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METHOD AND APPARATUS FOR POSITIONING
A GUIDE RELATIVE TO A BASE

FIELD
The present disclosure relates to a surgical navigation system, and

particularly to a method and apparatus for positioning a guide relative to a base.

BACKGROUND

The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.

Image guided medical and surgical procedures utilize patient images
(image data) 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 navigated medical procedures.

Generally, during a navigated procedure, images are acquired by a
suitable imaging device for display on a workstation. The navigation system
tracks the patient, instruments and other devices in the surgical field or patient
space. These tracked devices are then displayed relative to the image data on
the workstation in image space. In order to track the patient, instruments and
other devices, the patient, instruments and other devices can be equipped with

tracking devices.

SUMMARY
During a navigated procedure, a dynamic reference frame (DRF)
including a tracking device can be fixed relative to the patient in order to track
the patient. In addition, it may be desirable to use a holder, such as a screw,
head frame, etc. to couple the tracking device to the patient. In some cases, the

holder can comprise one or more parts, such as in the case of a head frame.

1



10

15

20

25

30

WO 2010/036444 PCT/US2009/051341

Atty Ref. No. P0027783.01

Generally, the head frame can include a positionable device coupled to a fixed
base. Typically, the positionable device can be coupled to one or more
instruments to enable the instruments to be guided into the anatomy. As the
positionable device can guide the instruments into the anatomy, it may be
desirable to track the orientation of the positionable device relative to the
anatomy. Further, it may be desirable to notify a user of the navigation system if
the positionable device and/or the base is/are not properly aligned with the
anatomy.

According to various embodiments, a system for positioning a guide
relative to an anatomy is disclosed. The system can include a base adapted to
be coupled to the anatomy, and a guide that can move relative to the base.
The system can include at least one tracking device that can be coupled to the
base and the guide, and a tracking system, which can track a position of the at
least one tracking device relative to the anatomy. The system can include a
navigation system, which can determine a position of the base and the guide
relative to the anatomy based on the position of the at least one tracking device.
The navigation system can also determine if the position of the base and the
position of the guide are about equal to a desired position of the base and the
movable member. The system can further include a display, which can display
the desired position of the base and the guide superimposed on an image of the
anatomy. The display can also display at least one icon superimposed on the
image of the anatomy, which can graphically indicate a desired manipulation of
the guide required to move the guide into the desired position for the guide
relative to the anatomy.

Further disclosed is a method for positioning a guide relative to an
anatomy. The method can include acquiring a surgical plan for a surgical
procedure to be performed on the anatomy that includes a trajectory for an
instrument. The method can also include tracking at least one first tracking
device coupled to a base relative to the anatomy, and tracking at least one
second tracking device coupled to a guide relative to the anatomy. The guide
can also be movable relative to the base. The method can include determining

a position of the base and guide relative to the anatomy. The method can also
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include comparing the position of the base and the guide relative to the anatomy
with a desired position for the base and the guide in the surgical plan that
enables the guide to guide the instrument along the trajectory. The method can
include displaying at least one icon superimposed onto an image of the
anatomy that indicates an amount and direction of a first manipulation required
to move the guide into the desired position and at least one icon superimposed
onto an image of the anatomy that indicates an amount and direction of a
second manipulation required to move the guide relative to the base into the
desired position.

Also disclosed is a system for positioning a reference frame relative to an
anatomy. The system can include a base adapted to be fixedly coupled to the
anatomy, and a guide that moves relative to the base. The guide can be
operable to be coupled to a drive system to guide at least one instrument into
the anatomy. The system can include at least one first tracking device coupled
to the base, and at least one second tracking device coupled to the guide. The
system can also include a tracking system, which can track a position of the at
least one first tracking device and the at least one second device relative to the
anatomy. The system can include a navigation control module, which can
receive patient image data and surgical plan data. The surgical plan data can
include a desired position for the base and the guide relative to the anatomy.
The system can also include a navigation system, which can determine a
position of the base and the guide relative to the anatomy based on the position
of the at least one first tracking device and the at least one second tracking
device. The navigation system can also determine if the position of the base
and the position of the guide are about equal to the desired position of the base
and the guide. The navigation control module can output image data that can
include a first arrow icon superimposed onto the patient image data, which can
graphically represent an amount of rotation and a direction of rotation for the
guide, a second arrow icon superimposed onto the patient image data, which
can graphically represent an amount of translation and a direction of translation

for the guide, or combinations thereof.
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Further areas of applicability will become apparent from the description
provided herein. It should be understood that the description and specific
examples are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS

The drawings described herein are for illustration purposes only and are
not intended to limit the scope of the present disclosure in any way.

Fig. 1 is an environmental view of a surgical navigation system or
computer aided surgical system, according to various embodiments;

Fig. 2 is a detail environmental view of an exemplary dynamic reference
frame (DRF) holder, for example, a head frame, for use with the navigation
system of Fig. 1 according to various embodiments;

Fig. 3 is a simplified block diagram illustrating the navigation system of
Fig. 1;

Fig. 4 is a graphical representation of an exemplary display produced by
the navigation system of Fig. 1;

Fig. 5 is a dataflow diagram illustrating a control system performed by a
control module associated with the navigation system of Fig. 1; and

Fig. 6 is a flowchart illustrating a control method performed by the control
module.

