
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization I

International Bureau
(10) International Publication Number

(43) International Publication Date
2 August 2012 (02.08.2012)

WO 2012/103407 Al
P O P C T

(51) International Patent Classification: (74) Agents: WARNER, Richard W. et al; Harness, Dickey &
A61B 19/00 (2006.01) Pierce, P.L.C., P.O. Box 828, Bloomfield Hills, Michigan

48303 (US).
(21) International Application Number:

PCT/US20 12/022840 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
27 January 2012 (27.01 .2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

13/016,762 28 January 201 1 (28.01.201 1) US OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(71) Applicant (for all designated States except US): TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
MEDTRONIC NAVIGATION, INC. [US/US]; 826 Coal
Creek Circle, Louisville, Colorado 80027 (US). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US only): HARTMANN, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

Steven L. [US/US]; 2535 Andrew Drive, Superior, Color TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
ado 80027 (US). BURG, Bruce M. [US/US]; 958 A r DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
apahoe Circle, Louisville, Colorado 80027 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
BZOSTEK, Andrew [US/US]; 260 Monares Lane, Erie, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Colorado 805 16 (US). JACOBSEN, Brad [US/US]; 2840 GW, ML, MR, NE, SN, TD, TG).
Prince Circle, Erie, Colorado 8051 6 (US). KOENIG,

Declarations under Rule 4.17 :Matthew W. [US/US]; 4755 Wildgrass Place, Dacono,
Colorado 805 14 (US). — as to applicant's entitlement to apply for and be granted a

patent (Rule 4.1 7(H))

[Continued on nextpage]

(54) Title: APPARATUS FOR IMAGE - BASED NAVIGATION

o

o FIG. 6

(57) Abstract: A system and method for a procedure that can be performed on any appropriate subject. Procedures can include as -o sembling any appropriate work piece or installing members into a work piece, such as an airframe, autoframe, etc. Regardless of the
subject, tracking a substantially small tracking device in a plurality of degrees of freedom is provided. The tracking device can be po -
sitioned on or be formed in an instrument to be tracked.



w o 2012/103407 Al llll I I I I 1 1 III I I I 1 1 llll

— as to the applicant's entitlement to claim the priority of — before the expiration of the time limit for amending the
the earlier application (Rule 4.17(Hi)) claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))
Published:



APPARATUS FOR IMAGE - BASED NAVIGATION

FIELD

[0001] The present disclosure is related to surgical procedures, and

particularly to surgical procedures that are navigated or use computer assisted

surgery for performing a surgical procedure.

BACKGROUND

[0002] This section provides background information related to the

present disclosure which is not necessarily prior art.

[0003] A procedure can be performed on any appropriate subject. For

example, a procedure can be performed on a patient to position an implant in the

patient. Though procedures can also include assembling any appropriate work

piece or installing members into a work piece, such as an airframe, autoframe,

etc. Regardless of the subject, generally the procedure can have a selected

result that is efficacious. The efficacious result may be the desired or best result

for the procedure.

[0004] A procedure on a human patient can be a surgical procedure

performed to insert an implant, such as a pedicle screw. The pedicle screw can

be placed in the patient according to appropriate techniques, such as an open

procedure where a surgeon can view the procedure. Also, procedures can

include hole drilling, screw placement, vessel stent placement, deep brain

stimulation, etc.

SUMMARY

[0005] This section provides a general summary of the disclosure, and

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

[0006] A surgical procedure can be performed with a navigated

instrument. The navigated instrument can have associated therewith, such as

attached directly to or relative to a surgical instrument, a tracking device to track

a location of the instrument. The tracking device can be interconnected directly,

such as wrapped around or positioned around a portion of an instrument, or

extend from a mounting device connected to the instrument. According to



various embodiments, a surgical procedure can be performed using a small or

low invasive instrument. A small or low invasive instrument, however, may

require or benefit from a small tracking device associated with an instrument for

tracking a location of the instrument while minimizing a space or volume

consumed by the tracking device itself. Accordingly a tracking device can be

provided that is wrapped around an axis of an instrument, embedded in a

surface of an instrument, or positioned or embedded in an interior of an

instrument to minimize a dimensional increase due to the inclusion of a tracking

device. Such instruments may also be used for air frame assembly or small (e.g.

robotic) system repair.

[0007] 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

[0008] 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.

[0009] Fig. 1 is an environmental view of an operating theatre including

an optional imaging system and a navigation system;

[0010] Fig. 2 is a perspective view of a tracking device on an

instrument, according to various embodiments;

[001 1] Fig. 3 is a detail perspective view of the tracking device of Fig. 2

on an instrument, according to various embodiments;

[0012] Fig. 4 is a plan view of a tracking device on an instrument,

according to various embodiments;

[0013] Fig. 5A is a plan view of a tracking device on an instrument,

according to various embodiments;

[0014] Fig 5B is an end plan view the tracking device on an instrument

illustrated in Fig. 5A;

[0015] Fig. 6 is a perspective view of a tracking device on an

instrument, according to various embodiments;



[0016] Fig. 7 is a perspective view of a tracking device on an

instrument, according to various embodiments;

[0017] Fig. 8 is a detail perspective view of the tracking device of Fig. 7

on an instrument, according to various embodiments; and

[0018] Fig. 9 is a plan view of an instrument with a tracking device,

according to various embodiments.

[0019] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0020] Example embodiments will now be described more fully with

reference to the accompanying drawings. According to various embodiments, a

tracking device can be attached or interconnected with various portions in a

navigation system. For example, a tracking device can be wrapped around or

integrated into a portion of an instrument, such as in a shaft of a stylet or on a

shaft of a stylet. Alternatively, or in addition thereto, a tracking device can be

formed separately and connected, such as with a connection member with an

instrument to be tracked. Accordingly, an instrument can include a tracking

device that is wrapped directly around or placed directly on a portion of the

instrument or it can be separately interconnected with a portion of the

instrument. For example, the tracking device can be clipped or passed over a

portion of the instrument.

[0021] Fig. 1 is a diagram 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 item, such as an implant or an instrument

(e.g. 100 as discussed herein), relative to a subject, such as a patient 14 . It

should further be noted that the navigation system 10 may be used to navigate

any type of instrument, implant, or delivery system, including: guide wires,

arthroscopic systems, orthopedic implants, spinal implants, deep brain

stimulation (DBS) probes, etc. Non-human or surgical procedures may also use

the instrument 100 and the navigation system 10 . Moreover, the instruments

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



10 and the various tracked items may be used in any appropriate procedure,

such as one that is generally minimally invasive or an open procedure.

[0022] The navigation system 10 can interface with or integrally

include an imaging system 12 that is used to acquire pre-operative, intra-

operative, or post-operative, or real-time image data of the 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 system 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 includes imaging portions such as a generally

annular gantry housing 20 that encloses 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. The emission portion 26

and the image receiving portion 28 are generally spaced about 180 degrees from

each other and mounted on a rotor (not illustrated) relative to a track of the

image capturing portion 22. 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.

[0023] The imaging system 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. The imaging system 12 can also include

or be associated with various image processing systems, as discussed herein.

Other possible imaging systems can include C-arm fluoroscopic imaging

systems which can also be used to generate three-dimensional views of the

patient 14 . It is also understood that other appropriate imaging systems can be

used such as magnetic resonance imaging (MRI), positron emission tomography

imaging (PET), etc.

