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DIFFUSION TENSOR IMAGING CONFIDENCE ANALYSIS

FIELD
[0001] The present teachings relate generally to an imaging system,
and particularly to an analysis system for diffusion imaging of an anatomy.

BACKGROUND

[0002] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0003] Imaging techniques have been used to image various portions
of the human anatomy. Imaging techniques include ionizing radiation, producing
fields relative to a human anatomy, etc. For example, x-ray imaging techniques
include directing radiation through an anatomy and receiving a selected portion
of the radiation on a film or collecting surface. Other types of imaging include
producing fields relative to an anatomy, such as a magnetic field (e.g. magnetic
resonance imager (MRI)), and sensing a change in atomic particles of the
anatomy induced by the fields.

[0004] Various techniques can be used to acquire information relating
to an anatomy, such as a human anatomy. For example, a MRI, which uses
magnetic fields and radio frequency energy, can be used to acquire information
regarding diffusion of various components or matter within the anatomy, such as
water. Matter, such as water, can diffuse in the anatomy according to various
principles, including Brownian motion. Diffusion can be anisotropic or isotropic.
Anisotropic diffusion is generally along a selected path based upon restrictions
on movement of the water, such as due to muscle fibers, fiber tracts in the brain,
or other features. The anisotropic movement of the water can be defined based
upon a tensor defining the motion or average motion of water within a voxel
being imaged with a MRI. The MRI can be used to detect or determine the
diffusion based on an attenuation of the MRI signal due to the diffusion of the
water. Further analysis or processing can be used to determine a tensor based
upon the movement of the water as it diffuses over time. Quick successive

pulses of a MRI system can be used acquire data to determine the movement of
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water. The tensor can be used to determine information regarding the data,
such as an Eigenvalue or Eigenvector, relating to the movement. The
Eigenvector can define the average movement of water within a selected voxel
of the MRI data. A more detailed discussion of DTl data acquisition and
processing is discussed in Bihan et al., Diffusion Tensor Imager: Concept and
Applications, Journal and Magnetic Resonance Imaging, 13, 534-546 (2001).
[0005] As discussed above, diffusion data from a MRI can be used to
determine movement of water and the information can be used to illustrate the
movement of the water on image data. The movement of water within a
particular voxel can also be used to identify selected anatomical structures, such
as fiber tracts. Various algorithms or techniques can be used to identify fiber
tracts within the anatomy. Diffusion tensor image data, however, is substantially
non-invasive and the tract developed based on the data includes only a certain

amount of confidence.

SUMMARY

[0006] A method and system is taught that allows for increased
sensitivity, increased confidence, and other factors relative to diffusion image
data of a selected region. In particular, various techniques can be used to
develop or determine a confidence of an identified tract in an anatomy based
upon the DTl data. DTI data can be used to extrapolate or determine fiber tracts
and anatomical structures based on various processes, such as tractography.
Various algorithms can be used to define tracts in an anatomy and a confidence
value can be determined for a particular identified tract. For example,
perturbation of an initial determination can be used to insure an appropriate
mapping of a venous or flow system.

[0007] According to various embodiments a method to determine a
confidence in a displayed image data of an anatomy is taught. The method can
include obtaining image data of the anatomy including data regarding diffusion of
a liquid. A first estimate of an anatomical structure and a second estimate of the

anatomical structure based upon the obtained image data can be made. The
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first estimate of the anatomical structure and the second estimate of the
anatomical structure can also be compared.

[0008] According to various embodiments a method of determining a
confidence in a displayed image data of an anatomy is taught. The method can
include obtaining a gradient image data of the anatomy and determining a
diffusion of water with the gradient image data of the anatomy including
formulating a tensor of the diffusion. A first starting portion in the obtained image
data can be determined and a first estimate of an anatomical structure can be
made. A second starting portion in the obtained image data can be determined
and a second estimate of the anatomical structure can be determined. A
confidence of the determined first estimate of the anatomic structure can also be
determined.

[0009] According to various embodiments a method of determining a
confidence in a displayed image data of an anatomy is taught. The method can
include obtaining gradient image data of the anatomy and determining a diffusion
of water with the gradient image data of the anatomy including formulating a
tensor of the diffusion. A first criterion can be selected in the image data and a
first estimate of an anatomical structure can be made based at least in part on
the selected first criterion. A second criterion can be selected and a second
estimate of the anatomical structure can be made based at least in part on the
selected second criterion. The first estimate of the anatomical structure and the
second estimate of the anatomical structure can be compared. A difference
between the first estimate of the anatomical structure and the second estimate of
the anatomical structure can be determined. A configuration of the anatomical
structure can be determined and a confidence in the determined configuration of
the anatomical structure can be made based at least in part on the determined
difference between the first estimate of the anatomical structure and the second
estimate of the anatomical structure.

[0010] 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.
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DRAWINGS

[0011] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.

[0012] Fig. 1 is an environmental view of a surgical navigation system
according to various embodiments;

[0013] Fig. 2 is a flow chart illustrating the general steps of formulating
or determining a confidence tractography;

[0014] Fig. 3 is a detailed flow chart of a confidence building procedure
in determining a tractography; and

[0015] Figs. 4 graphically illustrates a visualization of a confidence
tractography system according to various embodiments.

DETAILED DESCRIPTION

[0016] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses.

[0017] A guided procedure can be performed with a navigation system
20, illustrated in Fig. 1. The guided procedure can be any appropriate
procedure, such as a neural procedure, spinal procedure, and orthopedic
procedure. The navigation system 20 can include various components, as will
be discussed further herein. The navigation system 20 can allow a user, such as
a surgeon to view on a display 22 a relative position of an instrument 24 to a
coordinate system. The coordinate system can be made relative to an image,
such as in an image guided procedure, or can be registered to a patient only,
such as in an imageless procedure.

[0018] A procedure, as discussed further herein, can be performed
using or being assisted with image data. The image data can be image data
acquired of a patient 28 using any appropriate imaging system, such as a MRI
imaging system 26. The MRI imaging system 26 can be used to acquire both
image data and diffusion data relating to the patient 28. The image data
including diffusion data can also be reference to as gradient image data. The
various types of data can be used to create images for viewing on the display 22.
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The image data can be used by a user or surgeon 25, such as during a
navigated procedure. As discussed further herein, the various types of data,
such as the diffusion data, can be used to illustrate tracts alone or tracts on
image data acquired of the patient 28.

[0019] Image data acquired with the MRI imaging system 26 can use
various algorithms to determine tracts based upon the acquired data. As
discussed further herein, various tractography algorithms can require manual
input, such as determination of a region of interest or a seed point, or can
include automatic input. Further, multiple algorithms (e.g. linear, fast marching,
energy, minimization, or other generally known algorithms) and multiple seed
points can be used to define tracts relative to the image data of the patient 28.
Therefore, various systems and methods can be used to determine confidence
in a particular tract based upon the image data or multiple tractography methods.

[0020] The navigation system 20 can be used to navigate or track
instruments including: catheters, probes, needles, guidewires, instruments,
implants, deep brain stimulators, electrical leads, etc. The instrument 24 can be
used in any region of the body. Also, any appropriate information about the
instrument 24 can also be displayed on the display 22 for viewing by a surgeon
25.

[0021] Although the navigation system 20 can include an exemplary
imaging device 26, one skilled in the art will understand that the discussion of the
imaging device 26 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. Image data can be captured or obtained at
any appropriate time with any appropriate device.

