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METHOD AND APPARATUS FOR
CALIBRATING NON-LINEAR INSTRUMENTS

FIELD
The present invention relates generally to navigated surgery, and more specifically,
to a method and apparatus for calibrating attachments for non-linear instruments to a

tracking sensor on the instrument and navigating the attachment during a procedure.

BACKGROUND

Image guided medical and surgical procedures utilize patient images obtained prior
to or during a medical procedure to guide a physician performing the procedure. Recent
advances in imaging technology, especially in imaging technologies that produce highly-
detailed, two, three, and four dimensional images, such as computed tomography (CT),
magnetic resonance imaging (MRI), fluoroscopic imaging (such as with a C-arm device),
positron emission tomography (PET), and ultrasound imaging (US) has increased the
interest in image guided medical procedures.

Typical image guided navigation systems generally require a dynamic reference
frame to track the position of the patient should patient movement occur during the
assisted procedure. The dynamic reference frame is generally affixed to the patient in a
generally permanent or immovable fashion. The dynamic reference frame may also be
used as a fiducial marker and may, therefore, be attached to the patient during the
acquisition of pre-operative images. This enables the image space to be aligned with
patient space during the navigated procedure.

Various instruments may be used during an operative procedure that are desired to
be tracked. Image data is generally acquired, either intra-operatively or pre-operatively,
and the instrument is generally illustrated, and superimposed on the captured image data to
identify the position of the instrument relative to the patient space. Therefore, the
instrument may include tracking sensors, such as electromagnetic coils or optical detection
points, such as LEDs or reflectors, that may be detected by a suitable tracking system.

Other types of navigation systems operate as an image-less system, where an
image of the body is not captured by an imaging device prior to the medical procedure,
such as the device disclosed in U.S. Patent Application No. 10/687,539, entitled Method
And Apparatus For Surgical Navigation Of A Multiple Piece Construct For Implantation,
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filed October 16, 2003, incorporated herein by reference. With this type of procedure, the
system may use a probe to contact certain landmarks in the body, such as landmarks on
bone, where the system generates either a two-dimensional or three-dimensional model of
the area of interest based upon these contacts. This way, when the surgical instrument or
other object is tracked relative to this area, they can be superimposed on this model.

Most types of orthopedic medical procedures are performed using conventional
surgical techniques, such as spine, hip, knee, shoulder, a synovial joint, and a facet joint.
These techniques generally involve opening the patient in a manner to provide adequate
viewing by the surgeon during the medical procedure. Use of the navigated procedure
may enable more precise and accurate placement of an implant within the patient and may
also enable surgery with diminished visualization.

Image guided procedures generally require the use of instruments and other
portions that are tracked with the aid of tracking sensors. The tracking sensors, however,
are generally affixed to the instrument. Thus the position of an attachment to the
instrument, such as an implant or reamer, is known only through knowing the position of
the instrument. Thus the tracking system must be calibrated for each of the attachments.
If the instrument is straight, cylindrical, and the attachment is concentric, this can be done
by touching the end point on the attachment with a tracked probe and then rotating the
instrument about its axis in a tracked calibration block to determine the axis of the
cylindrical shaft. Often, however, the instruments are not straight and it is desirable to still

calibrate the attachment in the tracking system.

SUMMARY

A method and apparatus for performing a calibration and navigation of a member.
The member may be calibrated relative to a selected portion, such as a sensor on an
instrument. The calibrated member may then be navigated with a selected system. The
calibration technique can be infinitely flexible and not rigid or designed for specific
components.

In particular an attachment may be calibrated to an instrument when the instrument
is not linear. The attachment may be touched in several points with a tracked probe and
the tracking system may determine the position of the touched points relative to a tracking

sensor affixed to the instrument. Various techniques may be used to calibrate the
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attachment. The calibration allows for navigating the attachment in patient space with a
tracking system.

According to various embodiments a system to navigate an instrument relative to a
portion of a patient’s anatomy is taught. The system may include an instrument including
an engaging end, a working end, and a shaft extending between the engaging end and the
working end. A member may be provided to selectively engage the engaging end such
that the member is operable to be engaged and disengaged from the engaging end. A first
sensor may be interconnected with the instrument. Also, a tracking system may track the
first sensor and the second sensor. The tracking system is operable to determine an
orientation relative to the first sensor when the member is engaged to the engaging end.
According to various embodiments a method of determining a position of a member
relative to an instrument is taught. The method includes interconnecting a first tracking
sensor and the instrument and also interconnecting the member and the instrument. A
plane of the member may be determined. Also, a vector of the member may be
determined.

According to various embodiments a method of navigating a procedure relative to
an anatomy of a patient is disclosed. The method may include interconnecting a first
tracking sensor and the instrument and interconnecting the member and the instrument. At
least three points are defined by the member that define a plane that may be determined.
Also a fourth point to define a depth and start point for a vector normal to the plane
relative to the member may be determined. The member may be navigated relative to the
anatomy based at least in part on the plane and the vector.

Further areas of applicability will become apparent from the description provided
hereinafter. It should be understood that the description and various examples, while
indicating various embodiments, are intended for purposes of illustration only and are not

intended to limit the scope of the description or the present teachings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present teachings will become more fully understood from the detailed
description and the accompanying drawings, wherein:

Fig. 1 is a diagram of a navigation system according to various teachings of the

present invention;
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Figs. 2A and 2B are diagrams representing undistorted and distorted views from a
fluoroscopic imaging device;

Fig. 3 is a perspective view of an instrument and various attachment members
according to various embodiments;

Fig. 4 is a perspective view of the instrument connected to an attachment member
according to various embodiment;

Fig. 5 is a flow chart of calibrating a member in a navigation system according to
various embodiments;

Fig. 6 is a flow chart of determining a plane and a vector calibrating a member in a
navigation system according to various embodiments; and

Figs. 7A-7C are perspective views of various images, icons, and information that

may be displayed.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

The following description of various embodiments is merely exemplary in nature
and is in no way intended to limit the teachings, its application, or uses. As indicated
above, the present invention is directed at providing improved, calibration for non-linear
instruments when attachment members are connected thereto. Although the following
discussion relates to an acetabular reamer and/or an acetabular implant it will be
understood that any appropriate attachment, instrument or surgical procedure may be used.

Fig. 1 is a diagram illustrating an overview of an image-guided navigation system
10 for use in positioning an attachment, such as a reamer head, a prosthesis, or other
portion. It should further be noted that the navigation system 10 may be used to navigate
any type of instrument, implant, or delivery system, including: guide wires, arthroscopic
systems, orthopedic implants, etc. Moreover, these instruments may be used to navigate
or map any region of the body. The navigation system 10 and the various instruments may
be used in any appropriate procedure, such as one that is generally minimally invasive or
an open procedure.

The navigation system 10 may include an optional imaging device 12 that is used
to acquire pre-, intra-, or post-operative or real-time image data of a patient 14.
Alternatively various imageless systems may be used or images using atlas models for

producing patient images, such as those disclosed in U.S. Patent Application No.
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10/687,539, filed 10/16/2003, entitled "METHOD AND APPARATUS FOR SURGICAL
NAVIGATION OF A MULTIPLE PIECE CONSTRUCT FOR IMPLANTATION",
herein incorporated by reference. The optional imaging device 12 is, for example, a
fluoroscopic x-ray imaging device that may be configured as a C-arm 16 having an x-ray
source 18, an x-ray receiving section 20, an optional calibration and tracking target 22 and
optional radiation sensors 24.

Image data may also be acquired using other imaging devices, such as those
discussed above and herein. The calibration and tracking target 22 includes calibration
markers 26 (see Figs. 2A-2B), further discussed herein. An optional imaging device
controller 28, that may control the C-arm 16, can capture the x-ray images received at the
receiving section 20 and store the images for later use. The controller 28 may also be
separate from the C-arm 16 and/or control the rotation of the C-arm 16. For example, the
C-arm 16 may move in the direction of arrow 30 or rotate about a longitudinal axis 14a of
the patient 14, allowing anterior or lateral views of the patient 14 to be imaged. Each of
these movements involves rotation about a mechanical axis 32 of the C-arm 16.

In the example of Fig. 1, the longitudinal axis 14a of the patient 14 is substantially
in line with the mechanical axis 32 of the C-arm 16. This enables the C-arm 16 to be
rotated relative to the patient 14, allowing images of the patient 14 to be taken from
multiple directions or about multiple planes. An example of a fluoroscopic C-arm x-ray
device that may be used as the optional imaging device 12 is the “Series 9600 Mobile
Digital Imaging System,” from OEC Medical Systems, Inc., of Salt Lake City, Utah.
Other exemplary fluoroscopes include bi-plane fluoroscopic systems, ceiling fluoroscopic
systems, cath-lab fluoroscopic systems, fixed C-arm fluoroscopic systems, isocentric C-
arm fluoroscopic systems, 3D fluoroscopic systems, etc.