[0024] The patient 14 can be fixed onto an operating table 29, but is

not required to be fixed to the table 29. The table 29 can include a plurality of

straps 29s. The straps 29s can be secured around the patient 14 to fix the

patient 14 relative to the table 29. Various apparatuses may be used to position

the patient 14 in a static position on the operating table 29. Examples of such



patient positioning devices are set forth in commonly assigned U.S. Pat. App.

No. 10/405,068, published as U.S. Pat. App. Pub. No. 2004-01 99072 on October

7 , 2004, entitled "An Integrated Electromagnetic Navigation And Patient

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

reference. Other known apparatuses may include a Mayfield® clamp.

[0025] The navigation system 10 includes a tracking system 30 that

can be used to track instruments relative to the patient 14 or within a navigation

space. The navigation system 10 can use image data from the imaging system

12 and information from the tracking system 30 to illustrate locations of the

tracked instruments, as discussed herein. The tracking system 30 can include a

plurality of types of tracking systems including an optical tracking system that

includes an optical localizer 40 and/or an electromagnetic (EM) tracking system

that can include an EM localizer 42 that communicates with or through an EM

controller 44. The optical tracking system 40 and the EM tracking system with

the EM localizer 42 can be used together to track multiple instruments or used

together to redundantly track the same instrument. Various tracking devices,

including those discussed further herein, can be tracked with the tracking system

30 and the information can be used by the navigation system 10 to allow for an

output system to output, such as a display device to display, a position of an

item. Briefly, tracking devices, such as a patient tracking device (to track the

patient 14) 48, an imaging device tracking device 50 (to track the imaging device

12), and an instrument tracking device 52 (to track the instrument 100), allow

selected portions of the operating theater to be tracked relative to one another

with the appropriate tracking system, including the optical localizer 40 and/or the

EM localizer 42.

[0026] It will be understood that any of the tracking devices 48-52 can

be optical or EM tracking devices, or both, depending upon the tracking localizer

used to track the respective tracking devices. It will be further understood that

any appropriate tracking system can be used with the navigation system 10 .

Alterative tracking systems can include radar tracking systems, acoustic tracking

systems, ultrasound tracking systems, and the like.

[0027] An exemplarily EM tracking system can include the

STEALTHSTATION® AXIEM™ Navigation System, sold by Medtronic



Navigation, Inc. having a place of business in Louisville, Colorado. Exemplary

tracking systems are also disclosed in U.S. Patent No. 7,751 ,865, issued July 6 ,

201 0 and entitled "METHOD AND APPARATUS FOR SURGICAL

NAVIGATION"; U.S. Patent No. 5,91 3,820, titled "Position Location System,"

issued June 22, 1999 and U.S. Patent No. 5,592,939, titled "Method and System

for Navigating a Catheter Probe," issued January 14 , 1997, all herein

incorporated by reference.

[0028] Further, for EM tracking systems it may be necessary to provide

shielding or distortion compensation systems to shield or compensate for

distortions in the EM field generated by the EM localizer 42. Exemplary

shielding systems include those in U.S. Pat. No. 7,797,032, issued on

September 14 , 201 0 and U.S. Pat. No. 6,747,539, issued on June 8 , 2004;

distortion compensation systems can include those disclosed in U.S. Pat. No.

10/649,21 4 , filed on January 9 , 2004, published as U.S. Pat. App. Pub. No.

2004/01 16803, all of which are incorporated herein by reference.

[0029] With an EM tracking system, the localizer 42 and the various

tracking devices can communicate through the EM controller 44. The EM

controller 44 can include various amplifiers, filters, electrical isolation, and other

systems. The EM controller 44 can also control the coils of the localizer 42 to

either emit or receive an EM field for tracking. A wireless communications

channel, however, 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, can be used as opposed to being coupled directly to

the EM controller 44.

[0030] It will be understood that the tracking system may also be or

include any appropriate tracking system, including a STEALTHSTATION®

TRIA®, TREON®, and/or S7™ Navigation System having an optical localizer,

similar to the optical localizer 40, sold by Medtronic Navigation, Inc. having a

place of business in Louisville, Colorado. Further alternative tracking systems

are disclosed in U.S. Patent No. 5,983,1 26, to Wittkampf et al. titled "Catheter

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

incorporated by reference. Other tracking systems include an acoustic,

radiation, radar, etc. tracking or navigation systems.



[0031] The imaging system 12 can further include a support housing or

cart 56 that can house a separate image processing unit 58. The cart can be

connected to the gantry 20. The navigation system 10 can include a navigation

processing unit 60 that can communicate or include a navigation memory 62.

The navigation processing unit 60 can include a processor (e.g. a computer

processor) that executes instructions to determine locations of the tracking

devices 48-52 based or signals from the tracking devices. The navigation

processing unit 60 can receive information, including image data, from the

imaging system 12 and tracking information from the tracking systems 30,

including the respective tracking devices 48-52 and the localizers 40-42. Image

data can be displayed as an image 64 on a display device 66 of a workstation or

other computer system 68 (e.g. laptop, desktop, tablet computer which may have

a central processor to act as the navigation processing unit 60 by executing

instructions). The workstation 68 can include appropriate input devices, such as

a keyboard 70. It will be understood that other appropriate input devices can be

included, such as a mouse, a foot pedal or the like which can be used separately

or in combination. Also, all of the disclosed processing units or systems can be

a single processor (e.g. a single central processing chip) that can execute

different instructions to perform different tasks.

[0032] The image processing unit 58 processes image data from the

imaging system 12 and transmits it to the navigation processor 60. It will be

further understood, however, that the imaging system 12 need not perform any

image processing and it can transmit the image data directly to the navigation

processing unit 60. Accordingly, the navigation system 10 may include or

operate with a single or multiple processing centers or units that can access

single or multiple memory systems based upon system design.

[0033] In various embodiments, the imaging system 12 can generate

image data that can be registered to the patient space or navigation space. In

various embodiments, the position of the patient 14 relative to the imaging

system 12 can be determined by the navigation system 10 with the patient

tracking device 48 and the imaging system tracking device 50 to assist in

registration. Accordingly, the position of the patient 14 relative to the imaging

system 12 can be determined.



[0034] Alternatively, or in addition to tracking the imaging system 12 ,

the imaging system 12 , such as the O-arm® imaging system, can know its

position and be repositioned to the same position within about 10 microns. This

allows for a substantially precise placement of the imaging system 12 and

precise determination of the position of the imaging device 12 . 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.

[0035] Subject or patient space and image space can be registered by

identifying matching points or fiducial points in the patient space and related or

identical points in the image space. When the position of the imaging device 12

is known, either through tracking or its "known" position (e.g. O-arm® imaging

device sold by Medtronic, Inc.), or both, the image data is generated at a precise

and known position. This can allow image data that is automatically or

"inherently registered" to the patient 14 upon acquisition of the image data.

Essentially, the position of the patient 14 is known precisely relative to the

imaging system 12 due to the accurate positioning of the imaging system 12 .

This allows points in the image data to be known relative to points of the patient

14 because of the known precise location of the imaging system 12 .