DETAILED DESCRIPTION

The following description is merely exemplary in nature and is not
intended to limit the present disclosure, application, or uses. It should be
understood that throughout the drawings, corresponding reference numerals
indicate like or corresponding parts and features. As indicated above, the
present teachings are directed toward providing a system and method for
positioning a reference frame for use in a navigated surgical procedure. It
should be noted, however, that the present teachings could be applicable to any
appropriate procedure in which it is desirable to assist a user in orientating a
device within an operating theater, via a user interface. Further, as used herein,

the term “module” can refer to an application specific integrated circuit (ASIC),
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an electronic circuit, a processor (shared, dedicated, or group) and memory that
executes one or more software or firmware programs, a combinational logic
circuit, and/or other suitable hardware or software, firmware programs or
components that provide the described functionality. Therefore, it will be
understood that the following discussions are not intended to limit the scope of
the appended claims.

As will be discussed in greater detail herein, the present disclosure is
directed toward a system and method for guiding a positioning of a reference
frame relative to an anatomy, such as a brain, to facilitate a surgical procedure
on the anatomy. In this regard, this system and method can include an
exemplary surgical navigation system 10, which can include a drive system 12
to control the insertion and withdrawal of one or more instruments 14 from the
anatomy. Various surgical navigation systems can include those described in
U.S. Patent Application No. 10/651,267 (now U.S. Pat. App. Pub No.
2005/0049486), filed on August 28, 2003. As will be discussed, the drive
system 12 and the instruments 14 can be positioned relative to a dynamic
reference frame, which can be coupled to a patient 16.

With reference to Fig. 1, the exemplary surgical navigation system 10 can
include an image based system, an imageless system, an atlas or diagram
based system, or combinations thereof. One skilled in the art will understand
that the surgical navigation system 10 can require the registration of a patient
16, which defines patient space, to an image space, discussed further herein.
According to various embodiments, registration can include registration between
image space, defined by image data or atlas data, and the patient space.

With continued reference to Fig. 1, the navigation system 10 that can be
used for various procedures is illustrated. The navigation system 10 can be
used to track the location of an implant, such as a spinal implant or orthopedic
implant, or a surgical device, such as an electrode, relative to a patient 16. Also
the navigation system 10 can track the position and orientation of various
instruments 14. 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, cardiac leads, orthopedic implants, spinal
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implants, deep-brain stimulator (DBS) probes, microelectrode recorder probes,
macroelectrode stimulation probes, 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, arthroscopic, percutaneous, stereotactic, or
an open procedure.

Although an exemplary navigation system 10 that can include the
imaging device 18 is discussed herein, one skilled in the art will understand that
the disclosure is merely for clarity of the present discussion and any appropriate
imaging system, navigation system, patient specific data, and non-patient
specific data can be used. For example, the intraoperative imaging system can
include an MRI imaging system, such as the PoleStar® MRI or an O-arm™
imaging system sold by Medtronic, Inc.. It will be understood that the navigation
system 10 can incorporate or be used with any appropriate preoperatively or
intraoperatively acquired image data. For example, various imageless systems
can be used or images from atlas models can be used to produce patient
images, such as those disclosed in U.S. Patent Pub. No. 2005-0085714, filed
10/16/2003, entitled "Method and Apparatus for Surgical Navigation of a
Multiple Piece Construct for Implantation." The imaging device 18 can be, for
example, a fluoroscopic x-ray imaging device that may be configured as an O-
arm™ or a C-arm, which can have an x-ray source 20, an x-ray receiving
section 22, an optional calibration and tracking target 24 and optional radiation
sensors 26.

In operation, the imaging device 18 can generate x-rays from the x-ray
source 20 that can propagate through the patient 16 and calibration and/or
tracking target 24, into the x-ray receiving section 22. This allows direct
visualization of the patient 16 and radio-opaque instruments in the cone of the
X-rays. Inthe example of Fig. 1, a longitudinal axis 16a of the patient 16 is
substantially in line with a mechanical axis 28 of the C-arm. This can enable the
imaging device 18 to be rotated relative to the patient 16, allowing images of the
patient 16 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
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imaging device 18 is the “Series 9600 Mobile Digital Imaging System,” from GE
Healthcare, (formerly 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.

When the x-ray source 20 generates the x-rays that propagate to the x-
ray receiving section 22, the radiation sensors 26 can sense the presence of
radiation, which is forwarded to an imaging device controller 30, to identify
whether or not the imaging device 18 is actively imaging. This information can
also be transmitted to a coil array controller 32, further discussed herein.

The imaging device controller 30 can capture the x-ray images received
at the x-ray receiving section 22 and store the images for later use. Multiple
two-dimensional images taken by the imaging device 18 may also be captured
and assembled by the imaging device controller 30 to provide a larger view or
image of a whole region of the patient 16, as opposed to being directed to only
a portion of a region of the patient 16. The imaging device controller 30 may
also be separate from the imaging device 18 and/or control the rotation of the
imaging device 18. For example, a C-arm can move in the direction of arrow A
or rotate about the longitudinal axis 16a of the patient 16, allowing anterior or
lateral views of the patient 16 to be imaged. Each of these movements involves
rotation about the mechanical axis 28 of the C-arm. The movements of the
imaging device 18, such as the C-arm, can be tracked with a tracking device 34.

While the imaging device 18 is shown in Fig. 1 as a C-arm, any other
alternative 2D, 3D or 4D imaging modality may also be used. For example, any
2D, 3D or 4D imaging device, such as the O-arm™ imaging device, isocentric
fluoroscopy, bi-plane fluoroscopy, ultrasound, computed tomography (CT),
multi-slice computed tomography (MSCT), magnetic resonance imaging (MRI),
high frequency ultrasound (HFU), 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 patient image data 36 of the patient
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16. For example, an intra-operative MRI system, may be used such as the
PoleStar® MRI system sold by Medtronic, Inc.

In addition, 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 sites within the patient 16. It should further be noted that the imaging
device 18 as shown in Fig. 1, provides a virtual bi-plane image using a single-
head C-arm fluoroscope as the imaging device 18 by simply rotating the C-arm
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 38 representing
the location of the instrument 14, such as an impacter, stylet, reamer driver,
taps, drill, deep-brain stimulator (DBS) probes, cardiac leads or other
instrument, or implantable devices introduced and advanced in the patient 16,
may be superimposed in more than one view and included in image data 42
displayed on a display 44.

