bit, although other surgical instruments can be used to place holes
into the bone element. In the embodiment illustrated in FIGS. 1-3, the third component 40
includes four guides 41. The number of guides 41 can vary for a particular application of the
alignment guide 10. One, two, three, four, five, six or more guides 41 may be included. In an
embodiment, the third component 40 serves as a mobile body to produce a moving digital image
of patient's femur as it is moved during the operation via an active tracking system attached to

the third component 40 via attachment 42.

[0035] The first ball head fastener 51 and the second ball head fastener 53 are working in
parallel to perform adjustments in two degrees of freedom so as to result in two degrees of
freedom alignment of the guides 41 for preparing the bone element for the implant, and the third
ball head fastener 55, the fourth ball head fastener 57 and the fifth ball head fastener 59 are
working in parallel to perform adjustments in up to three additional degrees of freedom so as to
result in up to three additional degrees of freedom alignment of the guides 41 for preparing the
bone element for the implant. In an embodiment, adjustments are made to control up to six
degrees of freedom selected from the group consisting of flexion/extension angle, varus/valgus
angle, distal cut resection level, anterior/posterior positioning, internal/external rotation and
medio/lateral positioning. It should be noted that the actuators (i.e., control mechanisms) of a
kinematic chain of the parallel manipulator alignment guide 10 are not limited to a ball/socket
type as described herein. Other actuators/control mechanisms can be used including, but not
limited to, gliding type, hinge type, saddle type and pivot type. In an embodiment, the actuator is
a rack and pinion linear actuator that comprises a pair of gears, and a ratchet device is used to
lock travel of the pinion on the rack. In an embodiment, the actuator is a cam linear actuator
having an indicating device (e.g., a dial) such that the intraoperative navigation system can
inform the surgeon what position to turn the cam to, eliminating the need to refer to the display

screen of the system when adjusting the cam actuator.

[0036] FIG. 6 shows an embodiment of an alignment guide 100 of the present invention.
In an embodiment, the alignment guide 100 is a five degree-of-freedom parallel manipulator
made up of a fixed support or base plate 120 connected to an end effector platform 140, where
guides 141 are attached, by means of a number of "legs". In an embodiment, the alignment guide

100 is a five degree-of-freedom parallel manipulator that is a closed-loop kinematic chain
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mechanism whose end effector platform 140 is linked to the base plate 120 by two independent
kinematic chains (mobile component 130 and actuators 351 and 353; and mobile component 140
and actuators 155, 157 and 159). A closed-loop kinematic chain mechanism is one in which the
links and joints are arranged such that at least one closed loop exists. This is opposed to an open
loop mechanism such as the serial robot robotic arm (e.g. articulated robots such as jointed
arms). In an embodiment, a first kinematic chain comprises mobile link 130 and actuators 151
and 153. In an embodiment, a second kinematic chain comprises mobile link 140 and actuators
155, 157 and 159. In an embodiment, the number of actuators (two) of the first kinematic chain
plus the number of actuators (three) of the second kinematic chain is the same as the number of
degrees-of-freedom (five) of the end effector platform. In an embodiment, the alignment guide
100 of the present invention is a five degree-of-freedom parallel manipulator having good
positioning accuracy. This accuracy and stability arises at least in part, from the fact that the legs
are working essentially in tension/compression and are subjected to virtually no bending, thereby

leading to small unplanned deformations.

[0037] The alignment guide 100 is used in conjunction with an intraoperative navigation
system to prepare a bone element for an implant. The alignment guide 100 includes the first
component 120 fixable to a bone element. In an embodiment, the first component 120 is
extramedullary fixable to the bone element. In an embodiment, the first component 120 serves as
a fixed rigid body. In an embodiment, the first component 120 includes at least one pin hole 124
for accommodating a pin or similar means for removably fixating the first component 120 to the
bone element. In an embodiment, the first component 120 is extramedullary fixable to the bone
element via a distal plate 122. In an embodiment, the first component 120 includes and an
anterior stylus 128 which can act as a guide to register, for example, the anterior femoral cortex
of a femur. The alignment guide 100 also includes the second component 130 moveable with
respect to the first component 120. In an embodiment, the second moveable component 130 is
rigidly connected to the first component 120. The second component 130 includes a first bore
121 that accommodates a first ball head fastener 151, and a second bore 123 that accommodates
a second ball head fastener 153. The second component 130 also includes a first ball socket 131
that accommodates a first ball of the first ball head fastener 151, a second ball socket (not
visible) that accommodates a second ball of the second ball head fastener 153, a third ball socket

135 that accommodates a third ball of a third ball head fastener 155, a fourth ball socket (not
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visible) that accommodates a fourth ball of a fourth ball head fastener 157, and a fifth ball socket
(not visible) that accommodates a fifth ball of a fifth ball head fastener 159. The second
component 130, the first ball head fastener 151 and the second ball head fastener 153 form “a
first link”, wherein two control mechanisms are working in parallel to perform adjustments in
two degrees of freedom. The alignment guide 100 also includes the third component 140
moveable with respect to the second component 130 and the first component 120. In an
embodiment, the third moveable component 140 is rigidly connected to the second component
130. The third component 140 includes a third bore 145 that accommodates the third ball head
fastener 155, a fourth bore 147 that accommodates the fourth ball head fastener 157, and a fifth
bore 149 that accommodates the fifth ball head fastener 159. The third component 140, the third
ball head fastener 155, the fourth ball head fastener 157 and the fifth ball head fastener 159 form
“a second link”, wherein three control mechanisms are working in parallel to perform
adjustments in up to three additional degrees of freedom. The third component 140 includes at
least one guide 141 for accommodating a surgical instrument for placing at least one hole into
the bone element. In an embodiment, the surgical instrument is a drill bit, although other surgical
instruments can be used to place holes into the bone element. In the embodiment illustrated in
FIG. 6, the third component 140 includes four guides 141. The number of guides 141 can vary
for a particular application of the alignment guide 100. One, two, three, four, five, six or more
guides 141 may be included. As illustrated in the embodiment of FIG. 6, the distal plate 122 of
the first component 120 includes two cut-outs 126, wherein each of the two cut-outs 126 line up
with each of the lower guides 141 of the third component 140 to accommodate the surgical
instrument for placing holes into the bone element. In an embodiment, the third component 140
serves as a mobile body to produce a moving digital image of patient's femur as it is moved
during the operation via an active tracking system 160 attached to the third component 140 via