[0036] Alternatively, manual or automatic registration can occur by

matching fiducial points in image data with fiducial points on the patient 14 .

Registration of image space to patient space allows for the generation of a

translation map between the patient space and the image space. According to

various embodiments, registration can occur by determining points that are

substantially identical in the image space and the patient space. The identical

points can include anatomical fiducial points or implanted fiducial points.

Exemplary registration techniques are disclosed in 12/400,273, filed on March 9 ,

2009, incorporated herein by reference.

[0037] Once registered, the navigation system 10 with or including the

imaging system 12 , can be used to perform selected procedures. Selected

procedures can use the image data generated or acquired with the imaging

system 12 . Further, the imaging system 12 can be used to acquire image data

at different times relative to a procedure. As discussed herein, image data can



be acquired of the patient 14 subsequent to a selected portion of a procedure for

various purposes, including confirmation of the portion of the procedure.

[0038] With continuing reference to Fig. 1, the imaging system 12 can

generate actual three dimensional images of the patient 14 or virtual three

dimensional images based on the image data, which can be registered to the

patient/navigation space. The patient 14 can be placed relative to the imaging

system 12 to allow the imaging system 12 to obtain image data of the patient 14 .

To generate 3D image data, the image data can be acquired from a plurality of

views or positions relative to the patient 14. The 3D image data of the patient 14

can be used alone or with other information to assist in performing a procedure

on the patient 14 or an appropriate subject. It will be understood, however, that

any appropriate imaging system can be used, including magnetic resonance

imaging, computed tomography, fluoroscopy, etc.

[0039] As generally illustrated in Fig. 1, the navigation system 10 can

be used to navigate the instrument 100 relative to the patient 14 . The navigation

can be imageless (e.g. only illustrating icons at tracked locations of different

tracked portions) or with images. Images can include acquired images (e.g. with

the imaging system 12 or atlas images). Regardless, icons with or without

images can be displayed on the display device 66. The tracking system 30 can

track the instrument 100 and the navigation processing unit 60 can be used to

determine the location of the instrument 100 and display the location of the

instrument on the display 66 relative to the image 64 or, as mentioned above,

without the image 64. Accordingly, according to various embodiments, such as

those discussed herein, the user 54 can view an icon representing a location of

the instrument 100 relative to the patient 14 or a selected portion of the patient

14 with or without images on the display 66. In so viewing the icons the user 54

can know the location of the instrument 100 in subject/patient space based upon

the tracked location of the instrument 100 in image space.

[0040] The tracking device 52 can include various features, such as

those discussed herein. In an EM tracking system 30 the tracking device 52 can

include one or more coils that can either transmit an EM field or sense an EM

field to generate a tracking signal (also referred to as an EM signal) to allow the

navigation system 10 to determine the location of the tracked instrument 100 in



the navigation space. The coils of the tracking device 52 can be formed as a

wire wrapped around a core (e.g. formed of a solid material or air) or axis that

can sense the magnetic field by generating a current within the wire or transmit

an EM field that can be sensed by a sensing or localizer coil. The tracking

device 52 can be formed directly on a device, as illustrated below, or, according

to various embodiments, be connected to the instrument 100 to be tracked, as

illustrated in Fig. 1.

[0041] As discussed above in relation to Fig. 1, the navigation system

10 can include the various localizers 40, 42 relative to respective tracking

devices 52 associated with the instrument 100, which can be a guide tube. The

instrument 100, as illustrated in Figs. 2-3, can be any appropriate instrument as

exemplarily illustrated as a guide tube including a cannula or bore 102 extending

along a length of the guide tube 100. It will be understood, however, that the

instrument 100 can also include or be formed as a drill bit, a probe, or any other

appropriate instrument. Additionally, the guide tube 100 can be substantially

solid or itself designed as the tracking device 52 that can be associated with

other instruments to be navigated with the navigation system 100.

[0042] The tracking device 52 is formed as a plurality of winds of wire

110 formed around an exterior or on an exterior wall 112 of the instrument 100 to

form a coil. The winds or turns of wire 110 are formed between guide posts 114

and can include a plurality of guide posts 114 that are formed or positioned at

selected positions on the external wall 112 of the guide tube 100. There may be

a plurality of turns of the wire 110 between each guide post (e.g. Fig. 2) or there

may be one turn of the wire 110 between each guide post (e.g. 144, Fig. 9). The

wire can be insulated so that it is insulated from the instrument 100 and the next

turn of the wire. It will also be understood that a portion including the coil of wire

can be connected to the instrument to perform as the tracking device 52. For

example, a sleeve with the coil of wire can be fit over an outer wall of the

instrument 100.

[0043] With additional reference to Fig. 3 , the guide posts 114 can

extend from the external wall 112 to a height above the external wall 112 .

Alternatively, the posts 114 can be understood to define a maximum diameter of

the instrument 100 and the wire 110 is wound, at least initially, within the



maximum diameter. In other words, the wire 110 can be maintained below the

height of the posts 114 or can be wound over top of the posts 114. The posts

114 , however, may provide the greatest degree of guiding or support for the wire

110 when the wire 110 is between and below an outer edge of the posts 114 .

[0044] The guide posts 114 are formed on the instrument 100 can

include a slanted or guiding wall 116 and a support or second wall 118 . Both the

guide wall 116 and the support wall 118 can extend to an outer wall 117 . The

outer wall 117 can define an outer diameter or perimeter of the instrument 100.

The posts 114 can also define a width 114w. The width 114w can be selected to

engage the wire 110 in a manner to selectively hold the wire 110 or to cover a

selected expanse of the instrument outer wall 112 . Also, the posts 114 can be

formed separately and adhered or fixed to the outer wall 112 (e.g. with

adhesives, welding, threaded engagement) or can be formed as a single piece

with the outer wall 112 (e.g. molding or machining the posts 114 from the outer

wall 112).

[0045] The guide wall 116 has a surface that can extend along a

plane or line 116 I that extends at an angle 116a relative to a long axis 120 of the

guide tube 100. The guide wall 116 can be the entire width 114w of the post or

can be a selected portion thereof. It will also be understood, however, that the

guide wall 116 need not be angled. For example, when a first post 114 is formed

on the instrument and a second post 114 is formed on the instrument the first

and second post can be axially positioned relative to one another such that when

the wire 110 is wound the instrument 100 the wire 110 will achieve a selected

angle to form the navigation vector, as discussed herein.

[0046] It will be understood that the long axis 120 can be a long axis of

any appropriate instrument. Generally, the long axis 120 is substantially aligned

with an end or length of the instrument 100 such that the long axis 120

substantially defines a line or trajectory of the instrument 100. Also, a second

instrument may pass through the tube 100 the instrument, such as a needle,

generally along the long axis 120 and through an end of a guide tube 100. Thus,

the long axis 120 generally defines a long axis or real trajectory of an instrument

or a portion being guided through a guide portion of an instrument relative to a

subject. The long axis 120, however, may be any axis of the instrument 100 and



may only be aligned with a long axis of the instrument 100. It will be understood,

however, that the instrument need not be rigidly straight, but can be bent,

curved, flexible, or otherwise moveable. Thus, the long axis 120 may refer to a

long axis of a selected portion of the instrument 100 that may not be continuous

for an entire length of the instrument 100.

[0047] The angle 116a can be selected from any appropriate angle.