[0022] The navigation system 20 can include the optional imaging
device 26 that is used to acquire pre-, intra-, or post-operative or real-time image
data of a patient 28. The illustrated imaging device 26 can be, for example, a
magnetic resonance imaging device (MRI). Other imaging devices can include
an x-ray C-arm having an x-ray source and an x-ray receiving section, computed
tomography systems, etc. Any appropriate MRI system that can collect diffusion
data can be used, as discussed herein. The imaging device 36 can be provided
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to acquire image data of the patient 28 prior to or during a procedure for
diagnosis of the patient 28.

[0023] Although Fig. 1 illustrates an environmental view showing both
the patient, surgeon, navigation system, and other elements, it will be
understood that this is merely exemplary of all the portions that can be provided
together. For example, an electromagnetic navigation or tracking system may
not be provided in a room with the imaging MRI system 26, but is shown in Fig. 1
for illustration and can be separated for use in an actual procedure.

[0024] An imaging device controller 34 can control the imaging device
26 to capture and store the image data for later use. The controller 34 may also
be separate from the imaging device 26. Also, the controller 34 can be used
intra- or pre-operatively to control and obtain image data of the patient 28.

[0025] The image data can then be forwarded from the controller 34 to
a processor system 40 via a communication system 41. The communication
system 41 can be wireless, wired, a data transfer device (e.g. a CD-Rom or
DVD-Rom), or any appropriate system. A work station 42 can include the
processor system 40, the display 22, a user interface 44, and a memory 46. It
will also be understood that the image data is not necessarily first retained in the
controller 34, but may be directly transmitted to the workstation 42 or to a
tracking system 50, as discussed herein.

[0026] The work station 42 provides facilities for displaying the image
data as an image on the display 22, saving, digitally manipulating, or printing a
hard copy image of the received image data. The user interface 44, 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 26, via the
controller 34, or adjust the display settings of the display 22.

[0027] The processor system 40 can process various types of data
such as image data provided in the memory 46 or from the imaging system 26.
The processor system 40 can also process navigation information, such as
information provided from the tracking system 50. In addition, navigation
processing can include determining a position of the tracked instruments relative
to the patient 28 for display relative to the image data 23 on the display 22. The
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processor system 40 can also include a confidence system processor, as
discussed further herein. It will be understood that each of the processing
portions can be processed by separate or individual processors or can be
processed substantially sequentially with an appropriate processor.

[0028] The optional imaging device 26 can be any appropriate 2D, 3D
or 4D imaging modality. For example, an isocentric fluoroscopy, bi-plane
fluoroscopy, O-ARM® imaging devices (i.e. devices sold by Medtronic
Navigation, Inc. having a place of business in Massachusetts, USA), ultrasound,
computed tomography (CT), T1 weighted magnetic resonance imaging (MRI), T2
weighted MRI, positron emission tomography (PET), optical coherence
tomography (OCT), single photo emission computed tomography (SPECT), or
planar gamma scintigraphy (PGS) may also be used.

[0029] The image data obtained of a patient can be used for various
purposes. As discussed herein, image data can be obtained for performing a
navigated procedure on an anatomy, planning an operation or procedure on an
anatomy, and other appropriate reasons. For example, during a neurological
procedure, it can be selected to obtain image data of a brain of the patient 28 for
viewing during the procedure and navigating the instrument 24 relative to the
image data 23. Further, the acquired image data can be used to plan the
movement of the instrument 24 or for positioning of an implant during an
operative procedure.

[0030] The imaging device 26 can also be used to obtain various types
of data other than only image data. The various types of data can be used and
overlaid one on another to obtain an appropriate image of the anatomy. For
example, a magnetic resonance image can be obtained of a portion of the
patient 28, such as a brain 29, for viewing in a selected manner. For example, a
3-D model can be formed of the brain based upon multiple slices of MRI data for
displaying on the display 22 during a tracking of a navigated procedure.

[0031] The imaging device 26, if it is a MRI, can be used to acquire
diffusion data of the patient 28. For example, diffusion data can be obtained
relating to diffusion within the brain 29 or any other portion of the patient 28. For

example, diffusion data relating to the brain 29 can be acquired and displayed in
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a graphical representation relative to the image data 23 on the display 22. The
diffusion data can be illustrated in any appropriate manner and can be used to
identify various structures, such as white matter tracts in the brain 29.
Tractography methods and algorithms, including those discussed further herein,
can be used to identify the white matter tracts within the brain 29. The
determination of the white matter tracts can be based on algorithms that use
diffusion data, such as a tensor determined from the diffusion data. As is
understood by one skilled in the art, diffusion tensor image (DTI) data can be
used to illustrate the various portions of the anatomy based upon an average or
general diffusion within a voxel of the image data acquired by the imaging
system 26. See The Visualization Handbook, “Diffusion Tensor MRI
Visualization,” pgs. 317-330 (2004,) which is incorporated herein by reference.

[0032] During a magnetic resonance image acquisition of the brain 29,
data is collected that can illustrate diffusion of water through the anatomy, such
as with a tensor. The diffusion of water through the anatomy can be based upon
various physical and anatomical constraints on the diffusion. Isotropic movement
of water can occur within portions of the anatomy where water is substantially
unconstrained by anatomical regions. For example, grey matter in the brain can
allow for substantially isotropic diffusion of water. The movement of water in
grey matter includes substantially only random movement and no constrained
movement. A DTI of the grey matter would show the vector movement of the
water to be substantially random from period to period in MRI data.

[0033] Anisotropic diffusion can occur in substantially constrained
areas. For example, in the white matter in the anatomy diffusion of water can be
substantially anisotropic. Anisotropic movement of water can allow or illustrate
substantially constrained or connected areas within a selected portion of the
anatomy. It will be understood that anisotropic movements of water can also
occur in other areas, such as in veins, vessels, muscle fibers, nerve fibers and
the lymph system. The anisotropic movement of the water is generally
constrained by the walls of the fiber, such as neuron-fibers, and can be used to
substantially map or track the fiber. Any matter, and not only water, can have

anisotropic movement in any appropriate environment. Thus, discussion herein
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of anisotropic movement of water is merely exemplary. For example, a fiber tract
can be defined by the movement of the water over a period of time within the
fiber, the movement of water within the fiber can allow for tractography which
can be used to illustrate or estimate a tract or path of the fiber. It will be
understood that the discussion herein to a particular fiber, such as a neuron-fiber
or white matter in the brain, can also relate to any appropriate fiber in the
anatomy, including a vessel, endocrine movement vessel, or the like.

[0034] As discussed above, the vector of the movement of the water
can be defined by an Eigenvector that is derived from a tensor matrix. The
tensor matrix can define a vector of the movement of the water at a particular
period in time. The Eigenvector or value generally relates to one voxel of image
data and can be “connected” or “interrelated” to determine a tract. Various
known algorithms, as further discussed herein, can then be executed by a user,
a processor, or combinations thereof to illustrate a tract of a particular fiber.

[0035] With reference to Fig. 2, a visualization or tractography
confidence system 120 is illustrated. The visualization system 120 can be
understood to be an overview or a broad definition of a visualization system that
can be used for determining a tract using DTI. The DTI data can be obtained
with an appropriate system, such as the system illustrated in Fig. 1 and a
procedure can also be tracked therewith. The confidence system 120 can
include or be defined by algorithms to process data with the processor system
40. The tract can be any appropriate anatomical tract, such as a neurological
tract, circulatory tract, muscular tract, or any appropriate tract system or
combination of systems. Therefore, the visualization system 120 can be used
for any appropriate anatomical system.