attachment 142.

[0038] The first ball head fastener 151 and the second ball head fastener 153 are arranged
in parallel to perform adjustment in two degrees of freedom so as to result in two degrees of
freedom alignment of the guides 141 for preparing the bone element for the implant, and the
third ball head fastener 155, the fourth ball head fastener 157 and the fifth ball head fastener 159
are arranged in parallel to perform adjustments of up to three additional degrees of freedom so as

to result in up to three additional degrees of freedom alignment of the guides 141 for preparing
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the bone element for the implant. In an embodiment, adjustments are made to control up to five
degrees of freedom selected from the group consisting of flexion/extension angle, varus/valgus
angle, distal cut resection level, anterior/posterior positioning, internal/external rotation and
medio/lateral positioning. It should be noted that the actuators (i.e., control mechanisms) of a
kinematic chain of the parallel manipulator alignment guide 100 are not limited to a ball/socket
type as described herein. Other actuators/control mechanisms can be used including, but not
limited to, gliding type, hinge type, saddle type and pivot type. In an embodiment, the actuator is
a rack and pinion linear actuator that comprises a pair of gears, and a ratchet device is used to
lock travel of the pinion on the rack. In an embodiment, the actuator is a cam linear actuator
having an indicating device (e.g., a dial) such that the intraoperative navigation system can
inform the surgeon what position to turn the cam to, eliminating the need to refer to the display

screen of the system when adjusting the cam actuator.

[0039] FIGS. 7A and 7B details an embodiment of implementation of a tracker system
with the alignment guide 100 of FIG. 6. As illustrated in FIG. 7B, the alignment guide 100 may
be made modular such that the second component 130 and the third component 140 are
removable from the first component 120. Similarly, the alignment guide 100 may be made
modular such that the third component 140 is removable from the second component 130, and
the second component 130 is removable from the first component 120. In an embodiment, a
surgeon reconstructs the patient’s bone 200 (e.g., the femur) as a solid body using a CAOS
system. In order to establish this virtual bone based on the characterization of boney landmarks,
an established referential created by a so-called fixed tracker 210 linked to a solid body is used.
In an embodiment, the fixed tracker 210 can be attached to the diaphyseal part of the femur 200
using a support 220 directly attached to the bone 200 using a set of conventional locking pins
230 while the mobile tracker 160 is attached to the third component 40 of the alignment guide
100. In other embodiments of the present invention, the fixed tracker can be directly attached to
a first component of an alignment guide of the present invention. After the bone is characterized
as a solid body relative to its attached referential, the surgeon defines the optimum implant size
and implant placement using the CAOS system. These parameters defined, the surgeon
reproduces them by adjusting the orientation of the second component 130 relative to the first
component 120, and the third component 140 relative to the second component 130 and the first

component 120. In order to allow the CAOS system to monitor the orientation of the mobile
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components 130 and 140 relative to the fixed tracker 210, the mobile tracker 160 is attached to
the third component 140. Reproducing the optimum parameters is obtained by adjusting the
orientation and location of the second component 130 and the third component 140 relative to
the first component 120 using adjustment mechanisms 151, 153, 155, 157 and 159. The CAOS
system can figure out how many adjustments need to be made to each adjustment mechanism
151, 153, 155, 157 and 159 and can continuously monitor the surgeons adjustments to

intraoperatively monitor the procedure.

[0040] FIGS. 8A-8I show perspective views of an embodiment of a method of preparing
a femur for receiving an implant using the alignment guide 100. Similar methods can be
performed using alignment guide 10 of the present invention. As illustrated in FIG. 8A, a
surgeon links a fixed tracker (not represented) with the femur 200 and characterizes the bone in
the attached referential using any known technique. Based on this information, the surgeon will
define the optimum size, location, and orientation for the femoral component of the implant to be
implanted using the CAOS system. The surgeon places the alignment guide 100 in position
against the femur 200. In an embodiment, the surgeon can reference the anterior femoral cortex
and the distal condyles by the anterior stylus 128 and the distal plate 122, respectively. Such
constraint allows placement of the alignment guide 100 in an anatomical and repeatable position
relative to the femur 200. This placement done, the surgeon securely fixes the first component

120 of the alignment guide 100 to the bone 200 using, for example, conventional locking pins.

