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TARGETING OPERATION SITES

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to and the full benefit of United States Provisional

Application Serial Number 61/436,047, filed January 25, 2011, and titled "Targeting

Operation Sites," the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

This disclosure relates to targeting operation sites.

BACKGROUND

Abnormalities of the hip socket and associated cartilage are often treated by

surgical intervention. One such abnormality is femoroacetabular impingement (FAI), a

condition of the hip joint in which rubbing of the femoral head and acetabulum damages

the hip joint. FAI often damages the articular cartilage of the femoral head or of the

acetabulum or damages the labral cartilage on and around the acetabular rim.

Although arthroscopy can be used to treat some abnormalities of the hip joint, its

use is limited, and treatment of many abnormalities commonly involves distraction or

dislocation of the hip. In many instances, an open surgical technique involves dislocation

of the femoral head from the hip socket to expose all parts of the joint.

SUMMARY

In a general aspect, a system includes an identifier that produces electromagnetic

fields, an implement that includes an electromagnetic field sensor, and a control unit

configured to determine the position of a tool relative to an operation site of a joint. The

implement is configured to be inserted into the joint without dislocating the joint, and to

protect a bone of a joint when the operation site is accessed.



In another general aspect, a system for targeting an operation site includes an

identifier having an electromagnetic field generator configured to produce

electromagnetic fields. The system includes an implement that includes a handle, a blade

portion, and an electromagnetic field sensor coupled to the blade portion. The

electromagnetic field sensor is configured to produce a signal responsive to

electromagnetic fields produced by the electromagnetic field generator. The system

includes a control unit configured to access information indicating a position of the

electromagnetic field sensor relative to the operation site, receive a signal from the

electromagnetic field sensor that is indicative of a position of a tool relative to the

electromagnetic field sensor, and determine a position of the tool relative to an operation

site based on the received signal and the position of the electromagnetic field sensor

relative to the operation site.

Implementations may include one or more of the following features. The control

unit is further configured to compare a position of the tool to an acceptable range of axes

for drilling to the operation site, and determine, based on the comparison, that the

position of the tool relative to the operation site corresponds to an acceptable position

within the range of axes for drilling to the operation site. The control unit is further

configured to output on a graphical user interface an indication that the position of the

tool relative to the operation site is acceptable. To compare a position of the tool to an

acceptable range of axes for drilling to the operation site, the control unit is configured to

compare the position of the tool to a range of axes for drilling through the ilium to reach

an acetabular operation site. The control unit is configured to determine a distance

between a tip of the tool and the operation site based on the received signal, and output,

on a user interface, the determined distance. The control unit is configured to identify a

plurality of linear paths that extend to the operation site through the pelvis and satisfy one

or more predetermined criteria for acceptability, and output information that identifies the

plurality of linear paths. The control unit is configured to receive information indicating

selection of one of the plurality of linear paths, determine the position of the tool relative

to the selected linear path, and output information that indicates the position of the tool

relative to the selected linear path.



The electromagnetic field sensor is removably coupled to the implement, and

wherein the implement defines a channel configured to receive the electromagnetic field

sensor. The channel extends through a portion of the blade portion. The implement

comprises a landmark located at a known position of the blade portion. The

electromagnetic field sensor is coupleable at any of a plurality of predefined positions

within the channel. The implement comprises a plurality of landmarks, each of the

plurality of landmarks corresponding to one of the plurality of predefined positions

within the channel, the landmarks being visible at an exterior surface of the implement.

The implement includes a substantially rigid translucent portion. The translucent portion

is located over the channel such that the position of the sensor or a device coupled to the

sensor is visible within the channel. The translucent portion is located on a convex side

of the blade portion configured to face away from a femoral head when the implement is

engaged to the femoral head.

In another general aspect, a method of targeting an operation site includes:

identifying an operation site; positioning a blade portion of an implement at the operation

site, the implement including an electromagnetic field sensor, the electromagnetic field

sensor being positioned at a known position relative to the operation site; locating the

operation site using an identifier, the identifier having an electromagnetic field generator,

and the electromagnetic field sensor communicating with the electromagnetic field

generator when locating the operation site; and targeting the operation site using the

position of the electromagnetic field sensor.

Implementations can include one or more of the following features. For example,

the operation site is an acetabular operation site and positioning the blade portion of the

implement includes positioning the blade portion between an acetabulum and a femoral

head. The acetabular operation site is a portion of one of the acetabulum, acetabular

cartilage, or labral cartilage. Positioning an implement includes positioning a landmark

of the implement at a known position relative to the operation site, the position of the

landmark being known relative to the position of the electromagnetic field sensor, and

targeting the operation site includes targeting the operation site using the position of the

electromagnetic field sensor and the position of the landmark. Positioning the implement

between an acetabulum and a femoral head includes positioning the electromagnetic field



sensor of the implement between the acetabulum and the femoral head. Targeting an

acetabular operation site includes orienting an axis for drilling that extends through a

portion of the ilium and the operation site. Targeting an operation site includes

identifying a path to the operation site. Targeting an operation site includes identifying a

plurality of paths to the operation site, each path extending linearly between the operation

site and a different point on the surface of a tissue surrounding the operation site; and

selecting, from the plurality of paths, a particular path to use as an axis for drilling that

minimizes disturbance of tissue surrounding the operation site. The method includes

drilling a cannula to the operation site. Drilling a cannula to the operation site includes

drilling to a portion of the implement. Identifying the operation site includes visually

locating the operation site.