[0036] Initially, imaging is performed to acquire the image data and
other data in block 122. It will be understood that the image data acquisition can
be distinct from the data acquisition of the diffusion data or it can be substantially
complimentary. For example, the image data can include T1 MRI or T2 MRI.
The diffusion data acquisition can include the diffusion data of the water within
the imaged area and can be acquired substantially simultaneously with the
image data. The image data including data regarding movement of a matter,
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such as water, can also be referred to as gradient image data. The gradient
image data is generally obtained as MRI data. The gradient image data includes
information regarding a preferred or tendency direction of the flow of the matter
within a specific region.

[0037] Pre-processing of the image data can be performed in block
124. Pre-processing of the image data can include smoothing the image data,
refining the image data, storing the image data in an appropriate format, or the
like. It will be understood that the pre-processing image data can include any
processing that can be performed by an appropriate processor or system to
prepare the image data and the diffusion data for the system 120. Further, the
pre-processing of the image data can include overlying or superimposing the
diffusion data on the image data.

[0038] Visualization of the data can be performed in block 126. It will
be understood that visualization at this time can be optional and need not be
required by the system 120. Nevertheless, the visualization of the pre-
processed image data can include visualization of the broad diffusion data
superimposed on an appropriate image data or visualization of the image data
relative to the diffusion data for an initial analysis.

[0039] The acquired image data and diffusion can be entered into a
confidence building or determining sub-routine (CBS) 128. The confidence
building sub-routine 128 is illustrated and described here briefly, it will be
described in more detail herein. Initially, the CBS 128 can provide for an initial
tractography or first estimate in block 130. The initial tractography 130 can
include any appropriate tractography method using the diffusion data. For
example, the initial tractography can include a first portion such as an initial seed
point, an initial algorithm, an initial data set, or the like. Nevertheless, the initial
tractography performed in block 130 can then be subjected to a perturbation in a
perturbed tractography block 132. The perturbed tractography or second
estimate in block 132 can be based on any appropriate perturbation or change,
such as a different seed point, region of interest (ROI), tractography algorithm,
data set, initialization technique, or the like. As discussed herein, the
perturbation can change the initial seed point, the initial algorithm, the initial data

10
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set to a second or different seed point, algorithm, or data set. A second tract or
estimate can be formed based upon the change.

[0040] The perturbed tractography in block 132 can be compared to
the initial tractography in block 130 to produce a confidence tractography in
block 134. The confidence tractography in block 134 can be used to determine a
confidence factor based on multiple tractography methods, multiple seed points,
or any other appropriate system to produce a confidence tractography or value in
block 134. The confidence tractography in block 134, as discussed further
herein, can be used to insure an appropriate determination of tract, an
identification of a selected anatomical feature, or the like. The confidence can
also include a value or interval for any of the determined tracts.

[0041] The confidence information in block 134 can be determined
based upon changes in a determined tract when a perturbation occurs. The
confidence information can include sensitivity analysis and the like regarding the
amount of change in a tract based upon a perturbation or whether a small
perturbation results in a large tractography change. Thus, the confidence
information can include sensitivity information or analysis. The sensitivity can
also be reviewed, as discussed further herein, by a user.

[0042] The confidence tractography information from block 134 can be
used to determine whether or not a further perturbation or change can be used
or required to increase the confidence of the tractography. For example, an
additional perturbation can occur by returning along path 135 to the perturbed
tractography block 132. An additional change or perturbation can be chosen,
and a tract regrown for comparison to the initial tractography from block 130 or to
a previously formed perturbed tractography. Therefore, it will be understood that
the iterative path 135 can be used, as discussed further herein, to provide a
multiple perturbation or tractographies to assist in providing as high a confidence
as possible in block 134.

[0043] It can be selected to obtain a certain confidence interval or
factor in the tract that is determined in the confidence tractography in block 134.
The confidence tractography in block 134 can be used to create a tractography
that is within a selected trigger or confidence threshold. As discussed further

11
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herein, various techniques can be used to assist in attempting to obtain a
confidence factor at a certain level in preparation for performing or planning a
procedure. Regardless, the confidence tractography in block 134 can be
provided as a substantially internal comparison when comparing the initial
tractography and the perturbed tractography.

[0044] The confidence tractography in block 134 can then be
visualized or analyzed by a user in block 136 as the confidence visualization.
The confidence visualization in block 136 can include any appropriate
information, such as a statistical confidence of the confidence tractography from
block 134, a “confidence” or average tract determined in the confidence
tractography in block 134, multiple tracts determined through the initial
tractography and the perturbation of the tractography in blocks 130, 132
respectively, or any other appropriate information.

[0045] The confidence visualization in block 136 allows a user, such as
the surgeon 25, to visualize the results of the confidence system 128. The
confidence visualization block 136 can include visualizing multiple determined
tracts, the confidence of any particular tract, or other appropriate information.
Generally the confidence visualization in block 136 allows a user to analyze the
data produced or the results determined by the system 128.

[0046] The analysis in block 136 can allow a user to input into the
system or make a determination of confidence in the determined tractography as
well. For example, a user can view the determined tractographies and the
information related with each tract and apply the user’'s knowledge and
experience in determining a confidence. For example, a low confidence may be
given to a selected tract based upon the perturbation. The user, however, may
know or understand that a small perturbation may lead to a large tract change
due to a confluence of tracts in the area under study. Thus, the user may assign
a high confidence to a determined tract. In other words, the system 120 can
include both a system 128 confidence, a user confidence, and/or combinations
of both.

[0047] In addition, a further iteration loop 137 can be provided from the
confidence visualization block 136. The iteration loop 137 can include two paths.

12
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A first path 137a allows a user to require further iterations of the confidence
system 128. This can assist in further analyzing the originally acquired image
data to determine whether a greater confidence factor can be determined. A
second feedback path 137b can allow the user to require the acquisition of
further or different image data and diffusion data in block 122 to start the process
completely over. This can be used if the image data that is acquired is not
adequate, proper, or at a high enough resolution, or the like for achieving an
appropriate confidence factor.

[0048] The image and diffusion data acquired in block 122 can be pre-
operative data or diagnostic data. Therefore, it can be used to diagnose or
examine the patient 29 at any appropriate time, such as long before a procedure.
If a surgery is determined to be necessary, a surgical plan can be formed in
block 138, based upon the confidence visualization in block 136. In addition, the
surgical planning in block 138 can use the additional data, the confidence
visualization, or any appropriate information to determine a surgical plan. The
initial, perturbed, or confidence tractographies can be used to verify the location
of various anatomical portions that are difficult to visualize or substantially
indistinguishable from surrounding anatomical tissue. For example, various
anatomical landmarks, such as an anterior commissure, posterior commissure,
injured anatomical regions, or the like can be visualized relative to a tract formed
in the tractography for determination of and performing the surgical procedure.

[0049] Finally, in block 140, a procedure can be performed, with or
without navigation. The navigated procedure can be performed based upon the
plan formed in block 138 and using the navigation system 20. Again, planning or
performing a surgery is optional, but if one is performed tracts can be visualized
and displayed on the appropriate display 22, as discussed herein, for use during
a surgical procedure. Alternatively, the tractography information can be used
only during the surgical planning 138 and only a display of the image data in a
selected plan can be displayed. Nevertheless, the navigated procedure in block
140 can be based, at least in part, on the tract formed in the confidence
tractography in block 134 and visualized with the confidence visualization in
block 136.

13
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[0050] With reference to Fig. 3, the CBS 128 is illustrated in more
detail. The CBS 128 can include various portions or procedures, as will be
discussed further herein, to allow for a particular or selected confidence interval
of a selected or determined anatomical tract. It will be further understood that
the CBS 128 can be used to determine an appropriate confidence level or factor
in a selected or prepared tractography. It will be understood, however, that
selected data may not allow a particular confidence factor to be achieved. If a
selected confidence factor can not be obtained, additional data can be obtained,
no confidence tract may be produced, or any appropriate technique or procedure
may be performed. Nevertheless, the CBS 128 can be used to at least
determine a confidence factor or value for a selected tract or tractography
method.