If the imaging device 18 is employed, patient image data 36 can be
forwarded from the imaging device controller 30 to a navigation computer and/or
processor or workstation 46. It will also be understood that the patient image
data 36 is not necessarily first retained in the imaging device controller 30, but
may also be directly transmitted to the workstation 46. The workstation 46 can
include the display 44, a user input device 48 and a control module 50. The
workstation 46 can also include or be connected to an image processor,
navigation processor, and memory to hold instruction and data. The workstation
46 can provide facilities for displaying the patient image data 36 as an image on
the display 44, saving, digitally manipulating, or printing a hard copy image of
the received patient image data 36.

The user input device 48 can comprise any device that can enable a user
to interface with the workstation 46, such as a touchpad, touch pen, touch
screen, keyboard, mouse, wireless mouse, or a combination thereof. The user

input device 48 allows a physician or user 52 to provide inputs to control the
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imaging device 18, via the imaging device controller 30, adjust the display
settings of the display 44, or control a tracking system 54, as further discussed
herein. The control module 50 can determine the location of a dynamic
reference frame (DRF) 64 (Fig. 2) with respect to the patient space, and can
output image data 42 to the display 44 to assist in positioning the DRF 64.

With continuing reference to Fig. 1, the navigation system 10 can further
include the electromagnetic navigation or tracking system 54. A representative
electromagnetic navigation or tracking system 54 can include the AXIEM™
electromagnetic tracking system sold by Medtronic Navigation, Inc. The
tracking system 54 can include a localizer, such as a first coil array 58 and/or
second coil array 60, the coil array controller 32, a navigation probe interface
62, the device or instrument 14, a patient tracker or dynamic reference frame
(DRF) 64, and one or more tracking devices 56. Other tracking systems can
include an optical tracking system 54b, for example the StealthStation® Treon®
and the StealthStation® Tria® both sold by Medtronic Navigation, Inc. Further,
other tracking systems can be used that include acoustic, radiation, radar,
infrared, etc., or hybrid systems, such as a system that includes components of
both an electromagnetic and optical tracking system, etc. The drive system 12,
the instrument 14 and the DRF 64 can each include tracking device(s) 56.

The tracking device 56 or any appropriate tracking device as discussed
herein, can include both a sensor, a transmitter, or combinations thereof and
can be indicated by the reference numeral 56. Further, the tracking device 56
can be wired or wireless to provide a signal or emitter or receive a signal from a
system. For example, a tracking device 56a can include one or more
electromagnetic coils, such as a tri-axial coil, to sense a field produced by the
localizing coil array 58 or 60. One will understand that the tracking device(s) 56
can receive a signal, transmit a signal, or combinations thereof to provide
information to the navigation system 10, which can be used to determine a
location of the tracking device 56. The navigation system 10 can determine a
position of the instrument 14 and the DRF 64 based on the location of the
tracking device(s) 56 to allow for accurate navigation relative to the patient 16 in

the patient space.
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With regard to the optical localizer or tracking system 54b, the optical
tracking system 54b can transmit and receive an optical signal, or combinations
thereof. An optical tracking device 56b can be interconnected with the
instrument 14, or other devices such as the DRF 64. As generally known, the
optical tracking device 56b can reflect, transmit or receive an optical signal
to/from the optical localizer or tracking system 54b that can be used in the
navigation system 10 to navigate or track various elements. Therefore, one
skilled in the art will understand, that the tracking device(s) 56 can be any
appropriate tracking device to work with any one or multiple tracking systems.

The coil arrays 58, 60 can transmit signals that are received by the
tracking device(s) 56. The tracking device(s) 56 can then transmit or receive
signals based upon the transmitted or received signals from or to the coil arrays
58, 60. The coil arrays 58, 60 are shown attached to an operating table 66. It
should be noted, however, that the coil arrays 58, 60 can also be positioned at
any other location, as well and can also be positioned in the items being
navigated. The coil arrays 58, 60 include a plurality of coils that are each
operable to generate distinct electromagnetic fields into the navigation region of
the patient 16, 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.

The coil arrays 58, 60 can be controlled or driven by the coil array
controller 32. The coil array controller 32 can drive each coil in the coil arrays
58, 60 in a time division multiplex or a frequency division multiplex manner. In
this regard, each coil can be driven separately at a distinct time or all of the coils
can be driven simultaneously with each being driven by a different frequency.
Upon driving the coils in the coil arrays 58, 60 with the coil array controller 32,
electromagnetic fields are generated within the patient 16 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 tracking device(s) 56 positioned on or in the drive system 12, the
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instrument 14 and the DRF 64. These induced signals from the drive system
12, the instrument 14 and the DRF 64 are delivered to the navigation probe
interface 62 and can be subsequently forwarded to the coil array controller 32.

The navigation probe interface 62 may provide the necessary electrical
isolation for the navigation system 10. The navigation probe interface 62 can
also include amplifiers, filters and buffers to directly interface with the tracking
device(s) 56 in the instrument 14 and DRF 64. Alternatively, the tracking
device(s) 56, or any other appropriate portion, 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, as
opposed to being coupled directly to the navigation probe interface 62.