Generally, however, the angle 116a will be about 5 degrees to about 80 degrees,

including about 10 degrees to about 80 degrees, and further including about 35

degrees to about 40 degrees relative to the long axis 120. As discussed in U.S.

Patent Application No. 12/770,1 8 1 filed on April 29, 201 0 and published as U.S.

Pat. App. Pub. No. 201 0/021 0939 on August 19 , 201 0 , incorporated herein by

reference, providing an angle between a wrapped winding or coil of wire relative

to the long axis 120 can provide for forming a tracking device relative to the

instrument 100 that can determine an orientation or position of the instrument in

multiple degrees of freedom. It is understood, as disclosed herein, having

multiple coils at various angles relative to one another can increase the degrees

of freedom tracking information (e.g. three dimensional position information and

three degrees of orientation information, which can include yaw, pitch, and roll of

the instrument). For example, one coil of wire can generally provide five degrees

of freedom of location information (e.g. three position degrees and two

orientation degrees). An additional coil affixed to a single device (e.g. the

instrument 100) can be used to solve for six degree of freedom location

information including three position degrees and three orientation degrees for a

single instrument. Additional coils (e.g. three or more total coils) can be provided

or used for redundancy and increased information for location determination of

the instrument. Generally, location is understood to include both position and

orientation information.

[0048] As illustrated in Fig. 2 , the coil winding 110 can include one or

multiple wires. The coil winding can also include a single wire that is wound

multiple times around the instrument and to engage the angled surface 116 .

Accordingly, a winding angle of the wire 110 can be defined along the axis or a

line 122 and generally defines an angle 122a that is similar to the angle 116a

defined by the guide wall 116 relative to the long axis 120. The angle 122a is



achieved by contacting the wire 110 against the guide wall 116 as the wire 110 is

being wound around the instrument 100. By contacting the guide wall 116 , the

wire 110 can be guided and maintained at the selected angle 122a relative to the

long axis 120 of the instrument 100. It will be understood that if multiple

windings are used next to each of the posts 114 then each successive winding

may contact the previous wind of wire and not the angled wall 116 directly, as

illustrated in Fig. 4 .

[0049] Also, as illustrated in Fig. 3 , the posts 114 can be positioned

around the instrument 100, such as on opposed sides. However, it will be

understood, that the posts 114 can be positioned at various offsets around the

instrument 100. For example, the posts 114 can be positioned 45 degrees from

each other around the instrument 100 and displaced axially for each successive

post 114 . Moreover, positioning the posts 114 displaced axially along the

instrument 100 can allow for achieving the angle 122a without the angled wall

116 . As illustrated in Fig. 3 , the wire 110 can be wound to contact an axially

displaced post 114 to achieve the angle 122a.

[0050] The angled wall 116 can also be provided to assist in the angle

122a creation or initiation, as illustrated in Fig. 3 . In addition, the angled wall can

assist in creating clearance for winding of the wire 110 . For example, the angle

between the top surface 117 and the wall 116 reduces or eliminates a snag or

catch point (e.g. the corner created by a right angle between the walls) for the

wire 110 . Also, the angled wall allows for tight winding of additional layers of

wires laid on the first or previous winding layer.

[0051] The selected angle 122a, as discussed herein, allows for the

generation of a navigation vector 124 that is at an angle 124a relative to the long

axis 120 and complementary to the angle 122a. The navigation vector 124 can

generally be defined with the navigation system 10 by sensing a magnetic field

with the tracking device 52 (e.g. having a current induced in the tracking device)

defined by the plurality of windings 110 of wire or by emitting a field from the

tracking device 52 to be sensed by the localizer 42. In other words, the

navigation vector is defined in part by the position of the tracking device, but the

vector is defined when used with the navigation system 10 by sensing the

magnetic field or emitting a magnetic field. Regardless, the navigation vector



124 generally defines the angle 124a relative to the long axis 120 as disclosed in

U.S. Pat. App. Pub. No. 201 0/021 0939.

[0052] With additional reference to Fig. 4 , it will be understood that a

single or a plurality of windings can be provided on the instrument 100,

according to various embodiments. For example, as illustrated in Fig. 4 ,

according to various embodiments an instrument 100' can include a plurality of

guide posts 140 associated with the instrument 100'. A first number or a plurality

of the guide posts 140' can include or have a first angled wall 142 that directs or

causes the windings of the wire 110 to be formed relative to a long axis 120' of

the instrument 100 along an axis 144 thus forming an angle 144a relative to the

long axis. The first angle or angle 144a can be an acute angle relative to the

long axis 122'. Also, a plurality of windings, such as at least a second winding

110', can be provided between each post 140'. A second portion or plurality of

the guide post 140 can include the guide posts 140" that have a second guide

wall 150 that will cause or form the wire 110 to be wrapped along an axis 152

relative to the long axis 120' of the instrument 100 and form an angle 152a

relative to the long axis 120'. The angle 152a can generally be an angle different

than the angle 144a and can include a substantially 90 degree angle relative to

the long axis 120. Finally, a plurality of the guide posts 140 can include the

posts 140"' and include a guide wall 156 that would cause the winding of the

wire 110 to be formed along an axis 158 to form an angle 158a relative to the

long axis 120'. The fifth angle 158a can generally be an angle different than the

angle 144a and the angle 152a and generally, as illustrated, be an obtuse angle

relative to the long axis 120'. It will be understood that each of the different coils

can be at substantially orthogonal angles relative to one another, but is not

required. Also, as discussed above three coils is not required for six degree of

freedom location information.

[0053] As illustrated in Fig. 4 , a plurality of tracking device portions can

be used to form the tracking device 52. The tracking device portions can include

windings of the wire 110 that are formed at a plurality of angles, such as three

angles, relative to the long axis 120' of the instrument 100'. Each of the different

windings that are at different angles relative to the long axis 120' can be

substantially separated or insulted from one another to allow for the generation



of three discreet signals. This can allow for the determination of three discreet

navigational axis relative to the instrument 100' as disclosed in U.S. Pat. App.

Pub. No. 201 0/021 0939. In allowing for the generation of three discreet signals,

three discreet navigational axes are determined for each of the different angles

of the windings relative to the long axis 120' of the instrument 100'. This can

allow for the determination of a plurality of degrees of freedom due to tracking

the three discreet angles or three discreet portions at a different orientations

relative to the long axis 120' of the instrument 100'. It will be understood that any

appropriate number of discreet angle portions can be made relative to the

instrument 100' and three is merely exemplarily.

[0054] In addition or alternatively to having the wire wrapped to form a

plurality, such as three angles, as illustrated in Fig. 4 , a plurality of different

angles can be formed by rotating the navigation vectors relative to the long axis

120", as illustrated in Fig. 5A. The long axis 120" is defined by an instrument

100", which can be the same or different than the instruments discussed above.

The instrument 100" can include one or more guide posts 140a, 140b, and 140c

spaced apart axially along the length of the instrument 100". Additionally, each

of the guide posts is rotated around the long axis 120" of the instrument, as

further illustrated in Fig. 5B. Angles between each the guide posts 140a, 140b,

140c can be an appropriate angle, such as about 90-1 50 degrees, including

about 100 degrees to about 150 degrees, and further including about 120

degrees (as exemplary illustrated by at least one angle RA RA2, RA3) .