[0051] The initial tractography block 130 can include selecting an initial
seed point in block or region of interest (ROI) 150 and determining or growing an
initial tract in block 151. In block 150, of the CBS 128, an initial or first seed
location can be determined or selected. It will be understood that a seed
location can be determined in the image data or the diffusion data, obtained in
block 122, in any appropriate manner. For example, the seed location can be
determined substantially manually or automatically. Moreover, the seed point
150, as used herein, may also refer to a region of interest (ROI) including
multiple seed points. A tract may be grown from each seed point within the ROI
for analysis.

[0052] During manual seed location determination, a user can view the
image data and determine a selected seed point. The seed point can include a
seed pixel, a seed voxel, a seed sub-voxel, or any appropriate seed data point.
The image data can also include raw diffusion data or any appropriate data to be
viewed by a user. The seed point can be based upon the image data alone, the
diffusion data, or combinations thereof. For example, the diffusion data can be
used to assist the user in determining a selected region to use as a seed voxel
or point.

[0053] In manual selection of a seed point, generally a local seed point
or ROI is determined. The local seed point can be selected by a user using the
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image data in an area generally of interest to the user. The seed point can
include a portion within grey matter, a portion within white matter, a portion within
muscle tissue, or any other appropriate portion. Generally, the local region is the
region of interest known to the user in which a tract is generally understood to
have a beginning, end, or clear middle portion. The local region can include a
generally well known region of the anatomy, such as a portion of the brain 29.

[0054] In addition or alternatively, an automatic determination of a
seed point can be used to assist in selecting the appropriate seed point. For
example, the image data can be used to determine a beginning portion of a tract
or fiber, a middle portion, or any appropriate portion or region of the anatomy.
The seed point can be determined based upon a selected algorithm or type of
image data, such as bright region of the image data, a high contrast region of the
image data, or any appropriate information. Further, a user’s skill and
knowledge can also be used to assist in determining a seed point in an
automatic method such as selecting a region in which the seed point can be
located. Regardless, the seed point automatically identified can be used by an
appropriate algorithm, such as a tractography algorithm or method.

[0055] The seed points can be selected based upon the goals of the
tractography assessment, such as determining a neuron-fiber tract, a muscle
fiber tract or any other appropriate tract. Generally, automatic seed points can
be based upon analysis of an entire region, such as an entire brain volume, to
attempt to select a feature. In addition, seed points can be selected from a pre-
selected grid volume or selected from within possible tracts within a region of
interests. Further, seed points can be selected from regions of particular types
of matter or data, such as high linear anisotropy. Nevertheless, one will
understand that seed points can be selected from any appropriate region based
upon any appropriate criteria. As discussed herein, the seed points can be
perturbed or changed to assist in determining a confidence or error analysis of
an initial tract.

[0056] Once the initial seed location or point has been determined in
block 150, the initial tractography or growth of the tract can be performed in the
block 151. Also the initial tract or tractography can be referred to and
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understood as a first estimate. As discussed herein, the initial tractography or
the first estimate of an anatomical structure, can be refined or changed as
discussed herein.

[0057] The initial growth of the tract in block 151 can be according to
any appropriate method. For example, linear propagation, energy minimization,
probability theory, diffusion characteristics, fast marching method, or any
appropriate algorithm can be used to determine a tract. The various
tractography algorithms can include those discussed above or those generally
known in the art. For example, various tractography methods or algorithms are
described in Mori et al. Fiber Tracking: principles and strategies, a technical
review, NMR Biomed, Ch. 15, pp. 468-480 (2002), incorporated herein by
reference. The various algorithms can be used to create an initial tract or first
estimate based upon the initial seed point selected in block 150. The tract can
be based upon the DTI of the diffusion data from the MRI and can be used to
determine a tract based upon or beginning with the seed point. The tract can be
a neurological tract, a vascular tract, a muscle tract, or the like. Further, the
various tractography methods or algorithms can be selected based upon certain
information or considerations, such as time constraints, branching information, or
the like. It will be understood that the initial tract formed in the initial tractography
block 130 can be one defined by a single one or multiple tractography algorithms
or techniques. Therefore, the initial tractography can include a single or multiple
initial tracts that are based upon one or more algorithm or tractography methods.

[0058] Once the initial tractography has been performed in block 130,
the perturbation of the tractography or a perturbation of a portion of the tract can
be performed in block 132. The perturbation can also include perturbing the
seed point in block 153 and regrowing or forming a second estimate in block
152. The perturbation of the tractography can include any appropriate
perturbation. For example, a seed point perturbation can be performed. In other
words, a change in the seed point can be made from the initial seed point in
block 150. The perturbed or changed seed point is selected in block 153. The
seed point can be changed at a level of a pixel, voxel or sub-voxel. Also, the

ROI can be moved to include a plurality of seed points. Some of the perturbed
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ROI can overlap the initial ROI, but tracts can be grown from each point in the
perturbed ROI as well. For example, at the sub-voxel level, only a portion of the
voxel may be used as a seed point. Therefore, a different selected region of the
seed voxel can be used as the seed or the starting point for the tractography.
[0059] The seed voxel perturbation can be based upon various
information. For example, a predefined perturbation or selection pattern can be
selected, based upon the initial seed voxel determined in block 150. The
predefined perturbation pattern can include any appropriate pattern, such as a
geometrical shape, a distance, a contrast, or the like. The predefined
perturbation pattern can be included in the memory system 46 and executed by
the processor system 40 for a substantially automatic perturbation technique.
[0060] For example, the initial seed voxel can be selected based upon
any appropriate technique, including those discussed above. The perturbed or
different selected seed voxel can be selected as being within a predefined region
or geometry based upon the first seed voxel. For example, the second or
perturbed seed voxel can be selected to be touching the first seed voxel or within
a particular number of voxels of the first or initial seed voxel. Therefore, the
perturbation of the seed voxel can be based upon any appropriate selection or
perturbation technique, such as defining an area around the initial seed voxel.
[0061] A further perturbation criteria from block 153 can include
determining or selecting a position along the tract defined in the initial
tractography in block 130. The position defined along the tract can then be used
as a seed voxel or seed point to define the tract from that point forward and may
also backtrack along the defined tract to insure that the tractography to reach the
selected point was appropriate. The point selected along the tract defined in the
initial tractography from block 130 can be one that is automatically selected by
the processor 40 or program or can be selected by a user. For example,
instructions can be executed to select a point that is a distance from the initial
seed point along the tract defined at the initial tractography in block 130.
Alternatively, or in addition to the automatic location definition, a user can define
a point or select a point within a tract for the perturbed or second seed point.

The user can use the initial visualization or a pre-confidence visualization to
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select the location along the tract for the perturbation technique. For example, a
user can select a point near a determined branch or where a user may theorize a
branch to be to assist in the perturbation or confidence of the tract from the initial
tractography in block 130.

[0062] A further perturbation technique can include selecting a
different seed location based upon a known anatomical landmark, a known fiber
structure, a known anatomical disturbance, or the like. For example, in the brain,
various anatomical locations can be known, based upon image data thereof.
One example can include an anterior commissure, a ventricle, a posterior
commissure, or the like to be used as a different or second seed location. The
tractography can then perturb the seed location based upon a known anatomical
landmark to form a second or perturbed tractography. Further, a tract structure,
fiber structure can be generally known by a user, by a program, or by
combinations thereof to assist in determining the perturbed seed locations.

