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SYSTEM AND METHOD FOR AUTOMATIC REGISTRATION
BETWEEN AN IMAGE AND A SUBJECT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Patent Application

No. 12/91 0,445, filed on October 22, 201 0 , which is a continuation-in-part of

United States Patent Application No. 12/465,206, filed on May 13 , 2009. The

entire disclosures of the above applications are incorporated herein by

reference.

FIELD

[0002] The subject disclosure is related generally to an operative

procedure and particularly to registration of image space to subject space.

BACKGROUND

[0003] This section provides background information related to the

present disclosure which is not necessarily prior art.

[0004] An instrument can be navigated relative to a subject for

performing various procedures. For example, a subject can include a patient on

which a surgical procedure is being performed. During a surgical procedure, an

instrument can be tracked in an object or subject space. In various

embodiments the subject space can be a patient space defined by a patient.

The location of the instrument that is tracked can be displayed on the display

device relative to an image of the patient.

[0005] The position of the patient can be determined with a tracking

system. Generally, a patient is registered to the image, via tracking an

instrument relative to the patient to generate a translation map between the

subject or object space (e.g. patient space) and the image space. This often

requires time during a surgical procedure for a user, such as a surgeon, to

identify one or more points in the subject space and correlating, often identical

points, in the image space.



[0006] Only after registration can the position of the instrument be

appropriately displayed on the display device. The position of the instrument

relative to the subject can be displayed as an icon on the display device.

SUMMARY

[0007] This section provides a general summary of the disclosure, and

is not a comprehensive disclosure of its full scope or all of its features.

[0008] According to various embodiments, a fiducial object can be

imaged. The fiducial object can include an array of discrete spheres, discrete

objects of various shapes, a continuous and/or one or more curved rods that can

all be in one or intersect one plane. The fiducial object can be modeled in three-

dimensional (3D) space as a 3D model. Fiducial features can be extracted from

the 3D model. The fiducial features can be compared to or coordinated with

image fiducial features that are the imaged fiducial object or some portion

thereof (e.g. an image fiducial feature can be a point relating to a center of a

sphere or a circle or point relating to an intersection of a rod with a plane).

[0009] According to various embodiments, a method to register a

subject space defined by a subject to an image space is disclosed. The method

includes attaching an imageable fiducial assembly to the subject and acquiring a

plurality of two-dimensional x-ray projection image data of the subject with an

imaging device at selected parameters for each of the plurality of two-

dimensional x-ray projection image data. A three dimensional reconstruction is

generated based on the acquired plurality of two-dimensional x-ray projection

image data and at least one of the plurality of acquired two-dimensional x-ray

projection image data is selected that includes a selected portion of the

imageable fiducial assembly. From a storage device selected parameters of the

imaging device are recalled that relate to the selected at least one of the plurality

of acquired two-dimensional x-ray projection image data and a synthetic digital

radiograph reconstruction is generated of the imageable fiducial assembly at

parameters similar to the recalled parameters of the imaging device. A

registration of the selected at least one of the plurality of acquired two-

dimensional x-ray projection image data to the generated synthetic digital

radiograph reconstruction of the imageable fiducial assembly can then occur.



[0010] According to various embodiments, a method to register a

subject space defined by a subject to an image space is disclosed. The method

includes selecting a region of the subject about which to acquire image data and

affixing a fiducial assembly relative to the selected region, wherein the fiducial

assembly includes a base and an imageable fiducial portion. The method can

then further include acquiring a plurality of two-dimensional x-ray projections of

the selected region with an imaging device and storing the plurality of two-

dimensional x-ray projections along with imaging device parameters for each of

the plurality of two-dimensional x-ray projections. A sub-plurality of the plurality

of two-dimensional x-ray projections can be selected that include a selected

amount of image data information regarding the imageable fiducial portion.

Imaging device parameters for the selected sub-plurality of the plurality of two-

dimensional x-ray projections can be recalled and synthetic digital radiograph

reconstruction based on a three-dimensional model of at least the imageable

fiducial portion can be generated based on the recalled imaging device

parameters. A registration of the generated synthetic digital radiograph

reconstructions to the selected sub-plurality of the plurality of two-dimensional x-

ray projections can occur.

[001 1] According to various embodiments, a system to allow

registration of a subject space to an image space in an image data is disclosed.

The system can include a fiducial assembly having a plurality of fiducial

imageable portions fixedly positioned relative to a base member that is operable

to be fixed to a subject defining the subject space and an imaging system

configured to acquire x-ray projections of the subject and the fiducial imageable

portions at known imaging system parameters. The system can further include a

first processing system operable to generate a three dimensional reconstruction

of the x-ray projections to define the image space, wherein the three dimensional

reconstruction fails to include three dimensional reconstruction of the fiducial

imageable portions. A second processing system can generate synthetic digital

radiograph reconstructions of the fiducial imageable portions based on the

known imaging system parameters of images acquired of the fiducial imageable

portions. Also, a third processing system can register selected x-ray projections

including images of at least a portion of the plurality of fiducial imageable



portions with the generated synthetic digital radiograph reconstructions of the

fiducial imageable portions.

[0012] The tracking of an instrument during a procedure, such as a

surgical or operative procedure, allows for navigation of a procedure. When

image data is used to define an image space it can be correlated or registered to

a physical space defined by a subject, such as a patient. According to various

embodiments, therefore, the patient defines a patient space in which an

instrument can be tracked and navigated. The image space defined by the

image data can be registered to the patient space defined by the patient. The

registration can occur with the use of fiducials that can be identified in the image

data and in the patient space.

[0013] Further areas of applicability will become apparent from the

description provided herein. The description and specific examples in this

summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS

[0014] The drawings described herein are for illustrative purposes only

of selected embodiments and not all possible implementations, and are not

intended to limit the scope of the present disclosure.

[0015] Fig. 1 is diagrammatic view illustrating an overview of a

navigation system, according to various embodiments;

[0016] Fig. 2 is diagrammatic alternative view of the system of Fig. 1,

according to various embodiments;

[0017] Figs. 3A-4C are plan views of an imageable and trackable

device, according to various embodiments;

[0018] Fig. 5 is a diagram of image data;

[0019] Fig. 6 is a flowchart of a method for registering image space to

patient space;

[0020] Fig. 7 is a plan view of a patient fixation device with imageable

portions;

[0021] Fig. 8 is a diagram of image data;



[0022] Figs. 9A-9C are a plurality of schematic environmental views of

an imaging system and an imageable fiducial array;

[0023] Figs. 10A-1 0C illustrates a plurality of two-dimensional x-ray

projections respectively relating to Figs. 9A-9C;

[0024] Fig. 11 is a plan view of a display device illustrating image data

and an icon of a tracked instrument;

[0025] Fig. 12 is a flow chart of a method of registering a first set of

image data to a second set of image data;

[0026] Fig. 13 is a schematic illustration of generating a SDRR or

acquiring two-dimensional x-ray projections of a fiducial assembly, according to

various embodiments;

[0027] Fig. 14 is a schematic illustration of a fiducial assembly and

related fiducial feature positions, according to various embodiments; and

[0028] Fig. 15 is a schematic illustration of an imaging system and an

imageable fiducial array is use with a selected imageable object.

[0029] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0030] Example embodiments will now be described more fully with

reference to the accompanying drawings.

[0028] Figs. 1 and 2 are diagrammatic views illustrating an overview of a

navigation system 10 that can be used for various procedures. The navigation

system 10 can be used to track the location of an implant, such as a spinal

implant or orthopedic implant, relative to a patient 14. Also, the navigation

system 10 can track the position and orientation of an instrument 90, such as a

biopsy needle or resection instrument. It should further be noted that the

navigation system 10 may be used to navigate any type of instrument, implant,

or delivery system, including: guide wires, arthroscopic systems, orthopedic

implants, spinal implants, deep brain stimulation (DBS) probes, etc. Moreover,

the instruments may be used to navigate or map any region of the body. The

navigation system 10 and the various instruments may be used in any



appropriate procedure, such as one that is generally minimally invasive or an

open procedure.

[0029] The navigation system 10 includes an imaging device 12 that is

used to acquire pre-, intra-, or post-operative or real-time image data of a

subject, such as a patient 14. It will be understood, however, that any

appropriate subject can be imaged and any appropriate procedure may be

performed relative to the subject. In the example shown, the imaging device 12

comprises an O-arm® imaging device sold by Medtronic Navigation, Inc. having a

place of business in Louisville, Colorado, USA. The imaging device 12 may

have a generally annular gantry housing 20 and an image capturing portion 22.

The image capturing portion 22 may include an x-ray source or emission portion

26 and an x-ray receiving or image receiving portion 28 located generally or as

practically possible 180 degrees from each other and mounted on a rotor (not

illustrated) relative to a track or rail 29. The image capturing portion 22 can be

operable to rotate 360 degrees during image acquisition. The image capturing

portion 22 may rotate around a central point or axis, allowing image data of the

patient 14 to be acquired from multiple directions or in multiple planes. The

imaging device 12 can include those disclosed in U.S. Pat. Nos. 7,1 88,998;

7,1 08,421 ; 7,1 06,825; 7,001 ,045; and 6,940,941 ; all of which are incorporated

herein by reference, or any appropriate portions thereof. In one example, the

imaging device 12 can utilize flat plate technology having a 1,720 by 1,024 pixel

viewing area.

[0030] The position of the image capturing portion 22 can be precisely

known relative to any other portion of the imaging device 12 . The imaging

device 12 , according to various embodiments, can know and recall precise

coordinates relative to a fixed or selected coordinate system. This can allow the

imaging system 12 to know its position relative to the patient 14 or other

references. In addition, as discussed herein, the precise knowledge of the

position of the image capturing portion 22 can be used in conjunction with a

tracking system to determine the position of the image capturing portion 22 and

the image data relative to the tracked subject, such as the patient 14.

[0031] The imaging device 12 can also be tracked with a tracking device

37. The image data defining an image space acquired of the patient 14 can,



according to various embodiments, be inherently or automatically registered

relative to an object space. The object space can be the space defined by a

patient 14 in the navigation system 10 . The automatic registration can be

achieved by including the tracking device 37 on the imaging device 12 and/or the

determinable precise location of the image capturing portion 22. According to

various embodiments, as discussed herein, imageable portions, virtual fiducial

points and other features can also be used to allow for registration, automatic or

otherwise. It will be understood, however, that image data can be acquired of

any subject which will define subject space. Patient space is an exemplary

subject space. Registration allows for a translation between patient space and

image space.

[0032] The patient 14 can also be tracked or fixed within the navigation

system 10 to allow for registration. As discussed further herein, registration of

the image space to the patient space or subject space allows for navigation of

the instrument 90 with the image data. When navigating the instrument 90, a

position of the instrument 90 can be illustrated relative to image data acquired of

the patient 14 on a display device 74. Various tracking systems, such as one

including an electromagnetic (EM) localizer 84 or an optical localizer 94 can be

used to track the instrument 90.

[0033] More than one tracking system can be used to track the instrument

90 in the navigation system 10 . According to various embodiments, these can

include an electromagnetic tracking (EM) system having an EM localizer 84 and

an optical tracking system having an optical localizer 94. Either or both of the

tracking systems can be used to tracked selected tracking devices, as discussed

herein. It will be understood, unless discussed otherwise, that a tracking device

can be a portion trackable with a selected tracking system. A tracking device

need not refer to the entire member or structure to which the tracking device is

affixed or associated.