In another general aspect, an implement for use in targeting an operation site

includes: a handle, a blade portion coupled to the handle, and an electromagnetic field

sensor coupled to the blade portion.

Implementations can include one or more of the following features. For example,

the electromagnetic field sensor is fixedly coupled to the implement. The

electromagnetic field sensor is removably coupled to the implement, and the implement

defines a channel configured to receive the electromagnetic field sensor. The channel

extends through a portion of the blade portion. The electromagnetic field sensor can be

coupled at one of a plurality of predefined positions within the channel. The implement

includes a landmark located at a known position of the blade portion. The landmark is

positioned at a known offset from the sensor. The landmark is a visual indicator. The

implement includes a substantially rigid translucent portion. The blade portion is shaped

to conform to a femoral head. The blade portion includes a concave section. The blade

portion includes a curved portion.

In another general aspect, an implement for use in targeting an operation site

includes a handle, a blade portion coupled to the handle, the blade portion comprising a

curved portion, and an electromagnetic field sensor removably coupled to the blade

portion. The implement defines a channel that extends through a portion of the blade



portion and is configured to receive the electromagnetic field sensor. The blade portion

includes a transparent or translucent portion near the channel.

In another general aspect, a method of confirming acceptable positioning of a tool

relative to an operation site includes: receiving a signal from a sensor coupled to an

implement, the signal being indicative of a position of the tool relative to the sensor, a

blade portion of the implement being positioned at the operation site; determining the

position of the tool relative to the operation site using a known position of the sensor

relative to the operation site; comparing the position of the tool to an acceptable range of

axes for drilling to the operation site; determining that the position of the tool relative to

the operation site corresponds to an acceptable position within the range of axes for

drilling to the operation site; and outputting on a graphical user interface an indication

that the position of the tool relative to the operation site is acceptable.

Implementations can include one or more of the following features. For example,

the signal from the sensor is further indicative of a position of the tool relative to a

landmark of the implement, the position of the landmark relative to the operation site

being known, and determining the position of the tool relative to the operation site

includes determining the position of the tool relative to the operation site using a known

position of the sensor relative to the landmark and the known position of the landmark

relative to the operation site. The operation site is an acetabular operation site and the

axes for drilling include axes for drilling through the ilium to reach the blade portion of

the implement that is positioned between the acetabulum and the femoral head.

In another general aspect, a system for targeting an operation site includes: an

identifier having a guide and an electromagnetic field generator configured to produce

electromagnetic fields; an implement including a handle, a blade portion, and an

electromagnetic field sensor coupled to the blade portion, the electromagnetic field sensor

configured to produce a signal responsive to electromagnetic fields produced by the

electromagnetic field generator; and a control unit configured to receive a signal from the

electromagnetic field sensor, and determine a position of the guide relative to an

operation site based on the received signal and a known position of the electromagnetic

field sensor relative to the operation site.



The details of one or more implementations are set forth in the accompanying

drawings and the description below. Other features, objects, and advantages of the

disclosure will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a system for targeting an operation site.

FIG. 2 is a perspective view of an identifier and a control unit of the system of

FIG. 1.

FIG. 3A is a perspective view of an implement of the system of FIG. 1.

FIG. 3B is a cutaway view of the implement.

FIGS. 4-6, 7A, and 7B are illustrations of a process for targeting an operation site.

FIG. 8 is a flow diagram of a process for targeting an operation site.

FIG. 9 is a flow diagram of a process for confirming the position of a tool relative

to an operation site.

DETAILED DESCRIPTION

A system for targeting an operation site of a hip joint includes an identifier that is

attachable to an orthopaedic tool and that includes an electromagnetic field generator

operable to generate an electromagnetic field having known properties. The system also

includes one or more electromagnetic sensors for attachment to an implement that may be

used during surgery. The system includes a control unit to drive the electromagnetic field

generator, receive output signals from the sensor(s), and display relative positions of the

implement and the identifier. For example, the identifier, sensors, and control unit can

include features as described in WIPO International Publication Nos. WO2008/1 06593

and WO2009/1 082 14, and as described in United States Patent Application Nos.

12/758,747 and 12/768,689, each of which is incorporated herein by reference in its

entirety.



Referring to FIG. 1, a system 100 is used to target an operation site 1 of a hip

joint 10. The system 100 includes an identifier 20, an electromagnetic field sensor 30, an

implement 40, and a control unit 50. The system 100 also includes an arthroscopic

camera 60. The operation site 12, for example, is a defect of the acetabulum 14. As

examples, the operation site 12 can be a region of the acetabulum 14, labral cartilage,

acetabular cartilage, other tissue of the hip joint 10, and portions of the ilium other than

the acetabulum 14.

Referring to FIG. 2, the identifier 20 includes an electromagnetic field generator

20a that produces an electromagnetic field that has known characteristics. The

electromagnetic field generator 20a is located within a housing 23 of the identifier 20.