[0041] As illustrated in FIG. 8B, with the first component 120 of the alignment guide
100 secured to the bone 200, the surgeon adjusts the mobile components 130 and 140 relative to
the first component 120, in order to reproduce the optimum size, location and orientation of the
femoral component defined using the CAOS. The adjustment is performed using the set of
adjustment components mechanisms 151, 153, 155, 157 and 159. As illustrated in FIG. 8C,
with the adjustment established, the surgeon drills two holes on the anterior femoral cortex
through the upper guides 141, and preferably leaves the drill bits attached to the bone 200
through the two holes. The adjustments made to the alignment guide 100 in conjunction with the
navigation results in improved accuracy of drilling of the holes. As illustrated in FIG. 8D, two
holes are drilled on the distal condyles through the lower guides 141 using a drill bit. As
illustrated in FIG. 8E, the alignment guide 100 is removed from the femur 200. The two sets of

two holes duplicate the location and orientation of the femoral component to be implanted. As
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illustrated in FIG. 8F, a conventional distal cutting block is positioned on the two anterior pins
implanted on the two anterior holes, and a femoral distal cut is performed. As illustrated in FIG.
8G, the conventional distal cutting block is removed from the femur 200. As illustrated in FIG.
8H, a conventional 4-in-1 cutting block is positioned relative to the femur 200 using the set of
two holes present on the distal femur, and femur preparation is completed. FIG. 81 shows the
femur 200 completely prepared. It should be understood that other types of cutting blocks could

be used to prepare the femur and are within the scope and spirit of the present invention.

[0042] FIG. 9 shows a perspective view of an embodiment of an alignment guide 300 of
the present invention. In the embodiment illustrated in FIG. 9, the alignment guide 300 is a two
degree-of-freedom parallel manipulator with only one parallel chain of adjustment, as compared
to the alignment guide 10 and the alignment guide 100 which are parallel manipulators having a
series of parallel chains. In an embodiment, the alignment guide 300 is a two degree-of-freedom
parallel manipulator made up of a fixed support or base plate 320 connected to an end effector
platform 340 with guides 341 by means of a number of "legs". In an embodiment, the alignment
guide 300 is a two degree-of-freedom parallel manipulator that is a closed-loop kinematic chain
mechanism whose end effector platform 340 is linked to the base plate 320 by one independent
kinematic chain (mobile component 330 and actuators 351 and 353). A closed-loop kinematic
chain mechanism is one in which the links and joints are arranged such that at least one closed
loop exists. This is opposed to an open loop mechanism such as the serial robot robotic arm (e.g.
articulated robots such as jointed arms). In an embodiment, kinematic chain comprises mobile
link 330 and actuators 351 and 353. In an embodiment, the number of actuators (i.e., two) of the
kinematic chain is the same as the number of degrees-of-freedom (i.e., two) of the end effector
platform. In an embodiment, the alignment guide 300 of the present invention is a two degree-of-
freedom parallel manipulator having good positioning accuracy. In an embodiment, this accuracy
and stability arises at least in part, from the fact that the legs are working essentially in
tension/compression and are subjected to virtually no bending, thereby leading to small

unwanted deformations.

[0043] The alignment guide 300 is used in conjunction with an intraoperative
navigation system to prepare a bone element for an implant. The alignment guide 300 includes
the first component 320 fixable to a bone element. In an embodiment, the first component 320 is

extramedullary fixable to the bone element. In an embodiment, the first component 320 serves as
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a fixed rigid body. The first component 320 includes a first bore 321 that accommodates a first
ball head fastener 321, and a second bore 323 that accommodates a second ball head fastener
353. In an embodiment, the first component 320 includes at least one pin hole 324 for
accommodating a pin or similar means for removably fixating the first component 320 to the
bone element. In an embodiment, the first component 320 is extramedullary fixable to the bone
element via a distal plate 322. In an embodiment, the first component 320 includes and an
anterior stylus 328 which can act as a guide to register, for example, the anterior femoral cortex
of a femur. The alignment guide 300 also includes the second component 330 moveable with
respect to the first component 320. In an embodiment, the second moveable component 330 is
rigidly connected to the first component 320. The second component 330 includes a first ball
socket 331 that accommodates a first ball of the first ball head fastener 351 and a second ball
socket (not visible) that accommodates a second ball of the second ball head fastener 353. The
first ball head fastener 351 and the second ball head fastener 353 are arranged in parallel to
perform adjustments in two degrees of freedom. The second component 330 includes the at least
one guide 341 for accommodating a surgical instrument for placing holes into the bone element.
In an embodiment, the surgical instrument is a drill bit, although other surgical instruments can
be used to place holes into the bone element. In the embodiment illustrated in FIG. 9, the
second component 330 includes four guides 341. The number of guides 341 can vary for a
particular application of the alignment guide 300. One, two, three, four, five, six or more guides
341 may be included. In an embodiment, the second component 330 serves as a mobile body to
produce a moving digital image of patient's femur as it is moved during the operation via an

active tracking system 360 attached to the second component 330 via attachment 342.

[0044] The first ball head fastener 351 and the second ball head fastener 353 are arranged
in parallel to perform adjustment of two degrees of freedom so as to result in two degrees of
freedom alignment of the guides 341 for preparing the bone element for the implant. In an
embodiment, adjustments are made to control up to two degrees of freedom selected from the
group consisting of flexion/extension angle, varus/valgus angle, distal cut resection level,
anterior/posterior positioning and internal/external rotation. It should be noted that the actuators
(i.e., control mechanisms) of a kinematic chain of the parallel manipulator alignment guide 300
are not limited to a ball/socket type as described herein. Other actuators/control mechanisms can

be used including, but not limited to, gliding type, hinge type, saddle type and pivot type. In an
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embodiment, the actuator is a rack and pinion linear actuator that comprises a pair of gears, and a
ratchet device is used to lock travel of the pinion on the rack. In an embodiment, the actuator is a
cam linear actuator having an indicating device (e.g., a dial) such that the intraoperative
navigation system can inform the surgeon what position to turn the cam to, eliminating the need

to refer to the display screen of the system when adjusting the cam actuator.