[0034] It is appreciated, however, that an imaging device other than the

imaging device 12 , such as a fluoroscopic C-arm can be used. Other exemplary

fluoroscopes include bi-plane fluoroscopic systems, ceiling mounted fluoroscopic

systems, cath-lab fluoroscopic systems, fixed C-arm fluoroscopic systems,



isocentric C-arm fluoroscopic systems, 3D fluoroscopic systems, etc. Other

appropriate imaging systems can also include MRI, CT, ultrasound, etc.

[0035] An imaging device controller 50 that may control the imaging

device 12 can receive the image data generated at the image capturing portion

22 and store the images for later use. The controller 50 can also control the

rotation of the image capturing portion 22 of the imaging device 12 . It will be

understood that the controller 50 need not be integral with the processing unit or

processing portion 36 and may include a second and separate processor, such

as that in a portable computer.

[0036] The patient 14 can be fixed onto an operating table 54. According

to one example, the table 54 can be an Axis Jackson ® operating table sold by

OSI, a subsidiary of Mizuho Ikakogyo Co., Ltd., having a place of business in

Tokyo, Japan or Mizuho Orthopedic Systems, Inc having a place of business in

California, USA. Patient positioning devices can be used with the table, and

include a Mayfield ® clamp or those set forth in commonly assigned U.S. Pat.

Appl. No. 10/405,068 entitled "An Integrated Electromagnetic Navigation And

Patient Positioning Device", filed April 1, 2003 which is hereby incorporated by

reference.

[0037] The position of the patient 14 relative to the imaging device can be

determined by the navigation system 10 . The tracking device 37 can be used to

track and locate at least a portion of the imaging device 12 , for example the

housing 20. The patient 14 can be tracked with a tracking device, such as one

used as a dynamic reference frame, as discussed further herein. Accordingly,

the position of the patient 14 relative to the imaging device 12 can be

determined. Further, the location of the imaging portion 22 can be determined

relative to the housing 20 due to its precise position on the rail 29 within the

housing 20, substantially inflexible rotor, etc. The imaging device 12 can include

an accuracy of within 10 microns, for example, if the imaging device 12 is an O-

Arm® imaging device sold by Medtronic Navigation, Inc. having a place of

business in Louisville, Colorado. Precise positioning of the imaging portion 22 is

further described in U.S. Patent Nos. 7,1 88,998; 7,1 08,421 ; 7,1 06,825;

7,001 ,045; and 6,940,941 ; all of which are incorporated herein by reference,



[0038] In operation, the imaging device 12 can generate and/or emit x-

rays from the x-ray source 26 that propagate through the patient 14 and are

received by the x-ray imaging receiving portion 28. The image capturing portion

22 generates image data representing the intensities of the received x-rays.

Typically, the image capturing portion 22 can include an image intensifier that

first converts the x-rays to visible light and a camera (e.g. a charge couple

device) that converts the visible light into digital image data. The image

capturing portion 22 may also be a digital device that converts x-rays directly to

digital image data for forming images, thus potentially avoiding distortion

introduced by first converting to visible light.

[0039] Two dimensional and/or three dimensional fluoroscopic image data

that may be taken by the imaging device 12 can be captured and stored in the

imaging device controller 50. Multiple image data taken by the imaging device

12 may also be captured and assembled to provide a larger view or image of a

whole region of a patient 14 , as opposed to being directed to only a portion of a

region of the patient 14. For example, multiple image data of the patient's 14

spine may be appended together to provide a full view or complete set of image

data of the spine.

[0040] The image data can then be forwarded from the image device

controller 50 to a navigation computer and/or processor 72 that can be a part of

a controller or work station 73 having the display 74 and a user interface 76. It

will also be understood that the image data is not necessarily first retained in the

controller 50, but may also be directly transmitted to the work station 73. The

work station 73 can provide facilities for displaying the image data as an image

77 on the display 74, saving, digitally manipulating, or printing a hard copy image

of the received image data. The user interface 76, which may be a keyboard,

mouse, touch pen, touch screen or other suitable device, allows a user 8 1 to

provide inputs to control the imaging device 12 , via the image device controller

50, or adjust the display settings of the display 74. The work station 73 may also

direct the image device controller 50 to adjust the image capturing portion 22 of

the imaging device 12 to obtain various two-dimensional images along different

planes in order to generate representative two-dimensional and three-

dimensional image data.



[0041] With continuing reference to FIG. 1, the navigation system 10 can

further include a tracking system such as an electromagnetic (EM) navigation

tracking system. The EM tracking system can include a localizer, such as a

transmitter coil array 84. The EM tracking system can also include an EM

controller and interface portion 88 and a tracking device 82 associated with the

instrument 90. The EM controller 88 can be connected to the processor portion

72, which can include a processor included within a computer. The localizer or

transmitter coil array 84 can be attached directly to the image device 12 ,

attached to the OR table 54, or any other appropriate location. The EM tracking

system may include the STEALTHSTATION® AXIEM™ Navigation System, sold

by Medtronic Navigation, Inc. having a place of business in Louisville, Colorado;

or can be the EM tracking system described in U.S. Patent Application Serial No.

10/941 ,782, filed Sept. 15 , 2004, and entitled "METHOD AND APPARATUS

FOR SURGICAL NAVIGATION"; U.S. Patent No. 5,91 3,820, 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;

all of which are herein incorporated by reference. It will be understood that the

tracking system 82 may also be or include any appropriate tracking system,

including a STEALTHSTATION® TREON® or S7™ tracking systems having an

optical localizer, similar to the optical localizer 94, and sold by Medtronic

Navigation, Inc. of Louisville, Colorado. Other tracking systems include an

acoustic, radiation, radar, etc. The tracking systems can be used according to

generally known or described techniques in the above incorporated references.

Details will not be included herein except when to clarify selected operation of

the subject disclosure.

[0042] Wired or physical connections can interconnect the tracking

systems, imaging device 12 , etc. Alternatively, various portions, such as the

instrument 90, may employ a wireless communications channel, such as that

disclosed in U.S. Patent No. 6,474,341 , entitled "Surgical Communication Power

System," issued November 5 , 2002, herein incorporated by reference, as

opposed to being coupled directly to the EM controller 88. Also, the tracking

device 82 can generate a field sensed by the coil array 84 to track the tracking

device 82.



[0043] Various portions of the navigation system 10 , such as the

instrument 90, and others as will be described in detail below, can be equipped

with at least one, and generally multiple, of the tracking devices 82. The

instrument can also include more than one type or modality of tracking device,

such as the EM tracking device 82 and an optical tracking device 82'. The

instrument 90 can include a graspable or manipulate portion at a proximal end

and the tracking devices 82, 82' may be fixed near the manipulate portion of the

instrument 90.

[0044] Additional representative or alternative localization and tracking

system is set forth in U.S. Patent No. 5,983,1 26, entitled "Catheter Location

System and Method," issued November 9 , 1999, which is hereby incorporated by

reference. The navigation 10 system may be a hybrid system that includes

components from various tracking systems.

[0045] According to various embodiments, the navigation system 10 can

be used to track the instrument 90 relative to the patient 14 . The instrument 90

can be tracked with the tracking system, as discussed above. Image data of the

patient 14 , or an appropriate subject, can be used to assist the user 8 1 in guiding

the instrument 90. The image data, however, is registered to the patient 14 .

The image data defines an image space that is registered to the patient space

defined by the patient 14 . The registration can be performed as discussed

herein, automatically, manually, or combinations thereof.

[0046] Generally, registration allows a translation map to be generated of

the physical location of the instrument 90 relative to the image space of the

image data. The translation map allows the tracked position of the instrument 90

to be displayed on the display device 74 relative to the image data 77. An icon

90i (Fig. 5 and 8) can be used to illustrate the location of the instrument relative

to the image data 77.

[0047] A registration system or method can use a fiducial assembly 100,

is illustrated in Figs. 3A and 3B. The fiducial assembly 100 can include a clamp

or other fixation portion 102 and an imageable fiducial body 104. The fixation

portion 102 can be provided to fix any appropriate portion, such as a portion of

the anatomy. As illustrated in Figs. 1 and 2 , the fiducial assembly 100 can be

interconnected with a portion of a spine 108 such as a spinous process 110 .



[0048] The fixation portion 102 can be interconnected with a spinous

process 110 in any appropriate manner. For example, a pin or a screw can be

driven into the spinous process 110 . Alternatively, or in addition thereto, a clamp

portion 112 can be provided to interconnect the spinous process 110 . A first

clamp leg 114 and a second clamp leg 116 can be driven or moved together to

bind or fixedly connect with the spinous process 110 . The movement of the

clamping legs 114 , 116 can be in any appropriate manner.

[0049] The fixation member 112 can further include a seat or seat body

120. The seat body 120 can include a key groove or locking portion 122, which

can be defined as a J-groove 122. The J-groove 122 can terminate at an

opening at the top of the seat portion 120, as illustrated in Fig. 3C. A locking

portion or extension, as discussed herein, can cooperate with the J-groove 122

to hold a member relative to the seat 120. Any portion being held relative to the

seat 120 can include a resilient member to move the locking portion into the tip

or locking region 122a of the J-groove 122. When a locking portion is within the

locking region 122a, the member positioned relative to the seat 120 is positioned

at a known and fixed location relative to the seat 120. This can be used for

repeatedly placing a member relative to the base 102 or a subject, such as the

patient 14 .

[0050] With reference to Fig. 3D, an alternative seat body 120' is

illustrated. The alternative seat body 120' can be a portion of an alternative base

portion or fixation member 102. The alternative seat body 120' can include a flat

or keyed portion 124. A member positioned relative to the alternative seat

portion 120' can be positioned relative to the seat portion 120 in a known

configuration due to the keyed configuration which allows only a limited number

of rotational positions of the member. It will be understood that a locking groove,

such as the locking groove 122, can also be provided in conjunction with the

keyed walls 124.

[0051] The fixation member 102, 102' can be fixed to a subject, such as

the patient 14 . With the keyed or fixation grooves or portions, a member

positioned relative to the fixation base 102 can be positioned in a known and

fixed position. The keyed walls 124 or the J-groove 122 can rotationally and

axially hold a member relative to the fixation base 102. As discussed further



herein, this can fix a member in three dimensional space relative to the subject

to which the base 102 is fixed and assists in defining at least six degrees of

freedom relative to the subject.

[0052] The imageable body 104 can be interconnected with the seat body

120 by including a connection portion that can define a key interaction portion or

rod 130. It will be further understood that the imageable portion 104 can also

include a configuration to cooperate or interact with the polygonal sides 124 of

the seat body 120', as illustrated in Fig. 3D. As discussed further herein, the

interconnection, either or both with the key slot 122 or the polygonal portion 124,

allows for the imageable body 104 to be positioned relative to the fixation

member 102 in a substantially repeatable and in a known configuration.

[0053] The imageable body 104 can include one or more imageable

sections or portions, such as a first imageable portion 140a, a second imageable

portion 140b, a third imageable portion 140c, and a fourth imageable portion

140d. It will be understood that the imageable portions 140a - 140d can include

regions defined substantially only by a spherical portion at an end of extensions

142a - 142d, the entire imageable body 104 can be imageable, or any selected

portion thereof. For example, if only the spheres of the imageable portions 140a

- 140d are imageable, the image acquired of the imageable body 104 can

include only images of four points defined by the imageable portions 140a -

140d. It will be understood, however, that any appropriate imageable

configuration can be defined by the imageable body 104, such as providing

portions of the extension arms 142a - 142d that are also imageable. The

discussion herein to the imageable portions 140a - 140d is for simplicity of the

current discussion.