In operation, the imaging device 12 generates x-rays from the x-ray source 18 that
propagate through the patient 14 and calibration and/or tracking target 22, into the x-ray
receiving section 20. It will be understood that the tracking target need not include a
calibration portion. The receiving section 20 generates image data representing the
intensities of the received x-rays. Typically, the receiving section 20 includes an image
intensifier that first converts the x-rays to visible light and a charge coupled device (CCD)
video camera that converts the visible light into digital image data. Receiving section 20

may also be a digital device that converts x-rays directly to digital image data for forming
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images, thus potentially avoiding distortion introduced by first converting to visible light.
With this type of digital C-arm, which is generally a flat panel device, the optional
calibration and/or tracking target 22 and the calibration process discussed below may be
eliminated. Also, the calibration process may be eliminated or not used at all for various
procedures. Alternatively, the imaging device 12 may only take a single image with the
calibration and tracking target 22 in place. Thereafter, the calibration and tracking target
22 may be removed from the line-of-sight of the imaging device 12.

Two dimensional fluoroscopic images that may be taken by the imaging device 12
are captured and stored in the C-arm controller 28. Multiple two-dimensional images
taken by the imaging device 12 may also be captured and assembled to provide a larger
view or image of a whole region of a patient, as opposed to being directed to only a
portion of a region of the patient. For example, multiple image data of a patient’s leg may
be appended together to provide a full view or complete set of image data of the leg that
can be later used to follow contrast agent, such as Bolus tracking.

The image data is then forwarded from the C-arm controller 28 to a navigation
computer controller or work station 34 having a display 36 and a user interface 38. It will
also be understood that the image data is not necessarily first retained in the controller 28,
but may also be directly transmitted to the navigation computer 34. The work station 34
provides facilities for displaying the image data as an image on the display 36, saving,
digitally manipulating, or printing a hard copy image of the of the received image data.
The user interface 38, which may be a keyboard, mouse, touch pen, touch screen or other
suitable device, allows a physician or user to provide inputs to control the imaging device
12, via the C-arm controller 28, or adjust the display settings of the display 36. The work
station 34 may also direct the C-arm controller 28 to adjust the rotational axis 32 of the C-
arm 16 to obtain various two-dimensional images along different planes in order to
generate representative two-dimensional and three-dimensional images.

When the x-ray source 18 generates the x-rays that propagate to the x-ray receiving
section 20, the radiation sensors 24 sense the presence of radiation, which is forwarded to
the C-arm controller 28, to identify whether or not the imaging device 12 is actively
imaging. This information is also transmitted to a coil array controller 48, further

discussed herein. Alternatively, a person or physician may manually indicate when the
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imaging device 12 is actively imaging or this function can be built into the x-ray source
18, x-ray receiving section 20, or the control computer 28.

The optional imaging device 12, such as the fluoroscopic C-arm 16, that do not
include a digital receiving section 20 generally require the optional calibration and/or
tracking target 22. This is because the raw images generated by the receiving section 20
tend to suffer from undesirable distortion caused by a number of factors, including
inherent image distortion in the image intensifier and external electromagnetic fields. An
empty undistorted or ideal image and an empty distorted image are shown in Figs. 2A and
2B, respectively. The checkerboard shape, shown in Fig. 2A, represents the ideal image
40 of the checkerboard arranged calibration markers 26. The image taken by the receiving
section 20, however, can suffer from distortion, as illustrated by the distorted calibration
marker image 42, shown in Fig. 2B.

Intrinsic calibration, which is the process of correcting image distortion in a
received image and establishing the projective transformation for that image, involves
placing the calibration markers 26 in the path of the x-ray, where the calibration markers
26 are opaque or semi-opaque to the x-rays. The calibration markers 26 are rigidly
arranged in pre-determined patterns in one or more planes in the path of the x-rays and are
visible in the recorded images. Because the true relative position of the calibration
markers 26 in the recorded images are known, the C-arm controller 28 or the work station
or computer 34 is able to calculate an amount of distortion at each pixel in the image
(where a pixel is a single point in the image). Accordingly, the computer or work station
34 can digitally compensate for the distortion in the image and generate a distortion-free
or at least a distortion improved image 40 (see Fig. 2A). A more detailed explanation of
exemplary methods for performing intrinsic calibration are described in the references: B.
Schuele, et al., “Correction of Image Intensifier Distortion for Three-Dimensional
Reconstruction,” presented at SPIE Medical Imaging, San Diego, California, 1995; G.
Champlebousx, et al., “Accurate Calibration of Cameras and Range Imaging Sensors: the
NPBS Method,” Proceedings of the IEEE International Conference on Robotics and
Automation, Nice, France, May, 1992; and U.S. Patent No. 6,118,845, entitled “System
And Methods For The Reduction And Elimination Of Image Artifacts In The Calibration
Of’X-Ray Imagers,” issued September 12, 2000, the contents of which are each hereby

incorporated by reference.
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While the optional imaging device 12 is shown in Fig. 1, any other alternative 2D,
3D or 4D imaging modality may also be used. For example, any 2D, 3D or 4D imaging
device, such as isocentric fluoroscopy, bi-plane fluoroscopy, ultrasound, computed
tomography (CT), multi-slice computed tomography (MSCT), magnetic resonance
imaging (MRI), high frequency ultrasound (HIFU), positron emission tomography (PET),
optical coherence tomography (OCT), intra-vascular ultrasound (IVUS), ultrasound, intra-
operative CT or MRI may also be used to acquire 2D, 3D or 4D pre- or post-operative
and/or real-time images or image data of the patient 14. The images may also be obtained
and displayed in two, three or four dimensions. In more advanced forms, four-
dimensional surface rendering regions of the body may also be achieved by incorporating
patient data or other data from an atlas or anatomical model map or from pre-operative
image data captured by MRI, CT, or echocardiography modalities. A more detailed
discussion on optical coherence tomography (OCT), is set forth in U.S. Patent No.
5,740,808, issued April 21, 1998, entitled “Systems And Methods For Guilding Diagnostic
Or Therapeutic Devices In Interior Tissue Regions” which is hereby incorporated by
reference.

Image datasets from hybrid modalities, such as positron emission tomography
(PET) combined with CT, or single photon emission computer tomography (SPECT)
combined with CT, could also provide functional image data superimposed onto
anatomical data to be used to confidently reach target sights within the patient 14. It
should further be noted that the optional imaging device 12, as shown in Fig. 1, provides a
virtual bi-plane image using a single-head C-arm fluoroscope as the optional imaging
device 12 by simply rotating the C-arm 16 about at least two planes, which could be
orthogonal planes to generate two-dimensional images that can be converted to three-
dimensional volumetric images. By acquiring images in more than one plane, an icon
representing the location of an impacter, stylet, reamer driver, or other instrument,
introduced and advanced in the patient 14, may be superimposed in more than one view on
display 36 allowing simulated bi-plane or even multi-plane views, including two and
three-dimensional views.

These types of imaging modalities may provide certain distinct benefits for their
use. For example, magnetic resonance imaging (MRI) is generally performed pre-

operatively using a non-ionizing field. This type of imaging provides very good tissue
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visualization in three-dimensional form and also provides anatomy and functional
information from the imaging. MRI imaging data is generally registered and compensated
for motion correction using dynamic reference frames (DRF) discussed further herein.

Positron emission tomography (PET) imaging is generally a pre-operative imaging
procedure that exposes the patient to some level of radiation to provide a 3D image. PET
imaging provides functional information and also generally requires registration and
motion correction using dynamic reference frames.

Computed tomography (CT) imaging is also generally a pre-operative technique that
exposes the patient to a limited level of radiation. CT imaging, however, is a very fast
imaging procedure. A multi-slice CT system provides 3D images having good resolution
and anatomy information. Again, CT imaging is generally registered and needs to account
for motion correction, via dynamic reference frames.

Fluoroscopy imaging is generally an intra-operative imaging procedure that

exposes the patient to certain amounts of radiation to provide either two-dimensional or
rotational three-dimensional images. Fluoroscopic images generally provide good
resolution and anatomy information. Fluoroscopic images can be either manually or
automatically registered and also need to account for motion correction using dynamic
reference frames.
Ultrasound imaging is also generally intra-operative procedure using a non-ionizing field
to provide either 2D, 3D, or 4D imaging, including anatomy and blood flow information.
Ultrasound imaging provides automatic registration and does not need to account for any
motion correction.