The electromagnetic field generator 20a includes one or more coils or other components

that produce electromagnetic fields. The generated electromagnetic fields are detected by

one or more electromagnetic field sensors 30, and, based on the output of the sensor 30,

the position (including the location and the orientation) of the sensor 30 relative to the

identifier 20 is determined.

The useful range of the identifier 20 is a three-dimensional region around the

identifier 20, referred to as the working volume of the identifier 20. The size and shape

of the working volume is based on the characteristics of the electromagnetic fields

produced by the electromagnetic field generator 20a and can be modified to be larger or

smaller based on the need for targeting accuracy.

In some implementations, the working volume is a volume that surrounds the

identifier 20. For example, the identifier 20 can be generally centrally located within the

working volume. The working volume for some implementations, such as those used for

targeting an acetabular operation site, can extend approximately 50cm or more in width

and approximately 40cm or more in depth and be located at a distance of about 5cm from

the identifier 20. A drill guide, for example, will have a length of more than 5 cm to

ensure that it is positioned within the working volume. Alternatively, for some uses, a

working volume with smaller dimensions may be used to increase precision and

accuracy.



The electromagnetic field sensor 30 communicates with the electromagnetic field

generator of the identifier 20, for example, by receiving electromagnetic fields produced

by the electromagnetic field generator when the electromagnetic field sensor 30 is located

within electromagnetic communication with the electromagnetic field generator or within

the working volume of the electromagnetic field generator of the identifier 20. When the

electromagnetic field sensor 30 is located within the working volume of the identifier 20,

the sensor 0 is able to generate output signals that indicate strength or intensity of the

electromagnetic field generated by the identifier 20. The output signals can be used to

accurately determine a location and orientation of the identifier 20 relative to the sensor

30. A sensor 30 located outside the working volume of the identifier 20, on the other

hand, may not receive adequate electromagnetic energy from the identifier 20 to generate

output signals that can be used to accurately determine the position of the identifier 20.

The shape and size of the working volume of the identifier 20 depends in part on the

configuration of the electromagnetic field generator 20a, specific characteristic of the

operation of the electromagnetic field generator 20a, such as characteristics of a driving

signal, and other factors.

An operator, such as a surgeon, can grip the identifier 20 by the housing 23 to

position the identifier 20 relative to a patient, an implement, and/or a sensor, such as the

electromagnetic field sensor 30. The identifier 20 can also include a coupling member 22

to which tools and other attachments are coupled. Using the coupling member 22, tools

and other devices can be attached or guided by the identifier 20. For example, the

coupling member 22 can receive a drill guide attachment 24 coupled to a drill guide 26.

The identifier 20 is used to position the drill guide 26 so that a drill bit inserted through

the drill guide 26 is guided to the position required by or appropriate for a medical

procedure.

The identifier 20 can include a wired or wireless link to the control unit 0 to

receive power and control signals to control the operation of the electromagnetic field

generator 20a. For example, the identifier 20 can include a cable 27 that provides a

connection to the control unit 50.



The control unit 50 controls the operation of the identifier 20 and receives inputs

from one or more sensors 30. The control unit 50 also includes a user interface 52 that

provides information to an operator of the system 100. The control unit 50 includes a

processor that is configured to determine the location and orientation of the identifier 20

relative to the operation site 12 based on the input from the sensor 30 and information

regarding the signal that controls the electromagnetic field generator 20a. The

determination is made based on a known positional relationship between the sensor 30

and the operation site 12 and a determined position of the identifier 20 relative to the

sensor 30.

The control unit 50 receives a signal that indicates a position of the identifier 20

relative to the operation site 12. For example, the signal can be received from the sensor

30. Using the signal from the sensor 30, the control unit 50 determines the position of the

tool relative to the sensor 30. The control unit 50 also compares the position of the tool

to an acceptable range of positions, such as a set of acceptable paths for drilling to the

operation site 12.

In some implementations, the control unit 50 outputs on the user interface 52 an

indication that the position of the identifier 20 relative to the operation site 12 or a

landmark of the implement 40 is acceptable. For example, the output on the user

interface 52 can include one or more elements, such as an element representing the angle

of the identifier 20 relative to an axis to the operation site 12, one or more elements

representing acceptable positions of the identifier 20 relative to the operation site 12, one

or more elements representing unacceptable positions of the identifier 20 relative to the

operation site 12, a numeric representation of the angle of the identifier 20 relative to one

of the paths 64a-64c (FIGS. 7A, 7B), an element indicating that the current position of

the identifier 20 is acceptable, a graphical representation of an acceptable conical range

for drilling to the operation site 1 , and an element indicating that the current position of

the identifier 20 is unacceptable.

In some implementations, an electromagnetic field generator separate from the

identifier can be used. For example, an identifier may be used that does not include an

electromagnetic field generator. For example, an electromagnetic field generator can be a



standalone unit or can be mounted to a chassis. The identifier can include an

electromagnetic sensor that communicates with the electromagnetic field generator. A

control unit can receive output signals of both the electromagnetic sensor of the identifier

and the electromagnetic field sensor 30 coupled to the implement 40. The control unit

can determine position of the identifier relative to the implement 40 based on the signals

of the two electromagnetic field sensors. Additional sensors can also be used. Additional

details of this implementation are described in WIPO International Publication Nos.