[0054] As discussed above, the imageable body 104 can be positioned or

fixed relative to the fixation body 102 and in a known and selected manner.

Accordingly, each of the imageable portions 140a - 140d can be positioned at a

fixed and different location in three dimensional space. Each of the imageable

portions 140a - 140d can include a center 140an - 140dn. Each of the centers

140an - 140dn can be positioned at a selected and different heights Za - Zd

relative to a Z axis Z . The centers 140an - 140dn can be further positioned

relative to X and Y axes at known locations Xa, Ya - Xd, Yd. Accordingly, each



of the imageable portions 140a - 140d can include a center positioned at known

and different three dimensional locations Xa, Ya, Za - Xd, Yd, Zd. When each of

the centers 140an - 140dn include a different three dimensional location, the

information in the image data, as discussed further herein, also includes different

three dimensional locations and allows for identification of multiple points in three

dimensional space for registration.

[0055] When the imageable portions 140a - 140d are imaged with the

imaging device 12 , image data is generated that includes or identifies the

imageable portions 140a - 140d. As discussed further herein, the imageable

portions 140a - 140d can be identified in image data automatically, such as with

a processor executing a program, manually, or combinations thereof. Methods

of automatic imageable portion identification include those disclosed in U.S.

Patent Application Publication No. 2008/0242978, (U.S. Pat. App. No.

11/693,558) filed on March 29, 2007, incorporated herein by reference. Manual

identification can include selecting a cantor or region in the image data wherein

the imageable portion has been imaged. Regardless, the imageable portions

140a - 140d identified in the image data can be used as fiducial points or

positions that can be used to register the image data or the image space of the

image data with patient space.

[0056] With reference to Figs. 4A and 4B, a tracking device 150 is

illustrated. The tracking device 150 can be tracked with any appropriate tracking

system, such as an EM tracking system. The tracking device 150 can include an

electromagnetic coil or coil array portion 152. It will be understood, however,

that the tracking device 150 can include any appropriate tracking device. For

example, the tracking device 150 can include an optical tracking portion, an

acoustic tracking portion, or any other appropriate tracking portion. Further, the

tracking device 150 can transmit, receive, or combinations thereof a signal or

radiation for tracking the tracking device 150.

[0057] The tracking device 150 can further include a peg or rod 154 that is

operable to interconnect with the groove portion 122 of the base 102, as

specifically illustrated in Fig. 4B. The tracking device 150 can further include

portions that cooperate with the keyed flats 124 of the alternative base 102',

illustrated in Fig. 3D. Accordingly, the tracking device 150 can be connected



with the fixation base 102 in a manner that is in a substantially similar or identical

and/or known orientation and position relative to the base 102 as the imageable

body 104. In this manner, the tracking device 150 can be connected with the

mounting base 102 in a known configuration and orientation. The tracking

device 150 can therefore be tracked relative to any portion, such as the spinal

process 110 to which the base 102 is connected.

[0058] The tracking device 150 can be calibrated relative to the mounting

base 102 to provide information or orientation coordinates. For example, the

tracking device 150 can be calibrated to identify or located four virtual points

160a - 160d. Each of the virtual points 160a - 160d can include or define a

center 160an - 160dn. Each of the virtual points 160a - 160d or the centers

thereof 160an - 160dn can include three dimensional coordinates that

substantially correspond or are identical to the X , Y and Z coordinates Xa, Ya,

Za - Xd, Yd, Zd. Accordingly, the virtual points 160a - 160d can substantially

overlay or be positioned in space at the same physical locations as the

imageable portions 140a - 140d. Because the tracking device 150 can be

interconnected with the fixation base 102 in a known manner, the tracking device

and the virtual points 160a-1 60d are at known or identical positions as the

imageable body 104 relative to the base 102. The virtual points 160a - 160d

can correspond to the physical locations of the imageable portions 140a - 140d

of the imageable body 104 and also be referred to as virtual fiducial points 160a-

160d. The virtual points 160a - 160d can be aligned with the physical location of

the imageable portions 140a - 140d due to the keyed connection.

[0059] It will be understood, however, that the virtual points 160a - 160d

can simply be positioned with a known location relative to the physical location of

the imageable portions 140a - 140d when the tracking device 150 is

interconnected with the base 102. The virtual points can be positioned at

substantially the same location or any known location relative to the imageable

portions 140a - 140d. Further, because the virtual points 160a - 160d each

include a three dimensional location that is similar and/or known relative to the

three dimensional location of the imageable portions 140a - 140d, and because

the tracking device 150 is fixed relative to the subject, position information with

six degrees of freedom can be determined by tracking the tracking device 150.



[0060] With reference to Fig. 5 , image data generated with an appropriate

imaging device, can generate image data of the imageable body 104 to identify

the imageable portions 140a - 140d. The display 74 can include or display the

image data 77 that includes images of the anatomy, such as the spinal process

110 , and the imageable portions 140a - 140d illustrated as points or dots 140ai

- 140di. The location of the points 140ai - 140di in the image data can be used

for registration, as discussed herein.

[0061] With reference to Fig. 6 , a method 170 is illustrated in a flow chart

to acquire image data of the patient 14 and register the patient 14 to the image

data 77, substantially automatically. With reference to Fig. 6 , and continuing

reference to Figs. 1-5, the method can start in start block 172. The base 102

can be attached in block 174. The imageable body 104 can then be attached to

the base in block 176. It will be understood, however, that the imageable body

104 can be incorporated with the base 102 prior to attachment of the base 102

or can be connected at any appropriate time. Further, the base 102 can be

attached to any appropriate subject or portion of the subject, such as a spinal

process 110 .

[0062] Once the imageable body 104 and the base 102 are

interconnected with the subject, image data can be acquired including the

imageable body 104 in block 178. As discussed above, the image data can

include any appropriate image data, such as an x-ray or CT or MRI, or any

appropriate image data. Accordingly, the imageable portions 140a - 140d of the

imageable body 104 can be imageable with any appropriate or multiple imaging

modalities. For example, the image data can be acquired using the O-Arm®,

sold by Medtronic Navigation, Inc. having a place of business in Colorado, USA.

The imaging device can further include the imaging device disclosed in U.S.

Patent Numbers 7,1 88,998; 7,1 08,421 ; 7,1 06,825; 7,001 ,045; and 6,940,941 , all

incorporated herein by reference.

[0063] Once the image data has been acquired in block 178, the image

points 140ai - 140di, such as the points generated in the image data and by the

imageable portions 140a - 140d, can be identified in block 180. As illustrated in

Fig. 5 , the image points 140ai - 140di can be generated in the image data 77.

Accordingly, a program or system can be used to identify and locate the image



points 140ai - 140di. It will be understood that the image points 140ai - 140di

can be identified in any appropriate coordinate system. For example, it will be

understood that the image points 140ai - 140di can be identified in two, three, or

four dimensions depending upon the image data acquired in block 178.

[0064] In identifying the imageable points 140ai - 140di, the navigation

system 10 or the user 8 1 can also identify the three dimensional coordinates in

the image data that corresponds to the three dimensional coordinates of the

imageable portions 140a - 140d. Accordingly, the location of the image points

140ai - 140di can be identified and located in the image data 77 in three

dimensions. As discussed above, the location of the imageable points 140ai -

140di can identify three dimensional points in the image data 77. Further,

because the imageable body 104 is fixed to the base 102, which is further fixed

to the subject, the image points 140ai - 140di can be used to identify three

dimensional locations, or a plurality of locations, in the image data relative to the

subject.

[0065] The imageable body 104 can be removed from the base in block

182. The tracking device 150 can then be connected to the base in block 184.

As discussed above, and illustrated in Figs. 4A - 4C, the tracking device 150 can

be connected to the base 102 that is maintained in connection with the spinal

process 110 . Due to the connection, such as the keyed connection of the

tracking device 150 with the base 102, the tracking device 150 can be positioned

with a known location and orientation relative to the base 102. The fixation can

be both axially and rotationally to assure a six degree of freedom tracking of the

tracking device 150. Accordingly, connecting the tracking device 150 to the base

102 in block 184 can orient the tracking device 150 relative to the base 102

according to a known configuration and orientation. The known configuration

can be known by the navigation system, such as by calling it from memory or

entering data by the user 8 1 . As further discussed above, the positioning of the

tracking device 150 relative to the base 102 can allow the tracking device 150 to

determine or transmit virtual coordinates in the navigation system 10 .

[0066] Virtual fiducial points can be determined in block 186 and can be

determined by identifying or tracking the location of the virtual points 160a -

160d with the tracking device 150. The virtual points 160a - 160d, also referred



to as virtual registration points, can be located in the navigation system 10 ,

according to any known tracking modality. The virtual registration points 160a -

160d can be identified in the subject space including the three dimensional

coordinates of each of the virtual points. The identification of the virtual points

can include identifying the tracking device 150 in the navigation system 10 to

determine or input the calibrated or known location of the virtual points. As

discussed above, the tracking device 150 can include the electromagnetic

tracking sensor 152 that can be tracked with the electromagnetic localizer 84.

[0067] After identifying the image points 140ai - 140di in the image data in

block 180 and determining the virtual registration points 160a - 160d of the

tracking device in block 186, a registration of the image space to patient space

can be made in block 190. Registration of the image space to the patient space

can be performed because the identified image points 140ai - 140di are in

image space and the virtual fiducial points 160a - 160d are defined by the

tracking device 150 connected to the patient 14 in patient space. Accordingly,

once the location of the image points 140ai - 140di are identified in the image

data in block 180, and the locations of the virtual fiducial points 160a - 160d are

identified in patient space in block 186, the registration can occur between the

image space and the patient space. As discussed above, the locations of the

virtual fiducial points 160a - 160d in the subject space can be substantially

identical to or at known locations relative to the physical locations of the

imageable portions 140a - 140d. Accordingly, the identical or known locations

allow for registration as discussed further herein.

[0068] During registration, a translation map is determined between the

image data coordinate system of the image data acquired in block 178 and the

patient space defined by the patient 14 . Once the registration occurs, the

instrument 90 can be tracked with the tracking system that is registered to the

image data to allow an identification and illustration of a position of the tracked

instrument 90 as an icon superimposed on the image data. The registration

procedure can then end in block 192.

[0069] Once the image data is registered to the patient space in block

190, tracking of the tracking device can occur according to any appropriate

method or system, including those discussed above. Further, the method 170



can be carried out substantially automatically with a processor, such as the

processor 72 of the workstation 73. The method 170 can be substantially

automatic due to the identification of the image points 140ai - 140di in the image

data 180 and the determination of the virtual registration points 160a - 160d of

the tracking device 150 in block 186. Both of these determinations or

identifications can be done substantially with a processor that is programmed or

inputted with the calibrated data of the imageable portions 140a - 140d and the

virtual registration points 160a - 160d. Accordingly, other than attaching the

base 102, the imageable body 104, and the tracking device 150 to the patient

14 , the user 22 need not interfere or participate in registration of the patient

space to the image space and may efficiently prepare for a procedure, such as a

spinal fusion, spinal implant procedure, or the like.

[0070] After the registration of the image space to the patient space in

block 190, the instrument 90 can be tracked relative to the image data 77. As

illustrated in Fig. 5 , an icon 90i representing a location of the instrument 90 can

be displayed relative to the image data 77 on the display 74. Due to the

registration of the image space to the patient space, the position of the icon 90i

relative to the image data 77 can substantially identify or mimic the location of

the instrument 90 relative to the patient 14 in the patient space. As discussed

above, this can allow a navigated procedure to occur.