With continuing reference to Fig. 1, the navigation system 10 further includes an
electromagnetic navigation or tracking system 44 that includes a localizer, such as a
transmitter coil array 46, the coil array controller 48, a navigation probe interface 50, an
instrument 52 and a dynamic reference frame 54. The instrument 52 may be an any
appropriate instrument, such as an instrument for preparing a portion of the patient or
positioning an implant. The transmitter coil array 46 may also be supplemented or
replaced with a mobile localizer 46a. The mobile localizer 46a may be one such as that
described in Unofficial U.S. Patent Application Serial No. 10/941,782, filed Sept. 15,
2004, and entitled "METHOD AND APPARATUS FOR SURGICAL NAVIGATION",

herein incorporated by reference. It will be understood that the tracking system may be
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any appropriate tracking system, such as an optical localizer illustrated in phantom at 47
such as the StealthStation® TRIA™ sold by Medtronic Surgical Navigation Technology
of Louisville, CO. Other localization systems include, an acoustic, radiation etc.

Further included in the navigation system 10 may be an isolator circuit or box 55.
The isolator circuit or box 55 may be included in a transmission line to interrupt a line
carrying a signal or a voltage to the navigation probe interface 50. Alternatively, the
isolator circuit included in the isolator box 55 may be included in the navigation probe
interface 50, the instrument 52, the dynamic reference frame 54, the transmission lines
coupling the devices, or any other appropriate location. The isolator box 55 is operable to
isolate any of the instruments or patient coincidence instruments or portions that are in
contact with the patient should an undesirable electrical surge or voltage take place.

It should further be noted that the entire tracking system 44 or parts of the tracking
system 44 may be incorporated into the imaging device 12, including the work station 34
and radiation sensors 24. Incorporating the tracking system 44 may provide an integrated
imaging and tracking system. Any combination of these components may also be
incorporated into the imaging system 12, which again can include a fluoroscopic C-arm
imaging device or any other appropriate imaging device.

The transmitter coil array 46 is shown attached to the receiving section 20 of the C-
arm 16. It should be noted, however, that the transmitter coil array 46 may also be
positioned at any other location as well. For example, the transmitter coil array 46 may be
positioned at the x-ray source 18, within or atop the OR table 56 positioned below the
patient 14, on siderails associated with the table 56, or positioned on the patient 14 in
proximity to the region being navigated, such as on the patient’s chest. The transmitter
coil array 46 may also be positioned in the items being navigated, further discussed herein.
The transmitter coil array 46 includes a plurality of coils that are each operable to generate
distinct electromagnetic fields into the navigation region of the patient 14, which is
sometimes referred to as patient space. Representative electromagnetic systems are set
forth in U.S. Patent No. 5,913,820, entitled “Position Location System,” issued June 22,
1999 and U.S. Patent No. 5,592,939, entitled “Method and System for Navigating a
Catheter Probe,” issued January 14, 1997, each of which are hereby incorporated by

reference.
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The transmitter coil array 46 is controlled or driven by the coil array controller 48.
The coil array controller 48 drives each coil in the transmitter coil array 46 in a time
division multiplex or a frequency division multiplex manner. In this regard, each coil may
be driven separately at a distinct time or all of the coils may be driven simultaneously with
each being driven by a different frequency. Upon driving the coils in the transmitter coil
array 46 with the coil array controller 48, electromagnetic fields are generated within the
patient 14 in the area where the medical procedure is being performed, which is again
sometimes referred to as patient space. The electromagnetic fields generated in the patient
space induce currents in a sensor 58 positioned on or in the instrument 52. These induced
signals from the instrument 52 are delivered to the navigation probe interface 50 through
the isolation circuit 55 and subsequently forwarded to the coil array controller 48. The
navigation probe interface 50 may provide all the necessary electrical isolation for the
navigation system 10. Alternatively, the electrical isolation may also be provided in the
isolator box 55. Nevertheless, the isolator assembly 55 may be included in the navigation
probe interface 50 or may be integrated into the instrument 52, and any other appropriate
location. The navigation probe interface 50 also includes amplifiers, filters and buffers
required to directly interface with the sensors 58 in the instrument 52. Alternatively, the
instrument 52 may employ a wireless communications channel, such as that disclosed in
U.S. Patent No. 6,474,341, entitled “Surgical Communication Power System,” issued
November 5, 2002, herein incorporated by reference, as opposed to being coupled directly
to the navigation probe interface 50.

The instrument 52, as will be described in detail below, is equipped with at least
one, and generally multiple, tracking sensors 58, that may also be referred to as
localization sensors. The instrument 52 can be a handle or inserter that interconnects with
an attachment and may assist in placing an implant or in driving a portion. The instrument
52 can include a graspable or manipulable portion at a proximal end and the tracking
sensor 58 may be fixed near the manipulable portion of the instrument 52. The tracking
sensor 58 may be any appropriate tracking sensor 58 such as an optical sensor, acoustic
sensor, or an electromagnetic sensor. If the sensor 58 includes an electromagnetic sensor
the electromagnetic field generated by the transmitter coil array 46 may induce a current in

the electromagnetic sensor 58. An alternative sensor may include an optical sensor, such
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as the optical sensor 58a, and may be used in addition to or in place of the electromagnetic
sensor 58. The optical sensor may work with the optional optical array 47.

In an alternate embodiment, the electromagnetic sources or generators may be
located within the instrument 52 and one or more receiver coils may be provided
externally to the patient 14 forming a receiver coil array similar to the transmitter coil
array 46. In this regard, the tracking sensors 58 could generate electromagnetic fields that
would be received by the receiving coils in the receiving coil array similar to the
transmitter coil array 46. Other types of tracking systems include optical, acoustic,
electrical field, RF and accelerometers. Accelerometers enable both dynamic sensing due
to motion and static sensing due to gravity. An additional representative alternative
localization and tracking system is set forth in U.S. Patent No. 5,983,126, entitled
“Catheter Location System and Method,” issued November 9, 1999, which is hereby
incorporated by reference. Alternatively, the localization system may be a hybrid system
that includes components from various systems.

The dynamic reference frame 54 of the tracking system 44 is also coupled to the
navigation probe interface 50 to forward the information to the coil array controller 48.
The dynamic reference frame 54, according to various embodiments, is a small magnetic
field detector. The dynamic reference frame 54 may be fixed to the patient 14 adjacent to
the region being navigated so that any movement of the patient 14 is detected as relative
motion between the transmitter coil array 46 and the dynamic reference frame 54. This
relative motion is forwarded to the coil array controller 48, which updates registration
correlation and maintains accurate navigation, further discussed herein. The dynamic
reference frame 54 may be any appropriate tracking sensor used as the dynamic reference
frame 54 in the navigation system 10. Therefore the dynamic reference frame 54 may also
be optical, acoustic, etc. If the dynamic reference frame 54 is electromagnetic it can be
configured as a pair of orthogonally oriented coils, each having the same center or may be
configured in any other non-coaxial or co-axial coil configurations.

The dynamic reference frame 54 may be affixed externally to the patient 14,
adjacent to the region of navigation, such as on the patient’s chest, as shown in Fig. 1.
The dynamic reference frame 54 can be affixed to the patient’s skin, by way of a selected

adhesive patch and/or a tensioning system. The dynamic reference frame 54 may also be
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removably attachable to fiducial markers 60 also positioned on the patient’s body and
further discussed herein.

The dynamic reference frame 54 may also be attachéd to various boney portions
such as a femur, pelvis, cranium, or other boney portions. The movement of various
portions, such as the instrument 52, relative to these boney portions can then be
determined, even if the boney portion is also moved. This may assist in positioning an
implant or in performing a planned procedure.

Briefly, the navigation system 10 operates as follows. The navigation system 10
creates a translation map between all points in the radiological image generated from the
imaging device 12 and the corresponding points in the patient’s anatomy in patient space.
After this map is established, whenever a tracked instrument, such as the instrument 52 or
a pointing device or probe 66 is used, the work station 34 in combination with the coil
array controller 48 and the C-arm controller 28 uses the translation map to identify the
corresponding point on the pre-acquired image or atlas model, which is displayed on
display 36. This identification is known as navigation or localization. An icon
representing the localized point or instruments are shown on the display 36 within several
two-dimensional image planes, as well as on three and four dimensional images and
models.

To enable navigation, the navigation system 10 must be able to detect both the
position of the patient’s anatomy and the position of the instrument 52 or attachment
member attached to the instrument 52. Knowing the location of these two items allows
the navigation system 10 to compute and display the position of the instrument 52 in
relation to the patient 14. The tracking system 44 is employed to track the instrument 52
and the anatomy simultaneously.