The instrument 14 may be any appropriate instrument, such as an
instrument for preparing a portion of the patient 16, an instrument for recording
activity in a portion of the anatomy or an instrument for positioning an implant.
With reference to Figs. 1 and 2, the DRF 64 may be fixed to the patient 16
adjacent to the region being navigated so that any movement of the patient 16
is detected as relative motion between the coil arrays 58, 60 and the DRF 64.
This relative motion is forwarded to the coil array controller 32, which updates
registration correlation and maintains accurate navigation, further discussed
herein. The DRF 64 may include any appropriate tracking device 56 used by
the navigation system 10. Therefore, the DRF 64 can include an
electromagnetic tracking device, optical, acoustic, etc. Further, with reference
to Fig. 2, the DRF 64 can include a DRF holder or head frame 68 and one or
more tracking device(s) 56. Alternatively, the DRF 64 can include tracking
device(s) 56 that can be formed integrally with the head frame 68.

Moreover, the DRF 64 can be provided as separate pieces and can be
positioned at any appropriate position on the anatomy. For example, the
tracking device(s) 56 of the DRF 64 can be fixed to the skin of the patient 16
with an adhesive. Also, the DRF 64 can be positioned near a leg, arm, etc. of
the patient 16. Thus, the DRF 64 does not need to be provided with the head
frame 68 or require any specific base or holding portion. If the DRF 64 is used

with an electromagnetic tracking device 56a, it can be configured as a pair of
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orthogonally oriented coils, each having the same center or may be configured
in any other non-coaxial or co-axial coil configurations, such as a tri-axial coil
configuration (not specifically shown).

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 18 in image space and the corresponding
points in the anatomical structure of the patient 16 in patient space. After this
map is established, whenever a tracked instrument, such as the instrument 14 is
used, the workstation 46 in combination with the coil array controller 32 and the
imaging device controller 30 uses the translation map to identify the
corresponding point on the pre-acquired image or atlas model, which is
displayed on display 44. This identification is known as navigation or
localization. The icon 38 representing the localized point or instruments 14 can
be shown as image data 42 on the display 44.

To enable navigation, the navigation system 10 must be able to detect
both the position of the anatomical structure of the patient 16 and the position of
the instrument 14. Knowing the location of these two items allows the
navigation system 10 to compute and display the position of the instrument 14
in relation to the patient 16 on the display 44. The tracking system 54 can be
employed to track the instrument 14 and the anatomical structure
simultaneously.

The tracking system 54, if using an electromagnetic tracking assembly,
essentially works by positioning the coil arrays 58, 60 adjacent to the patient
space to generate a low-energy electromagnetic 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 tracking system 54 can determine
the position of the instrument 14 by measuring the field strength at the tracking
device 56 location. The DRF 64 can be fixed to the patient 16 to identify a first
location of the patient 16 in the navigation field. The tracking system 54 can
continuously recompute the relative position of the DRF 64 and the instrument

14 during localization and relate this spatial information to patient registration
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data to enable image guidance of the instrument 14 within and/or relative to the
patient 16.

Patient registration is the process of determining how to correlate the
position of the drive system 12 and/or the instrument 14 relative to the patient
16 to the position on the diagnostic or pre-acquired images. To register the
patient 16, a physician or user 52 may use point registration by selecting and
storing particular points from the pre-acquired images and then touching the
corresponding points on the anatomical structure of the patient 16 with a
tracked pointer probe 40. 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 patient image data 36 with its corresponding point
on the anatomical structure of the patient 16 or the patient space, as discussed
herein. The points that are selected to perform registration are fiducial markers,
such as anatomical landmarks. Again, the landmarks or fiducial markers are
identifiable on the images and identifiable and accessible on the patient 16.
The fiducial markers can be artificial markers that are positioned on the patient
16 or anatomical landmarks that can be easily identified in the patient image
data 36. The artificial landmarks, such as the fiducial markers, can also form
part of the DRF 64, 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.

The navigation system 10 may also perform registration using anatomic
surface information or path information as is known in the art. The navigation
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.
10/644,680, entitled “Method and Apparatus for Performing 2D to 3D
Registration” filed on August 20, 2003.

In order to maintain registration accuracy, the navigation system 10
continuously tracks the position of the patient 16 during registration and

navigation. This is because the patient 16, DRF 64 and coil arrays 58, 60 may
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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 16
or area of the anatomy, any patient movement after image acquisition would
result in inaccurate navigation within that image. Because the DRF 64 can be
coupled to the patient 16, any movement of the anatomical structure of the
patient 16 or the coil arrays 58, 60 can be detected as the relative motion
between the coil arrays 58, 60 and the DRF 64. Both the relative motion of the
coil arrays 58, 60 and the DRF 64 can be communicated to the coil array
controller 32, via the navigation probe interface 62, which can update the
registration correlation to thereby maintain accurate navigation.

With continued reference to Fig. 1 and with additional reference to Fig. 2,
the guide or drive system 12 for use with an exemplary head frame 68, such as
a stereotactic head frame or a small scale sterotactic head frame 68 is
illustrated. The drive system 12 can be used to drive various instruments, such
as one or more instruments 14, such as electrodes, into an anatomy, such as a
brain 98. For example, a procedure on the brain 98 can include a recorder for
detecting electrical activity in the brain 98 with a microelectrode (ME) or
macroelectrode. Once a recording of the brain 98 has occurred, a stimulator
probe, such as a deep brain stimulator probe or a macroelectrode can be
delivered to an area identified with the ME or macroelectrode. Generally, the
ME or macroelectrode, after identifying an area of interest in the brain 98, can
be removed and the stimulator probe can be driven and guided along a similar
or identical trajectory or axis relative to the removed ME or macroelectrode.
The stimulator probe can be provided to electrically stimulate the selected
region of the anatomy, either short term or long term.