[0071] After registering the image space to the patient space with a first

image data set, subsequent image data sets can be acquired. Registration of

the patient space to image space can be maintained without additional

registration according to the flowchart 170 due to various controls or systems,

such as robotic control systems.

[0072] For example, the imaging device 12 can know its location when the

first image data set of the patient 14 is acquired. Because the imaging device 12

knows its location relative to the patient 12 when the first image data set is

registered to the patient space, the registration also generates a known location

of the imaging device 12 relative to the patient 14 due to the registration.

Accordingly, additional or subsequent image data sets can be acquired of the

patient 14 without requiring replacement of the imageable body 104. The

position of the imaging device 12 relative to the patient 14 can be used to



additionally register the new image data to the patient space. That is, the

translation map generated when registering the image space to the patient

space in block 190 can also translate the new position of the imaging device 12

relative to the patient 14 when acquiring a second or subsequent data set.

Multiple image data sets can, therefore, be acquired of the patient 14 without

requiring replacement of the imageable body 104 or further registration using the

imageable portions 140a - 140d. It will be understood that the imaging device

can include the O-Arm® imaging device sold by Medtronic Navigation, Inc.

including a robotic system or a position identification system that is operable to

substantially precisely know the location of the imaging portions of the imaging

device 12 .

[0073] The imaging device 12 , because it knows its location substantially

precisely, can be used to register multiple image data sets taken sequentially or

at any appropriate time. It will be understood, therefore, that the image data at a

first time and a second time need not be separated by a portion of a procedure,

but can be used to generate multiple image data sets of the patient 14 one

substantially immediately after the other. For example, the imageable body 104

can connected to a portion of the patient 14 that is imaged during a first image

data set acquisition time. A second image data acquisition can generate image

data of a different portion of the patient 14 , substantially immediately after

acquiring a first image data set. However, the imageable body 104 need not be

moved because the imaging device 12 knows its location during acquisition of

the second image data set relative to the first image data set. Accordingly, once

registration of the image data and image space to the patient space in block 190

occurs relating to the first image data set, registration of all the subsequent

image data sets can be made relative to the image data set that includes the

imageable body 104 and the imageable points 140ai - 140di. It will be

understood, however, the imageable body need not be present in the first or any

particular data set. As long as the imageable body is present in one of the

image data sets and the position of the imaging device is known for all of the

image data sets, all of the image data sets can be registered.

[0074] With reference to Fig. 7 , a patient immobilization system 200, such

as a Mayfield® clamp, can be connected to the patient 14 . The patient



immobilization system 200 can be connected to the patient 14 at any appropriate

time, such as the prior to acquiring image data of the patient 14 . The patient

immobilization system 200 can be fixed to the patient 14 and be maintained fixed

to the patient 14 during an entire operative procedure, as discussed further

herein. The patient immobilization system 200 can be connected to the patient

in any appropriate manner, such as with clamps, screws or other connection

portions 202.

[0075] The patient fixation portion 200 can include a plurality of imageable

portions, such as imageable portions 204a - 204d. The imageable portions

204a - 204d can be imaged with an imaging device, such as the imaging device

12 , to generate or include image data that includes image points that represent

the locations of the imageable portions 204a - 204d. The imageable portions

204a - 204d can be similar to the imageable portions 140a - 140d, discussed

above. The imageable portions 204a - 204d included with the patient fixation

device 200, therefore, can be imaged with any appropriate imaging system

including those discussed above. The imageable portions 204a-204d can also

have respective centers 204an-204dn that have three dimensional coordinates

Xa, Ya, Za - Xd, Yd, Zd.

[0076] The position of the patient fixating device 200 can be determined in

patient space with the tracking system, as discussed above. According to

various embodiments, a calibration tracking device 220 can be connected to the

patient fixation device 200. The calibration tracking device 220 can be tracked

with any appropriate tracking system, such as with an EM tracking system via an

EM tracking portion 222 or optical tracking system with an optical tracking

portion 224. The EM tracking portion 222 or the optical tracking portion 224 can

be included in a single device or be provided separately, and used with an

appropriate tracking system.

[0077] The calibration tracking device 220 can be any appropriate device,

such as the trackable tool to selectively touch portions or a trackable fixture that

is separately connected with the patient fixation portion 200. According to

various embodiments, the calibration tracking device 220 can include a keyed

configuration that is positionable relative to the patient fixation device 200 in a

selected orientation. A trackable tool (not illustrated) can touch several points to



identify a location and orientation of the patient fixation device 200. Because the

calibration fixture 220 can be keyed to the patient fixture 200 its orientation is

known relative to the fixture 200 and the imageable portions 204a - 204d. In

addition, the patient fixation device 200 can transmit its location in the image

data. For example, the patient fixation device 200 can include a member or

device that can transmit to a magnetic resonance imager (MRI) its location within

the image data to identify the location of the imageable portions 204a-204d.

[0078] When the calibration tracking device 220 is interconnected with the

patient fixation portion 200, the navigation system 10 can know the location of

the imageable portions 204a - 204d in the patient space. This allows the

navigation system to know the locations of the imageable portions 204a - 204d

that generates the image data points 204ai - 204di, illustrated in Fig. 8 , in the

image data 77'. Once the location of the patient fixture 200 is known, the

calibration fixture 220 can be removed. The image data 77' can be acquired with

any appropriate image device, such as the imaging device is discussed above.

Similarly the image data 77 can be displayed on the display 74 discussed above.

[0079] In addition to, or alternative to the calibration tracking device 220, a

patient tracking device or dynamic reference frame (DRF) 230 can be

interconnected with the patient fixation device 200. The dynamic reference

frame 230 can be interconnected with the patient fixation device 200 to track

motion of the patient 14 prior to and during an operative procedure. The DRF

230 is fixed to the fixation device 200 which is, in turn, fixed to the patient 14 .

Accordingly, movement of the patient 14 is translated through the patient fixation

device 200 to the dynamic reference frame 230.

[0080] The dynamic reference frame 230 can be tracked with a tracking

system, as discussed above, such as via an EM tracking portion 232 or one or

more optical tracking portions 234. The DRF 230 can be used to maintain a

registration of image space to patient space, as discussed above, in a navigation

system. Accordingly, once registration occurs between the patient space of the

patient 14 and image space of the image data, the DRF 230 can assist in

maintaining the registration.

[0081] In addition, the dynamic reference frame 230 can be tracked

relative to the imageable portions 204a- 204d. The imageable portions 204a-



204d can be positioned at a fixed or selected location relative to the DRF 230.

Because the DRF 230 is fixed to the patient fixation device 200, the location of

the imageable portions 204a- 204d can be known. Similarly, because the DRF

230 can be tracked with a tracking system, the physical location of the

imageable portions 204a - 204d can be known relative to the patient space of

the patient 14 . In addition, when the imageable points 204ai - 204di are

identified in the image data, as illustrated in Fig. 8 , the image space location of

the points can be translated to the physical location of the imageable portions

204a - 204d.

[0082] According to various embodiments, the patient holder 200 that

includes the imageable portions 204 and the two tracking devices 220 and 230

can be used and configured in selected variations. For example, the tracking

device 220 affixed to the patient holder 200 can be used to determine the

orientation of the imaginable portions 204 in patient space, as discussed above.

The DRF 230 can then be attached to the patient holder 200 in any appropriate

manner which can be moveable and selectively fixable, such as with locking

clamps, relative to the patient 14 . Accordingly, the navigation system 10 can

take a single or initial snapshot to determine an orientation of the DRF 230

relative to the tracking device 220 and from this determine the orientation or

position of the imageable portions 204 relative to the DRF 230. After the

snapshot, at least one of the DRF 230 or the tracking device 220 can be

removed from the patient holder 200. For example, if the tracking device 220 is

not in a convenient location or would be covered with surgical draping, the

tracking device 220 can be removed once the DRF 230 is fixed relative to the

patient 14 . In addition, it would be understood that the tracking device 220 can

be positioned in a repeatable and removable manner. For example, a linkage

system can be used to interconnect the tracking device 220 with the patient

holder 200 such that the position of the tracking device 220 is known relative to

the patient holder 200. Accordingly, the tracking device 220 can be used as the

DRF 230 to position the tracking device 220 in the convenient location even with

surgical draping. Accordingly, it will be understood that the patient holder 200

including the imageable portions 204 can be used with one or two tracking

devices, such as the tracking device 220 and the DRF 230, as discussed above.



[0083] Registration of the image space and the image data 77 and patient

space of the patient 14 can be performed substantially similarly as discussed in

the method 170 illustrated in the flowchart in Fig. 6 . The location of the

imageable points 204ai - 204di can be determined substantially automatically.

Similarly, the known position of the physical location of the imageable portions

204a - 204d can be known to either or both of the tracking devices 220, 230.

Accordingly, the system can know the physical location of the imageable

portions 204a - 204d for registration to the image points 204ai - 204di.

[0084] The base 102 or the patient fixation device 200 can be positioned

or fixed relative to the patient 14 during a procedure. Appropriate bases or

fixation portions can be fixed to any appropriate subject, such as a work piece,

during a procedure or imaging of the subject. The imageable portions, either

connected to or integrated with the base or fixation device, can be imaged in the

image data. Because the tracking device, such as the tracking device 150, the

calibration device 220, or the DRF 230, can be connected with the base or

fixation device the location of the imageable portions on the base or fixation

device can be known throughout the procedure. Accordingly, by maintaining

fixation of the base 102 or the fixation device 200 to the patient or subject and

tracking or knowing the location of the imageable portions in the subject space, a

re-registration need not be performed. The registration can be maintained by

maintaining a fixation of the base 102 or patient fixation device 200 to the patient

14 . This can make a procedure more efficient by eliminating or reducing the

need to register or identify locations of imageable portions in the image data 77.

[0085] As discussed above, imageable portions can be imaged with the

imaging device 12 . The imaging device 12 can be appropriate types of imaging

devices having selected features as discussed herein. The imageable portions,

including the imageable spheres 140a-1 40d, can be displayed or found in the

image data as points or dots as 140ai-1 40di exemplarily illustrated in Fig. 5 . As

discussed herein, the image points 140Α - 40di are image fiducial features that

can be used for coordination with fiducial features of a model of the fiducial

assembly and/or registration of the image space to the patient space. The

system or method for registering the subject space, which can include the patient

space, to the image space is illustrated in Fig. 6 .



[0086] According to various embodiments, however, while acquiring

image data of the subject to which the imageable portions are affixed or

connected an appropriate or required amount of image data relating to the

imageable portions, such as the imageable fiducial portions 140a-140d, may not

or need not be present. For example, a three dimensional reconstruction of the

imageable portions or a fiducial assembly including the imageable portions may

not be possible after acquiring a plurality of two dimensional (2D) x-ray

projections. Nevertheless, using various image merging and/or registration

techniques a registration is still possible between the subject space (defined by

the subject or object) and the image space (defined by image data including a

three dimensional reconstruction based on two dimensional projections, such as

2D x-ray projections).

[0087] According to various embodiments, and as exemplary discussed

herein, image data of at least three different imageable fiducial portions 140a-

140d may be required for a registration. The image data of the three fiducial

portions can also be referred to as image fiducial features. The image fiducial

features can be the image data that can be identified by a human user and/or a

computer system (e.g. executing instructions related to an algorithm) as at least

a portion of the fiducial that is imaged in the image data. Further, the acquired

2D x-ray projections can be acquired at selected angular offsets or differences

(e.g. about 5-1 5 degrees apart, including at least 10 degrees apart) relative to

one another to allow for a selected accurate registration and 3D reconstruction.