The tracking system 44, if it is using an electromagnetic tracking assembly,
essentially works by positioning the transmitter coil array 46 adjacent to the patient space
to generate a low-energy magnetic field generally referred to as a navigation field.
Because every point in the navigation field or patient space is associated with a unique
field strength, the electromagnetic tracking system 44 can determine the position of the
instrument 52 by measuring the field strength at the tracking sensor 58 location. The
dynamic reference frame 54 is fixed to the patient 14 to identify the location of the patient

in the navigation field. The electromagnetic tracking system 44 continuously recomputes
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the relative position of the dynamic reference frame 54 and the instrument 52 during
localization and relates this spatial information to patient registration data to enable image
guidance of the instrument 52 within and/or relative to the patient 14.

Patient registration is the process of determining how to correlate the position of
the instrument 52 relative to the patient 14 to the position on the diagnostic or pre-acquired
images. To register the patient 14, a physician or user 67 may use point registration by
selecting and storing particular points from the pre-acquired images and then touching the
corresponding points on the patient’s anatomy with the pointer probe 66. The navigation
system 10 analyzes the relationship between the two sets of points that are selected and
computes a match, which correlates every point in the image data with its corresponding
point on the patient’s anatomy or the patient space. The points that are selected to perform
registration are the fiducial markers or landmarks 60, such as anatomical landmarks.
Again, the landmarks or fiducial points 60 are identifiable on the images and identifiable
and accessible on the patient 14. The landmarks 60 can be artificial landmarks 60 that are
positioned on the patient 14 or anatomical landmarks that can be easily identified in the
image data. The artificial landmarks, such as the fiducial markers 60, can also form part
of the dynamic reference frame 54, such as those disclosed in U.S. Patent No. 6,381,485,
entitled “Registration of Human Anatomy Integrated for Electromagnetic Localization,”
issued April 30, 2002, herein incorporated by reference.

The system 10 may also perform registration using anatomic surface information
or path information as is known in the art. The system 10 may also perform 2D to 3D
registration by utilizing the acquired 2D images to register 3D volume images by use of
contour algorithms, point algorithms or density comparison algorithms, as is known in the
art. An exemplary 2D to 3D registration procedure, is set forth in U.S. Serial No.
60/465,615, entitled “Method and Apparatus for Performing 2D to 3D Registration” filed
on April 25, 2003, hereby incorporated by reference.

In order to maintain registration accuracy, the navigation system 10 continuously
tracks the position of the patient 14 during registration and navigation. This is because the
patient 14, dynamic reference frame 54, and transmitter coil array 46 may all move during
the procedure, even when this movement is not desired. Therefore, if the navigation
system 10 did not track the position of the patient 14 or area of the anatomy, any patient

movement after image acquisition would result in inaccurate navigation within that image.
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The dynamic reference frame 54 allows the electromagnetic tracking device 44 to register
and track the anatomy. Because the dynamic reference frame 54 is rigidly fixed to the
patient 14, any movement of the anatomy or the transmitter coil array 46 is detected as the
relative motion between the transmitter coil array 46 and the dynamic reference frame 54.
This relative motion is communicated to the coil array controller 48, via the navigation
probe interface 50, which updates the registration correlation to thereby maintain accurate
navigation.

The navigation system 10 can be used according to any appropriate method or
system. For example, pre-acquired images, atlas or 3D models may be registered relative
to the patient and patient space. Generally, the navigation system allows the images on the
display 36 to be registered and accurately display the real time location of the various
instruments, such as the instrument 52, and other appropriate items, such as the pointer 66.
In addition, the pointer 66 may be used to register the patient space to the pre-acquired
images or the atlas or 3D models. In addition, the dynamic reference frame 54 may be
used to ensure that any planned or unplanned movement of the patient or the receiver array
46 is determined and used to correct the image on the display 36.

With reference to Fig. 3, the instrument 52 may be any appropriate instrument such
as an inserter, an impactor, a driver, or combinations thereof. An attachment member may
be attached to the instrument 52 for various purposes. An inserter may be used to insert an
attachment such as an implant including an acetabular implant or cup 80 that includes a
rim 81. The instrument 52 may also be a driver for driving an attachment such as an
acetabular reamer 82 that includes a rim or edge 83.

The instrument 52 generally includes an engagement end 84 that is operable to
engage the attachment member, such as the implant 80 or the reamer 82. The engagement
end 84 may be any appropriate engagement such as an externally threaded portion 86.

The engagement end 84 generally extends from a manipulable or graspable portion 87.
The graspable portion 87 may also include an impaction area 88 that may be used to
impact the implant 80. Alternatively, the graspable portion 87 may be coupled to a
selected drive instrument to drive the attachment member, such as the reamer 82. Various
mechanisms may be used to transfer the driving force from the graspable region 87 to the

engagement end 84 such as with linkages, flexible drive shafts, and the like. Regardless,
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the engagement end 84 may be driven in a selected manner to operate the reamer 82 for
selected purposes, such as those described herein.

A shaft 90 may extend between the graspable portion 87 and the engagement
portion 84. The shaft 90 may include various segments such as a first angle segment 92,
an offset segment 94 and a second angle segment 96 and a final segment 98. The final
segment 98 may be substantially aligned with the handle portion 86 or may be offset
therefrom. For example, the graspable portion 87 may define an axis 87a and the final
segment 98 an axis 98a. A distance A may be a distance between the two axes 87a and
98a. Also, the axis 98a of the final segment 98 may be angled relative to the axis 87a of
the graspable portion 87. Further, the offset section 94 may be substantially offset, by
either an amount equal to, less than or greater than the final segment 98 relative to the
graspable portion 87. Regardless, the shaft 90 may be linear or non-linear and/or
substantially offset for various purposes.

The angle sections 92, 96 are provided to position the offset section 94 and the
final segments 98 in an appropriate orientation relative to the graspable portion 87. The
shape of the shaft 90 may be any appropriate shape, size, dimension or the like for various
purposes. For example, the shaft 90 may be formed in an appropriate orientation to assist
in providing a optimal viewing of a surgical area, positioning relative to soft tissue, or the
like of the instrument 52. For example, when positioning the implant 80 relative to an
acetabulum it may be desirable to provide clearance around various soft tissues and bony
structures to reduce an invasiveness of a procedure for positioning the implant 80. It will
be understood that various other purposes may be provided for including the shaft 90 in a
selected orientation.

The instrument of 52 may include the electromagnetic tracking sensor 58. It will
be understood that although the following discussion is related generally to an
electromagnetic tracking sensor 58, other tracking sensors, such as the optical tracking
sensor 58a, may also be used in addition or alternatively to the tracking sensor 58. As
mentioned above the tracking sensor 58 may transmit its position in patient space.

The tracking sensor 58 may be affixed to the instrument 52 in any appropriate
manner. The tracking sensor 58 may include a clamp 102 to clamp the tracking sensor 58
to the instrument. The tracking sensor 58 may be affixed to the instrument 52 in any

appropriate orientation that may either be keyed or specific or substantially random and
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may be registered or calibrated after being attached to the instrument 52. Therefore, the
tracking sensor 58 may also fit into a threaded portion, keyed portion, or the like on the
instrument 52 to hold the tracking sensor 58 in a selected position. Also, the tracking
sensor 58 may be provided integrally formed with the instrument 52 or may be affixed to
the instrument 52 during an operative procedure.

The tracking sensor 58, however, may be interconnected with any appropriate
instrument. It will be understood that the tracking sensor 58 may be affixed to any
instrument in any appropriate manner, such as with the clamp 102 or other appropriate
mechanism. Thus the tracking sensor 58, and the method described herein, may be used
with any appropriate instrument. This allows the system to be very flexible and
interchangeable for use by a plurality of users and preferences.

The tracking sensor 58 positioned on the instrument 52 is generally held at a fixed
position relative to the engagement portion 86 of the instrument 52. Therefore, the
navigation system 10 may be used to determine a position of the engagement end 86 or
attachment member to the engagement end 86 by reference to the tracking sensor 58.
Tracking the instrument 52 may be performed according to any appropriate apparatus or
method, such as those described above.

With reference to Fig. 4, thé probe 66 is illustrated relative to the instrument 52
once the cup 80 is affixed thereto. As described herein the cup 80 may be affixed to the
engagement end 86 of the instrument. The probe 66 may then be used to define various
portions on the cup 80. The probe 66 may be any appropriate probe and may also include
a tracking sensor 58. Further, it will be understood that the probe 66 may be any
appropriate probe that may include the optical sensor 58A, an acoustic sensor or the like.
The probe 66 may include any appropriate sensor that is operable to work with the
tracking system 44 to determine a position of the probe 66 or a portion of the probe 66.