[0055] With reference to Figs. 5A and 5B, the instrument 100", can

include at least three tracking devices or portions 110a, 110b, and 110c. Each

of the tracking devices 110a, 110b, and 110c positioned on the instrument 100"

can include or define a navigation vector 160a, 160b, and 160c. Therefore, the

first navigation vector 160a can be formed by a first tracking device 110a, the

second navigation vector 160b can be formed by the second tracking device

110b, and the third navigation vector 160c can be formed by the third tracking

device 110c relative to the instrument 100". Each of the navigation vectors

160a, 160b, and 160c can be formed relative to the instrument 100" due to the

positioning of the windings of material of the respective tracking devices 110a,

110b, and 110c at the winding angle relative to the instrument 100".



[0056] Fig. 5B attempts to illustrate on a two-dimensional plane of a

page a three-dimensional rotation of angles of the three different windings of the

wire 110a, 110b, and 110c. As discussed above, in relation to Fig. 4 , each of the

windings can be wound at the winding angle relative to the long axis 120' of the

instrument 100'. As illustrated in Figs. 5A and 5B, however, rather than having

the windings formed at various and different winding angles relative to the long

axis 120" of the instrument 100", each of the windings 110a, 110b, and 110c can

be formed at substantially a single winding angle, including those winding angles

discussed above and such as about 20 degrees to about 70 degrees, relative to

the long axis 120" of the instrument 100".

[0057] Because each of the coils of the tracking device windings

110a, 110b, and 110c are at the same winding angle, to resolve the six degrees

of freedom of location a top or high point Ha, Hb, He of each of the coil windings

110a, 110b, and 110c are rotated rotation angles RA RA2, and RA3, such as

about 120 degrees relative to one another, around the long axis 120" of the

instrument 100". As discussed above, however, three windings are not required

and an appropriate number of windings (e.g. only two windings 140a and 140b)

can be used with an appropriate number of localizer coils. The rotation angles

RA1 , RA2, and RA3, can be selected to be 120 degrees to place each of the

tops Ha, Hb, He substantially equidistant apart around the long and central axis

120" of the instrument 100". It will be understood, however, that the rotation

angles RA RA2, and RA3 can be about 90 degrees to about 180 degrees,

including about 120 degrees. The at different rotation angles a distance about

the long axis 120" between each of the vectors 160a-1 60c and/or the posts

140a-1 40c will also vary.

[0058] As illustrated in Fig. 5B, the front or top end of the windings

Ha-Hc are all in substantially the same direction, such as towards a distal end of

the instrument 100". Each of the windings 110a-1 10c are, thus, rotationally

spaced apart around the center long axis 120" of the instrument 100". In this

way, the navigation vectors 160a-1 60c for each of the windings 110a-1 10c can

be formed at the same winding angle relative to the long axis 120" of the

instrument 100". The navigation vectors 160a-1 60c are also, due to the



rotational spacing of the coil windings tops Ha-Hc, rotationally spaced around the

long axis 120".

[0059] The different navigation vectors 160a-1 60c are defined

relative to a center 10 1 of the instrument 100". Each of the vectors 160a-1 60c

can point towards a plane P, as illustrated in Fig. 5A, which is the plane of the

page in Fig. 5B. The tails of the vectors 160a-1 60c can go into and past the

plane on the page, thus all of the navigation vectors 160a-1 60c are not coplanar,

but they all intersect the single plane P. Each of the vectors 160a-1 60c can be

formed relative to the plane P rotationally spaced at the rotation angles relative

to one another around the center 10 1 of the instrument 100".

[0060] As discussed above, the navigation vector angle can be

selected by forming the windings of the tracking device 110a-1 10c at a selected

angle relative to the long axis of the coil winding 110a-1 10c which can also be

the long axis of the instrument 120". By changing the positioning of the angle of

the rotation of the windings of the various tracking devices, the navigation

vectors can be positioned relative to the instrument 100" in this selected manner.

In various embodiments, the vectors 160a-1 60c are differently oriented relative

to the instrument 100" by having more than one coil wound at the same winding

angle, but being spaced relative to one another with the rotation angles.

[0061] The guide posts 140a-1 40c can be similar to those discussed

above, but spaced axially along the axis 120" of the instrument 100". Thus,

each of the guide posts can include top walls 117a-1 17c and angled walls or

guide walls 156a-1 56c. Each of the angled walls can have the same angle as

each of the coils 110a-1 10c can have the same angle. However, the guide posts

140a-1 40c positioned at varying rotational positions around the long axis 120"

allows for the formation of different navigation vectors 160a-1 60c relative to the

long axis 120" of the instrument 100".

[0062] Also, each of the coil portions 110a, 110b, 110c can be formed

on separate members and interconnected for a use. For example, each of the

coils could be formed on separated hollow members are that can be placed over

the instrument 100" or over another hollow member. Each of the member can

include an index finger and an index groove to ensure that the respective

navigation vectors 160a-1 60c would be defined at the selected angle relative to



one another. Thus, each of the coils 110a, 11Ob, and 110c need not be formed

on the same or rigid member.

[0063] With reference to Fig. 6 , the instrument, according to various

embodiments is illustrated as an instrument 200. Instrument 200 can extend

along a long axis 202 and define an internal cannula or bore 203. Accordingly,

the instrument 200 can include an external wall 204 which can be inserted into a

subject, such as the patient 14 . The instrument 200 can be a guide tube or other

guide instrument through which a second instrument, such as a drill bit or

needle, is passed and guided. Alternatively, or in addition thereto, it will be

understood that the instrument 200 may be solid, hollow, or cannulated and

exemplarily be a drill bit, a probe, or other appropriate instrument. Accordingly,

the exemplarily instrument 200 is merely for illustration for the current

discussion.

[0064] The instrument 200 can include the tracking device 52

associated with the instrument 200. The tracking device 52 can include various

portions that are operable in the navigation system 10 to allow for the

determination of a location (including position and orientation) of the instrument

200. Generally, location information can include X , Y and/or Z dimensional

coordinates along with at least two orientation coordinates (and when 6 degrees

of freedom are determined at least three orientation coordinates). As discussed

above, two separate coils can be used to solve for six degrees of freedom

location information.

[0065] The tracking device 52 can be selected to include three sets of

coils, although more or fewer coils can be selected based on the amount of

location information selected. Each set of coils or coil can include a plurality of

windings of a wire that can generate or be used to determine a navigation vector

separate from the other coils or windings of wire. Accordingly, the navigation or

tracking device 52 can include a first coil of wire 206 wound around a surface of

the outer wall 204 or embedded in the surface of the outer wall 204 of the

instrument 200. The wire of the coil 206 is generally insulated both from

adjacent turns of the wire and from the instrument 200. Generally, the first coil

206 is wound around the long axis 202 and substantially coaxial therewith.

Accordingly, the first coil 206 can define a navigation vector that generally



aligned with the long axis 202 of the instrument 200. It will be understood,

however, that the first winding need not be coaxial with the long axis 202.