With reference to Fig. 2, the drive system 12 can include any appropriate
drive system. For example, the drive system 12 can comprise the
microTargeting Drive® system produced by Fred Haer Corp., FHC Inc. of 9
Main Street, Bowdoinham ME 04008, USA. The drive system 12 can be
interconnected with various guide or support portions, such as the stereotactic
head frame, the small-scale head frame 68, robotic devices, or guide devices, to

drive various instruments into selected portions of the anatomy. For example,
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the stereotactic head frame can comprise any suitable stereotactic head frame
known in the art, such as the Leksell Stereotactic System® provided by Elekta
AB, and the small-scale head frame 68 can be any appropriate mechanism,
such as the NEXFRAME™ sold by Medtronic Image Guided Neurologics of
Minnesota, USA. The drive system 12 can be interconnected with the head
frames 68 to position the drive system 12 at any appropriate location to drive
various instruments 14 into a cranium 108. The drive system 12 can also
include one or more tracking devices 56 (Fig. 1), which can be used with the
navigation system 10 to determine a position of the drive system 12 relative to
the patient 16.

With continued reference to Fig. 2, the head frame 68 can be positioned
about an entry point, such as a burr hole 107, formed in the cranium 108. The
head frame 68 can include various portions, but generally includes a base 200,
a trajectory guide portion, movable portion, saddle or guide 202 and one or
more tracking devices 56, which are generally referred to by reference numeral
56. The base 200 can define an aperture or opening 204 that allows the
instruments 14 to pass through the base 200 into the cranium 108. One or
more bone screws can be used to fix the base 200 relative to the patient 16.
The trajectory guide portion, moveable base or guide 202 can be interconnected
to the base 200 and the drive system 12 can be connected to the guide 202.

The guide 202 can move relative to the base 200 via a track or slot 208,
210 defined by the guide 202. The guide 202 can be guided or navigated to a
selected location or orientation relative to the opening 204, which in turn, can
align the drive system 12 into a selected location or orientation relative to the
patient 16. The guide 202 can then be fixed in place via any appropriate
mechanism, such as one or more locking screws 212, 214. Various markings
can be provided on the guide 202 or the fixed base 200 to assist in obtaining a
selected orientation of the guide 202 to the cranium 108.

For example, the guide 202 may be allowed to move through a
predefined range of motion relative to the base 200. In a further example, the
slots 208, 210 can be angled relative to the base 200, and the guide 202 can

move or slide in an arcuate manner relative to the base 200 from about 30 to
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about 60 degrees relative to the base 200, as indicated by the arrow A in Fig. 2.
In one example, the guide 202 can also rotate relative to the base 200, and
thus, the anatomy. For example, the guide 202 can rotate about 360 degrees
relative to the base 200, as indicated by the arrow B. As the guide 202 can
move relative to the base 200, and thus, the patient 16, the guide 202 may limit
to the amount of trajectory of the instrument 14 can achieve relative to the
patient 16 from any one location of the guide 202. Thus, the position of the
guide 202 relative to the patient 16 can ensure an appropriate trajectory can be
aligned with the instrument 14.

The tracking devices 56 can be interconnected to the base 200 and the
guide 202. For example, the base 200 can include a first tracking device 56d,
which can be fixed to or positioned within the base 200. Optionally, the base
200 can include a second tracking device 56e and a third tracking device 56f.
The guide 202 can include a fourth tracking device 569, which can be fixed to or
positioned within the guide 202. The tracking devices 56d-g can enable the
tracking system 54 to track the position of the base 200 and the guide 202. It
will be understood that the number of tracking devices 56 coupled to the base
200 and the guide 202 are merely exemplary, and any suitable number of
tracking devices 56 can be coupled to the base 200 and guide 202.

The tracking devices 56d-g can comprise the electromagnetic tracking
device 56a for use with the electromagnetic tracking system 54, the optical
tracking device 56b for use with the optical tracking system 54a, or a
combination thereof. If the tracking devices 56d-g comprise electromagnetic
tracking devices 56a, the tracking devices 56d-g can also be used as field
generating electromagnetic coils for various reasons, such as guiding the
instrument 14. Thus, the tracking devices 56d-g can both generate a field and
receive or sense a field generated by other electromagnetic coils, similar to the
coils of the coil arrays 58, 60. It will also be understood, that in the case of
electromagnetic tracking devices, the first tracking device 56d can either sense
a field generated by another coil array 58, 60 or the first tracking device 56d can
transmit a field to be sensed by the coil arrays 58, 60. In either case, the

position of the first tracking device 56d in the base 200 can be determined and
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this determination can be used for navigation of the base 200. Similar methods
can be applied to any other electromagnetic tracking devices 56, such as those
on the guide 202, according to various embodiments. The various tracking
devices 56d-g can be used with the navigation system 10, to determine a
position of the various components of the head frame 68 or the drive system 12
relative the cranium 108, as further discussed herein. In addition, it will be
understood that the use of tracking devices 56d-g is merely exemplary, as any
suitable mechanism could be employed to position the head frame 68, such as
fluoroscopy, for example.

As the base 200 can be fixed relative to the patient 16, the tracking
devices 56 associated with the base 200 can be fixed relative to the patient 16,
and thus, can form a dynamic reference frame. Moreover, the tracking devices
56 coupled to the base 200 can generate an electromagnetic field, which can be
utilized during a portion of a procedure , such as for guiding the instrument 14.
Additional detail regarding the placement and use of tracking devices 56 with
the head frame 68 is disclosed in U.S. Patent Serial No. 12/110,666, entitled
“‘Method and Apparatus for Performing a Navigated Procedure”.

The head frame 68 can be positioned on the patient 16 according to a
plan or at a predetermined location. As discussed above, the patient image
data 36 can be acquired of the patient 16 including the cranium 108. The
patient image data 36 or any appropriate portion can be used with the
workstation 46 to plan or predetermine the location for the head frame 68.
Then, the navigation system 10 can be used to navigate and track the position
of the head frame 68 relative to the patient 16 and the predetermined location
for the head frame 68, as discussed further herein. The position of the head
frame 68 can be displayed on the display 44 relative to the image data 42,
which can include an image of the cranium 108, and instructions on how to
position the head frame 68, as will be discussed.