WO2008/106593 and WO2009/108214, and in United States Patent Application Nos.

12/758,747 and 12/768,689, each of which, as noted above, is incorporated herein by

reference in its entirety.

Now referring to FIG. 3A, the implement 40 includes a handle 42 and an

insertable portion 44. The insertable portion 44 is shaped to engage a portion of the

femoral head 16 when the insertable portion 44 is inserted into the hip joint 10, for

example, between the acetabulum 14 and a femoral head 16. A surgeon uses the handle

42 to place the insertable portion 44 in the hip joint 10 and to position the insertable

portion 44 and/or a sensor 30 relative to the operation site 1 .

The engagement of the insertable portion 44 and the femoral head allows the

insertable portion 44 to act as a barrier to protect the femoral head from damage during

surgery. The insertable portion 44 includes one or more blade portions 46 configured to

contact a portion of the femoral head 16. The blade portion 46 can be, for example,

substantially flattened, and can also be shaped to conform to the surface of the femoral

head. For example, the blade portion 46 can include a curved portion that is curvilinear

along a portion of the length of the blade portion 46. The blade portion 46 can include a

concave or spoon-like portion to fit closely to the femoral head, even when the blade

portion 46 is substantially flattened. The blade portion 46 may also be flexible to

facilitate positioning in the hip joint 10, and to improve conformance to the femoral head

16. In some implementations, the blade portion 46 can have a curvature at some portions

that generally corresponds to a diameter of approximately 40-60mm. The blade portion

46 can be wide enough to protect the femoral head from damage and narrow enough to

avoid obscuring visualization of the operating site.



A surgeon can position the insertable portion 44 in the hip joint 10 so that a

portion of the insertable portion 44 has a known location relative to the operation site 12.

For example, a surgeon can use an arthroscopic camera 60 to locate a defect of the

acetabulum 14, and the surgeon can position the insertable portion 44 at a known position

relative to the defect. As an example, while viewing the defective area of the acetabulum

1 using the arthroscopic camera 60, the surgeon can bring the insertable portion 44 into

the viewing area of the arthroscopic camera 60. In such an implementation, the insertable

portion 44 can include one or more markings or landmarks 47 disposed on the insertable

portion 44 at a fixed position so that the surgeon can align the one or more markings or

landmarks 47 relative to the defective area.

In some implementations, a surgeon can use other techniques to place the

insertable portion 44 at a known location relative to the operation site 12, such as one or

more of direct visualization, X-ray imaging, magnetic resonance imaging (MRI), and

computerized tomography (CT).

Referring to FIG. 3B, the sensor 30 can be positioned on or within the implement

40 at a number of different locations with respect to the implement 40. In some

implementations, the sensor 30 is removably attached and/or positioned with respect to

the implement 40. For example, the implement can define a channel 48 or other opening

to receive the sensor 30, or a housing that includes the sensor 30. The channel 48 can

extend through a portion of the insertable portion 44 so that the sensor 30 is positioned

within the insertable portion 44. In some instances, positioning the sensor 30 near the

operation site 12 can increase the accuracy of determining the position of the operation

site 12.

The sensor 30 includes, for example, an inductive sensor that is configured to

respond to an electromagnetic field produced by the identifier 20 by outputting one or

more induced electrical currents. The sensor 30 is capable of producing signals that

allow the position of the identifier 20 to be determined. For example, the sensor 30 can

include two or more inductive coils that each outputs an induced electrical current. The

outputs of the sensor 30 allow determination of the location and orientation of the sensor

30 in up to six degrees of freedom, such as along three translational axes, generally called



X, Y, and Z, and three angular orientations, generally called pitch, yaw, and roll, which

are defined as rotation about the three translational axes.

The sensor 30 includes a connection to transmit the output signals, or data related

to the signals. For example, a sensor lead 34 provides a wired connection for

transmission of an output of the sensor 30. The sensor lead 34 can carry signals produced

by the sensor 30 in response to electromagnetic fields. In some implementations, the

connection can include a wireless transmitter. Additionally, the sensor lead 34 can

include more than one connection, and the sensor lead 34 can carry power and control

signals in addition to signals or data, and bi-directional communication is possible. For

example, information regarding calibration of the sensor 30 can be stored in a storage

device coupled to the sensor 30.

In some implementations, the sensor 30 can be coupled to the implement 40 at

one of several positions relative to the implement 40. For example, the sensor 30 can

move along the channel 48 (as indicated by arrow A in FIG. 3B) to be positioned at one of

multiple positions along the length of the channel 48. The positions along the channel 48

can be discrete positions or positions along a continuous range. The sensor 30 can be

coupled to the implement 40 at a known position of the implement 40, and the known

position can be maintained during targeting of the operation site 12. Part of or all of the

channel 48 can be an internal channel within the implement 40.