[0066] A second coil set can include coil portions 208a and 208b. The

coil portions 208a, b generally includes two coils that can be formed of a wire

wound in a selected shape, such as an oval, circle, or ellipses, around a winding

axis. The wire can be generally flat wire or a wire that has a round cross-

section. As illustrated, the wire is wound in an oval having a long or major radius

2 10 generally along or aligned with the long axis 202 of the instrument 200,

wherein the major radius 2 10 extends from a focus of the respective coil portion

208a,b to an edge of the respective coil portion 208a,b. The coil portion 208a

also has a short or minor radius 2 12 generally perpendicular from the long radius

2 10 of the respective coil portions 208a or 208b, wherein the minor radius 2 12

also extends from the focus of the respective coil portion 208a,b towards an

edge thereof. The coil portions 208a and 208b can be connected in series and

positioned about 180 degrees from one another around the surface of the outer

wall 204 of the instrument 200 and around the long axis 202.

[0067] Again, the coil portions 208a and 208b are generally positioned

on the outer wall 204 or positioned at or in a holding region, for example in a

depression in the outer wall 204 of the instrument 200. The depression can hold

the coil portions 208a, 208b alone (e.g. with an interference fit) and/or they can

be adhered within the depression. For example, the depressions can be filled

with a selected epoxy or adhesive to hold the coil portions 208a, b in place.

[0068] Accordingly, both of the coil portions 208a and 208b work as a

single coil to increase the electromagnetic (EM) signal from the respective coil

portions 208a and 208b. It will be understood, as discussed above, that the coil

portions 208a and 208b can either receive or transmit an electromagnetic field to

generate the EM signal. Additionally, the coil portions 208a and 208b can be

wound around a core. The core can includes an EM permeable core material or

be formed around an air core, as selected, for signal strength. Further, the coil

portions 208a,b can be formed of a plurality of turns of insulated wire.

[0069] A third coil 220 can be formed as a first coil portion 220a and a

second coil portion 220b (not illustrated) positioned substantially 180 degrees

from the first coil portion 220a around the long axis 202 of the instrument 200.



Again, each of the coil portions 220a and 220b can be formed by winding a wire

in a selected shape around a winding axis, such as an oval including a long

radius 222 generally aligned with the long axis 202 of the instrument 200 and a

short radius 224 that is generally perpendicular to the long radius 222 of the coil

portion 220a. Further, each of the coil portions 220a and 220b can be positioned

on a surface or in a depression formed in the surface of the outer wall 204 of the

instrument 200. Further, the two coil portions 220a and 220b can be connected

in series similar to the coil portions 208a and 208b to increase the EM signal or

sensitivity and reduce relative size per total number of windings relative to the

instrument 200. Further, the coil portions 220a,b can be formed of a plurality of

turns of insulated wire.

[0070] Each of the coil portions 208a, 208b, 220a, and 220b can be

positioned at a selected angle 234 from one another around the long axis 202 of

the instrument 200. As illustrated in Fig. 6 , the angle 224 can be a 90 degree

angle formed between the coil portions 208a, 208b, 220a, and 220b and is

defined as an angle 234 formed by two lines 230 and 232 that intersect at the

long axis 202 of the instrument 200 and extend through the centers of two

adjacent of the coil portions, such as 208a and 220a. The lines 230 and 232 can

also be defined as extending perpendicular from a plan defined by an outside of

the respective coil portions 202a,b and 220a,b that intersects the axis 202. The

90 degree angle is an angle 234 formed between the two lines 230 and 232.

Accordingly, each of the coil portions 208a, b and 220a, b can be positioned

around the long axis 202 of the instrument 200.

[0071] Further, the navigational vectors of the respective coil portions

208 and 220 will generally be along the respective lines 230 and 232.

Accordingly, these two navigational vectors are generally 90 degrees relative to

one another and are at different angles relative to the navigational vector that

would generally be along the long axis 202 formed by the first coil 206 and near

the first coil 206. It will be understood, however, that the navigation vectors from

the coil portions 208 and 220 can be positioned relative to the instrument 200 by

changing the angle 224 to be a angular offset of the respective coil segments

(e.g. more or less than 90 degrees) and by angling the surface of the windings of



the respective coil portions 208 and 220 relative to the long axis 202 of the

instrument 200.

[0072] In one example, the coil portions 208 and 220 can have an end

nearer the distal end 240 positioned a distance further from the axis 202 than an

end further from the distal end 240, as exemplarily illustrated in phantom coil

208a'. Although, the coil portions 208 and 220 can be angled in any appropriate

manner to generate a selected navigation vector relative to the instrument 200.

Accordingly, the line 230 can be formed to be substantially not perpendicular to

the long axis 202 of the instrument 200 to change the navigational vector of the

coil portions 208. By altering the navigational vector in such a manner, the

respective navigation vectors can be used to identify different positions of the

respective coil segments relative to the instrument 200 for different or increased

navigational accuracy.

[0073] Moreover, it will be understood that a greater number of coil

portions can be positioned on the instrument 200. For example, additional oval

coil portions can be positioned at different angles relative to the instrument 200,

such as about 45 degrees relative to the illustrated coil portions, at a position

further from the distal end 240. These additional coil portions can generate

additional navigational vectors relative to the instrument 200 for increased

navigational accuracy. The additional coil portions can be used for backup, error

detection, location verification, and other appropriate reasons. All of the coil sets

can act independently for navigation vector determination. Also, it will be

understood, that the coil portions need not be at 90 degrees relative to one

another.

[0074] With reference to Figs. 7 and 8 , an instrument 300 according to

various embodiments is illustrated. The instrument 300 can be similar to the

instruments discussed above, such as a stylet, a guide tube, a drill bit, or other

appropriate instrument to be moved relative to a subject, such as the patient 14.

The instrument 300 can include the tracking device 52 which includes a plurality

of tracking elements 302, 304, and 306. Each of the respective tracking

elements 302, 304, and 306, can be positioned along a long axis 308 of the

instrument 300. It will be understood, as discussed above, that more or less

than three tracking elements can be provided with the instrument 300.



[0075] According to various embodiments, the tracking elements 302,

304, and 306 can be embedded or positioned within a holding portion, such as

one or more recesses 3 10 formed in the instrument 300. The elements 302, 304

and 306 can be positioned in the recesses 3 10 such as by molding, machining

the recess 3 10 and affixing the navigation portions within the recess 3 10 , or any

other appropriate configuration. The shape of the tracking elements 302, 304,

and 306, as discussed herein, can include flat or planar portions that can be

keyed or fit with an interference fit with the holding portion or each of the

recesses 3 10 . In addition, or alternatively to the keyed fit, the tracking elements

302, 304, and 306 can be affixed within the recesses 3 10 with an adhesive, such

as an epoxy, to fix the tracking elements 302, 304, and 306 relative to the

instrument 300.

[0076] Each of the three tracking elements 302, 304, and 306 can be

formed or provided as a coil of wire wrapped around a selected core 3 12 . The

core 3 12 can be a highly magnetically permeable core or an air core to form

each of the respective tracking elements 302-306. Generally, each of the

tracking elements, such as the tracking element 302 illustrated in Fig. 8 , is

wrapped around the core 3 12 and will define a navigation vector or axis 3 14 that

is generally aligned with an axis about which the tracking elements 302 or, the

respective other tracking elements, is wrapped.