With reference to Figures 4 and 5, a method of calibrating the selected attachment
member, such as the cup 80, relative to the instrument 52 will be described. It will be
understood that any appropriate attachment member, such as the reamer 82, or any other
member may be registered relative to the instrument 52 may be provided. The instrument
52 may also be any appropriate instrument and may be provided for interconnecting with
any selected portion such as any appropriate implant, including orthopedic implants such

as hip implants, shoulder implants, spinal implants, knee implants, or the like. Therefore,
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the description of the method relative to the cup 80 is merely exemplary and not intended
to limit the teachings herein.

Once the cup 80 has been attached to the instrument 52 in any appropriate manner,
such as interconnecting the cup 80 with the attachment section 86 using threads, the cup
80 may be calibrated and/or registered relative to the tracking sensor 58 attached to the
instrument 52. The probe 66 may be used to interact with the cup 80 and the tracking
sensor 58 with the tracking system 44 to determine a plane Y of the cup 80. The plane Y
may be determined according to any appropriate method, such as those described herein.
Regardless, the tracking system 44 is operable to determine a position of the plane Y
relative to the cup 80 for assisting in tracking the cup 80 when moved with the instrument
52. Further, a vector or line X may be determined by various methods in addition to
determining the plane Y of the cup 80. The tracking system 44 alone, a user alone, or both
together may be used to calculate the plane Y and the vector X.

The plane Y, generally defined by a rim or portion of the cup 80 can be defined by
three points Yi, Y2, Y3. The upper portion of the cup 80 generally defines the plane Y. In
this way the plane Y can be used to determine a position of the cup 80 relative to the
instrument 52 for tracking in patient space. For example the navigation system 10 can use
the plane Y to determine a depth of the cup 80 during an implantation procedure. The
vector X can be used to determine an orientation or position of the cup 80, also in patient
space. The vector X can be any appropriate vector and the relative movement of the
vector X to the patient 14 can be determined. The point X; may be any point on the cup
80 and may be an apex such that a depth of the cup 80 may also be determined. The
vector X is generally defined normal to the plane Y through the point Xj.

With reference to Fig 5, a general calibration method 130 is illustrated. The
method 130 may be used to determine a plane of the cup 80. Generally, the method 130
starts at block 132. The instrument is selected in block 134 that may include the impaction
handle as the instrument 52. It will be understood that any appropriate instrument may be
selected such as a driver for driving the reamer 82 or driving any appropriate portion, such
as rasp or for impaction of any appropriate implant. Further, the instrument selected in
block 134 may include a generally non-linear configuration. Also, a size of an attachment

member may be a part of the selection process. For, example, a plurality of the cups 80
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may be provided, each of differing sizes. Regardless, the instrument is selected for
performing a selected procedure.

A sensor, optionally, may be attached to the instrument. For example, the tracking
sensor 58 may be attached to the instrument 52. It will be understood, however, that the
instrument 52, such as discussed above, may include an integral sensor and not need a
sensor attached thereto. Regardless, a sensor may be attached to the instrument 52 if
necessary.

After the tracking sensor 58 is attached to the instrument 52 in block 136, the
instrument 52 may be sensed or located with the tracking system 44 in block 138. It will
be understood that the instrument 52 need not be located at this time and may be done
later, but it may be helpful to locate the instrument 52 after attaching the sensor in block
136. Next, the cup is selected in block 140. As discussed above, the cup may be any
appropriate attachment member, such as a reamer or an appropriate implant, including the
acetabular cup 80. The acetabular cup 80 is merely exemplary and not intended to limit
the teachings herein.

Further, the cup 80 may be any appropriate cup, such as a large, small, or any
appropriate size cup. Further, the cup may include a plurality of cups each having distinct
sizes. For example, a tray or plurality of cups may include various diameters that range
from about 20 mm to about 70 mm. Further, the cups may include depths that range in
any appropriate depth. Therefore, the cup selected in block 140 may be any appropriate
cup, such as one selected for a specific procedure or a specific patient. Also the cup
selected may be a planned cup for selection or one selected after a trialing procedure.
Regardless, the cup may be any appropriate cup that is selected for use in a procedure.
The cup 80 may then be attached to the instrument 52 in block 142. The cup 80 may be
attached to the instrument 52 in any appropriate manner, such as a thread, locking ring,
press fit or the like. It will be understood that the cup 80 may be attached to the
instrument 52, or any appropriate cup and instrument combination, in an appropriate
manner. Generally, the cup 80 is attached to the instrument 52 to allow for implantation
of the cup 80 and subsequent removal of the instrument 52 after implanting the cup 80.

Once the cup 80 is attached to the instrument 52 in block 142, the plane of the cup
Y may be determined in block 144, according to any appropriate method, such as those

discussed herein. The plane of the cup Y may be determined in any appropriate manner,
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such as those discussed herein, for use in navigating the cup 80 relative to the patient 14.
The plane of the cup Y may generally be a plane defined by the upper rim 81 of the cup 80
and generally defines a proximal edge of the cup. The rim 81 also generally defines an
opening or entrance into the cup 80 and defines an edge that may interact with an edge or
surface of a boney portion, such as a prepared acetabulum of the pelvis. The plane Y may
assist in navigating the cup 80, such as assisting the navigation system 10 in determining a
position of the cup 80 relative to the patient 14 during a navigated procedure.

Once the plane Y is determined in block 144, a vector or line X emanating from
the cup in block 146 may be determined, according to any appropriate method such as
those discussed herein. The vector X may be any appropriate vector defined through the
plane Y and generally is substantially normal to the plane Y. Although the vector X may
be normal to the plane Y, the vector X may be any appropriate vector for use in the
navigation system 10. The vector X merely provides a reference vector relative to the
instrument 52 and/or patient 14 for movement of the instrument 52 and the cup 80.
Therefore the vector X may any appropriate vector X and is used merely for reference in
determining a relative position of the cup 80 relative to the patient 14 and the tracking
sensor 58 for navigating the cup 80.

Once the plane of the cup Y is determined block 144 and the vector X is
determined in block 146, the cup 80 may be navigated in block 148. The navigation of the
cup 80 in block 148 may be for any appropriate purpose such as implanting the cup in
block 150. The implantation of the cup 80 into the patient 14 in block 150 may be any
appropriate implantation. The cup 80 may be implanted into a prepared acetabulum that
may be prepared with a reamer, such as the reamer 82. It will be understood that the
reamer 82 may be registered relative to the instrument 52 in a manner similar to the
registration of the cup 80. The reamer may be attached to the instrument 52 or any
appropriate instruments, such as the driver, and registered relative to the tracking sensor
58 affixed to the driver. Therefore, it will be understood that a discussion of the
registration of the cup 80 is merely exemplary and not intended to limit the teachings
herein.

With reference to Fig. 6 and additional reference to Figs. 4 and 5, a method of

determining the plane of the cup Y and determining the vector of the cup X will be further
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described. It will be understood that the method 160 illustrated in Fig. 6 is merely
exemplary and not intended to limit the teachings herein.

Once the cup 80 and the tracking sensor 58 have been attached to the instrument,
such as in blocks 136 and 142, the plane of the cup Y may be determined in block 144,
such as the plane Y, and a vector determined in block 146, such as the vector X, according
to the method 160. Initially, touching at least the three points Y;, Y5, and Y3 on the rim of
the cup 80 with the probe 66 is performed in block 162. As the user is touching the probe
66 to various points on the rim 81 of the cup 80, the probe 66 can be tracked with the
tracking system in block 164. The points touched on the rim 81 may be any appropriate
points on the rim 81, such as Y, Y2, and Y3, of the cup 80. The points may, however, be
spread substantially equally around the rim of the cup 81 for calculation efficiencies and
accuracy.

The user in touching the probe 66 to the plane defining points Y1, Y2, and Y3 on
the cup allows the tracking system 44 to determine points on the cup 80. The points Y1,
Y2, and Y3, on the rim of the cup may be determined in block 166. The points on the rim
of the cup 81 may be any appropriate points and the points may be determined in block
166 by the navigation system 10 including the workstation 48 or any appropriate system.
As discussed above because the probe 66 is tracked by the tracking system 44 with the
tracking sensor 58 points touched by the probe are known or can be determined by the
tracking system 44. Alternatively, the points may be determined by a user, such as
touching points on the display 36 or any appropriate method including those described
herein.

After the points have been determined in block 166, a plane defined by the points
may be determined in block 168. The plane determined in block 168 may be a plane that
defines the rim 81 of the cup 80. That is, the plane Y determined by the points Yy, Y5, and
Y3, generally defines a flat plane or surface upon which the rim 81 may rest. It will be
understood that generally the rim 81 is substantially defined in a single plane.