With reference now to Fig. 3, a simplified block diagram schematically
illustrates an exemplary navigation system 10 for implementing the control
module 50. The navigation system 10 can include the tracking system 54, the

head frame 68, a navigation control module 300 and the display 44. The
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navigation control module 300 can form a portion of the control module 50. The
head frame 68 can include the base 200 and the guide 202. Each of the base
200 and the guide 202 can include the tracking device(s) 56.

The tracking system 54 can comprise the electromagnetic tracking
system 54 or the optical tracking system 54b, and will generally be referred to
as the tracking system 54. The tracking system 54 can receive start-up data
302 from the navigation control module 300. In the case of an electromagnetic
tracking system 54, based on the start-up data 302, the tracking system 54 can
set activation signal data 304 that can activate or drive the coil arrays 58, 60 to
generate an electromagnetic field to which the tracking device(s) 56 coupled to
the head frame 68 can receive. The tracking system 54 can also set tracking
data 308 for the navigation control module 300, as will be discussed. The
tracking data 308 can include data regarding the location or position of the
tracking device(s) 56 coupled to the head frame 68 in the patient space as
computed from data received from the tracking device(s) 56 or sensor data 310.

When the tracking device(s) 56 receive the electromagnetic field
generated by the coil arrays 58, 60, the tracking device(s) 56 can transmit
sensor data 310 indicative of a position of the tracking device 56 in the patient
space to the tracking system 54. Based on the sensor data 310 received by the
tracking system 54, the tracking system 54 can generate and set the tracking
data 308 for the navigation control module 300.

The navigation control module 300 can receive the tracking data 308
from the tracking system 54. The navigation control module 300 can also
receive patient image data 36 and plan data 312 as input. The patient image
data 36 can comprise images of the anatomical structure of the patient 16
obtained from a pre- or intra-operative imaging device, such as the images
obtained by the imaging device 18. The plan data 312 can comprise a
trajectory for the instrument 14, which can be entered by the user 52, via the
workstation 46, or could be loaded onto the workstation 46 from a portable
electronic device, such as a portable data device.

Based on the tracking data 308, the patient image data 36 and the plan

data 312, the navigation control module 300 can generate image data 42 for
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display on the display 44. The image data 42 can comprise the patient image
data 36 superimposed with an icon 316 of the head frame 68 and a target 318
identified from the plan data 312. The image data 42 can also include a
substantially real-time indication of the position and orientation of the head
frame 68 in patient space, as indicated by at least one directional icon 315,
shown in Fig. 4. The image data 42 could also comprise a schematic illustration
of the instrument 14 within the anatomical structure of the patient 16, as shown
in Fig. 1, or the icon 38 of the instrument 14 superimposed on the patient image
data 36, etc.

For example, as shown in Fig. 4, the at least one directional icon 315 can
comprise one or more arrows 317. For example, a first arrow 317a can denote
a desired movement of the base 200 to align the base 200 relative to the
anatomy such as the cranium 108, and a second arrow 317b can denote a
desired movement of the guide 202 to align the guide 202 relative to the
anatomy, in accordance with the surgical plan outlined in the plan data 312. In
this regard, as the trajectory of the instrument 14 can be defined by the guide
202, the guide 202 and the base 200 need to be properly aligned in accordance
with the plan data 312 to ensure the instrument 14 can reach the target 318, via
the trajectory outlined in the surgical plan. By providing the at least one
directional icon 315, the user 52 can easily determine how to move the base
200 and/or guide 202 relative to the anatomy and to each other to execute the
surgical plan.

In one example, with reference to Figs. 2 and 4, the user 52 can position
the base 200 onto the cranium 108. When the position of the base 200 relative
to the anatomy corresponds to the desired position of the base 200 denoted in
the surgical plan, one or more bone screws can be used to couple the base 200
to the anatomy (Fig. 2). Next, the arrow 317a can indicate a desired amount
and direction of rotation for the guide 202 about a first axis relative to the
anatomy. Once the guide 202 has reached the desired position, the arrow 317a
can diminish or disappear, thereby indicating that no additional rotation of the
guide 202 is necessary. Then, the guide 202 can be coupled to the base 200,

such that the slides 208, 210 can move the guide 202 about a second axis
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relative to the base 200 (Fig. 2). Based on the position of the guide 202 relative
to the anatomy, the arrow 317b can indicate a desired movement or translation
of the guide 202 relative to the base 200. Once the guide 202 has reached the
desired position based on the surgical plan, the arrow 317b can diminish and
the locking screws 212, 214 (Fig. 2) can be tightened to couple the guide 202
relative to the base 200 and the anatomy.

In addition, the at least one directional icon 315 can reduce in size as the
base 200 and/or guide 202 reach their respective desired position relative to the
anatomy and each other, which can further assure the user 52 that the head
frame 68 is properly aligned relative to the anatomy. It should be noted,
however, that although the at least one direction icon 315 is described and
illustrated herein as comprising one or more arrows 317, the at least one
directional icon 315 could comprise any suitable means to notify the user 52 of
the necessary movement of the head frame 68 relative to the anatomy, such as
a dialogue box, pop-up message, text, graphical representation of the desired
final alignment, etc. Further, although the at least one directional icon 315 is
described herein as reducing in size as the user 52 approaches the desired
orientation for the head frame 68, any other suitable notification means could be
employed, such as a change in color, pop-up message, audible signal, text, etc.