[0063] Because the diffusion data can be to determine tensor fields,
the perturbed location can be based upon the tensor field types that are known.
The tensor field types can be based upon the type of diffusion occurring within
the anatomy and that information can be used to determine the perturbed seed
location. Although various perturbation techniques are described above, one
skilled in the art will understand that any appropriate perturbation technique can
be used to determine or select a second or multiple different seed locations.

[0064] Once a perturbed seed location has been determined in block
153, the tractography can be again performed to form the second estimate in
block 152. The tractography in block 152 can include any appropriate
tractography algorithm that can be the same or different than the algorithm from
the initial tractography in block 130. Also the second tractography in block 152
can be understood to be a second estimate of the tract or anatomical structure.
The second estimate based on the perturbed seed point or any perturbed criteria
can be compared to the first estimate, or discussed herein. It will be understood,
however, that any appropriate number of estimates can be performed. Thus the

second estimate can also include a third, fourth, etc. Thus the perturbed
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tractography in block 132 can include an internal iteration to form any
appropriate number of perturbed tractographies.

[0065] It will be understood that the same tractography algorithm can
be used with the new seed location and be directly compared to the algorithm
results from block 130. Further, different tractography algorithms can be used
and the tracts defined by the different algorithms can then be compared to the
initial tractography from block 130. As discussed above, the use of multiple
tractography algorithms can be used as a part of the perturbation in block 132.

[0066] Once the tract has been regrown in block 152, a comparison of
the initial tract from block 130 and the perturbation tractography from block 132
can be performed in the confidence tractography block 134. The confidence
tractography 134 can include various portions and decision blocks including the
initial comparison or information gathering in block 154, the reporting block 155,
and decision blocks regarding whether to conduct another perturbation in block
156, determining whether a trigger has been passed, and determining whether a
procedure can be planned based upon the tract in block 176.

[0067] Therefore, the comparison and confidence tractography in block
134 can include various portions as discussed further herein. The comparison
information can include any appropriate information, such as: tract volume
change, tract overlap change, tract medial axis change, tract cross-sectional
overlap at various corresponding points change, tract maximum radius change,
tract fiber shape change (skeletonization topology, curve/angle analysis), change
in tract length, change in tract branching, change in distance to critical or
selected structures, or any other appropriate indicators. The comparison of
various information can be used to determine a difference between the initial
tractography (i.e. first estimate) from block 130 and the perturbed tractography
(i.e. second estimate) from block 132. It will be understood that any appropriate
changes can be compared between the various tracts and those discussed
herein are merely exemplary.

[0068] Once the comparison has been performed in block 154, a
determination of whether another perturbation should be performed can be a in
block 156. The determination of whether another perturbation should be
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performed in block 156 can be based on various indications or selection
criterion. For example, a minimum number of perturbations can be performed
for comparison in block 154. Further, an initial level of difference in comparison
can be selected and, if this is exceeded a further perturbation may occur. It will
be understood by those skilled in the art that any appropriate criteria can be
selected for determining whether additional perturbation should occur in block
156. If the determination is YES 158 in decision block 156, then the system can
iterate back to the perturbation tractography block 132. A new seed location or
any appropriate information can then be input into the system in block 132 and
the tract can be regrown in block 152 and then compared to the initial, the
second, or any previous grown tract in block 154.

[0069] If the determination to conduct additional perturbation is NO
160 in decision block 156, then the information can be forwarded to the
confidence block 155. The statistics report in the confidence block 155 can
include any appropriate information and can be displayed or output to a user in
any appropriate manner. For example, the statistics or information can include
location changes, volume changes, maximum distance changes, central axis
shift, auto correlation, semi-variance, variance of the mean, principle component
analysis, population analysis, various particular information, such as the
particular comparisons in block 154 or any appropriate information. Therefore,
the confidence tractography in block 155 can be used to determine the
confidence of a particular tract that includes a single one or a combination of
multiple tracts, based upon the perturbation in block 155 and the comparison
block 154.

[0070] The statistics reported in block 155 can be used by a user or
the confidence system 120 to assist in determining the confidence or other
analysis of the initial tract, the regrown tract or second estimate, or the like. For
example, as illustrated further herein, the reported statistics can include the
difference between the first estimates and the second estimate of the tract. The
statistics therefore, can be used to determine the confidence in a particular tract
based upon the image data. Further, the difference between the first estimate
and the second estimate can be used for further analysis if selected.

20



10

15

20

25

30

WO 2009/114603 PCT/US2009/036776

[0071] The statistics in block 155 can be output for comparison to an
auto trigger pass in decision block 164. The auto trigger pass in decision block
164 can be any appropriate trigger, such as determining whether a selected
confidence interval, factor, value, of threshold has been achieved or not. The
trigger can be any appropriate pre-selected trigger such as the appropriate
confidence interval, factor, value, or threshold. The trigger can include an
appropriate value for any of the selected or determined statistics. For example,
a maximum location change between the first estimate and the second estimate
can be used for the trigger criteria. If the first estimate and the second estimate
are within a maximum location change value, then the trigger criteria can be
determined to have been passed. One skilled in the art, however, will
understand that any appropriate trigger criteria can be selected.

[0072] If the selected trigger criteria have not been achieved or if such
determination is NO 166 in block 164, a manual assessment can be performed
in block 168. The manual assessment in block 168 can include a visualization of
the confidence visualization, as discussed above in block 136. The manual or
visual assessment in block 168 can be used by a user, such as the surgeon 25,
to determine whether the DTI data or the tracts formed therefrom are appropriate
or should be retained for a particular patient. The manual assessment can use
the criteria from the auto trigger criteria decision block 164 except that a
determination can be made by a user rather than a processor system. In
addition, the user can use other criteria to determine whether the formed tracts
are appropriate. For example, the user can use the user’s experience to
determine whether the data is appropriate for use.

[0073] If the auto trigger criteria pass in block 164 is determined to be
NO 166, the manual assessment and visualization can occur in block 168. After
or concurrent with the manual assessment and visualization in block 168, a
determination can be made as to whether the procedure can proceed or whether
a procedure can be planned with the tract information, which can also include
the confidence information, in decision block 176. The determination of whether

the procedure can occur after the manual assessment and visualization can be
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substantially automatic, such as with the assistance of a processor, or
substantially manual.

[0074] If the determination is YES 182 from the procedure planning
determination block 176, then the confidence information can be visualized in
block 136, or the procedure can be planned in block 138 just as if the auto
trigger criteria pass had been YES 170 in decision block 164. Therefore, the
manual assessment and visualization block 168 can lead to the determination
block 176 to determine whether the procedure can occur even if the auto trigger
criteria pass in block 164 is determined to be NO 166.

[0075] Alternatively, if the determination of whether the procedure can
proceed in block 176 is NO 178 then the procedure can iterate back to block 132
to grow a tract according to any appropriate procedure, algorithm, or method.
Therefore, if the assessment determines that the confidence factor is not great
enough or the tract is not appropriate, then the procedure can be re-iterated
through block 132. Further, if the manual assessment and visualization is
determined to be too different or the confidence factor is not within a
predetermined level the procedure can end in block 180. If the procedure ends
in block 180, different image data can be acquired, if selected, or a procedure
can proceed without the tractography information. In this case, the procedure
can proceed based upon a user’s, such as the surgeon’s 25, prior knowledge,
skill, or the like with assistance of various other devices if so selected.
Nevertheless, the determination of whether the procedure can occur based upon
the confidence factor can, in certain instances, be NO 178 and the END block
180 can be reached.