In some implementations, the position of the sensor 30 relative to the implement

40 can be visibly determined. For example, the implement 40 can include a transparent

or translucent portion 49 located at the insertable portion 44, for example, at the blade

portion 46 of the insertable portion 44. The translucent portion 49 can be located near

(e.g., at or over) a section of the channel 48 so that the position of the sensor 30 (or the

housing that includes the sensor 30 or other device coupled to the sensor 30) is visible

through the translucent portion 49 when the sensor 30 is located within a particular range

of positions within the channel 48. The translucent portion 49 can be located at a portion

of the channel 48 that is viewable at the side of the implement 40 that does not contact

the femoral head 16. For example, the translucent portion 49 can be located on the blade

portion 46, at a convex outer surface of the blade portion. For example, the translucent



portion 49 is configured to face away from the femoral head when the implement 40 is

engaged to the femoral head.

As noted above, the insertable portion 44 can also include features that facilitate

positioning of the insertable portion 44 relative to the operation site 12. For example, the

insertable portion 44 includes one or more landmarks 47 that are used as a reference point

of the implement 40. As examples, a landmark may be a structure, a void, a boss, a

channel, a detent, a flange, a groove, a member, a partition, a step, an aperture, a bore, a

cavity, a dimple, a duct, a gap, a notch, an orifice, a passage, a slit, a hole, a marking, or a

slot. The landmark 47 can be visibly discernable from the exterior of the insertable

portion 44, for example, the landmark 47 is visible at a side of the blade portion 46 that

does not contact the femoral head 16 so that the surgeon can position the landmark 47

relative to the operation site 12

In some implementations, the sensor 30 is fixed to the implement 40 at a known

position relative to the insertable portion 44, to another portion of the implement 40, or

relative to a landmark 47 of the insertable portion 44. For example, the sensor 30 can be

located at a landmark 47 or at a known offset distance from a landmark 47.

Whether the sensor 30 is fixed to the implement 40 or removably attached to the

implement 40, the position of the sensor 30 relative to the implement 40 is known at the

time the operation site 2 is targeted. The position of the sensor 30 relative to the

implement 40 is maintained during targeting, but can change if the surgical procedure or

surgeon requires a change. Because the shape and dimensions of the implement 40 are

known, and because the sensor 30 is maintained at a known position relative to the

implement 40, the position of the sensor 30 can be used to determine the position of the

operation site 12 when the implement 40 is positioned at a location relative to the

operation site 12.

FIGS. 4-6, 7A, and 7B illustrate a process for targeting an operation site 12 of the

hip joint 10. During surgery, the precise location and orientation of the operation site 12

may be needed, for example, to correctly position a drill bit or other device. Access to

the operation site 12 from within the hip joint 10 may be very limited unless the hip joint

10 is dislocated. Using the identifier 20 and a sensor 30 located at a known location



relative to the operation site 12, permits a surgeon, for example, to target the operation

site 12 from outside the hip joint 10, through the pelvis and surrounding tissue. Targeting

in this manner provides access to the operation site 12 without requiring dislocation of

the hip joint 10. As a result, the operation site 12 can be accessed without incurring the

trauma and difficulty associated with dislocating the hip joint 10.

Referring to FIG. 4, one or more incisions are made in the capsule 6 1 of the hip

joint 10 to create access ports 62a, 62b. The arthroscopic camera 60 may be inserted into

the capsule 6 1 through the access port 62a, and tools, such as tools used for cutting or

scraping or guides for other tools, may be inserted into the capsule 6 1 through the access

port 62b. Other access ports may be made in the capsule 6 1 to allow fluid to be pumped

into the hip joint 10 or waste fluid to be removed from the hip joint 10. Images from the

camera 60 may be used to identify and locate an operation site 12, for example, a defect

in the bone or cartilage of the hip joint 10. Minor abnormalities of the hip joint 10 may

be corrected endoscopically through the access ports. Other conditions, however, may

require more significant access. Images from the arthroscopic camera 60 are used to

identify and locate an operation site 12, for example, the site of a defect that may not be

treatable by endoscopy.

Referring to FIG. 5, the implement 40 is inserted into the capsule 6 1 through the

access port 62b and positioned in the hip joint 10. For example, at least a portion of the

insertable portion 44 of the implement 40 can be inserted into the hip joint 10. The blade

portion 46 is positioned between the acetabulum 14 and the femoral head 16.

Specifically, the blade portion 46 is positioned over the femoral head to contact the

surface of the femoral head 16.

The insertable portion 44 of the implement 40 is positioned within the hip joint 10

so that the position of the implement 40 is known relative to the operation site 12.

During the positioning of the implement 40, the arthroscopic camera 60 can be

maintained in the hip joint 10 to facilitate placement of the implement 40. Images from

the camera 60 can be used to locate a particular portion of the insertable portion 44, such

as a landmark 47, at a known position relative to the operation site 12. For example, a

landmark 47 of the insertable portion 44 can be located at or near to the operation site 12.



The edges, end, or contours of the implement 40 can also be used to position the

implement 40 relative to the operation site 12. The insertable portion 44 can be

positioned relative to the operation site, and the operation site can be targeted and

accessed as described below, without dislocating the hip joint 10.