With reference now to Fig. 5, a dataflow diagram illustrates an exemplary
control system that can be embedded within the control module 50. Various
embodiments of the control system according to the present disclosure can
include any number of sub-modules embedded within the control module 50.
The sub-modules shown may be combined and/or further partitioned to similarly
determine the orientation or position of the head frame 68 within the patient
space based on the signals generated by the tracking device(s) 56. In various
embodiments, the control module 50 includes the tracking system 54 that can
implement a tracking control module 320, and the workstation 46 that can
implement the navigation control module 300. It should be noted, however, that
the tracking control module 320 and the navigation control module 300 could be

implemented on the workstation 46, if desired.
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The tracking control module 320 can receive as input the start-up data
302 from the navigation control module 300 and sensor data 310 from the
tracking device(s) 56. Upon receipt of the start-up data 302, the tracking control
module 320 can output the activation signal data 304 for the tracking device(s)
56. Upon receipt of the sensor data 310, the tracking control module 320 can
set the tracking data 308 for the navigation control module 300. As discussed,
the tracking data 308 can include data regarding the positions of the base 200
and the guide 202.

The navigation control module 300 can receive as input the tracking data
308, the patient image data 36 and the plan data 312. Based on the tracking
data 308 and the plan data 312, the navigation control module 300 can
determine the appropriate patient image data 36 for display on the display 44,
and can output the tracking data 308, the plan data 312 and the patient image
data 36 as image data 42. Further, the navigation control module 300 can
output notification data 314 to the display 44 if the position of the head frame 68
does not correspond with the plan data 312. The notification data 314 can
comprise the at least one directional icon 315.

With reference now to Fig. 6, a flowchart diagram illustrates an
exemplary method performed by the control module 50. At block 400, the
method can acquire the plan data 312. The plan data 312 can be acquired by
the workstation 46 from an input from the user 52, but could be acquired from
another control module. At block 402, the method can determine a desired
position for the head frame 68 based on the plan data 312. At block 404, the
method can determine the actual position of the head frame 68 based on the
tracking data 308 received from the tracking device(s) 56. At decision block
406, the method can determine if the actual position of the head frame 68 is
about equal to the desired position of the head frame 68. If the actual position
of the headframe 68 is about equal to the desired position of the headframe 68,
then the method can end.

Otherwise, at block 408, the method can output image data 42, which
can include icon(s), such as the at least one directional icon 315, that can

indicate a movement or manipulation of the headframe 68 required for the
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headframe 68 to reach the desired position. For example, the at least one
directional icon 315 can indicate a desired rotation of the guide 202 or
translation of the guide 202. Next, the method can go to block 404.

Therefore, the control module 50 of the present disclosure can provide a
user 52, such as a surgeon, with an accurate representation of the position and
orientation of the head frame 68, within the patient space to enable the user 52
to orientate the head frame 68 prior to the surgical procedure. In this regard,
the use of the tracking device(s) 56 on the head frame 68 can enable an
accurate depiction on the display 44 of the position of the head frame 68 relative
to the anatomical structure of the patient 16. The use of the tracking device(s)
56 in combination with the at least one directional icon 315, can enable the
display 44 to graphically indicate a desired manipulation or movement for the
head frame 68 to easily enable the user 52 to align the head frame 68 in the
desired position. As the head frame 68 in some instances can be used to guide
the instrument(s) 14 into the anatomy, the proper alignment of the head frame
68 relative to the anatomy can ensure the instrument(s) 14 can be guided to
reach the desired target within the anatomy.

One skilled in the art will understand that the processes and systems
discussed above can be used in a surgical procedure. The processes and
systems, however, are understood to not be limited to use during or with a
surgical procedure. The systems and processes can be used to acquire
information regarding inanimate objects, inform or build a database of
information; plan a procedure; formulate teaching aids, etc. Registration of
image space to physical space can be performed relative to any object in
physical space, including a patient, an inanimate object, etc. Also, the
registration can occur for any appropriate reason, which may or may not be a
surgical procedure.

While specific examples have been described in the specification and
illustrated in the drawings, it will be understood by those of ordinary skill in the
art that various changes may be made and equivalents may be substituted for
elements thereof without departing from the scope of the present disclosure as

defined in the claims. Furthermore, the mixing and matching of features,
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elements and/or functions between various examples is expressly contemplated
herein so that one of ordinary skill in the art would appreciate from this
disclosure that features, elements and/or functions of one example may be
incorporated into another example as appropriate, unless described otherwise,
above. Moreover, many modifications may be made to adapt a particular
situation or material to the teachings of the present disclosure without departing
from the essential scope thereof. Therefore, it is intended that the present
disclosure not be limited to the particular examples illustrated by the drawings
and described in the specification as the best mode presently contemplated for
carrying out this disclosure, but that the scope of the present disclosure will
include any embodiments falling within the foregoing description and the
appended claims.

For example, while the navigation system 10 has been described as
displaying the at least one directional icon 315, those of skill in the art will
appreciate that the present disclosure, in its broadest aspects, may be constructed
somewhat differently. In this regard, the navigation system 10 could use one or
more audible cues to guide the user 52 in the movement or manipulation of the
head frame 68. For example, the audible cues could increase as the user 52

reaches the desired position for the head frame 68.
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CLAIMS
What is claimed is:
1. A system for positioning a guide relative to an anatomy comprising:

a base adapted to be coupled to the anatomy;

a guide that moves relative to the base;

at least one tracking device coupled to the base and the guide;

a tracking system that tracks a position of the at least one tracking
device relative to the anatomy;

a navigation system that determines a position of the base and the
guide relative to the anatomy based on the position of the at least one tracking
device and determines if the position of the base and the position of the guide
are about equal to a desired position of the base and the guide; and

a display that displays the desired position of the base and the
guide superimposed on an image of the anatomy, and at least one icon
superimposed on the image of the anatomy that graphically indicates a desired
manipulation of the guide required to move the guide into the desired position

for the guide relative to the anatomy.