It will be understood, however, that lesser degrees of offset between image data

sets (e.g. less than about 10 degrees) can be used depending upon the desired,

selected, or required degree of accuracy in the registration and reconstruction.

In theory, a very small angular difference could be used if a large registration

error is acceptable. Furthermore, depending on the shape of the fiducial

assembly, in theory it is possible to estimate the registration from a single 2D

image.

[0088] Although, according to various embodiments, identifying or

determining at least three fiducial features to be points can be used for

coordination and registration of the image space to the subject space. For

example, three discrete points can be used for registration. As discussed herein,



less than three or a different type or amount of image fiducial features can be

obtained depending upon the registration accuracy and/or type or design of

fiducial assembly. For example, a single fiducial feature can include a geometric

shape or line that can be used for registration or coordination.

[0089] Image data acquired of the subject, including the patient 14 , can

include x-ray image projections, as discussed further herein. Briefly, the 2D x-

ray projections can be image data acquired by emitting x-rays from a source and

detecting them with a detector. Generally a plurality of these 2D images can be

acquired, but all of the images or projections are 2D. A three-dimensional (3D)

reconstruction can be made of the imaged object based on the plurality of 2D

projections, as long as enough of the subject is appropriately images in the 2D

projections. The amount, number, special distance, etc. of the 2D images

required for a 3D reconstruction can differ depending upon the algorithm used

for reconstruction, quality of the 3D model required, etc.

[0090] The imaging device 12 , as schematically illustrated in Figs. 9A-

9C, can include the x-ray source or emission portion 26 and the x-ray receiving

or imaging receiving portion 28. The source 26 can emit a cone of x-rays

generally outlined as the x-ray cone 250 illustrated in Figs. 9A-9C. The x-ray

cone 250 can be emitted from the source 26 of an appropriate imaging device

that can be precisely positioned relative to the subject 14 such as the exemplary

vertebrae 252 of the spine 108.

[0091] Generally, the imaging device can be positioned at known

parameters, as discussed below, relative to the subject 14. The image data,

including the x-ray projections, can then be acquired at the known parameters

relative to the patient 14 . Parameters of the imaging device can include a

position of the emission portion 26 and the x-ray receiving portion 28. In other

words, the imaging system 12 can move relative to the object, including the

patient 14 , to be imaged. In the Figs. 9A-9C the emission portion 26 and the x-

ray receiving portion 28 are positioned at three different positions relative to the

object to be imaged, such as the vertebrae 252 and the fiducial assembly 100.

As the emission portion 26 and the x-ray receiving portion 28 move a position

parameter changes and different 2D projections are acquired. Different 2D



projections 260, 262, and 264 are schematically illustrated in Figs. 10A-1 0C

relating to Figs. 9A-9C, respectively.

[0092] The imageable fiducial device 100 can be connected to the spinous

process 110 of the vertebrae 252 such that at least a portion of the imageable

fiducial device 100 appears in at least a selected number of the x-ray projections

generated with the imaging device 12 . As illustrated in Figs. 10A-C, a series of

x-ray projects can be acquired of the spine 108 including the vertebra 252. As

illustrated in Figs. 10A-C, the series of x-ray projections can include a first x-ray

projection 260 (schematically illustrating the position parameters in Fig. 9A), a

second x-ray projection 262 (schematically illustrating the position parameters in

Fig. 9B), and a third x-ray projection 264 (schematically illustrating the position

parameters in Fig. 9C). Each of the x-ray projections 260-264 are acquired with

the imaging device at different position parameters (e.g. angle, distance) relative

to the vertebra 252.

[0093] Although each of the projections 260, 262, 264 includes the

vertebrae, only the exemplary projections 260 and 264 include a portion of the

imageable fiducial marker device 100. For example, the x-ray projection 260

includes only two of the imageable portions, exemplarily illustrated as imageable

portions 140bi and 140ci relative to an image projection of the vertebrae 252i.

The second x-ray projection 262 includes an image of the vertebrae 252i, but

does not include any image data relating to the imageable portions 140. Finally,

the third projection 264 includes image data of the vertebra 252i and image data

of two different imageable portions, exemplary illustrated as 140ai and 140di.

Thus, although the imaging device 12 can acquire a plurality of x-ray projections

of the vertebra 252, only a sub-plurality of the x-ray projections may include

image data relating to the imageable portions 140 of the fiducial assembly 100.

[0094] When attempting to register the navigation system 10 relative to

the patient 14 to register the subject space to the image space, various

comparisons may be selected to register and generate a translation map

between the image space and the patient space. The processor system 72 (or

any other appropriate processing system which can include a separate physical

computer processor) can then execute instructions to both identify the x-ray

projections with image data relating to the imageable portions 140 and can



identify the imageable portions 140i in the x-ray projections. Alternatively, the

user 8 1 can both identify the imageable portions 140i in the x-ray projections and

which of the plurality of x-ray projections has image data relating to the

imageable portions.

[0095] The imaging system 12 can be used to acquire all image data of

the patient 14 for an operative procedure. Accordingly, the imaging device 12 ,

such as the O-Arm® imaging device and other selected imaging devices, can be

used intra-operatively (i.e. in an operating room/theater once the patient 14 is

prepared for a surgical procedure) to acquire all image data of a patient 14 to

allow for navigation of a procedure relative to the patient 14 . In acquiring image

data for whatever reason (e.g. radiation exposure of the patient 14 , time of

image acquisition, etc.), the entire fiducial assembly 100 may not be imaged in

the image projections of the patient 14 , at least for an appropriate or complete

three dimensional reconstruction. Although the vertebrae 252, or other selected

portions of the anatomy of the patient 14 , can be appropriately imaged to allow

for a three dimensional reconstruction 270, as illustrated in Fig. 11. If the fiducial

assembly, including at least the imageable portions 140, are not imaged enough

for a three dimensional reconstruction then registration of the subject space to

the image space, including the three dimensional reconstruction image space

270, may be limited or impossible due to the lack of acquiring an appropriate

amount of image data relating to the fiducial assembly 100 in each of the x-ray

projections 260-264. Accordingly, alternative registration or matching systems

can be used.

[0096] Briefly, it will be noted that any appropriate number of x-ray

projections can be collected or acquired and the three x-rays projections 260-

264 are merely exemplarily. Also, the three dimensional reconstruction of the

subject space, including the vertebrae, can be based on selected algorithms.

For example, a three dimensional or volumetric reconstruction can include

appropriate algebraic techniques such as Expectation maximization (EM),

Ordered Subsets EM (OS-EM), Simultaneous Algebraic Reconstruction

Technique (SART) and Total Variation Minimization (TVM), as generally

understood by those skilled in the art. The application to performing a 3D

volumetric reconstruction based on the 2D x-ray projections allows for efficient



and complete volumetric reconstruction of the imaged object. Generally, an

algebraic technique can include an iterative process to perform a reconstruction

of the patient 14 or other object for display.

[0097] The 3D reconstruction can be then be displayed as the image data.

For example, a pure or theoretical image data projection, such as those based

on or generated from an atlas or stylized model of a "theoretical" patient, can be

iteratively changed until the theoretical projection images match the acquired 2D

projection image data of the patient 14. Then, the stylized model can be

appropriately altered as the 3D volumetric reconstruction model of the acquired

2D projection image data of the selected patient 14 and can be used in a

surgical intervention, such as navigation, diagnosis, or planning. The theoretical

model can be associated with theoretical image data to construct the theoretical

model. In this way, the 3D reconstruction model can be displayed as the image

data and is generated based upon image data acquired of the patient 14 with the

imaging device 12 . The 2D x-ray projection image data can be acquired by

moving the imaging device 12 , such as the source 26 and receiver 28, relative to

the patient 14 . The movement can be substantially annular or 360° orientation

movement of the source/detector around the patient 14 , partial annular motion,

or other motion to allow for acquisition of a plurality of 2D x-ray projections from

a plurality of positions relative to the patient 14 .

[0098] The three dimension reconstruction 270 can be displayed on a

display, such as the display 74, can be further super-imposed with an illustration

of an instrument icon 90i relative to the three dimension reconstruction 270. To

appropriately illustrate the instrument icon 90i relative to the three dimensional

reconstruction 270 of the patient 14 registration of the subject space to the

image space may be required. The registration allows a translation map can be

generated between the subject space and the image space.

[0099] To allow for the appropriate registration, the x-ray projections

including an appropriate amount of image data regarding the fiducial assembly

100 can be used to merge or register the three dimensional reconstruction 270

(based on the x-ray projections) to selected ones of the x-ray projections to

register the x-ray projections to the three dimensional reconstruction 270. Once

the x-ray projections are registered to the three dimensional reconstruction 270 a



registration or translation map can then be made to the subject space based on

the known position of the fiducial assembly in the x-ray projections (as discussed

herein based on imaging device parameters and synthetic digital radiograph

reconstructions) and the parameters of the imaging device 12 .

[00100] The merging or registration of the selected x-ray projections to the

three dimensional reconstruction 270 can be similar to two dimensional to three

dimensional registration as disclosed in U.S. Patent No. 7,570,791 , incorporated

herein by reference. Generally, and discussed in greater detail below, the x-ray

projections of the vertebrae 252, including the fiducial assembly 100, having an

appropriate amount of image data of the fiducial assembly 100 can be registered

to a synthetic digital radiograph reconstructions (SDRR) of the fiducial assembly

100 to allow for a registration of the subject space to the image space of the

three dimension reconstruction 270. Generally, it can be selected acquire or

have x-ray projections of at least three imageable members for registration

purposes. Thus, an appropriate number of x-ray projections may include a

number of x-ray projections that include at least three different imageable

portions 140 of the fiducial assembly 100. It is understood, however, that other

appropriate amounts of fiducial image data can be used as discussed herein.

[00101] As used herein a synthetic digital radiograph reconstruction

(SDRR) of the fiducial assembly 100 is based on a three dimensional model,

including a digital model, of the fiducial assembly 100 from which a two

dimensional reconstruction is made that mimics or includes information similar to

a two dimensional digital radiograph of the fiducial assembly 100. The

configuration of the fiducial assembly 100 (e.g. a computer aided design model

or other three dimension digital model) can be used in combination with the

intrinsic and extrinsic parameters (e.g. orientation, position, etc of the imaging

device 12) to generate the SDRRs that can be registered to the selected x-ray

projections. Generation of the SDRR can be similar to the generally known

techniques of generating digital radiograph reconstructions of image data

acquired of various subjects.

[00102] With reference to Fig. 12 , and continuing reference to Figs. 1- 1 1, a

flowchart 300 illustrates a process of registering at least the two dimensional x-

ray projections 260 and 264 that include image data of the fiducial assembly 100



to the three dimensional reconstruction 270. The flowchart 300 illustrates an

exemplary method to allow for registration of patient space or subject space to

the image space. It will be understood that although all the discussion is related

more specifically or more directly to registering subject space to image space

when a fiducial assembly is not completely imaged for reconstruction in the three

dimensional reconstruction, that the following process can also be used to either

enhance, supplement, or otherwise assist in a registration even when a fiducial

assembly is imaged completely enough for three dimensional reconstruction.

Further, it is understood that the following method can be implemented as an

algorithm that is encoded in instructions that can be executed by the processor

72, or an appropriate processor system (e.g. a computer processor system) to

perform the registration.