Additionally, or alternatively, the position of the sensor 30 can be adjusted relative

to the implement 40. For example, the sensor 30 can be moved to a portion of the

channel 48 in proximity to the operation site 12. In one implementation, the sensor 30

can be moved along the channel 48 in the implement 40 to a position at or near the

operation site 12. The position of the sensor 30 relative to the operation site 12 can be

determined using images from the camera 60, for example, by viewing the position of the

sensor 30 through the translucent portion 49 of the implement 40. Alternatively, as

discussed above, one or more landmarks 47 can indicate the position of the implement 40

relative to the operation site 12, and the sensor 30 can be positioned at a known position

out of several predefined positions relative to the implement 40. For example, a surgeon

can position the sensor 30 at, or at a known offset from, one of the landmarks 47.

Calibration of the sensor 30, if necessary, can be performed prior to inserting the

implement 40 into the access port 62b.

Referring to FIG. 6, the operation site 12 is targeted using the identifier 20. To

target the operation site 12, the identifier 20 is positioned near the operation site 12, such

as with a tip 26a of the drill guide 26 near the pelvis of the patient. When the sensor 30 is

located within the working volume of the identifier 20, and the electromagnetic field

generator 20a produces an electromagnetic field, the control unit 50 receives signals

produced by the sensor 30 that indicate the position of the sensor 30 relative to the

identifier 20. Using the signals from the sensor 30, the control unit 50 can determine the

position of the identifier 20 relative to the operation site 12.

For example, in determining the position of the identifier 20 relative to the

operation site 12, the control unit 50 can access information about the shape of the

implement 40 and the location of the implement 40 relative to the operation site 12. This

information can be input using the user interface 52 or another input mechanism.

Additionally, the control unit 50 can access information regarding the location of the



sensor 30 relative to the implement 40. For example, the sensor 30 can be attached at a

pre-selected landmark 47 of the implement 40, or information regarding a landmark 47 of

the implement 40 to which the sensor 30 is attached can be input to the control unit 50,

such as by a user touching a portion of the interface 52 to indicate a landmark 47 near

which the sensor 30 is attached. The signals of the sensor 30 can be used in combination

with the information regarding known positions of the sensor 30 relative to the

implement 40 and/or relative to the operation site 12 to determine the location and

orientation of the identifier 20 relative to the operation site 12.

The control unit 50 outputs information about the position of the identifier 20

relative to the operation site 12 on the user interface 52. Based on the user interface 52, a

surgeon or other operator can place the identifier 20 in a position where the interface 52

indicates that the tip 26a of the drill guide 26 is aligned along a linear axis to the

operation site 12 (FIG. 6). In some implementations, the interface 52 includes a first

identifier element 54, such as a first circle, that indicates a position of the distal tip 26a of

the drill guide 26. Thus, when the first identifier element 54 is in alignment with a target

identifier element 56 that corresponds to, and represents a targeted operation site 12, the

interface 52 indicates that the tip 26a of the drill guide 26 is directly above the operation

site 12 represented by the target identifier element 56. The interface 52 can also include

different graphical elements, and can include audio or haptic outputs.

The control unit 50 can also output information that indicates a distance (e.g., drill

depth) between, for example, the tip 26a of the drill guide 26 and the operation site 12.

The distance can be a distance that reaches the operation site 12 based on the current

position of the identifier 20 relative to the sensor 30. In some implementations, the

control unit 50 can determine the distance by subtracting the length of the drill guide 26

(e.g., the distance between the tip 26a of the drill guide 26 and the identifier 20) from the

distance between the identifier 20 and the sensor 30. The control unit 50 can also adjust

the distance based on any offsets between the sensor 30 and the operation site 12, for

example, based on the position of the sensor 30 relative to the operation site 12. The

operator can use the distance information to drill a hole through the pelvis to the proper

depth, for example, a depth that reaches the operation site 12 but does not damage

surrounding tissue.



Referring to FIG. 7A, targeting the operation site 1 can include identifying one or

more paths 64a-64c through the pelvis to the operation site 12. For example, the control

unit 50 can identify multiple paths 64a-64c that traverse different portions of the pelvis.

Information about the one or more paths 64a-64c can be output on the interface 52 of the

control unit 50. For example, multiple possible axes for drilling (e.g., linear paths) can be

displayed. In some implementations, each path 64a-64c can have the operation site 12 as

an end point. Individual paths 64a-64c and/or ranges of paths (e.g., various angle ranges

relative to the pelvis) can be determined.

The control unit can identify the paths 64a-64c to extend to the operation site 12

through the pelvis (e.g., through the ilium) and to satisfy one or more predetermined

criteria for acceptability. For example, the control unit 50 can determine each of the

paths 64a-64c to have acceptable positioning relative to the pelvis, for example, to

intersect the pelvis at a predefined range of locations and to extend within predetermined

angle ranges relative to the pelvis. The paths 64a-64c can thus be selected by the control

unit 50 to provide different options for accessing the operation site 12, where each path

64a-64c meets a set of constraints defined to, for example, meet the requirements of the

procedure and/or avoid unnecessary tissue damage.