Nevertheless, it will be understood that the rim 81 may include a raised or non-
planar rim and the configuration of the non-planar rim may also be determined by use of
the method 150. Rather than determining the single plane Y, a plurality of points may be
touched on the rim 81 to substantially map the entire surface of the rim 81. For example,

the probe 66 may be drawn along the entire length or circumference of the rim 81 such
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that a mapping of the rim 81 may be performed. Regardless, if the rim 81 lies
substantially in a single plane touching at least three points allows for a determination of
the plane Y defined by the three points and, therefore, a plane defined by the rim 81 in
block 168.

Once the plane Y has been determined in block 168, either by the user or by the
tracking system 44, at least one additional or confirmation point may be touched on the
rim 81 in block 170 with the probe 66. The probe may tracked in block 172 as the user
touches the confirmation point on the rim 81. The tracking system may then determine the
confirmation point touched on block 174. The confirmation point touched on block 170
and determined in block 174 should generally lie on the plane Y dgtermined in block 168.
Therefore, touching the additional points in block 170 acts as a check or a confirmation on
the plane determined in block 168. Therefore, a determination block 176 includes
determining whether the confirmation point in block 174 lies on the plane determined in
block 168. If the determination is No in block 178, then additional points are touched in
block 162 and the process is repeated until the Yes determination in block 180 is reached.
Therefore, the plane Y determined in block 168 can include a confirmation step to ensure
that the plane is proper and actually defines the plane of the rim 81.

Once the plane determined in block 168 is confirmed in block 180, an additional or
vector point X; may be touched on the dome of the cup 80 in block 182. The vector point
X1 may be touched on the dome of the cup 80 with the probe 66 and the probe may be
navigated in block 184. The navigation system 10 may determine the point touched in
block 186 so that an additional point on the dome of the cup may be determined relative to
the plane Y defining the rim of the cup 81. The vector point X, determined in block 186
may be used to determine a vector X through the plane Y in block 188. The point X; may
be used to define an origin of the vector X that is normal to the plane Y. The vector X
may be determined by a processor, such as one in the workstation, or by the user.

The vector X extending from the vector point X; touched on the dome of the cup through
the plane Y may be any appropriate vector. For example, the additional point touched in
block 182 may be a point substantially defining an apex or top of the cup 80 such that the
vector X is substantially through a center of the cup 80. In this situation the vector point
X1 may also be used to determine a depth of the cup 80 as well. That is the point X; may

also be used to define a distance from the plane Y that would be equivalent to the depth of
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the cup 80. Regardless, the plane Y and the vector X are generally used to determine a
position of the cup 80 relative to the tracking sensor 58 for navigation of the instrument 52
and the cup 80 relative to the patient 14. Therefore, the vector X may be any appropriate
vector and it is merely used to determine the orientation of the cup 80 relative to the
patient 14.

Nevertheless, if the additional point determined in block 186 substantially defines
an apex or top of the cup 80, the additional point determined in block 186 may be used to
define a depth of the cup 80. Alternatively, or additionally, a known depth of the cup 80
may be entered into the tracking system 44 such that the tracking system 44 is
programmed or has entered into it the depth of the cup 80. Therefore, the depth of the cup
need not be determined with the point in block 186 but is known and entered into the
tracking system 44 or may be stored in the system and recalled by a user or automatically
by the tracking system 44.

Further, any appropriate member may be then be interchanged with the cup 80 on
the instrument 50. Because the plane Y defines a plane of the rim 81, any other cup,
reamer, or other appropriate member that is equivalent to the cup 80, may be positioned on
the instrument 52 after the plane Y has been determined. The additional or alternative
cups may include a different diameter but a substantially equivalent depth such that the
plane Y determined in block 168 may also define a plane of a larger diameter cup due to
the fact that the rim of the additional cup is positioned in a substantially similar spot as the
rim 81 of the cup 80. If the cup 80 is changed or a different member, such as the reamer,
is attached to the instrument simply determining or entering into the tracking system 44 a
dimension of the changed cup may allow the tracking system 44 to determine a position of
the plane Y and the vector X by doing a transformation calculation. Various changes may
be made for procedures such as trialing various cups or gradually increasing the size of a
reamer.

Once the plane Y and the vector X is determined with the first attachment member
the tracking system 44 may automatically transform the position of the plane Y and the
vector X depending upon a changed attachment member. The transformation, for
example, may include moving the defined plane 1 mm closer to the tracking sensor 58

along the axis 98a. Regardless of the transformation performed it will be understood that
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the physical calibration process may be performed, once and may then be used to calibrate
any subsequent attachment member.

The various other attachment members may include cups 80 of various sizes. As
discussed above the plurality of cups 80 may be provided in a kit of varying depths. Once
the first cup 80 has been calibrated the remaining cups need not be recalibrated according
to the method 150, but may use the defined plane Y and vector X that are transformed by
the tracking system according to appropriate algorithms or methods. For example, the
various cups 80 may be provided in a look-up table and the user selects the attached cup
and the tracking system may appropriately transform the determined plane Y and vector
X.

Further, the additional points touched in block 182 may be transformed to define a
three dimension cup, when the cup is generally symmetrical. A cup including a large
diameter would merely have the point moved out on a radius from a center of the cup the
increased distance or the differential in the radius of the cup that is changed. Therefore,
once the plane Y is defined relative to the tracking sensor 58, the cup may be changed for
any appropriate purposes, such as trialing an implantation, selecting a different size cup, or
the like. Regardless, a determination of the plane need not occur again after determining
the plane Y.

The method 150 in conjunction with the method 160 or any appropriate
combination can be used to digitize at least a portion of the cup 80 or any appropriate
attachment member relative to the instLument 50. Further, the instrument 52 can be in any
appropriate orientation, such as having the offset shaft 90, a straight shaft or any other
orientation. The plane Y is created by digitizing various points on the attachment
member, such as the cup 80, rather than relying on a pre-known or known orientation of
the cup relative to the instrument 52. Therefore, the instrument 52 can be used with any
appropriate attachment member, such as the cup 80, without previously knowing a size,
orientation, geometry, or the like of the instrument 52. Rather, the tracking sensor 58,
being attached to the instrument 52 in a fixed position, can be used to register or calibrate
the position of the cup 80 relative to the tracking sensor 58 for use in a navigation
procedure. Further, any attachment member, other than the cup 80, may be digitized into

the system 10 using the determination techniques.
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Further, various other geometries of the cup 80 may be determined. For example,
the probe 66 may be used to trace a surface of the cup 80 such that the entire geometry of
the cup 80 can be known by the navigation system 80 and may be digitized for display on
the display 36. For example, a plurality of longitudes may be traced with the probe 66 and
the tracking system 44 including the workstation 48, may determine a shape and size of
the cup 80 for display.

Further, a single line may be drawn on the surface of the cup 80 and the
workstation may extrapolate the entire geometry of the cup 80. For example, if the cup 80
is generally symmetrical such that a single line drawn from an apex of the cup 80 to the
rim 81 of the cup 80, the line may be rotated, either in real space or computer space, to
create an entire surface of the dome of the cup 80 for display on the display 36. That is,
the line may be drawn from the center point to the rim 81 of the cup and the center point
may be used to determine a central axis of the cup 80 so that rotation around the axis
through the center point of the line defining a lie on the dome of the cup 80, will
substantially define a three dimensional shape of the cup 80. The rotation of the cup 80
may be either real or virtual.

Determining the three-dimensional shape and dimensions of the cup 80, in addition
to the methods described above, may also include preacquired or stored dimensions of the
cup 80. For example, the cup 80 may be known to have a selected depth, diameter,
thickness and the like. The known dimensions of the cup 80 may be stored in memory
system accessible by a processor, such as the one in the workstation 48. Therefore, a user
may determine the plane and vector according to the methods described above or any
appropriate method, and then select from the memory system the particular cup attached to
the instrument 52. Therefore, the processor having access to the stored dimensions of the
cup 80 may then illustrate the dimensions of the cup 80 relative to the patient 14 on the
display 36 in the form of an icon or graphical rendering.

Also, the instrument 52 may be calibrated relative to the tracking sensor 58 affixed
to the instrument 52. For example, the distal portion of the engagement end 86 may be
touched with a probe 66 and the point determined relative to the tracking sensor 58 in a
method similar to that described above. Therefore, a determination of the distal end of the
instrument 52 may be known relative to the tracking sensor 58. The tracking system 44

may use this information in conjunction with the known or determined information of the
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cup 80 to determine a position of the cup 80 relative to the patient 14 during the navigation
of the cup 80 for implantation.