[0045] In an embodiment, an alignment guide for preparing a bone element for receiving an
implant includes a first component fixable to the bone element, wherein the first component
serves as a fixed rigid body; a second component moveable with respect to the first component;
and a third component moveable with respect to the second component and the first component,
the third component comprising at least one guide that accommodates a surgical instrument,
wherein the second component and n control mechanisms form a first link, wherein n control
mechanisms are working in parallel to perform adjustments in up to n degrees of freedom of the
alignment guide so as to result in up to n degrees of freedom alignment of the at least one guide
for preparing the bone element for the implant, wherein the third component and m control
mechanisms form a second link, wherein m control mechanisms are working in parallel to

perform adjustments in up to m additional degrees of freedom of the alignment guide so as to

result in up to m additional degrees of freedom alignment of the at least one guide for preparing

the bone element for the implant, and wherein a total degree of freedom adjustment of the at least
one guide relative to the first component is up to n+m degrees of freedom. In an embodiment, n
is at least two and m is at least two. In an embodiment, n is two and m is two. In an embodiment,
n is two and m is three. In an embodiment, n is two and m is four. In an embodiment, n is two
and m is five. In an embodiment, n is at least three. In an embodiment, n is three and m is two. In
an embodiment, n is three and m is three. In an embodiment, n is at least four. In an embodiment,
n is four and m is two.

[0046] In an embodiment, an alignment guide for preparing a bone element for receiving an
implant includes a first component fixable to the bone element, wherein the first component
serves as a fixed rigid body; a second component moveable with respect to the first component; a
third component moveable with respect to the second component and the first component; and a
fourth component moveable with respect to the third component, the second component, and the
first component, the fourth component comprising at least one guide that accommodates a

surgical instrument, wherein the second component and n control mechanisms form a first link,
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wherein n control mechanisms are working in parallel to perform adjustments in up to n degrees
of freedom of the alignment guide so as to result in up to n degrees of freedom alignment of the
at least one guide for preparing the bone element for the implant, wherein the third component
and m control mechanisms form a second link, wherein m control mechanisms are working in
parallel to perform adjustments in up to m additional degrees of freedom of the alignment guide
so as to result in up to m additional degrees of freedom alignment of the at least one guide for
preparing the bone element for the implant, wherein the fourth component and o control
mechanisms form a third link, wherein o control mechanisms are working in parallel to perform
adjustments in up to o degrees of freedom of the alignment guide so as to result in up to o
degrees of freedom alignment of the at least one guide for preparing the bone element for the
implant, and wherein a total degree of freedom adjustment of the at least one guide relative to the
first component is up to ntm+o degrees of freedom. In an embodiment, n is two, m is two, and o
is two.

[0047] An alignment guide of the present invention includes at least one guide that
accommodates a surgical instrument. In an embodiment, the at least one guide helps position the
surgical instrument at a precise position on the bone element. In an embodiment, the at least one
guide helps position the surgical instrument at a precise position on the bone element to create at
least one hole in the bone element. In an embodiment, the at least one guide of the alignment
guide is part of the final mobile component. In such embodiments, a total degree of freedom
adjustment of the at least one guide relative to the first fixed component can be the sum of the
degree of freedom adjustment in each mobile component. In an embodiment, an alignment guide
having a first fixed component, a second mobile component with two control mechanisms, and a
third mobile component with three control mechanisms, wherein the third component includes at
least one guide for accommodating a surgical instrument, can have a total of up to five degree of
freedom adjustment of the at least one guide relative to the first fixed component. In an
embodiment, an alignment guide having a first fixed component, a second mobile component
with three control mechanisms, and a third mobile component with three control mechanisms,
wherein the third component includes at least one guide for accommodating a surgical
instrument, can have a total of up to six degree of freedom adjustment of the at least one guide
relative to the first fixed component. In an embodiment, the at least one guide of the alignment

guide is part of an intermediate mobile component. In an embodiment, at least one guide of the
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alignment guide is part of an intermediate mobile component, and at least one additional guide of

the alignment guide is part of a final mobile component.

[0048] In an embodiment, the methodology of the present invention is based on the use
of an intraoperative navigation system and of a reduced and compact alignment guide for
alignment of implant components during replacement surgery. In an embodiment, the
intraoperative navigation system incorporates a computer digitizer to track the location of the
patient and an alignment guide in space. Different digitizer modalities are within the scope and
spirit of the present invention, including, but not limited to, optical, electromagnetic,
electromechanical, and ultrasonographic. In an embodiment, the digitizer modality used with the
present invention is an optical tracking system. Optically based systems within the scope and
spirit of the present invention include active and passive tracking systems. Active tracking
systems use infrared, light-emitting diodes attached to the patient and to an alignment guide of
the present invention. Passive tracking system use reflective spheres (instead of diodes) to
reflect infrared light from an infrared emitter back to a receiver. Both the emitter and receiver
are located in 1 digitzer camera. A registration process may be necessary to accurately define
the location of the patient for the CAOS system. Registration may be accomplished by
identification of specific fiducial markers (i.e., stable landmarks that can be identified on both
the virtual and real patients) on the virtual patient as seen on the navigation system monitor. In
an embodiment, a first component of an alignment guide of the present invention is coupled with
a sensing device. In an embodiment, the fixed sensing device can be used to register the femur to
a preoperative plan. In an embodiment, a second component and/or a third component of an
alignment guide of the present invention is coupled with a second sensing device. In an
embodiment, the second sensing device can be used for tracking orientation and relative
displacement of the mobile components of the alignment guide relative to the fixed first

component.