[0076] If the auto trigger pass is determined to be a YES 170, then the
procedure can proceed to the confidence visualization in block 136, with an
appropriate confidence and error analysis information provided to a user, and a
procedure can be planned in block 138. As discussed above, the confidence
and tractography information provided to the user can be any appropriate
confidence information or can simply be a visualization that meets a
predetermined or preselected confidence interval. Therefore, the confidence
visualization in block 136 can be used for both a manual assessment when a
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confidence interval has not (e.g. NO path 166) been achieved or for visualization
of the tractography that achieves an appropriate confidence interval. One skilled
in the art will understand that the tract and confidence factor information can be
determined pre-operatively or intra-operatively. Thus the system 120 can be
substantially a planning system, a navigation system, or combinations thereof.
The confidence visualization in block 136 can also be used by a user to
determine manually whether further data should be obtained or further
perturbations should occur.

[0077] As discussed above, various techniques and algorithms can be
used in a tractography method. The various algorithms use different techniques
for analyzing and determining the data for creating or determining a tract. It can
be selected to use multiple techniques to achieve a confidence interval for a
selected tract based upon the multiple techniques. Therefore, one skilled in the
art will understand that the perturbation techniques or location confirming
techniques can be used to enhance a sensitivity or tractography method to assist
in enhancing the confidence in a particular tract.

[0078] The determination or estimate of an anatomical structure, as
discussed above, can be used to assist in navigating a procedure relative to the
patient 28. The determined tract structure and selected information can be
displayed on the display 22 with an icon representing a position of the instrument
24 relative to the patient 28. Returning reference to Fig. 1, the navigation
system 20 can further include the tracking system 50 that includes one or more
localizers 52 (e.g. a coil array or multiple coil arrays), a coil array controller 54, a
navigation interface 56 for an instrument tracking device, and a dynamic
reference frame 58.

[0079] The dynamic reference frame 58 can include a dynamic
reference frame member or holder 60 and a removable tracking device 62.
Alternatively, the dynamic reference frame 58 can include a tracking device that
is formed integrally with the dynamic reference frame member 60. One skilled in
the art will understand that the tracking device 62 can be any appropriate device
that can be an emitter, a receiver, a reflector, a sensor to sense a field, or any

other appropriate device that can be tracked by a tracking system including a
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localizer. A tracking device 67 can also be associated with the instrument to
track the instrument 24.

[0080] In an electromagnetic tracking system, the transmitter coil array
52 is controlled or driven by the coil array controller 54. Upon driving the coils in
the transmitter coil array 52 with the coil array controller 54, electromagnetic
fields are generated within the patient 28 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 the tracking devices 62, 94 positioned on or in the instruments 24. These
induced signals from the instrument 24 are delivered to the navigation device
interface 56 and can be forwarded to the coil array controller 54. One skilled in
the art will understand other details of an EM tracking system which are not
discussed in further detail here. Various electromagnetic tracking systems are
generally described in U.S. Patent No. 5,913,820, entitled “Position Location
System,” issued June 22, 1999; U.S. Patent No. 5,592,939, entitled “Method and
System for Navigating a Catheter Probe,” issued January 14, 1997; and U.S.
Patent Application No. 2007/0249911, published 10-25-2007, entitled “Method
and Apparatus for Optimizing a Therapy”, all of which are hereby incorporated by
reference. The tracking system 50 may be a hybrid system that includes
components from various tracking systems such as optical, acoustic, radiation,
radar, etc. Communications within the system can include 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, may be used.

[0081] Although the discussion above is directed to an electromagnetic
navigation and tracking system, it will be understood that any appropriate
tracking system can be used as the tracking system 50. For example, one
skilled in the art will understand that an optical tracking system can be used, a
radar tracking system can be used, an acoustic tracking system can be used, an
accelerometer tracking system can be used, or any appropriate tracking system.
Nevertheless, the tracking system can include any appropriate portions such as
an appropriate localizer for the tracking system and appropriate tracking devices
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for the tracking system. Thus, the discussion herein regarding an
electromagnetic tracking system is merely exemplary of any appropriate tracking
system.

[0082] Briefly, the navigation system 20 operates as follows. The
navigation system 20 creates a translation map between all points in the image
data or image space and the corresponding points in the patient’s anatomy in
patient space (either manually or automatically, an exemplary 2D to 3D
registration procedure is set forth in U.S. Serial No. 10/644,680, filed on August
20, 2003, now U.S. Pat. App. Pub. No. 2004-0215071, entitled “Method and
Apparatus for Performing 2D to 3D Registration”, hereby incorporated by
reference.) The points selected can be fiducial marks 69 that include anatomical
landmarks or artificial landmarks, 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. After this map is established, the image space and patient space are
registered. In other words, registration is the process of determining how to
correlate a position in image space with a corresponding point in real or patient
space. This can also be used to illustrate a position of the instrument 24 relative
to the proposed trajectory and/or the determined anatomical target. The work
station 42 in combination with the coil array controller 54 and the controller 34
identify the corresponding point on the pre-acquired image or atlas model
relative to the tracked instrument 24 and display the position on display 22 and
relative to the image data 23. This identification is known as navigation or
localization. An icon representing the localized point or instruments is shown on
the display 22 within several two-dimensional image planes, as well as on three
and four dimensional images and models. In order to maintain registration
accuracy, the navigation system 20 can continuously track the position of the
patient 28 with the dynamic reference frame 58.

[0083] The instrument 24 used in a procedure can be any appropriate
instrument (e.g., a catheter, a probe, a guide, etc.) and can be used for various
procedures and methods, such as delivering a material or providing electrical
stimulation to a selected portion of the patient 28, such as within the brain 29.
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The material can be any appropriate material such as a bioactive material, a
pharmacological material, a contrast agent, or any appropriate material. As
discussed further herein, the instrument 24 can be precisely positioned via the
navigation system 20 and otherwise used to achieve a protocol for positioning
the material relative to the patient 28 in any appropriate manner, such as within
the brain 29. The instrument 24 may also include a brain probe to perform deep
brain stimulation.

[0084] The confidence tractography system 120, including the detailed
CBS 128, can be carried out or performed with the navigation system 20, or
portions thereof. As discussed above, the processor system 40 can include a
processor that is operable to execute the error analysis or confidence system
120. As discussed above, image data can be obtained with the MRI imaging
system 26 and can be processed with the processing system 40 for performing
or preparing a surgical plan.

[0085] With exemplary reference to a neurological procedure within a
brain/cranium 29 of the patient 28, the confidence system 120 can use image
data of the patient 28 to assist in determining an appropriate tract of a selected
portion of the anatomy. The tract can be determined in a brain 29 that is within
the image data 23 and displayed on the display 22. The display 22 can be
provided with the workstation 42 or provided as a separate system. It will be
understood, therefore, that the processing and the confidence system 120 can
be performed at any appropriate location and at any appropriate time such as
pre-operatively, intra-operatively, or post-operatively.

[0086] With reference to Figs. 2-3 and 4, the confidence system 120
can be used to assist in determining the confidence in a particular tract identified
within the image data 23 based upon various types of data, such as diffusion
data. The image data can be obtained in block 122 and pre-processed in block
124. The data can then be processed in the CBS 128 to assist in determining a
tract and providing a confidence or error analysis of the tract or various tracts.

[0087] With reference to Fig. 4, the initial seed location from block 150
can be selected as 150a. It will be understood that the initial seed location 150a
can be any appropriate seed location, it can be determined in any appropriate
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manner, such as manually or automatically or combinations thereof as discussed
above. An initial fiber tract or first estimate 151a can then be formed based upon
the image data and illustrated as a line or group of lines on the image data. The
initial fiber tract 151a can be determined in any appropriate manner, including
those discussed above. Further, both the initial seed location 150a and the initial
fiber tract 151a can be displayed relative to the image data 23 of the patient 28.
For example, the seed location 150a and the tract 151a can be superimposed as
an icon representing the initial seed location 150a and the initial tract 151a on
the image data 23 on the display 22. Nevertheless, it will also be understood
that the processing system 40 can prepare the various tracts substantially in
memory and only display various portions, such as the statistics in block 155 or
an image for the manual assessment in block 136. Therefore, the illustration of
the initial seed location 150a, the initial tractography 151a, and other portions is
merely exemplary for discussion of this example.