[0077] Generally the tracking element 302, or any other appropriate

tracking elements, are barrel-wrapped around the core 3 12 such that the coil is

wide near a central portion 3 16 and tapered towards the respective ends 3 18

and 320 of the respective tracking elements 302-306. The end surfaces at the

respective ends 3 18 and 320 can generally be flat to be keyed or have an

interference fit within the holding portion recesses 3 10 . Also, the shape of the

windings of the tracking elements 302-306 can generally be defined by the core

3 12 , especially if the core 3 12 is a shaped material. Thus, the winding is

generally around the navigation axis 3 14 .

[0078] As specifically illustrated in Fig. 8 , the coil winding wraps

around the core 3 12 of the tracking element 302 to be small on the first end 3 18

wider in the center 3 16 and taper again to a smaller end 320. Accordingly the

tracking element 302 can generally or roughly define a barrel shape to be



positioned within or on the instrument 300 in a selected or indexed manner. The

barrel shape generally has flatter or flattened ends so that its orientation is

maintained and can be selected relative to the instrument 300. It will be

understood that a core can be selected to include the barrel shape of the winding

of the wire can form the barrel shape. It is also understood that a barrel shape is

not necessary and other shapes can be selected. Also, a core shape can be

selected to index or be fit fixedly within the recesses 3 10 .

[0079] The appropriate plurality of navigation vectors can provide the

instrument 300 with a six degree of freedom tracking device 52 as each of the

coil elements can be positioned such that their respective navigation vectors

3 14 , 330, and 332, are positioned substantially orthogonal relative to one

another along the longitudinal length of the long axis 302 of the instrument 300.

Although, it is understood that three different vectors are not required to obtain

the six degree of freedom information, as discussed above. By providing the

plurality of navigational vectors or axes of winding of the tracking elements 302-

306 (e.g. indexing or fixing the tracking elements 302-306 at different angles

relative to the instrument 300), a plurality of vectors can be identified for the

instrument 300 using each of the individual tracking elements 302-306.

Accordingly, the instrument 300 can be navigated with substantially six degrees

of freedom of location information determining location information of each of the

respective tracking elements 302-306. However, each of the coil elements need

not be overlapping one another and can be positioned at any appropriate

location within the instrument 300.

[0080] Additionally, it will be understood, that each of the tracking

elements 302-306 can be positioned at any appropriate location relative to the

instrument 300 or any other appropriate instrument. Accordingly, having the

plurality of tracking elements 302-306 as substantially next to one another, as

illustrated in Fig. 7 , is not required and they can be spaced apart for various

reasons. For example, communication lines, such as to an ablation electrode,

may pass between the respective tracking elements 302-306 and the spacing

may be altered for such considerations. However, knowing the location of the

respective tracking elements 302-306 relative to each other and the instrument



300 allows for navigation of the instrument 300 with substantially six degrees of

freedom with the navigation system 10 .

[0081] It will be understood that various instruments, especially the

instruments 100, 200, and 300, are illustrated herein for examples. However, a

plurality of instruments can include all or individually the various tracking devices

or portions thereof illustrated in particular embodiments. For example, as

illustrated in Fig. 9 , an instrument 400, according to various embodiments, can

include one or more of each of the selected portions of the tracking device 52.

Accordingly, the tracking device 52 can include oval coil segments 208a and

208b connected in series on the instrument 400. Additionally, an angled coil,

such as the coil configuration 144 can be provided between guide posts 140' on

the instrument 400. Additionally, a coil element, such as the coil element 308

can be provided within the instrument 400. Each of the respective coil elements

can include navigation vectors that are positioned at different angles relative to

one another, such as substantially orthogonally or otherwise non-aligned. For

example, the coil elements 208a, b can define a navigation vector 402 that can

be perpendicular to a long axis 406 of the instrument 400. The coil winding 144

can define a navigation vector 408 at a selected angle relative to the long axis

406. Finally, the coil element 308 can define a third navigation vector 4 10

relative to the long axis 406 that can also be generally perpendicular, but in the

opposite or different direction of the coil elements 208a, 208b or aligned with the

long axis. Accordingly, each of the three coil portions or segments can be

positioned on the instrument 400 where each have different configurations, as

discussed above, while providing a plurality of navigation vectors relative to the

instrument 400. Accordingly, it will be understood that the instrument 400,

according to various embodiments, need not include a substantially consistent

coil segment design and can be provided for different coil segment

configurations.

[0082] It will be understood that the tracking device 52 can be

positioned on an instrument that is substantially not rigid. For example, the

instrument can be movable or bendable and have portions that rotate relative to

other portions of the instrument. Also, the tracking device 52 can be positioned

on a probe that can be angled and rotated relative to the patient 14 , or any



appropriate subject. Accordingly, the rotational direction and orientation relative

to the subject along with its three-dimensional position can be determined.

Additionally, the tracking device 52 can be positioned on a substantially

continuously rotating instrument, such as a drill bit, to be moved relative to the

subject, such as the patient 14 , and the location and other position and

orientation information can be determined in the navigation system 10 .

Accordingly, providing the tracking device 52 and a guide tube or probe or

substantially slow-moving instrument is not required, and the tracking device 52

can be placed on any appropriate instrument for navigation in the navigation

system 10 . For example, the elements of the tracking device 52 can be

assembled and the tracking device assembly can be attached to a handle of the

instrument 100, 200, 300 and 400.

[0083] The tracking devices, according to any embodiments discussed

above, can be provided directly on instruments as illustrated above. It will be

understood, however, that the tracking devices can be provided on other

portions or members that can be interconnected or attached to any appropriate

instrument. For example, as illustrated in Fig. 1, the tracking device 52 can be

connected with a stem or pedestal to instrument to track the instrument.

Accordingly the tracking device can be positioned on an instrument that is not

originally formed with instrument so that the instrument can include the tracking

device.

[0084] Additionally, the tracking devices can be provided to minimize

or maintain an outer diameter or perimeter of the instrument. Although the cross

section of the instrument can be provided in any selected shape (e.g. round,

square, oval), the tracking devices can be provided to minimize an increase in an

outer perimeter dimension, such as a diameter, due to the positioning of a

tracking device on the instrument. For example, the tracking device including

the coil 110 , as illustrated in Fig. 2 with the instrument 100, can be wrapped

around the instrument to be substantially maintained within an outer diameter of

the instrument 100. As illustrated in Fig. 6 , coil portions 208 and 220 can be

positioned within depressions in the instrument 200 to assist in substantially

maintaining an outer diameter of the instrument 200. In addition, these coil



segments 208 and 220 can be made relatively flat (e.g. having a height of less

than about 1 mm, including about 0.1 mm to about 1.0 mm) relative to the

instrument 200 to assist in maintaining an outer diameter of the instrument 200

after positioning the coil segments relative to the instrument 200. Further, the

tracking device portions 302, 304, and 306 illustrated in Figs. 6 and 7 can be

positioned on the instrument 300 substantially within an outer diameter of the

instrument 300. In particular, the tracking portions can be embedded within an

outer diameter of instrument 300 to maintain the size of the instrument 300 for

various purposes. Accordingly, the tracking devices, according to the various

embodiments, can be connected with instruments to assist in maintaining a

dimension of the instrument for purposes of assisting in minimizing the size of

instrument for surgical procedures. It will be also understood that the tracking

devices can interconnected with other instruments to assist in tracking

instruments for nonsurgical procedures, such as manufacturing, exploration, and

other purposes.