Providing multiple paths 64a-64c may enable the surgeon or operator to select a

path that minimizes the amount of tissue disturbed during the surgical procedure and may

enable the surgeon to optimize recovery time and minimize trauma to the areas

surrounding the operation site. The control unit 50 can also identify and indicate to the

surgeon an optimized or suggested path to access the operation site 12. For example,

referring to FIG. 7B, the control unit 50 can indicate that of the identified paths 64a-64c,

a particular path 64b would minimize disturbance to the tissue surrounding the operation

site 12. The control unit 50 can indicate the identified path based on, for example,

program(s) stored in the control unit or previous user input to permit the program running

on the control unit 50 to calculate the optimized path for accessing the operation site 12.

The control unit 50 can select a suggested path based on one or more criteria, including,

for example, deviation from one or more preferred, predetermined paths. Other criteria

can include minimizing the distance through bone, avoiding drilling through bone below

a threshold thickness, avoiding drilling within a threshold distance of the edge of a bone,



avoiding drilling through particular tissues or anatomical features, and orienting the path

to provide access at an angle or within an angle range that facilitates access by the

surgeon.

After the control unit 50 outputs information that identifies the one or more paths

64a-64c, the operator can optionally use the user interface 52 to select one of the paths

64a-64c as the desired path to access the operation site 1 . The control unit 50 can

receive information indicating selection of one of the plurality of paths 64a-64c, and can

determine the position of the tool, such as a drill or drill guide 26, relative to the selected

path based on the signals from the sensor 30. The control unit 50 can output information

that indicates the position of the tool relative to the selected path.

The control unit 50 can also confirm acceptable positioning of a tool, such as a

drill or drill guide 26, relative to the operation site 12 based on the signals from the

sensor 30. For example, the control unit 50 can indicate on the interface 52 whether the

drill guide 26 of the identifier 20 is aligned with the selected path 64b. The control unit

50 can also output information about various measurements and angles to assist the

operator to align a tool along an appropriate drilling axis. The position of a tool can be

determined to be acceptable when, for example, an axis defined by the tool is located

within a predetermined distance or angle of a selected path 64b. Alternatively, the

position of a tool can be determined to be acceptable when, for example, an axis defined

by the tool extends through or within a predetermined distance of the operation site 12,

and has an orientation relative to the pelvis or surrounding tissue that is within a

predetermined range of orientations. The predetermined range of orientations can be

selected to provide an appropriate angle of access for the surgical procedure and avoid

unnecessary tissue damage.

The interface 52 of the control unit 50 can also indicate a current angular position

of the identifier 20 relative to the operation site 12 or a landmark 47 of the implement 40

to confirm acceptable positioning of a tool relative to the operation site 12. For example,

the control unit 50 can display a current angle of the drill guide 26 relative to an

operation site 12 so that an operator, such as a surgeon, can confirm that a hole drilled in

the pelvis will result in minimal damage to the tissue surrounding the operation site 12.



As illustrated in FIG. 6, as the first identifier element 54 and the target identifier element

56 approach one another on the interface 52, the angle of the identifier 20 approaches

zero degrees from a reference axis, such as the axis of the selected path 64b to the

operation site 12. Thus, when the first identifier element 54 and the target identifier

element 56 are concentric, the identifier 20 is aligned to the selected path 64b.

When the identifier 20 and other tools are aligned relative to the operation site 12,

the operator of the identifier 20 can drill a cannula to the operation site 12 along the

selected path, in the direction indicated by arrow A in FIG. 7B. The cannula can be

drilled through a portion of the pelvis (for example, through the ilium) to reach the

operation site 12.

Referring to FIG. 6, a tool 63 can be inserted into the drill guide 26 to create a

cannula to the operation site 12. The tool 63 can be, for example, a drill bit, a high speed

burr, a reamer, or a broach. To protect the femoral head from damage, the insertable

portion 44 of the implement 40 can remain in the hip joint 10 while drilling proceeds.

The camera 60 can remain in the hip joint 10 to provide visual information about the

operation site while drilling proceeds, as well as providing back-up confirmation of the

drilling procedure. Because the insertable portion 44 of the implement 40 serves as a

barrier, the operator can drill through the pelvis to the operation site 12 until the tip of the

tool 63 contacts the insertable portion 44. After the cannula is created to access the

operation site 12, the insertable portion 44 may be maintained in place while damaged or

defective tissue is removed, or it may be removed prior to repairing the operation site 12

if the surgical procedure or surgeon requires it to be removed. Natural or synthetic

materials can be used to repair the operation site 12 and the cannula.

Referring to FIG. 8, a process 800 for targeting an acetabular operation site

includes identifying an operation site (802), for example, a portion of the acetabulum,

acetabular cartilage or labral cartilage. The operation site can be identified visually using

an arthroscopic camera.

The process 800 includes positioning an implement (804), for example,

positioning an implement between an acetabulum and a femoral head. The implement

can include an electromagnetic field sensor positioned at a Icnown position relative to the



operation site. This may be achieved by, for example, (i) maintaining the electromagnetic

field sensor at a known position relative to the implement and moving the implement to a

known position relative to the operation site, or (ii) moving the electromagnetic field

sensor relative to the implement, which is fixed relative to the operation site.