[0049] In an embodiment, a method for preparing a bone element for receiving an
implant includes fixing a first component of an alignment guide of the present invention in place
against a femur using standard pins implanted through the bore of the first component. From this
point, a surgeon can register anatomical landmarks such as posterior femoral condyles, distal

femoral condyles, anterior cortex of the femur, and epicondylar axis in order to define the
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optimum orientation and location of a femoral component of an implant. Registering the
anatomical landmarks can be accomplished using, for example, at least one fixed navigation
tracker of a CAOS system. In an embodiment, one of the fixed navigation trackers can be
attached to the first component of the alignment guide. In order to reproduce the optimum
orientation and location of the implant on the patient's femur, adjustments to a second component
and a third component of the alignment guide are made using control mechanisms of the
alignment guide to properly position at least one guide of the alignment guide in a proper
position for preparing the bone element for the implant. Adjustments to the second component
and the third component can be tracked using a mobile navigation tracker attached to the second
component, the third component or both components. In an embodiment, the alignment guide
includes five control mechanisms for adjusting up to five degrees of freedom. In an embodiment,
the control mechanisms are five color-coded adjustment fasteners, such as ball head screws. The
ball head fasteners can be adjusted according to the number of turns as well as direction (i.e.,
clockwise or counterclockwise) defined by the CAOS system for each preferably color-coded
fastener. In an embodiment, the adjustment of the fasteners is performed manually, for example
using a screwdriver or any type of instrument allowing the rotation of a screw. In an
embodiment, the adjustment of the fasteners is performed robotically, for example using a
robotic arm of the CAOS system. The adjustment performed, holes can be positioned in the bone
element by drill bits or other similar means positioned through the guides. The holes obtained
through the lower guides define the location and orientation of the femoral distal cut, while holes
obtained through the upper guides define the location and orientation of the 4-in-1 cutting block

relative to the distal femoral cut.

[0050] In an embodiment, a method of preparing a femur for receiving an implant
includes fixing, a first component of an alignment guide to distal condyles of the femur; tracking
orientation and relative displacement of a second component of the alignment guide with respect
to the first component using a mobile navigation tracker; controlling up to n degrees of freedom
of the alignment guide by parallel adjustment of the second component relative to the first
component to position the second component in a desired position relative to the femur; tracking
orientation and relative displacement of a third component of the alignment guide with respect to
the second component and the first component using the mobile navigation tracker; controlling

up to m additional degrees of freedom of the alignment guide by parallel adjustment of the third
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component relative to the second component and the first component to position the third
component in a desired position relative to the femur; forming at least one hole on a femoral
cortex of the femur using a drill bit or similar means; maintaining the drill bit on the femoral
cortex so as to serve as a fixation means; forming at least one hole on the distal condyles of the
femur; removing the alignment guide from the femur; positioning a cutting block attachable to
the fixation means on the femoral cortex; performing a distal femoral resection using the cutting
block as a guide; removing the cutting block from the anterior femoral cortex; positioning a
cutting block on the distal condyles based on the hole formed on the distal condyles; and

completing resection of the femur for receiving the implant.

[0051] In an embodiment, the methodology of the present invention is based on the use
of CAOS and of a reduced and compact alignment guide for alignment of knee implant
components because of the precision the surgeon may get with femoral and tibial bone cuts. In
an embodiment, the methodology of the present invention is based on the use of CAOS and of a
reduced and compact alignment guide for alignment of acetabular implant components to
navigate acetabular component placement where correct cup inclination is crucial. In an
embodiment, the methodology of the present invention is based on the use of CAOS and of a
reduced and compact alignment guide for alignment of shoulder implant components, where
CAOS provides guidance for the preparation of the glenoid and the humerus as well as spine

indication.

[0052] An alignment guide of the present invention can be made from materials known
as being biocompatible and used for surgical instrumentation, including, but not limited to, steel
alloys (e.g., stainless steel), polymers (e.g., polyphenylsulfone and polyetherimide), titanium and
titanium alloys and combinations thereof. An alignment guide of the present invention can be
made to be single-use, and discarded after a surgical operation. An alignment guide of the
present invention can have adjustment components that are color-coded to guide a surgeon while
reproducing the CAOS-determined optimal cutting plateaus (e.g., the instrument turns the yellow
screw clockwise six times, turns the green screw counterclockwise twice, etc.). An alignment
guide of the present invention can be manufactured to include one or more cutting slots intended
to receive, for example, a sawblade to cut the bone element instead of a guide, or can feature a

combination cutting slot and guide. For example, a cutting slot can be used to perform the distal
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femoral cut, while a guide can be used to drill two holes to define the position of the 4-in-1

cutting block.

[0053] While a number of embodiments of the present invention have been described, it
is understood that these embodiments are illustrative only, and not restrictive, and that many
modifications may become apparent to those of ordinary skill in the art. For example, any
element described herein may be provided in any desired size (e.g., any element described herein
may be provided in any desired custom size or any element described herein may be provided in
any desired size selected from a "family" of sizes, such as small, medium, large). Further, one or
more of the components may be made from any of the following materials: (a) any
biocompatible material (which biocompatible material may be treated to permit surface bone
ingrowth or prohibit surface bone ingrowth--depending upon the desire of the surgeon); (b) a
metal such as a pure metal including, but not limited to, titanium and/or an alloy such as Ti--Al--
Nb, Ti-6Al-4V and/or stainless steel; (¢) a polymer, or any combination thereof. Further still, any
metal construct may be a machined metal construct. Further still, any steps described herein may
be carried out in any desired order (and any additional steps may be added as desired and/or any
steps may be deleted as desired).