[0085] 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 navigation system, comprising:

an instrument that is operable to be moved relative to a subject and

having an exterior wall that defines an instrument axis;

a holding portion defined by the instrument substantially within a

surface of the exterior wall; and

a tracking device formed of at least a first conductive wire wound in

a first oval having a first minor radius and a first major radius and connected in

series to at least a second conductive wire wound in a second oval having a

second minor radius and a second major radius;

wherein the first conductive wire and the second conductive wire

are angularly offset around the instrument axis of the instrument and positioned

in the holding portion of the instrument;

wherein the first conductive wire and the second conductive wire

both define a first navigation vector and have a combined higher electromagnetic

signal than either of the first conductive wire and the second conductive wire

alone.

2 . The navigation system of Claim 1, wherein the tracking device

further comprises:

a third conductive wire wound in a third oval and a fourth

conductive wire wound in a fourth oval;

wherein a line that intersects the instrument axis of the instrument

and is perpendicular to a first plane of the first conductive wire forms an angle

relative to any other line that is perpendicular to a second plane of the second

conductive wire, a third plane of the third conductive wire, or a fourth plane of the

fours conductive wire.

3 . The navigation system of Claim 2 , wherein the first conductive wire

and the second conductive wire are substantially 180-degrees from one another



around the instrument and the fourth conductive and third conductive wire are

substantially 180-degrees from each other around the instrument.

4 . The navigation of Claim 3 , wherein the first conductive wire and the

second conductive wire define the first navigation vector and the third conductive

wire and the fourth conductive wire define a second navigation vector;

wherein the first navigation vector and the second navigation

vector are formed at angles relative to one another.

5 . The navigation system of Claim 4 , further comprising:

a fifth conductive wire wrapped around the instrument and wound

around an axis that is substantially aligned with the axis of the instrument;

wherein the fifth conductive wire defines a third navigation vector

that is at an angle to both the first navigation vector and the second navigation

vector.

6 . The navigation system of Claim 5 , further comprising:

a localizer operable to generate an electromagnetic field;

wherein the first conductive wire and the second conductive wire

sense the electromagnetic field and generate a signal regarding the first

navigation vector, wherein the third conductive wire and the fourth conductive

wire sense the navigational field and generates a signal based upon the second

navigation vector, and the fifth conductive wire senses the electromagnetic field

and generates a third signal based upon the third navigation vector.

7 . The navigation system of Claim 4 , wherein all of the first

conductive wire, the second conductive wire, the third conductive wire, and the

fourth conductive wire each wound in the respective first oval, second oval, third

oval, and fourth oval each include a thickness less than the exterior wall of the

instrument such that an exterior dimension of the instrument is not substantially

increased.



8 . The navigation system of Claim 1, wherein at least two of the first

conductive wire, the second conductive wire, the third conductive wire, or the

fourth conductive wire are axially displaced from one another.

9 . A navigation system, comprising:

an instrument that is operable to be moved relative to a subject and

having an exterior wall that defines an instrument axis;

a holding portion defined by the instrument substantially within a

surface of the exterior wall; and

a tracking device having :

a first conductive wire wound around a first winding axis and

connected in series to at least a second conductive wire wound around a second

winding axis;

a third conductive wire wound around a third winding axis

and connected in series to at least a fourth conductive wire wound around a

fourth winding axis;

wherein the first conductive wire and the second conductive

wire are at least one of angularly or axially offset from one another and the third

conductive wire and the fourth conductive wire are at least one of axially or

angularly offset from one another around the instrument axis of the instrument

and all of the first conductive wire, the second conductive wire, the third

conductive wire, and the fourth conductive wire are positioned in the holding

portion of the instrument;

a localizer operable with the tracking device to generate signals

regarding position and orientation information of the instrument; and

a navigation processor operable to execute instructions to

determine a plurality of degrees of freedom location information regarding the

instrument based on the generated signals regarding position and orientation

information of the instrument from the tracking device.

10 . The navigation system of Claim 9 , wherein each of the first

conductive wire, the second conductive wire, the third conductive wire, and the

fourth conductive wire are wound around the respective winding axes generally



in the shape of an oval such that each of the first conductive wire, the second

conductive wire, the third conductive wire, and the fourth conductive wire

windings having a major radius generally aligned with the instrument axis of the

instrument.

11. The navigation system of Claim 10 , wherein each major radius is

angled relative to the instrument axis of the instrument.

12 . The navigation system of Claim 10 , wherein the first conductive

wire includes a plurality of turns of the first conductive wire around the first

winding axis, the second conductive wire includes a plurality of turns around the

second winding axis, the third conductive wire includes a plurality of turns around

the third winding axis, and the fourth conductive wire includes a plurality of turns

around the fourth winding axis.

13 . The navigation system of Claim 12 , wherein the first conductive

wire and the second conductive wire are connected in a series and positioned

substantially 180-degrees from one another around the instrument axis of the

instrument.

14 . The method and navigation system of Claim 13 , wherein the third

conductive wire and the fourth conductive are connected in series to one another

in position substantially 180-degrees from one another around the axis of the

instrument.

15 . The navigation system of Claim 14 , further comprising:

a holding portion mount;

wherein the first conductive wire, the second conductive wire, the

third conductive wire, and the fourth conductive wire are each adhered in the

holding portion;

wherein the holding portion is affixed to the instrument with the

holding portion mount.



16 . The navigation system of 9 , further comprising:

a fifth conductive wire wound around a winding axis such that the

winding axis of the fifth conductive wire is generally aligned with the axis of the

instrument.

17 . A method of making an instrument for navigation, comprising:

providing an instrument that is operable to be moved and having

an exterior wall that defines an instrument axis;

forming a holding portion defined by the instrument substantially

within a surface of the exterior wall; and

forming a tracking device by:

winding a first conductive wire around a first winding axis to

form a first winding;

winding a second conductive wire around a second winding

axis to form a second winding;

connecting in series the first winding and the second

winding;

winding a third conductive wire around a third winding axis

to form a third winding,

winding a fourth conductive wire around a fourth winding

axis to form a fourth winding;

connecting in series the third winding and the fourth winding;

wherein a line perpendicular to the instrument axis of the

instrument and through each one of the first winding, the second winding, the

third winding, and the fourth winding is angularly offset are from each other of

the perpendicular lines.

The method of Claim 17 , further comprising:

forming the angular offset at about ninety- deg



19 . The method of Claim 17 , further comprising:

winding a fifth conductive wire around a fifth winding axis such that

the fifth winding axis of the fifth conductive wire is generally aligned with the

instrument axis of the instrument.

20. The method of Claim 17 , further comprising:

producing signals with the tracking device regarding position and

orientation information of the instrument; and

executing instructions with a navigation processor to determine at

least six degrees of freedom location information regarding the instrument based

on the produced signals regarding position and orientation information of the

instrument from the tracking device.

2 1 . The method of Claim 20, further comprising:

moving the instrument relative to an object;

receiving the signals with the navigation processor from the

tracking device as the instrument is moved relative to the object; and

displaying a representation of the determined location of the

instrument relative to the object.

22. The method of Claim 17 , further comprising:

providing the first winding and the second winding axially offset

from one another along the instrument axis.
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