[00103] The flowchart 300 begins in start block 302 and then progresses to

acquiring image data of the subject including two-dimensional (2D) x-ray

projections with the imaging system 12 in block 304. The acquired 2D x-ray

projections can be acquired with the imaging system 12 discussed above.

Particular imaging systems can include the O-Arm® Imaging System that can

acquire 2D x-ray projections at substantially precisely known and repeatable

locations relative to the patient 14 . Although the imaging system 12 need not

require repeatable location imaging, the imaging system 12 is generally able to

determine and/or store imaging system parameters, as discussed herein. The

image data can be acquired during an operative procedure or immediately prior

to an operative procedure and in an operating room. Thus, the image data can

be acquired relative to the patient 14 at a substantially known location relative to

the patient 14 based on tracking the imaging device with the tracking device 37

or by information in the controls of the imaging device 12 . Also, the fiducial

assembly 100 can be affixed to the patient 14 and remain in place during the

image data acquisition.

[00104] Generally, appropriate imaging systems will allow for the

acquisition of an appropriate number of 2D x-ray projections to allow for a three

dimension (3D) reconstruction of the selected and imaged portion of the subject

14 , such as the vertebrae 252. The imaging system 12 generally will allow for

the determination or knowledge of parameters of the imaging system 12 relative



to the patient 14 . Imaging parameters can include extrinsic parameters such as

a position of the imaging system 12 relative to the patient 14 . The position of the

imaging system 12 relative to the patient 14 can include the position of the x-ray

source 26 and the position of the x-ray receiver 28 relative to the patient 14 and

fiducial assembly 100. The position of the imaging device 12 relative to the

patient 14 can be known based upon the known positioning of the imaging

device 12 relative to the patient such as with a mechanical positioning

mechanism associated with the imaging device 12 . Alternatively, or in addition

thereto, the tracking device 37 can be used to track the location of the image

device 12 relative to the patient 14 . Regardless, the position of the imaging

device 12 relative to the patient 14 can be determined and be saved with a

memory system, such as in the controller, as an extrinsic parameter. Intrinsic

parameters can include geometry of the imaging device (e.g. annular), a position

of the source 26 relative to the x-ray receiving section 28, and other intrinsic

parameters relating to the internal function of the imaging device 12 including x-

ray energy parameters and the like.

[00105] After the 2D x-ray projections are acquired in block 304, the 2D x-

ray projections can be stored in block 306 with the appropriate imaging system

parameters, including those discussed above. Each of the 2D x-ray projections

can include specific and unique imaging system parameters, such as the

position of the imaging system relative to the patient 14 , that relate to each 2D x-

ray projection. Accordingly, each of the 2D x-ray projections can be saved with

the related imaging system parameters in block 306. The appropriate number of

x-ray projections required to be acquired of the patient 14 can vary and depend

upon the portion of the anatomy to be operated on, such as the vertebrae 252, to

allow for a 3D reconstruction using the stored 2D x-ray projections.

[00106] Once an appropriate number of 2D x-ray projections are acquired,

a 3D reconstruction can be performed in block 308. The 3D reconstruction can

be performed to reconstruct a 3D image of the portion of the anatomy, such as

the vertebrae 252, from the 2D x-ray image projections. The 3D reconstruction

270 can then be displayed on the display device 74.

[00107] To perform the 3D reconstruction from the 2D image x-ray

projections appropriate algorithms can be executed by a processor system,



including the processor of the navigation system 10 , to generate the 3D

reconstruction. Appropriate algorithms can include those discussed above.

Accordingly, the 3D reconstruction can be substantially automatically performed

or reconstructed from the 2D image x-ray projections based upon stored and

executed software programs and algorithms.

[00108] Once the 3D reconstruction is completed, a decision block 3 10 can

be entered to determine whether the 3D reconstruction includes enough fiducial

information for registration. The appropriate amount of fiducial information can

include whether the entire fiducial assembly 100, or at least the imageable

fiducial portions 140a-1 40d are all present or identifiable in the completed 3D

reconstruction in block 308. If all or an appropriate minimum number (e.g. three

of the imageable portions 140a-1 40d) of the fiducial imageable portions 140a-

140d can be identified in the 3D reconstruction, then an appropriate amount of

fiducial information is present in the 3D reconstruction and the YES path 3 12 can

be followed to register the subject space to the image space in block 3 14 . As

discussed above, once the image space is registered to the subject space then a

translation map from the subject space to the image space can be determined

and the navigated procedure can occur. During the navigated procedure

illustrations of the location of the instrument 90 relative to patient 14 can be

illustrated with the instrument icon 90i relative to the three dimensional

reconstruction of the patient 270, as illustrated in Fig. 11. The registration

procedure 300 can then end in block 3 16 .

[00109] Alternatively, if all or not enough of the imageable portions 140

(e.g. less than three or an amount for registration) are not identifiable in the 3D

reconstruction 270, then the decision block 3 10 can follow the NO path 320 to

generate an appropriate registration of the subject space to the image space. In

following the NO path 320, the navigation system 10 , either alone or with input

from the user 8 1 , can identify and select 2D x-ray projections that are stored in

block 306 that include image data of the imageable fiducials 140 in block 322.

The imageable fiducials 140 on the fiducial assembly 100 can be imaged in only

a sub-plurality of the x-ray projections are acquired in block 304. Although the

fiducial assembly 100 may not be imaged completely or enough to allow for an

appropriate 3D reconstruction of the fiducial assembly 100 in block 3 10 , each of



the x-ray projections or a selected number of the x-ray projections acquired in

block 304 can include at least one of the imageable fiducials 140a-1 40d. The

selected x-ray projections including image data of the imageable portions 140a-d

can include all or a selected number of the sub-plurality of the x-ray projections

including image data of the imageable portions 140a-d.

[001 10] All or a selected number of the 2D x-ray projections are selected

that include all or only an appropriate number of the imageable fiducials 140 in

block 322. For example, all of the sub-plurality of the x-ray projections including

image data of the imageable portions 140a-d can be the selected 2D x-ray

projections. An appropriate number can include a number that will allow for

registration of the image space to the patient space. For example, three of the

imageable fiducials 140 imaged in the acquired 2D x-ray projections in block 304

may be enough to allow for an appropriate registration. It can be selected,

however, to include at least 4 , 5 , or any appropriate number of the imageable

fiducials that are included with the fiducial assembly 100. Additionally, it will be

understood that additional images or projections can be acquired with the

imaging device 12 to ensure the appropriate number of the imageable fiducials

140 are imaged in the x-ray projections. Thus, if the 2D x-ray projections from

block 304 do not include enough of the imageable fiducials, the imaging device

12 can be repositioned relative to the patient 14 and the fiducial assembly 100 to

acquire additional projections to allow for an appropriate registration.

[001 11] After selecting an appropriate number of the 2D x-ray projections in

block 322, the parameters relating to the selected 2D x-ray projections can be

recalled in block 324 that were stored in block 306. The imaging device

parameters can be those discussed above, including the position of the imaging

device 12 relative to the patent 14 or the fiducial assembly 100 during imaging of

the subject and acquiring the 2D x-ray projections selected in block 322. After

recalling the imaging device parameters in block 324, synthetic digital radiograph

reconstructions (SDRR) of the fiducial assembly 100 can be generated.

[001 12] With reference to Fig. 13 , a digital three dimensional model 100' of

the fiducial assembly 100 can be stored. The digital three dimensional model

100' of the fiducial assembly 100 can include a computer aided design (CAD)

model or computer generated model of the fiducial assembly 100. The digital 3D



model 100' includes information regarding the locations, including relative

locations of the imageable fiducial portions 140. The information can include

relative positions of fiducial features of the fiducial assembly 100. For example,

the fiducial assembly 100 is imaged and the imageable fiducial portions 140

appear in the image. The feature used for registration (i.e. the image fiducial

feature) can include a determined center point of a portion of the image data

relating to the imageable fiducial portion 140. Thus, the center of the imageable

fiducial portion 140 in the 3D model 100' and their determined locations can be

the fiducial features that can be used to coordinate with the image fiducial

features.

[001 13] According to various embodiments, the digital three dimensional

model of the fiducial assembly 100 can then be used to generate one or more of

a SDRR 328 or other representation of the fiducial assembly regarding the 3D or

2D position, including relative positions, of fiducial features of the fiducial

assembly. The SDRR 328 can be generated using the imaging device

parameters, including the location of the x-ray source 26' and the x-ray receiving

section 28'. The SDRR 328 is a two dimensional projection of the digital three

dimensional model 100' based on the imaging device parameters and/or other

selected parameters.

[001 14] The SDRR 328 is generated to include the imageable fiducial

portions 140a'-140d' as if the imageable fiducial assembly 100 were imaged with

the imaging device 12 from the source 26 to the x-ray receiving section 28.

Briefly, the SDRR 328 can be generated using the model 100' based upon the

imaging device parameters recalled in block 324. That is, the three dimensional

position of the imaging source 26 relative to the receiving portion 28 and the

fiducial assembly 100 in the subject space is used to mimic an orientation of the

imaging source 26' and the receiving section 28' to generate the SDRR 328. An

extensive discussion of digital radiograph reconstructions of three dimensional

reconstructions is described in U.S. Patent 7,570,791 , incorporated herein by

reference. Appropriate processes can be used to form the SDRR 328, including

algorithms encoded as instructions to be executed by the processor 72 or other

separated processor system (e.g. a separate computer processor).



[001 15] Generating the SDRR 328 of the model 100' can be substantially

similar to generating a digital radiograph reconstruction of a three dimensional

reconstruction, but the SDRR 328 is generated using the three dimensional

model 100'. In generating the SDRR 328 all of the imageable portions 140a-d

can be reconstructed in the SDRR 328 as the fiducial features 140a'-1 40d'.

Generally, the fiducial features, which are based on determined positions of the

imageable fiducial portions 140a-d in the 3D model 100', represent imaged

imageable fiducial marks 140a-d. The fiducial features 140a'-140d' relate to the

portion used for registration, which can be the determined center of a circle or

sphere, a surface, etc. Thus, although the parameters of the imaging device are

used to determine the appropriate orientation for generating the SDRR 328 all of

the fiducial information can be placed in the SDRR 328 due to its synthetic

nature and being able to place the source 26' at any distance relative to the

three dimensional model 100' while maintaining a selected orientation (e.g. one

based on the imaging device parameters) relative to the receiving section 28'

[001 16] A plurality of the SDRRs 328 can be generated and used to match

or merge with the selected 2D x-ray projections from block 322 to generate a

registration. For example, as illustrated in Figs. 10A-1 0C, a plurality of the 2D x-

ray projections can include image data or images of the fiducial imageable

fiducial portions, such as exemplary x-ray projections 260 and 264. Thus, one or

more SDRRs 328 can be generated based on the imaging device parameters for

each of the selected x-ray projections, such as the two x-ray projections 260 and

264. Each of the SDRRs 32 relating to the different x-ray projections will have

different positions of the imageable fiducial portions 140a'-1 40d' based on the

parameters of the imaging device. This is due to the 3D nature of the fiducial

assembly 100 and its related three dimensional model 100' and the differing

perceptive of the imaging device 12 relative to the fiducial assembly 100 and its

related three dimensional model 100' in each of the x-ray projections. The

selected x-ray projections including the imageable fiducial portions, such as

those selected in block 322, can be matched to the respective SDRRs 328.