[0088] The perturbed or changed seed location 153a can then be
selected and a tract can be regrown to produce a perturbed tract or second
estimate 152a. At this point, it can be determined in block 156 whether
additional perturbation is required. As discussed above, the confidence system
120 can include a preselected number of perturbations and one, two, or more
can be provided such that only a first or initial seed location and a single
perturbed seed location is not necessary, but discussed herein merely for
efficiency and clarity of the current discussion.

[0089] After the first or initial tract 151a has been created or
determined and the second tract 152a has been determined, the two tracts can
be compared in block 154. Again, it will be understood by one skilled in the art
that the two tracts 151a and 152a can be illustrated on the display 22 or can be
provided in the memory 46, or combinations thereof, and displaying them on the
display 22 is merely exemplary. Nevertheless, the two tracts 151a, 152a can be
overlaid on image data 23 for visualization by a selected user.

[0090] Once the comparison in block 154 has been performed, the
statistics in block 155 can be determined and recorded. The statistics can
include any appropriate statistics, such as a confidence factor, a length
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differential change, a volume differential, or any appropriate statistics. Again, the
statistics 155a can be recorded and displayed on the display 22 for viewing by
the user 25 or can be stored in the memory 46 for determining whether the auto
trigger criteria has been passed in block 164.

[0091] Based upon the information determined, including the displayed
statistics 155a, an appropriate procedure can then be determined to be
performed on the patient 28 with assistance with of the tractography. For
example, the various types of data can be displayed on the display 22, including
the image data of the brain 29 and the various tracts 151a, 152a. It will be
understood that a selected tract may be displayed on the image data 23 while
performing of a procedure, such as the first estimate, the second estimate, an
average thereof, a boundary defined by the estimates, or any combination
thereof.

[0092] As discussed above, a procedure can be planned with the
assistance of the tractography and the confidence in the selected or appropriate
tract. This can allow for guiding a selected instrument, such as a deep brain
stimulation probe, relative to a selected region. The probe can be the instrument
24 which can be represented on the display 22 as an icon 24i. Further the
display 22 can include a target location icon 160i to assist the user 25 in
determining whether the instrument 24 has reached an appropriate location.

[0093] Therefore, the tractography data can be used by the user 25 to
assist in determining an appropriate location for a treatment or identification of a
selected anatomical structure or portion. This can assist the user 25 in
performing the procedure on the patient and determining an appropriate location
for the instrument 24. The navigation system 20 can be used to navigate the
instrument relative to the patient 28 in any appropriate manner, including those
discussed above, to determine whether the instrument 24 has reached a
selected location and can be displayed on the display 22.

[0094] The tractography can be used to assist in identifying various
regions of the anatomy, such as muscle fiber tracts in the heart or neural fiber
tracts in the brain and spinal chord. The above description relating to a

procedure in the brain 29 is merely exemplary. One skilled in the art will
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understand that diffusion data can be acquired for any appropriate portion of the
anatomy, such as a spinal column, to define fiber tracts therein. Thus, DTI can
be used to determine the location and structure of fiber tracts in the spinal
column for various purposes, such as a surgical procedure, analysis, diagnosis,
etc. Accordingly, one skilled in the art will understand that the procedures and
systems discussed above are not limited to a procedure only within a brain, but
can be related to any appropriate structure.

[0095] The confidence system 120 used in any appropriate procedure,
including determining multiple tracts with perturbed parameters (e.g. seed points,
algorithms, etc.), can be used by the surgeon 25 to ascertain a confidence in any
determined tract. This can assist in diagnosis, study, or treating the patient 28
by providing a selected amount of confidence in an identified tract of the patient
28. Thus, the user 25 can be aware of the amount of confidence is present in
the displayed or determined tract. This can also assist the user 25 in whether to
rely on the tractography to perform or assist in performing a selected procedure.

[0096] 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:

1. A method to determine a confidence in a displayed image data of

an anatomy, comprising:

obtaining image data of the anatomy including data regarding
diffusion of a matter;

making a first estimate of an anatomical structure based upon the
obtained image data;

making a second estimate of the anatomical structure based upon
the obtained image data; and

comparing the first estimate of the anatomical structure and the

second estimate of the anatomical structure.

2. The method of Claim 1, wherein the image data of the anatomy
including data regarding diffusion of the matter includes:
obtaining at least six magnetic resonance gradient images of the
anatomy; and
formulating a tensor defining the direction of diffusion of the matter
within the anatomy.

3. The method of Claim 2, wherein making a first estimate of an
anatomical structure includes:
determining a first seed portion of the image data; and
determining a connection of multiple portions of the image data
beginning with the seed portion.

4. The method of Claim 3, wherein making a second estimate of an
anatomical structure includes:
determining a second seed portion of the image data: and
determining a connection of multiple portions of the image data
beginning with the determined second seed portion.
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5. The method of Claim 4, wherein determining a second seed portion
includes at least one of automatically selecting the second seed portion by
executing an instruction with a processor, inputting the second seed portion by

user, selecting a second region of interest, or combinations thereof.

6. The method of Claim 4, wherein determining the first seed portion
and determining the second seed portion includes:
providing a processor;
executing a first instruction by the processor to determine the first
seed portion; and
executing a second instruction by the processor to determine the
second seed portion.

7. The method of Claim 6, wherein executing the second instruction
includes selecting a portion in the image data a predetermined distance from the
first seed portion, selecting a portion within the first estimate, selecting a portion
a predetermined distance from the first estimate, or combinations thereof.

8. The method of Claim 1, wherein comparing the first estimate of the
anatomical structure and the second estimate of the anatomical structure
includes determining a confidence factor of the second estimate of the
anatomical structure, the first estimate of the anatomical structure, or

combinations thereof.

9. The method of Claim 8, wherein the confidence factor includes a
change in the estimated anatomical structure location, a volume change of the
estimated anatomical structure, a change in the maximum distance of the
anatomical structure, a central axis shift of the anatomical structure, or

combinations thereof.
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10.  The method of Claim 8, wherein comparing the first estimate of the
anatomical structure and the second estimate of the anatomical structure
includes:

providing a processor, executing an instruction with the processor
to determine a difference between the first estimate of the anatomical structure

and the second estimate of the anatomical structure.

11.  The method of Claim 1, further comprising:
displaying information relating to the comparison of the first
estimate of the anatomical structure and the second estimate of the anatomical

structure.

12.  The method of Claim 11, further comprising:
determining whether a third estimate of the anatomical structure is
required; and
performing a third estimate of the anatomical structure if it is

determined that one is required.

13.  The method of Claim 12, further comprising:
comparing the third estimate of the anatomical structure to at least
one of the first estimate of the anatomical structure, the second estimate of the

anatomical structure, or combinations thereof.

14. The method of Claim 1, further comprising:
navigating a procedure relative to at least one of the first estimate,
the second estimate, or average of the first estimate and the second estimate,
an area bounded by the first estimate and the second estimate, or combinations

thereof.
15.  The method of Claim 14, further comprising:

providing a localization system;
providing a tracking device;
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providing an instrument;

associating the tracking device with the instrument; and

tracking the tracking device with the localization system based
upon at least one of the first estimates, the second estimate, or combinations

thereof.