[0054] It will be appreciated that several of the above-disclosed and other features and
functions, or alternatives thereof, may be desirably combined into many other different systems
or applications. Various presently unforeseen or unanticipated alternatives, modifications,
variations, or improvements therein may be subsequently made by those skilled in the art which

are also intended to be encompassed by the following claims.
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CLAIMS

What is claimed is:

1. An alignment guide for preparing a bone element for receiving an implant comprising: a
first component fixable to the bone element comprising: a first bore that accommodates a first
ball head fastener; and a second bore that accommodates a second ball head fastener, wherein the
first component serves as a fixed rigid body; a second component moveable with respect to the
first component comprising: a first ball socket that accommodates a first ball of the first ball head
fastener; a second ball socket that accommodates a second ball of the second ball head fastener;
and a third ball socket that accommodates a third ball of a third ball head fastener; and a third
component moveable with respect to the second component and the first component, the third
component comprising: a third bore that accommodates the third ball head fastener; and at least
one guide that accommodates a surgical instrument, wherein the first ball head fastener and the
second ball head fastener are working in parallel to perform adjustments in up to two degrees of
freedom so as to result in up to two degrees of freedom alignment of the at least one guide for
preparing the bone element for the implant, and wherein the third ball head fastener adjusts a
third additional degree of freedom so as to result in three degrees of freedom alignment of the at

least one guide for preparing the bone element for the implant.

2. The alignment guide of claim 1 wherein the first component includes at least one bore for

accommodating a fastener for removably fixating the first component to the bone element.

3. The alignment guide of claim 1 wherein adjustments are made to control up to two degrees of
freedom selected from the group consisting of flexion/extension angle, varus/valgus angle, distal
cut resection level, anterior/posterior positioning, internal/external rotation and medio/lateral

positioning.

4. The alignment guide of claim 1 wherein the first component further comprises a navigation

tracker of a computer-assisted navigation system.
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5. The alignment guide of claim 1 wherein the second component further comprises a navigation

tracker of a computer-assisted navigation system.

6. The alignment guide of claim 1 wherein orientation and relative displacement of the second
component relative to the first component is continuously adjustable to control the two degrees

of freedom.

7. An alignment guide for preparing a bone element for receiving an implant comprising: a first
component fixable to the bone element comprising: a first bore that accommodates a first ball
head fastener; and a second bore that accommodates a second ball head fastener, wherein the
first component serves as a fixed rigid body; a second component moveable with respect to the
first component comprising: a first ball socket that accommodates a first ball of the first ball head
fastener; a second ball socket that accommodates a second ball of the second ball head fastener; a
third ball socket that accommodates a third ball of a third ball head fastener; a fourth ball socket
that accommodates a fourth ball of a fourth ball head fastener; and a fifth ball socket that
accommodates a fifth ball of a fifth ball head fastener; and a third component moveable with
respect to the second component and the first component comprising: a third bore that
accommodates the third ball head fastener; a fourth bore that accommodates the fourth ball head
fastener; a fifth bore that accommodates the fifth ball head fastener; and at least one guide that
accommodates a surgical instrument, wherein the first ball head fastener and the second ball
head fastener are working in parallel to perform adjustments in up to two degrees of freedom so
as to result in up to two degrees of freedom alignment of the at least one guide for preparing the
bone element for the implant, wherein the third ball head fastener, the fourth ball head fastener
and the fifth ball head fastener are working in parallel to perform adjustments in up to three
additional degrees of freedom so as to result in up to three additional degrees of freedom
alignment of the at least one guide for preparing the bone element for the implant, and wherein a
total degree of freedom adjustment of the at least one guide relative to the first component is up

to 5 degrees of freedom.

8. The alignment guide of claim 7 wherein the first component includes at least one bore for

accommodating a fastener for removably fixating the first component to the bone element.

NY 240,587,659v1 9-8-10 26



06 Jun 2013

2010292136

9. The alignment guide of claim 7 wherein adjustments are made to control up to five degrees of
freedom selected from the group consisting of flexion/extension angle, varus/valgus angle, distal
cut resection level, anterior/posterior positioning, internal/external rotation and medio/lateral

positioning.

10. The alignment guide of claim 7 wherein the first component further comprises a navigation

tracker of a computer-assisted navigation system.

11. The alignment guide of claim 7 wherein the third component further comprises a navigation

tracker of a computer-assisted navigation system.

12. The alignment guide of claim 7 wherein orientation and relative displacement of the second

component relative to the first component is continuously adjustable to control the two degrees

of freedom.

13. The alignment guide of claim 7 wherein orientation and relative displacement of the third
component relative to the second component and the first component is continuously adjustable

to control up to three additional degrees of freedom.