[001 17] The registration of the SDRRs to the selected 2D x-ray projections

occurs in block 330. The registration of the SDRRs to the selected 2D x-ray

projections allows for the generation of the translation map of the subject space



to the image space in block 3 14 . The registration of the SDRRs to the 2D x-ray

projections and the generation of the subsequent translation map is similar to the

two dimensional to three dimensional image registration as disclosed in U.S.

Patent No. 7,570,791 , incorporated herein by reference. Generally, the SDRR

includes parameters or the geometry of the fiducial assembly 100 based upon

the fiducial assembly model 100' that is identical to the fiducial assembly 100.

The fiducial assembly model 100', therefore, can be used to generate the SDRR

328 that would be substantially identical to the 2D x-ray projection through the

fiducial assembly 100 if generated in the subject space. Accordingly, the two

dimensional SDRR of the model 100' can be used to identify the orientation of

the fiducial assembly 100 in the three dimensional reconstruction 270.

[001 18] In other words, when generating the SDRR 328 to substantially

match the imageable fiducial portions 140 in the selected x-ray projection in

block 322, a known orientation of the imageable fiducial portion 100 relative to

the imaging device 12 is determined when the SDRR 328 matches the imaged

portion in the selected two dimensional projections in block 322. Knowing the

three dimensional orientation of the fiducial assembly 100, relative to the imaging

device, such as to generate the appropriate SDRR 328, allows for determining

an orientation of the fiducial assembly 100 or an appropriate portion of the

fiducial assembly, such as the connecting base 102, to the anatomy of the

patient 14 . As illustrated in Fig. 11, by knowing the appropriate orientation of the

three dimensional fiducial assembly 100 relative to the vertebrae 252, the

orientation of the base 102 relative to the three dimension reconstruction 270

can also be determined. As discussed above, this can allow for registration of

the subject space to the image space for registering or maintaining registration of

the patient to the image data and for performing the selected navigated

procedure. Accordingly, three dimensional subject space can be registered to

the three dimensional reconstruction 270 of the image data space even if the

acquired 2D x-ray projections do not include enough image data to allow for a

3D reconstruction of the fiducial assembly 100 with the other imaged portions.

[001 19] While the SDRR 328 can be generated to include the fiducial

features 140a' - 140d', it will be understood that the known geometry of the 3D

model 100' can be used alone to determine the positions of the fiducial features



140a' - 140d' in absolute position and relative to position to one another. For

example, rather than generating the SDRR 328 of the 3D model 100', the spatial

relationships of the imageable fiducial portions 140a - 140d in the model 100'

can be determined directly from the model. That is, each of the imageable

fiducial portions 140a-1 40d has a 3D position relative to one another that is

known based upon the 3D model 100'. Accordingly, a two dimensional position

of the fiducial features, based upon the imageable fiducial portions 140a - 140d

can be determined without generating a complete synthetic digitally

reconstructed radiograph of the model 100'. It will be understood that similar

information can be determined based upon the 3D model 100' using the known

spatial relationships of the imageable fiducial portions 140a - 140d in the model

100' thus generating the SDRR 328 is not necessary to determine the positions

of the fiducial features that are based on the imageable fiducial portions 140a-

140d. Additionally, as discussed further herein, any appropriate geometry of a

fiducial assembly that can be modeled can be used to generate or determine the

positions of fiducial features rather than including a plurality of the fiducial

portions 140a- 140d (e.g. curved or intersecting rods, non-spherical geometric

elements, etc.).

[00120] It will be understood that more than one processor system,

including a computer processor, can be used as the various disclosed processor

systems. For example, a first processor system can be used in acquiring the 2D

x-ray projections. A second processor system can be used in generating the

SDRR 328. A third processor system can be used to register the SDRR 328 and

the selected x-ray projections including the fiducial image data. Also, a further

processor system can be used in the navigation procedure to determine and

illustrate the location of the instrument relative to the image data. It will be

understood that all of the processor systems can be separate physical systems

or can be executable programs executed by a single or less than for computer

processors. A single computer processor may be used for efficient transport of a

single system, while multiple computer processors may be used for modularity

and speed of the various processing steps separately and at different times.

[00121] With reference to Fig. 14 , a fiducial assembly 340 is schematically

illustrated. It will be understood that the fiducial assembly 340 can also



represent a three dimensional model of the fiducial assembly 340. The fiducial

assembly 340, and its corresponding model, includes dimensions, spatial

positions, and other three dimensional and two dimensional positions of various

imageable fiducial portions 342a - 342i. As illustrated in Fig. 14 , the fiducial

assembly 340 includes a plurality of rods or bars 342a-342i that are positioned in

a selected configuration. An exemplarily embodiment illustrated in Fig. 14 , the

plurality of imageable fiducial bars 342a - 342i are positioned in two substantially

equilateral triangles that are connected to each other at equal distances at each

of the points or apexes of the respective triangles. Accordingly, the fiducial

assembly 340 includes a total of nine individual bars that can represent at least

nine individual fiducial portions 342a- 342i. It will be understood, however, that

the bars or legs of the illustrated fiducial assembly could be radiolucent and that

beads or balls of radio opaque material could instead be present at the apexes

of the triangle such that a plurality of spheres or circles are present in an image.

[00122] In the fiducial assembly 340 any portion can be a fiducial feature.

A combination of the bars 342a-342i can be a fiducial feature. For example, a

triangle can be a fiducial feature that can be identified in the image and

determined from the model of the assembly.

[00123] It will also be understood that the fiducial assembly 340 can be

provided in configurations other than that illustrated, such as a different two or

three dimensional configurations, than the fiducial assembly 100 discussed

above, or the triangles illustrated in the assembly 340. Fiducial assemblies can

include a continuous rod that intersects a plane and is curved. Fiducial

assemblies can also include circles, solid geometric shapes, etc.

[00124] A determined orientation and position of each of the imageable

fiducial portions can be determined in a fiducial feature layout 350. While the

fiducial feature layout 350 can be determined by generating an SDRR, such as

the SDRR 328 discussed above, it will be understood that the fiducial feature

layout 350 need not be based upon synthetic digitally reconstructed radiographs.

Rather, the fiducial feature layout 350 can be determined based on the known

locations of the various imageable fiducial portions 342a - 342i in a fiducial

feature configuration 342' based upon the imaging system characteristics as

discussed above. In other words, the known locations of the various fiducial



portions 342a-342i and the known or recalled imaging system characteristics can

be used to determine the fiducial feature positions 342' in the fiducial feature

layout 350. The fiducial feature layout 342' is then based upon the

characteristics and the known spatial configuration based upon the model of the

fiducial assembly 340.

[00125] The fiducial assembly 340 can be used while imaging a subject,

such as the patient 14 discussed above. The characteristics of the imaging

device 12 can then be used to generate a guess or first determination of the

layout of the fiducial portions 342a- 342i. As discussed above, the imaging

device characteristics are used in determining an extraction or determination of

the fiducial features positions and/or relative locations. An iterative or non-

iterative (i.e. closed form) method can then be used to coordinate the extracted

or determined location of the fiducial features with the image fiducial features.

[00126] For example, an iteration or plurality of iterations can be used to

match or coordinate the image fiducial features in the image data to the fiducial

feature layout 342' of the image fiducial features. The iterative process can be

similar to that discussed above, but not be based upon the SDRR 328 of the

fiducial assembly 340, or even of the fiducial assembly 100. It will be understood

that generating the fiducial feature layout 350 can be based upon any

appropriate fiducial assembly that has been modeled. Accordingly, the fiducial

feature layout 350 can be generated to include the fiducial features of the fiducial

assembly 100 using the 3D model 100' discussed above.

[00127] Alternatively, in a non-iterative or closed form method the layout of

determined in the fiducial feature layout 350 can be matched or coordinated with

the image data including the image fiducial features. Due to the lack of the

SDRR of the fiducial features an iterative process is not necessary to match to

the image data that includes the fiducial assembly with the imageable fiducial

portion, according to any of the embodiments. Rather, the fiducial features are

extracted and the fiducial layout is determined directly based on the imaging

system characteristics and these can be matched or coordinated directly to the

image fiducial portions. It will also be understood that the image fiducial portions

can be identified in image data used for the 3D reconstruction or in additional or

separate images or image data. The imaging system characteristics can be



known and related to each other for any and all of the images acquired of the

subject, including the patient 14 .

[00128] It will be further understood that the fiducial assemblies can include

substantially two dimensional configurations that can be imaged with the imaging

system 12 . Regardless, it is a model of the fiducial assembly that can be used to

determine spatial positions of the imageable fiducial portions and allow for the

generation of fiducial features, such as the fiducial features 340', in a fiducial

layout, such as the fiducial layout 350 to be matched or coordinated with the

image data.

[00129] Once the fiducial features 342 are coordinated with the image

fiducial features in the image data, a registration can be made of the image

space to the subject space, such as the patient space of the patient 14 . The

coordination of the fiducial features 342', or any of the appropriate fiducial

features, to the image fiducial features allows for a coordination or a matching of

the position of the fiducial assembly 340 based upon its modeled configuration to

the image data acquired of the patient 14. Thus, a coordination of the fiducial

feature layout 350 allows for a registration of the image space to the subject

space. The registration allows a translation between the subject space and the

image space to, in turn, allow an appropriate illustration of a position of an

instrument, tracked with the navigation system 10 , to be displayed relative to the

image data, such as the patient 14 as discussed above. It will be understood,

however, that the fiducial assembly, such as the fiducial assembly 100 or the

fiducial assembly 340, can be provided in any appropriate configuration as long

as the configuration is modeled to allow for the generation of either the SDRR

328, the fiducial feature layout 350, or other appropriate system to allow

coordination of imageable fiducial portions of the fiducial assembly relative to

respective fiducial features for registration. Also, this allows for the elimination of

generating the SDRR 328 of the fiducial assembly and can ease computation

complexity by determining the respective positions of the fiducial features 342'

alone rather than generating an SDRR of the fiducial assembly, according to

various embodiments.

[00130] With reference to Fig. 15 the fiducial assembly 100 can be

attached or affixed to any appropriate subject that can include a non-human



anatomy or an inanimate or non-human object. For example, the object can

include an aircraft wing 400. The aircraft wing 400 can include an aileron or flap

402. The wing 400 can further include internal components not visible through

the exterior surface of the wing 400. The internal components can include

hydraulic or electric lines to control the aileron 402.

[00131] The imaging device 12 , including the source 26 and the detector

28, can be used to image the wing 400. The surface of the wing 400 can be

made of a radiolucent material, such as carbon fiber, while the internal

components can be formed of radiopaque materials, such as metal. Once

imaged and registered, as discussed above, a tracked instrument can be moved

within the wing 400 without completely opening the wing 400 for inspection.

Accordingly, one skilled in the art, will understand that the systems and methods

discussed above can be used relative to any imageable object.

[00132] The foregoing description of the embodiments has been provided

for purposes of illustration and description. It is not intended to be exhaustive or

to limit the invention. Individual elements or features of a particular embodiment

are generally not limited to that particular embodiment, but, where applicable,

are interchangeable and can be used in a selected embodiment, even if not

specifically shown or described. The same may also be varied in many ways.

Such variations are not to be regarded as a departure from the invention, and all

such modifications are intended to be included within the scope of the invention.