16.  The method of Claim 1 further comprising:

identifying the anatomical structure.

17.  The method of Claim 1 further comprising:
selecting the anatomical structure; and
wherein selecting the anatomical structure includes selecting at
least one of a neurological region, a muscle fiber region, a circulatory region, or

combinations thereof.

18.  The method of Claim 17, wherein the neurological region includes
a fiber tract in the brain, a fiber tract in the spinal column, or combinations

thereof.

19. A method of determining a confidence in a displayed image data of

an anatomy, comprising:

obtaining gradient image data of the anatomy;

determining a direction of diffusion of matter within the anatomy
with the obtained gradient image data including formulating a tensor of the
diffusion;

selecting a first starting portion in the obtained image data;

determining a first estimate of an anatomical structure;

selecting a second starting portion in the obtained image data;

determining a second estimate of the anatomical structure; and

determining a confidence of the determined first estimate, second

estimate, or combinations thereof of the anatomic structure.
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20. The method of Claim 19, further comprising:
determining a third estimate of the anatomical structure;
determining a confidence value for each of the first estimate, the
second estimate, and the third estimate; and
displaying on a display the determined confidence value for at least
one of the first estimate, the second estimate, and the third estimate.

21.  The method of Claim 20, wherein displaying includes:
displaying a substantially anatomically confidence representation of

the anatomical structure.

22.  The method of Claim 19, further comprising:
displaying a representation of the determined confidence of the first
estimate of the anatomical structure;
wherein determining the confidence of the first estimate of the
anatomical structure includes comparing the first estimate to the second

estimate of the anatomical structure.

23. The method of Claim 19, wherein determining a direction of
diffusion of the matter includes determining a vector substantially defining the
movement of the matter through the anatomy based upon the gradients of the

anatomy.

24. The method of Claim 19 where selecting a first starting portion
includes selecting at least one of a seed pixel, a seed of voxel, a seed sub-
voxel, a tractography algorithm, a region of interest including a plurality of seed

points, or combinations thereof.

25 The method of Claim 19 wherein determining a second starting
portion includes at least one of selecting a seed pixel, selecting a seed voxel,
selecting a seed sub-voxel, selecting a tractography algorithm, a region of
interest including a plurality of seed points, or combinations thereof.
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26 The method of Claim 25 wherein the tractography algorithm of the
selecting a second starting portion is at least one of identical to selecting the first
starting portion, different from the selecting a first starting portion, or

combinations thereof.

27 The method of Claim 19 wherein determining the confidence of the
determined first estimate of the anatomical structure includes comparing the first
estimate of the anatomical structure to the determined second estimate of the

anatomical structure.

28. The method of Claim 27, wherein determining the confidence of the
determined first estimate of the anatomical structure includes determining a
difference between the determined second estimate of the anatomical structure
and the determined first estimate of the anatomical structure.

29. The method of Claim 28, wherein the difference between the
second estimate of the anatomical structure and the determined first estimate of
the anatomical structure includes at least one of a location change, a volume
change, a maximum distance change, a central axis shift, a population analysis,

a variance of means, a principal component analysis, or combinations thereof.

30. The method of Claim 28, wherein the determined confidence of the
determined first estimate of the anatomical structure increases as the difference
between the determined second estimate of the anatomical structure and the

determined first estimate of the anatomical structure lowers.

31.  The method of Claim 19, further comprising:
comparing the determined confidence of the second estimate of
the anatomical structure to the determined confidence of the first estimate of the

anatomical structure.
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32. The method of Claim 31, wherein the comparison of the
determined first estimate of the anatomical structure and the determined second
estimate of the anatomical structure includes at least one of a change in tract
volume, a change in tract overlap, a change in tract medial axis, a change in
track cross sectional overlap at corresponding points, a change in tract
maximum radius, a change in fiber tract shape, a change in fiber tract length, a
change in fiber tract distance to critical structures, or combinations thereof.

33. A method of Claim 19, further comprising:
providing to a user the determined confidence of the first estimate

of the anatomical structure.

34. The method of Claim 19, further comprising:
determining whether the determined confidence of the determined
first estimate of the anatomical structure passes a trigger criterion.

35.  The method of Claim 34, further comprising:
performing a procedure based upon the determined first estimate
of the anatomical structure if the trigger criterion is passed.

36. The method of Claim 19 further comprising:

selecting the anatomical structure.

37. The method of Claim 36 wherein selecting the anatomical structure
includes selecting a region of interest in at least one of the brain, the spinal
column, the cardiovascular system, the muscular system, or combinations

thereof.
38.  The method of Claim 20, further comprising:

displaying for a user each of the confidence of the first estimate,
the confidence of the second estimate, and the confidence of the third estimate.
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39. The method of Claim 38, further comprising:

performing a procedure with a navigation system;

displaying the image data of the anatomy and displaying an icon
representing an instrument relative to the image data;

defining a target based upon at least one of the first estimate; the
second estimate; the third estimate; an average of the first estimate, the second
estimate, and the third estimate; an area bounded by at least two of the first
estimate, the second estimate, or the third estimate; or combinations thereof;
and

navigating the instrument to the target.

40. A method of determining a confidence in a displayed image data of

an anatomy, comprising:

obtaining a gradient image data of the anatomy;

determining a diffusion of matter in the anatomy based on the
gradient image data of the anatomy including formulating a tensor of the
diffusion;

selecting a first criterion;

determining a first estimate of an anatomical structure based at
least in part on the selected first criterion;

selecting a second criterion;

determining a second estimate of the anatomical structure based at
least in part on the selected second criterion;

comparing the first estimate of the anatomical structure and the
second estimate of the anatomical structure;

determining a difference between the first estimate of the
anatomical structure and the second estimate of the anatomical structure;

determining a configuration of the anatomical structure; and

determining a confidence in the determined configuration of the

anatomical structure based at least in part on the determined difference between
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the first estimate of the anatomical structure and the second estimate of the

anatomical structure.

41. The method of Claim 40, wherein the selected first criterion
includes at least one of a seed portion, a tractography algorithm, a data set, or
combinations thereof.

42. The method of Claim 41, wherein the selected second criterion is
substantially similar to the selected first criterion, different from the selected first

criterion, or combinations thereof.

43. The method of Claim 40, wherein selecting a first criterion,
selecting a second criterion, or combinations thereof is performed substantially

automatically, performed manually, or combinations thereof.

44.  The method of Claim 40, further comprising:
displaying a representation of the determined configuration of the
anatomical structure, displaying the determined confidence of the determined
configuration of the anatomical structure, determining whether the confidence of
the determined configuration passes a trigger.

45.  The method of Claim 44, further comprising:
performing a procedure if the determined confidence passes the
trigger.

46. The method of Claim 40 wherein determining a first estimate of the
anatomical structure, determining the second estimate of the anatomical
structure, or combinations thereof includes performing a tractography based
upon the determined diffusion of the matter.
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The method of Claim 40, wherein determining the configuration of

the anatomical structure includes illustrating a neurological fiber tract, a muscle

fiber tract, a vessel tract, or combinations thereof.

48.

The method of Claim 40, further comprising:
providing a navigation system;
associating a tracking device with an instrument; and

navigating the instrument based wupon the determined

configuration.

49.

The method of Claim 48, further comprising:
providing a display;
displaying the determined configuration; and

displaying an icon relative to the displayed determined

configuration representing a location of the instrument.

50.

The method of Claim 40 wherein the first estimate of the

anatomical structure, the second estimate of the anatomical structure, or

combinations thereof include a definition of tract defined by the diffusion of the

matter through the anatomy.
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