Although the method 150 may be used with any appropriate cup, various cups may
include selected points to be touched by the probe 66 for various purposes. For example,
the cup 80 may include divots or marked spots that can be used for precise determination
of a particular cup. For example, a cup may include a divot that, when used in the
navigation system, allows for the processor to automatically determine the type of cup,
including its dimension, size, and the like, from a look-up table stored in the memory
system. Further, various portions on the cup may be chosen to be determined for
navigation of the system. For example, various screw holes, fixation spikes, high points
and the like may be determined with the navigation system 10 to assist in positioning and
implanting the cup 80.

Further, with reference to various other portions such as the reamer 82, it may be
desirable to pass the reamer 82 through the patient 14 and adjacent various soft tissues
portions in a selected manner. Therefore, various regions of the cup may be selected or
digitized by touching them with the probe 66 so that while passing the reamer portion 82
through the soft tissue, the reamer 82 may be oriented in a selected position to assist in
assuring the appropriate orientation of the reamer 82 relative to the soft tissues.

Further, as discussed above, the plane Y may be substantially similar for each of the cups
that may be positioned on the instrument 52. Therefore, the work station 48 may be used
to transform the dimensions of the cup 80 or any cup selectively affixed to the instrument
52 while maintaining or using the plane Y for determining a position of the cup 80 relative
to the instrument 52. Therefore, procedures may be performed more efficiently by quickly
allowing the computer to alter the acquired or known dimensions without specifically
requiring various points defined by the surface of the cup 80. This is assisted in that the
tracking sensor 58 is not moved once the calibration begins and the plane Y is determined.

With reference to Figs 7A-7C, various amounts of information may be determined
or illustrated on the display 36 according to the method employed. For example, with
reference to Fig 7A, using the method illustrated in method 150 and 160, the plane Y may
be determined relative to the vector X and the information of vector X relative to any
appropriate portion may be used for navigating the implant, such as the cup 80 or the

reamer, or any appropriate member relative to the patient 14. Various other pieces of
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information, however, may not be displayed or required such as a specific depth or
diameter of the cup or reamer. Although the depth of the cup or reamer may be
determined, the information regarding the surface defined by the plane Y and the vector X
may be the only information to perform the navigation of the portion relative to the patient
14. The plane y and the vector X may be displayed as icons on the display 36 for viewing
by a user. The icons may be superimposed over the images of the patient for navigation of
the cup 80.

With reference to Fig 7B, however, the distance or depth D which may define a
depth of the implant 80 may also be determined. The depth D may be used to illustrate or
represent the implant 80 on the display 36 or may simply be defined as a point showing a
final depth or a depth of the implant 80. Further, the plane Y may merely be defined as a
surface defined as the rim 81 of the cup 80. Further, the vector X may be determined as
extending from the point X;, which can be the apex of the cup 80, and through the plane Y
at a point X'. This allows for a determination of the depth of the cup 80 for determining an
appropriate position of the cup 80 or an appropriate reamer depth. It will also be
understood that the depth D may be determined from pre-acquired or stored dimensions of
the cup 80 from known or selected cups or other parts, such as the reamer 82, for the
procedure. All of this information may also be displayed on the display 36. Icons may be
produced representing the plane Y, vector X, and the apex or depth D that may be
superimposed over the images of the patient. This may assist a user in navigating the cup
80.

With reference to Fig 7C, a graphical representation of the cup 80 may be
illustrated in addition to the vector X that passes through the plane Y at point X'. Further,
the depth D may also be shown on the display 36 by either determining the apex of the
implant 80 or determining the appropriate implant 80 for display on the display 36.
Further, other portions, such a screw hole 190 may be displayed on the display 36 by
registering or calibrating the position of the screw hole 190 of the cup 80 for display on
the display 36. As discussed above, the screw hole 190 may be determined by using the
probe 66 to touch the screw hole 190 or a known orientation of the implant 80 relative to
the instrument 52 and knowing the specifics of the dimensions of the implant 80 may also
be used to determine the position of the screw hole 190. The rendering of the cup 80,

including various portions such as the holes 190 may also be superimposed on the images



10

15

20

25

30

WO 2006/060107 PCT/US2005/039928

28

of the patient on the display 36. The rendered image may be used to assist in navigating
the cup 80.

Therefore, the methods according to various embodiments may be used to
determine various amounts of information regarding the implant 80 and its navigation
relative to the patient 14 for various purposes. For example, a procedure may be
performed in determining only the plane Y and the vector X while other uses or users may
desire to have a complete rendering or representation of the implant 80.

Various other methods may be used to determine various types of information
regarding the implant, such as the cup 80. For example, in addition to or in the alternative
to touching various points on the cup 80 after it has been attached to the instrument 52, the
cup 80 may be digitized using various imaging techniques. For example, the cup 80 may
be affixed to the instrument 52 including the tracking sensor 58. With reference to Fig. 4,
at least images along two different axes may be acquired of the implant 80 affixed to the
instrument 52. The images acquired of the implant 80 may be substantially two
dimensional images that may be acquired using various imaging techniques such as digital
photography and the like. The processor, such as the one in the workstation 48, may
transform the two dimensional images taken along the two axes, or at least two axes of the
implant 80, into a substantially three dimensional (3D) digitized image. The 3D digitized
image may then be used to determine the plane Y and the vector X.

The transformation of the 2D images to 3D images or image data are generally
known in the art and not described in detail herein. However, the tracking system 44 may
use the digitized image for display on the display 36 and for determining the various
information, such as the plane Y and the vector X. This information relative to the
tracking sensor 58 may be used to determine the position of the implant 80 as it is being
moved with the instrument 52 to navigate the procedure. Further, the digitized image may
be confirmed based upon stored or known dimensions, orientations, and the like of the cup
80. The known dimensions may be used to confirm the digitized image for use in the
procedure. Also a user may use an input device, such as a mouse, to determine points on
the digitized image to define the pane Y and the vector X.

Further, various techniques may be used to determine points on the surface of the
dome of the cup 80. For example, screw-holes, fixation points, edges of the rim 81 and

the like may be determined using the various edge recognition techniques.
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Therefore, it will be understood that the digitization, including various amounts of
information, may be determined using various techniques so that the instrument 52 may be
provided in any appropriate orientation, such as one that is straight or non-linear, for
various purposes. The navigation system alone may be used with the instrument, such as
probe 66, to determine various points to define a plane and vector of the cup 80. Various
techniques may be employed, such as tracing the cup, image transformation techniques,
and the like may be use used to digitize an image of the cup 80 for display on the display
36. Regardless, the various methods that may be used to determine orientation and
position of the cup 80 on the instrument 52. The determined information, such as the
plane Y and the vector X may be used while tracking the instrument 52 to navigate the cup
80.

Further, it will be understood that the use of the cup 80 is merely exemplary and
the reamer 82 may also be used. For example, the reamer 82 may be affixed to the
instrument 52 and the technique similar to that used to determine a position cup may be
used to calibrate a position of the reamer 82 relative to the tracking sensor 58. The
instrument 52 may then be tracked and the reamer 82 may be navigated relative to the
patient 14. Further, various other implants may also be calibrated to the instrument 52 and
navigated in a similar manner. For example, a hip stem implant may be affixed to the
instrument 52 and various portions of the implant, such as an exterior surface, an axis, a
position of various portions, and the like may be determined to assist in navigation of the
implant relative to the patient 14. Further, the navigation techniques and the determination
of various parts, such as the plane Y and the axis X may be used to navigate the various
parts, such as the cup 80, when the cup 80 cannot be viewed by the user.

Further areas of applicability of the present teachings will become apparent from the
detailed description provided above. It should be understood that the detailed description
and specific examples, while indicating various embodiments, are intended for purposes of

illustration only and are not intended to limit the scope of the teachings.
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CLAIMS
What is claimed is:
L. A system to navigate an instrument relative to a portion of a patient’s

anatomy, comprising:

an instrument including an engaging end, a working end, and a shaft
extending between said engaging end and said working end;

a member selectively engageable to said engaging end such that said
member is operable to be engaged and disengaged from said engaging end,;

a first tracking sensor interconnected with said instrument; and

a tracking system operable to track said first tracking sensor;

wherein said tracking system is operable to determine an orientation of said
member relative to said first tracking sensor when said member is engaged to said
engaging end;

wherein said engaging end defines a first axis that is non-coaxial with a

second axis defined by said working end.

2. The system of Claim 1, further comprising:
a probe having a second tracking sensor;
wherein said first tracking sensor and said second tracking sensor can be

tracked relative to one another.

3. The system of Claim 1, further comprising:
an imaging system operable to obtain image data of the patient; and
a display to display an image of the patient based upon the image data and a

rendering of the member.

4. The system of Claim 1, wherein said instrument is selected from a group

comprising an impactor, a driver, an inserter, a handle, or combinations thereof.