CLAIMS

What is claimed is:

1. A method to register a subject space defined by a subject having

an attached imageable fiducial assembly to an image space, comprising:

acquiring a plurality of two-dimensional x-ray projection image data

of the subject with an imaging device at selected parameters for each of the

plurality of two-dimensional x-ray projection image data;

generating a three dimensional reconstruction of at least a portion

of the subject based on at least a portion of the acquired plurality of two-

dimensional x-ray projection image data;

selecting at least one of the plurality of acquired two-dimensional x-

ray projection image data that includes a selected portion of the imageable

fiducial assembly;

recalling from a storage device the selected parameters of the

imaging device relating to the selected at least one of the plurality of acquired

two-dimensional x-ray projection image data;

determining a position of a fiducial feature of the imageable fiducial

assembly based on the recalled selected parameters of the imaging device; and

coordinating the selection of at least one of the plurality of acquired

two-dimensional x-ray projection image data to the determined position of

fiducial feature.

2 . The method of Claim 1, wherein determining the position of the

fiducial feature of the imageable fiducial assembly includes generating a

synthetic digital radiograph reconstruction of the imageable fiducial assembly at

parameters similar to the recalled selected parameters of the imaging device.

3 . The method of Claim 1, wherein determining the position of the

fiducial feature of the imageable fiducial assembly includes determining a layout

of the fiducial feature of the imageable fiducial assembly from a model of the

imageable fiducial assembly.



4 . The method of Claim 3 , further comprising:

creating a three-dimensional model of the imageable fiducial

assembly including determining spatial positions of imageable portions of the

imageable fiducial assembly;

wherein determining the position of fiducial features includes

determining a position of an image fiducial feature based on the determined

spatial positions of the imageable portions in the three-dimensional model.

5 . The method of Claim 1, further comprising:

registering an image space of the generated three dimensional

reconstruction to the subject space;

wherein acquiring a plurality of two-dimensional x-ray projection

image data of the subject does not include enough image data of the imageable

fiducial assembly to generate a three dimension reconstruction of the imageable

fiducial assembly in the generated three dimensional reconstruction.

6 . The method of Claim 1, wherein acquiring a plurality of two-

dimensional x-ray projection image data of the subject occurs subsequent to

attaching the imageable fiducial assembly to the subject and during or before or

after a procedure, wherein at least a portion of the imageable fiducial assembly

remains connected to the subject subsequent to the acquiring a plurality of two-

dimensional x-ray projection image data and during the procedure.

7 . The method of Claim 6 , further comprising:

determining a location of a tracking device connected to the at

least a portion of the imageable fiducial assembly that remains connected to the

subject subsequent to the acquiring of a plurality of two-dimensional x-ray image

data in subject space; and

registering the subject space to the generated three-dimensional

reconstruction.



8 . The method of Claim 7 , further comprising:

tracking an instrument relative to the subject space to determine a

location of the instrument relative to the subject space; and

illustrating on a display device an icon representing the instrument

relative to a displayed image data of the three dimensional digital reconstruction

to represent the location of the instrument relative to the subject based upon the

tracked location of the instrument.

9 . The method of Claim 1, further comprising:

storing a three dimensional model of the imageable fiducial

assembly in a storage system;

recalling from the storage system the three dimensional model of

the imageable fiducial assembly;

wherein determining a position of fiducial features generating the

synthetic digital radiograph reconstruction at parameters similar to the recalled

selected parameters of the imaging device includes executing instructions with a

processor to generate the synthetic digital radiograph reconstruction of the

imageable fiducial assembly with the recalled three dimensional model of the

imageable fiducial assembly to simulate an x-ray projection of the imageable

fiducial assembly using the three dimensional model of the imageable fiducial

assembly at the recalled selected parameters of the imaging device.

10 . The method of Claim 9 , wherein the recalled selected parameters

of the imaging device include at least a position of an x-ray source and an x-ray

receiver relative to the imageable fiducial assembly while acquiring the plurality

of the two-dimensional x-ray projection image data of the subject.

11. The method of Claim 10 , further comprising:

determining a selected parameter of the imaging system while

acquiring the plurality of two-dimensional x-ray projection image data including at

least one of a three dimensional position of an x-ray source relative to the

subject, a three dimensional position of the x-ray receiving section relative to the



subject, an energy of the x-ray, angle of the x-ray source relative to the subject,

and combinations thereof.

12 . The method of Claim 5 , further comprising:

executing instructions with a processor system to automatically

determine that the acquired plurality of two-dimensional x-ray projection image

data includes less than enough image data to generate a three dimensional

reconstruction of the imageable fiducial assembly; and

automatically selecting a sub-plurality of the plurality of acquired

two-dimensional x-ray image data that includes image data of all imageable

portions of the imageable fiducial assembly or acquiring at least one additional

two-dimensional x-ray image data that includes image data of imageable

portions of the imageable fiducial assembly;

wherein registering the selected at least one of the plurality of

acquired two-dimensional x-ray projection image data includes generating the

synthetic digital radiograph reconstruction of the imageable fiducial assembly for

each of the selected sub-plurality of the plurality of two-dimensional x-ray image

data of the subject and matching the generated synthetic digital radiograph

reconstruction at the recalled selected parameters of the imaging device relating

to selected ones of the sub-plurality of the plurality of two-dimensional x-ray

image data that is selected to include image data of the imageable fiducial

assembly.

13 . The method of Claim 1, further comprising:

acquiring at least one additional two-dimensional x-ray projection

image data in addition to the acquired plurality of acquired two-dimensional x-ray

projection image data, wherein the at least one additional two-dimensional x-ray

projection image data includes a selected portion of the imageable fiducial

assembly.

14 . The method of Claim 1, wherein determining the position of fiducial

features of the imageable fiducial assembly based on the recalled selected



parameters of the imaging device includes directing extracting the location of the

fiducial features from a model of the imageable fiducial assembly; and

wherein coordinating the selection of at least one of the plurality of

acquired two-dimensional x-ray projection image data to the determined position

of fiducial features includes non-iteratively coordinating the location of the

extracted location of the fiducial feature with an image fiducial feature in the

selected at least one of the plurality of acquired two-dimensional x-ray projection

image data.

15 . A method to register a subject space defined by a subject to an

image space where the subject has a fiducial assembly affixed relative to a

selected region and the fiducial assembly includes a base and an imageable

fiducial portions, comprising:

selecting the region of the subject about which to acquire image

data;

acquiring a plurality of two-dimensional x-ray projections of the

selected region with an imaging device;

storing the plurality of two-dimensional x-ray projections along with

imaging device parameters for each of the plurality of two-dimensional x-ray

projections;

selecting a sub-plurality of the plurality of two-dimensional x-ray

projections including a selected amount of image data information regarding the

imageable fiducial portion;

recalling the imaging device parameters for the selected sub-

plurality of the plurality of two-dimensional x-ray projections;

generating synthetic digital radiograph reconstruction based on a

three-dimensional model of at least the imageable fiducial portion based on the

recalled imaging device parameters; and

coordinating the generated synthetic digital radiograph

reconstructions to the selected sub-plurality of the plurality of two-dimensional x-

ray projections.



16 . The method of Claim 15 , further comprising:

generating a three-dimensional reconstruction of the selected

region of the subject based on the acquired plurality of two-dimensional x-ray

projections of the selected region to define the image space; and

registering the subject space to the image space based on the

coordination of the generated synthetic digital radiograph reconstructions to the

selected sub-plurality of the plurality of two-dimensional x-ray projections.

17 . The method of Claim 16 , further comprising:

recalling from a storage device a three dimensional model of at

least the imageable fiducial portion of the fiducial assembly; and

executing instructions with a processor system to generate the

synthetic digital radiograph reconstructions of the three dimensional model of the

imageable fiducial portion, wherein generating the synthetic digital radiograph

reconstructions of the three dimensional model include forming a two

dimensional image similar to an x-ray projection of the imageable fiducial portion;

wherein coordinating the generated synthetic digital radiograph

reconstruction to the selected sub-plurality of the plurality of two-dimensional x-

ray projections include aligning the generated synthetic digital radiograph

reconstruction of the imageable fiducial portion with the selected sub-plurality of

the plurality of two-dimensional x-ray projections such that the imageable fiducial

portions in the sub-plurality of the plurality of two-dimensional x-ray projections

aligns with the generated synthetic digital radiograph reconstruction of the

imageable fiducial portion.

18 . The method of Claim 17 , wherein selecting a sub-plurality of the

plurality of two-dimensional x-ray projections includes selecting a sub-plurality of

the plurality of two dimensional x-ray projections that includes image data

regarding at least a selected number of the imageable fiducial portions;

wherein the imageable fiducial portion includes a plurality of distinct

fiducial members that can be imaged with the imaging device.



19 . The method of Claim 18 , further comprising:

determining that the acquired plurality of two-dimensional x-ray

projection includes a limited image data information of the imageable fiducial

portion such that a three dimensional reconstruction of the imageable fiducial

portion can not be determined.

20. The method of Claim 16 , further comprising:

executing instructions with a processor system to generate the

synthetic digital radiograph reconstruction based on a three dimensional model

of at least the imageable fiducial portion; and

executing instructions with the processor system to generate the

three dimensional reconstruction of the selected region of the subject based on

the acquired plurality of two dimensional x-ray projections of the selected region.

2 1 . The method of Claim 20, further comprising:

registering the subject space to the image space based upon

tracking a location of a tracking device connected to the base and the known

locations of imaged fiducials relative to the base.

22. The method of Claim 2 1 , further comprising:

displaying on a display device the generated three dimensional

reconstruction of the selected region of the subject;

tracking an instrument relative to the subject space; and

displaying on the display device an icon representing the

instrument tracked relative to the subject space and illustrated relative to the

image space based upon the registered subject space to the image space with

the tracked tracking device connected to the base.

23. A system to allow registration of a subject space to an image space

in an image data, comprising:

a fiducial assembly having a plurality of fiducial imageable portions

fixedly positioned relative to a base member that is operable to be fixed to a

subject defining the subject space;



an imaging system configured to acquire x-ray projections of the

subject and the fiducial imageable portions at known imaging system

parameters;

a first processing system operable to generate a three dimensional

reconstruction of the subject based on the x-ray projections to define the image

space, wherein the three dimensional reconstruction fails to include three

dimensional reconstruction of the fiducial imageable portions;

a second processing system operable determine one or more

locations of the fiducial imageable portions based on the known imaging system

parameters of images acquired of the fiducial imageable portions; and

a third processing system operable to coordinate selected x-ray

projections including images of at least a portion of the plurality of fiducial

imageable portions with the one or more determined locations of the fiducial

imageable portions.

24. The system of Claim 23, further comprising:

a first memory system to store the known imaging system

parameters for each of the x-ray projections acquired of the subject and the

fiducial imageable portions;

wherein the second processing system is configured to access the

first memory system and recall the known imaging system parameters to

determine the one or more locations of the fiducial imageable portions at the

recalled known imaging system parameters.

25. The system of Claim 24, wherein the determined one or more

locations of the fiducial features is determined by a generation of a synthetic

digital radiograph reconstruction of the fiducial imageable portions.

26. The system of Claim 24, further comprising:

a single processing system including the first processing system,

the second processing system, and the third processing system;

wherein the single processing system is further operable to

generate a translation map of the image space defined by the three dimensional



reconstruction and the subject space defined by the subject based on the

registration of the selected x-ray projections with the generated synthetic digital

radiograph reconstructions of the fiducial imageable portions.

27. The system of Claim 25, further comprising:

a tracking system to track the location of an instrument relative to

the subject in the subject space; and

a display device configured to display the three dimensional

reconstruction and the tracked location of the instrument relative to the three

dimensional reconstruction based on the generated translation map.
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