NY 240,587,659v1 9-8-10 27




PCT/US2010/048346

WO 2011/031914

1/17

Vi Old

€ # uawisnipy

ed ajigow [eul <« <« auoq ay
H rqou1sui Z #uawisnlpy 0} paxi} yJusuodwo)
| # uswysnipy
\N Q\Q\o@\&\ww\_
Z #uswysnlpy
L # bed auoq ay)
ed ajiqow |eul <+ <+ ajelpaws} Ul <
H l'qow |euly € # uawisnlpy mﬁ_v_nos_ <+ o} paxiy Jusuodwon
| #juawjsnipy
UL DY
& 1Y
€ # Juswisnipy
L # 1ed auoq ay}
ed ajiqow [eul <+ ajeIpawIaiul < <
Hed Sndow 1Bvd BlIGON L # uawisnipy 0} paxiy jusuodwo)

Z # uawisnipy

4

PULRYO

Hed sjiqow [eul

Z #uawisnlpy

| # Juswjsnipy

auoq ay)
0} paxiy Jusuodwon

/

@)CQ\V\KO ﬂWA




PCT/US2010/048346

WO 2011/031914

2/17

dl Old

v # Juawisnipy
Hed ajiqow [euly | €—

Z #uawysnipy

| # Wed
<4— ajelpawusiul <+ < auoq ayy
o|Iqo 0} paxij jJusuodwo)
€ # Juswysnlipy | #juawysnipy
A UL YYD
0 1°Y
Z #uawisnipy
Z #ued | # ued
ved sjiqow jeury | €—( v # Juawysnipy ajelpawuajul l—( ¢ #uawsnlpy sjeIpaw.siul «— auoq ay)
9JIqoN 3)IqON _ 0} paxi} Jusuodwo)
| #uawisnipy
% Q\Q\o@@\w AN
v # Juawysnipy
| # Wed
yed ajiqow |eul4 ajeipawuajul 2uoq ay}
¢ # uawisnipy SIGON | #juswisnipy o1 paxy 1uauodwOD
Z #uawysnl|
e L TPy
 # Juswisnipy
Z #ued | # Wed
Med ajiqow |eul <4— 9jelpsulsul uswisn|| < olEpawisiul  lg— auoq ayy
9(IqoN ¢ ISPV 9JIqoN L #iususnipy 0} paxiy jJusuodwo)
€ # Juswisnipy !
% w@g@\&o @4
€ # Juawisnipy
Z # ued | # Wed
ued sjiqow |euld y #uswjsnipy )<€—  Slelpawsiul <+ <4— 9jepawisiul | # uswisnipy o auoq mcm
9|IqON 9|IqoN } pax1y Jusuodwo)

Z #uswysnipy

@ @@Q\@Q&O ANA




PCT/US2010/048346

WO 2011/031914

3/17

ol Old

v#
Juawysnipy
ped G# € # Led Z#ued # | # ved L # auoq
s|iqow juawysnipy Sjeipawidiul  g— <—| delpswisul juswisnlpy J<€—{ Sieipswisjul Juswisnipy 2y} 0} paxy
[eul4 SIlQoN ¢4 3IIqoN 3lIq0N jusuodwon
juawysnipy
DULDTYD(
5/ Y
S#
yuawisnipy
Jed ¢ # ued c# Z #wed Z# | # ped L # auoq
sIgow — ajeIpawIajul Juswysnipy ajelpawIajul juswysnipy Sjelpawsiul juswisnipy
o SleI . a|1q0 SO . ayj o) paxy
|eutq b# ; 190N : jusuodwo)
juawysnipy
DU DTYO
G/ Y
v#
yuawisnipy
c#
Juawysnipy
ued spqow eu{ | €— -« uoq syl
0} paxi} jJusuodwo)
#
juawisnipy
L #
juswysnipy \ \ @\Q\o@\&ow\x
€ #Juawisnipy
" | # Hed
Hed sjiqow (euld | €—(  #uswisnipy < ajelpawusjul < < auoq ay}
lIGON Z #uewnsnipy 0} paxi} Jusuodwo)

L # Juswisnipy

0/

@\Q\t@\&\u @




PCT/US2010/048346

WO 2011/031914

4/17

dl old

/1)

t # Juawisnipy
ed | # Wed
Hed ajigow [euly G #iuawisnlpy ) q— m:wm_%mw_:wE_ ¢ #juswsnipy \€—  Siepauusiul | # wawisnipy < auoq ay
BlIGON : BIIG0N : 0} paxiy Jusuodwo)
2 #uawisnlpy ,
O LI TPy
G #juawisnipy
ed | # Hed
Hed ajiqow [euld nf| <+ m:M%mH_mE_ Z #wawisnipy  ye— Qm_%m_.EwE_ ( duoq sy
: : ¥ #uswisnipy 5 : ! : : | #uswysnlpy ) €— 0} paxiy Jusuodwon
I'qO0N 9|Iqo
€ # Juawisnipy b @ga\&o nN
G # Juswysnipy € # Wwawysnipy
2 # ued | # ued auo!
q 9y}
ped d|lqow |eul4 <+ ajelIpawusiul <+ <+ djeipawaiul | L # «C@rcuwj_‘_u( 0} poxi «CUCOQEOO
9[Iq0N T[]
¥ # Juawysnipy Juawysnl
¢ PV @ \ @gg\o AWA
cH
juswisnipy
ped G# € # Hed v # Z # ved | # Wed L # auoq
a|iqow juawysnipy djelpawuaul Juawisnipy ojelpawiaul | ¢— <— 3dlepawisiul Juswisnipy 8y} 0} paxiy
|eul4 SlIqoN 9|!qoN z4 9Iq0N jusuodwo)
juswisnipy