2. The system of Claim 1, wherein the desired position of the base and the

guide relative to the anatomy is determined from a surgical plan.

3. The system of Claim 2, wherein the base and the guide each define a
central bore, and the system further comprises:
at least one instrument movable through the central bore of the base and

the guide to perform a procedure on the anatomy.

4, The system of Claim 3, wherein the surgical plan includes a target site
within the anatomy for the at least one instrument to perform the procedure, and
the desired position of the base and the guide is aligned with a trajectory for the

at least one instrument to travel to reach the target site.
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5. The system of Claim 4, wherein the display displays an icon of the target

site superimposed on the image of the anatomy.

6. The system of Claim 5, wherein the image of the anatomy is acquired by
an imaging device selected from at least one of a fluoroscopy device, an O-arm
device, a bi-plane fluoroscopy device, an ultrasound device, a computed
tomography (CT) device, a multi-slice computed tomography (MSCT) device, a
magnetic resonance imaging (MRI) device, a high frequency ultrasound (HFU)
device, a positron emission tomography (PET) device, an optical coherence
tomography (OCT) device, an intra-vascular ultrasound (IVUS) device, an intra-

operative CT device, an intra-operative MRI device or combinations thereof.

7. The system of Claim 5, wherein the target site is selected from the group
comprising a patient, a surgical site, an anatomical site, a navigation area and

combinations thereof.

8. The system of Claim 1, wherein the at least one tracking device
comprises at least one optical tracking device to track at least one degree of

freedom information.

9. The system of Claim 1, wherein the at least one tracking device
comprises at least one electromagnetic tracking device selected from the group
including: an electromagnetic receiver tracking device, an electromagnetic

transmitter tracking device or combinations thereof.

10.  The system of Claim 1, wherein the guide is rotatable relative to the

anatomy.
11.  The system of Claim 10, wherein the at least one directional icon

includes a first arrow that graphically represents an amount of rotation and a

direction of rotation for the guide, a second arrow that graphically represents an
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amount of translation and a direction of translation for the guide, or

combinations thereof.

12.  The system of Claim 1, wherein the at least one tracking device for the
comprises at least one first tracking device coupled to the base and at least one

second tracking device coupled to the guide.

13.  The system of Claim 4, wherein based on the surgical plan, the
navigation system displays a first arrow and a second arrow that indicates an
alignment for the guide to allow the instrument to follow a trajectory through the

base and the guide.

14. A method for positioning a guide relative to an anatomy comprising:

acquiring a surgical plan for a surgical procedure to be performed on the
anatomy that includes a trajectory for an instrument;

tracking at least one first tracking device coupled to a base relative to the
anatomy;

tracking at least one second tracking device coupled to a guide relative to
the anatomy, the guide movable relative to the base;

determining a position of the base and guide relative to the anatomy;

comparing the position of the base and the guide relative to the anatomy
with a desired position for the base and the guide in the surgical plan that
enables the guide to guide the instrument along the trajectory; and

displaying at least one icon superimposed onto an image of the anatomy
that indicates an amount and direction of a first manipulation required to move
the guide into the desired position and at least one icon superimposed onto an
image of the anatomy that indicates an amount and direction of a second
manipulation required to move the guide relative to the base into the desired

position.
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15.  The method of Claim 14, further comprising:
moving the guide within a track defined on the guide relative to the base.

16.  The method of Claim 14, further comprising:
coupling the base to the anatomy with at least one bone screw; and
coupling the guide to the base with at least one locking screw when the

guide is in the desired position.

17.  The method of Claim 14, further comprising:
superimposing an icon representing a target site in the anatomy identified

from the surgical plan onto the image of the anatomy.

18.  The method of Claim 14, further comprising:
superimposing an icon representing the base onto the image of the

anatomy.

19.  The method of Claim 14, further comprising:
superimposing an icon that reduces in size as the guide approaches the
desired location during the first manipulation, the guide approaches the desired

location during the second manipulation or combinations thereof.

20. A system for positioning a guide relative to an anatomy comprising:

a base adapted to be fixedly coupled to the anatomy;

a guide that moves relative to the base, the guide operable to be coupled
to a drive system to guide at least one instrument into the anatomy;

at least one first tracking device coupled to the base;

at least one second tracking device coupled to the guide;

a tracking system that tracks a position of the at least one first tracking
device and the at least one second device relative to the anatomy;

a navigation control module that receives patient image data and surgical
plan data, the surgical plan data including a desired position for the base and

the guide relative to the anatomy;
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a navigation system that determines a position of the base and the guide
relative to the anatomy based on the position of the at least one first tracking
device and the at least one second tracking device, and determines if the
position of the base and the position of the guide are about equal to the desired
position of the base and the guide; and

wherein the navigation control module outputs image data that includes a
first arrow icon superimposed onto the patient image data that graphically
represents an amount of rotation and a direction of rotation for the guide, a
second arrow icon superimposed onto the patient image data that graphically
represents an amount of translation and a direction of translation for the guide,

or combinations thereof.

21.  The system of Claim 20, further comprising:

a display that displays the image data.

22.  The system of Claim 20, wherein the image data further comprises an
icon of the desired position of the base superimposed onto the patient image

data.
23.  The system of Claim 20, wherein the surgical plan data includes a target
site within the anatomy, and the image data further comprises an icon of the

target site superimposed onto the patient image data.

24.  The system of Claim 20, wherein the first arrow and the second arrow

reduce in size as the guide approaches the desired position.
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The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the Invitation.

D No protest accompanied the payment of additional search fees.
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