5. The system of Claim 1, wherein said member is selected from a group

comprising an implant, a tool, a rasp, a reamer, a drill, an acetabular implant, an acetabular
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reamer, a femoral implant, a femoral rasp, a tibial implant, a humeral head implant, a

glenoid reamer, or combinations thereof

6. The system of Claim 1, wherein said member includes an acetabular

implant operable to be positioned into an acetabulum of the patient’s anatomy.

7. The system of Claim 1, wherein said member includes a reamer operable to

interconnect with said instrument to ream an acetabulum of the patient’s anatomy.

8. The system of Claim 1, wherein member includes a plurality of members
each having a unique dimension, wherein each of the unique dimensions are stored in a

memory system accessible by a processor.

9. The system of Claim 1, wherein said first tracking sensor is integral with

said instrument.

10.  The system of Claim 2, wherein at least one of said first tracking sensor or
said second tracking sensor is selected from a group comprising an optical sensor, an
electromagnetic sensor, an acoustic sensor, a radiation sensor, gravimetric sensor, or

combinations thereof.

11.  The system of Claim 2, wherein said member defines a portion operable to
be selectively touched with said probe to determine a point in image space relative to said

first tracking sensor of said portion.

12.  The system of Claim1, wherein said tracking system is operable to
determine at least a portion of a geometry defined by said member including a plane

defined by said member.

13.  The system of Claim 12, wherein said member is an acetabular implant and

said plane is defined by a rim of said acetabular implant.
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14.  The system of Claim 1, wherein at least a portion of a geometry defined by

said member includes a vector extending through a plane defined by said member.

15.  The system of Claim 14, wherein said tracking system is operable to

determine an angle between said vector and said patient.

16.  The system of Claim 14, wherein said vector originates at a point
substantially at an apex of the member wherein a distance between the point and the plane

define a depth of said member.

17.  The system of Claim 1, wherein said member includes a plurality of
members each including a unique dimension.
/
18.  The system of Claim 17, wherein said plurality of members includes a"

plurality of at least one of acetabular implants or reamers each including a unique depth.

19.  The system of Claim 1, wherein said member includes indicia.

20.  The system of Claim 1, wherein said first tracking sensor is removeably

coupled to said instrument.

21. A method of determining a position of a first member relative to an
instrument, comprising:
interconnecting a first tracking sensor with the instrument;
interconnecting the first member with the instrument;
determining at least three points on a portion of said member;
determining a plane of the first member based at least in part upon the
determined three points; and

determining a vector of the first member through the plane.
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22.  The method of Claim 21, further comprising:
tracking a second tracking sensor interconnected with a probe relative to

the first member after the first member is interconnected with the instrument.

23.  The method of Claim 22, wherein at least one of said first tracking sensor
and said second tracking sensor is selected from a group comprising an acoustic tracking
sensor, an electromagnetic tracking sensor, a radiation tracking sensor, an optical tracking

sensor, a gravimetric sensor, or combinations thereof.

24,  The method of Claim 21, further comprising:

selecting the instrument to include a substantially non-coaxial portion.

25.  The method of Claim 24, wherein interconnecting a first tracking sensor
with the instrument includes positioning the first tracking sensor at a first end of the
instrument that is interconnected with a second end of the instrument by the non-linear

portion.

26.  The method of Claim 25, wherein interconnecting the first member and the
instrument includes interconnecting the first member near the second end of the

instrument.

27.  The method of Claim 22, wherein tracking a second tracking sensor
includes touching at least three points on said first member with the probe and wherein
determining a plane of the first member includes determining a plane defined by the three

points.

28.  The method of Claim 27, wherein determining a vector includes touching a
vector point on the first member and defining a vector originating at the vector point

through the determined plane.
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29.  The method of Claim 22, wherein tracking a second tracking sensor relative
to the first tracking sensor includes tracing at least a portion of the first member with the

probe to define a surface of the first member.

30.  The method of Claim 21, further comprising:
obtaining a two dimensional image data of the first member along at least
two axes of the first member; and
transforming the two dimensional data into a three dimensional geometry
data of the first member;
wherein determining a plane and determining a vector are determined from

the three dimensional transformation geometry data.

31.  The method of Claim 21, further comprising:
navigating the determined plane and the determined vector relative to a
portion of a patient’s anatomy for moving the first member relative to the patient’s

anatomy.

32.  The method of Claim 21, further comprising:
selecting the first member from a group comprising a reamer, an acetabular
implant, a femoral implant, a tibial implant, an orthopedic implant, a tool, or combinations

thereof.

33.  The method of Claim 21, wherein at least one of determining a plane or

determining a vector is performed by a processor.

34,  The method of Claim 21, wherein determining at least three points includes

determining at least three points substantially equal distance apart to define the plane.

35.  The method of Claim 33, further comprising:
providing a memory system accessible by said processor;
wherein said memory system includes a lookup table including data

regarding a plurality of the members.
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36.  The method of Claim 35, wherein said plurality of members includes a

plurality of unique dimensions stored in the lookup table.

37.  The method of Claim 31, further comprising:
superimposing an icon representing at least the plane or the vector on an

image of the patient.

38. The method of Claim 31, further comprising:
superimposing a three dimensional graphical rendering of the member on

an image of the patient.

39.  The method of Claim 21, further comprising:
selecting a second member;
interconnecting the second member with the instrument after removing the
first member from the instrument; and
transforming at least one of the plane and the vector based upon a different

dimension of said second member.

40.  The method of Claim 39, further comprising:
providing a lookup table of the dimensions of the first member and the
second member;
wherein transforming at least one of the vector on the plane is based upon

the dimensions stored in the lookup table.

41.  The method of claim 21, further comprising:
confirming the accuracy of the determined plane by determining a fourth
point that should be on the determined plane; and

determining whether the fourth point is on the determined plane.

42. The method of claim 41, wherein if the fourth point is determined to not be

on the determined plane determining at least three additional points.
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43.  The method of claim 41, further comprising:
touching a probe including a second tracking sensor to each of the three

points and the fourth point.

44,  The method of claim 22, wherein the probe is touched to indicia on the

member.

45. A method of navigating a procedure relative to an anatomy of a patient,
comprising:
interconnecting a first tracking sensor with the instrument;
interconnecting the member with the instrument;
tracking a probe to determine at least three points defined by the
member to define a plane;
tracking a probe to determine a fourth point to define a vector
through the plane relative to the member;
navigating the member relative to the anatomy based at least in part on the

plane and the vector.

46.  The method of Claim 45, further comprising:
selecting the instrument to include a substantially non-linear portion

extending between a first end and a second end.

47.  The method of Claim 46, wherein said instrument includes a first end that

is substantially non-coaxial with a second end.

48.  The method of Claim 46, wherein interconnecting the first tracking sensor
includes interconnecting the first tracking sensor with the first end or the second end of the

instrument.
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49, The method of Claim 46, wherein interconnecting the member with the
instrument includes interconnecting the member with the other of the first end or second

end of the instrument.

50.  The method of Claim 45, wherein tracking a probe to determine at least
three points defined by the member includes touching the probe to at least three distinct

points defined by the member.

51.  The method of Claim 50, wherein the points tracked are defined by a rim of
at least one of an acetabular implant, a reamer, a femoral implant, a femoral rasp, a tibial

implant, or combinations thereof.

52.  The method of Claim 45, wherein tracking a second tracking sensor relative

to the first tracking sensor includes tracking with a tracking system.

53.  The method of Claim 45, further comprising:
collecting image data of the anatomy of the patient with an imaging system;
displaying an image based upon the image data collected;
wherein navigating the member relative to the anatomy includes displaying

an icon of the member relative to the image displayed.

54,  The method of Claim 53, wherein displaying the member includes

displaying a three dimensional representation of the member relative to the image.

55.  The method of Claim 45, further comprising:
tracking the probe to determine a plurality of points to define a three
dimensional shape of the member; and
displaying the three dimensional shape of the member on a display relative

to image data of the patient.

56.  The method of Claim 45, further comprising:

providing a plurality of members each including a unique dimension; and
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transforming the defined plane and the defined vector of the member based

upon the unique dimension of each of the plurality of the members.

57.  The method of Claim 56, further comprising:
5 displaying the plane and the vector transformed based upon the unique

dimensions of one of the plurality of members interconnected with the instrument.

58.  The method of claim 45, further comprising:
confirming the accuracy of the determined plane by determining a fourth
10 point that should be on the determined plane; and

determining whether the fourth point is on the determined plane.

59. The method of claim 58, wherein if the fourth point is determined to not be

on the determined plane determining at least three additional points.

15
60.  The method of claim 58, further comprising:
touching a probe including a second tracking sensor to each of the three
points and the fourth point.
20 61.  The method of claim 45, wherein the probe is touched to indicia on the

member.
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