@\N\Q\@\&O @4




dl 9ld

PCT/US2010/048346

v # Juawisnipy Z # Juawisnipy
Z # ued | # wed

T.
T

S/17

WO 2011/031914

Ued ajiqow euld g#wawsnlpy ) g— oeipowssul | €— <« awEpswsul . mcocn%cm y
9|IqON 9|Iqon 0} paxyj jusuodwo)
€ # uswysnipy L # Juawysnipy
UL DY O
0¢é 1°Y
#
juswisnipy
Wed G# € # ped v# g #ued c# | # ved auoq
ajIqow yuswisnipy Sjelpawsiul uawisnipy )| dtelpawusiul Juswisnipy sjelpsulsiul  (¢— <+ | oy o paxy
euly allqon a|iqon aliqon ° Jusuodwo)
swisnlpy ),
Q \ @\E\c@\&ow&
G#
Juawysnipy
v#
juswisnipy aed
Hed sjiqow [eut <+ ajeIpaw.aul < uswisnl| < auoq ay}
' %_no_\,_~ ) L# ISPy 0} paxij Jusuodwo)
c# :
juswisnipy
4
juswisnipy

o) TPy




PCT/US2010/048346

WO 2011/031914

6/17

41 Ol

€ # Juawisnipy

€ # Juawisnipy

| # juswisnipy

Z # ved | # ued
ped ajiqow |euly G # uswysnipy ojelpawusjul le—( v #Iuswisnlpy Vg—| ajeIpaw.siul auoq ay)
alloN alIgoN g#ewrsnlpy )4 o poxy usuoduion
| # juswisnipy
VUL DD
&6 1Y
G # uswisnlpy
Z #uawysnipy
| # Hed
ped ajiqow |eul <+ <+ ajelpawusiul <+ auoqg ayy
v ! 3 v# EwF:w:.—Ud\ Elle (o] <+ 0O} paxiy Ew:oQEOO

4

@@Q\@\&Q @4

Hed ajigow |eul4

G # Juswisnipy

 # Juswisnipy

Z #ued
ajelpawuaul
3lIqoN

€ # Juawisnipy

| # Wed
ajelpawusjul
3lIqoN

¢—

Z # wawisnipy

0} paxiy Jusuodwo)

auoq ay}

| # wawsnipy

/

¢ TPy




PCT/US2010/048346

WO 2011/031914

717

Juswisnipy

v#
uswisnipy
CH Quoq ay)
ved anqow [Buld | « juswisnipy 0} paxy Jusuodwo)
c#
Jswisnipy
L #

juawsnipy

&Q N @@Q\@\&O AWA

v#
yuswisnipy

c#
Juswisnipy

| #yed
yed sjiqow |eul4 G #uawisnlpy )<€— djelpawsjul
SlIqoN

auoq ay}

Z#H

0} paxiy jusuodwo)

yuswisnipy

L #
awisnipy

BEOE
T

@ N \@\N\&\@\&O AN

€ # Juawisnipy
G # wawisnlpy

| # ped
ajeIpawJajul
aliqon

Hed ojIqow |euty

2 #uawisnipy

auoq ay}
0} paxiy jusuodwo)

v # uswysnipy

L # Juawysnipy

g TPy




PCT/US2010/048346

WO 2011/031914

8/17

HL Ol

Hed sjiqow |eutd

9 # Juswisnipy

G # uawisnipy

v # uawsnipy

€ # uswisnipy

| # wed
ajeIpawuajul
3lIqon

—

T

auoq ay}

Z #wswisnlpy ) e—

0} paxiy Jusuodwon

| # uswisnipy

Q N @\N\Q\@\&O ANA

Hed ajiqow |eut4

9 # juawysnipy

G #1uawisnipy

t # Juswisnipy

€ # Juawisnipy

T

Z # uswisnipy

| # Wed
ajelpawusjul
3|IqoN

¢—

T.

auoq ayy
0} paxij Jusuodwo)

| # uawysnipy

% N @\N\Q\@\&O @A

Hed sjiqow [eul4

9 # Juswisnipy

G # Juswisnipy

v # Juawisnipy

Z #Wed
ajelipawusiul

9|Iq0N

<4

<4—

€ # Juawisnipy

Z #uawisnlpy

| # Wed
ajelpawiajul
9|IqoN

(| #wswisnlpy

auoq ay}
0} paxiy jJusuodwo)

LG TRy




PCT/US2010/048346

WO 2011/031914

917

ued
9Jiqow |eul4

<«—( s#swisnlpy ) ¢—

v # Wed
ajelpawJajul
allqon

¢ Old

14V d0Ildd

v
# Juswisnipy

| # Wed
ajelpawusjul
9|IqoN

| #wawisnlpy ) €—

auoq
9y} O} paxy
jusuodwo)




WO 2011/031914

41
40
42

21

10/17

37

-
v

28

20

24

PCT/US2010/048346

25

22
1

FIG.3 41 g5 57

3

30

31



PCT/US2010/048346

WO 2011/031914

11/17

0€ 0c ¥ 9Ol4

2%

Gc

ve

oY

¢y




WO 2011/031914 PCT/US2010/048346

12/17

(@)
q—

23
53

42
47
30
41

24



WO 2011/031914 PCT/US2010/048346

13/17

To)
Te!
2
%)
<
A

©
O
L

S
:

AN
(Q\
-—

T ™\
131

o



WO 2011/031914

14/17

PCT/US2010/048346

FIG. 7B

210 220 230

FIG. 7A

200




WO 2011/031914

15/17

FIG. 8C

FIG. 8A

PCT/US2010/048346

FIG. 8D

FIG. 8B




WO 2011/031914 PCT/US2010/048346

16/17

FIG. 8H

FIG. 8E
FIG. 8F




WO 2011/031914

17/17

o
©
™

PCT/US2010/048346

FIG. 9