The process 800 includes locating the operation site using an electromagnetic

identifier that includes an electromagnetic field generator (806). The electromagnetic

field sensor can be located within a working volume of the electromagnetic field

generator when locating the operation site.

The process 800 includes targeting the operation site through the pelvis using the

position of the electromagnetic field sensor (808). For example, a path to the operation

site through the pelvis (for example, through the ilium) can be identified. The process

800 can also include drilling a cannula through the pelvis (for example, through the

ilium), to the operation site.

Referring to FIG. 9, a process 900 for confirming acceptable positioning of a tool

(e.g., a drill guide, drill, reamer, or broach) relative to an acetabular operation site is

illustrated. A signal is received from a sensor coupled to an implement (902), where the

signal indicates the position of the tool relative to the sensor. A portion of the implement

can be positioned between an acetabulum and a femoral head. The position of the tool

relative to the operation site is determined using a known position of the sensor relative

to the operation site (904). The position of the tool is compared to an acceptable range of

axes for drilling to the operation site (906). The position of the tool can be an axis

defined by the tool or the guide, for example, an axis through the center of a drill guide or

an axis along the center of a drill bit. It is determined that the position of the tool

corresponds to an acceptable position within the range of axes for drilling to the operation

site (908). An indication that the position of the tool relative to the operation site is

acceptable is output on a graphical user interface (910).

A number of implementations and alternatives have been described.

Nevertheless, it will be understood that various modifications may be made without

departing from the spirit and scope of the disclosure. For example, although some of the

implementations above have been described with respect to targeting an acetabular



operation site, for example, a portion of the acetabulum, acetabular cartilage or labral

cartilage, or confirming acceptable positioning of a tool relative to an acetabular

operation site, the above-described implementations may be employed for targeting other

operation sites within a body, such as for example, the shoulder joint. Accordingly, other

implementations are within the scope of the following claims.



CLAIMS

1. A surgical implement comprising:

a handle;

5 a blade portion coupled to the handle, the blade portion comprising a curved

portion; and

an electromagnetic field sensor removably coupled to the blade portion,

the implement defining a channel that extends through a portion of the blade

portion and is configured to receive the electromagnetic field sensor, the blade portion

o including a transparent or translucent portion near the channel.

2 . The surgical implement of claim 1, wherein the surgical implement comprises a

landmark located at a known position of the blade portion.

5 3. The surgical implement of claim 1, wherein the electromagnetic field sensor is

coupleable at any of a plurality of predefined positions within the channel.

4 . The surgical implement of claim 3, wherein the implement comprises a plurality

of landmarks, each of the plurality of landmarks corresponding to one of the plurality of

0 predefined positions within the channel, the landmarks being visible at an exterior surface

of the implement.

5. The surgical implement of claim 1, wherein the blade portion includes a concave

section.

5

6 . The surgical implement of claim 1, wherein the blade portion is shaped to

conform to a femoral head.

7 . A system for targeting an operation site, comprising:

0 an identifier having an electromagnetic field generator configured to produce

electromagnetic fields;



the surgical implement of any of claims 1 to 6; and

a control unit configured to

access information indicating a position of the electromagnetic field

sensor relative to the operation site,

receive a signal from the electromagnetic field sensor that is indicative of

a position of a tool relative to the electromagnetic field sensor, and

determine a position of the tool relative to an operation site based on the

received signal and the position of the electromagnetic field sensor relative to the

operation site.

8. The system of claim 7, wherein the control unit is further configured to:

compare a position of the tool to an acceptable range of axes for drilling to the

operation site; and

determine, based on the comparison, that the position of the tool relative to the

operation site corresponds to an acceptable position within the range of axes for drilling

to the operation site.

9. The system of claim 8, wherein the control unit is further configured to output on

a graphical user interface an indication that the position of the tool relative to the

operation site is acceptable.

10. The system of claim 8, wherein to compare a position of the tool to an acceptable

range of axes for drilling to the operation site, the control unit is configured to compare

the position of the tool to a range of axes for drilling through the ilium to reach an

acetabular operation site.

11. The system of claim 7, wherein the control unit is configured to:

determine a distance between a tip of the tool and the operation site based on the

received signal; and

output, on a user interface, the determined distance.



12. The system of claim 7, wherein the control unit is configured to:

identify a plurality of linear paths that extend to the operation site through the

pelvis and satisfy one or more predetermined criteria for acceptability; and

output information that identifies the plurality of linear paths.

13. A system for targeting an operation site, comprising:

an identifier having an electromagnetic field generator configured to produce

electromagnetic fields;

a surgical implement comprising a handle, a blade portion, and an

electromagnetic field sensor coupled to the blade portion, the electromagnetic field sensor

being configured to produce a signal responsive to electromagnetic fields produced by the

electromagnetic field generator; and

a control unit configured to

access information indicating a position of the electromagnetic field

sensor relative to the operation site,

receive a signal from the electromagnetic field sensor that is indicative of

a position of a tool relative to the electromagnetic field sensor, and

determine a position of the tool relative to an operation site based on the

received signal and the position of the electromagnetic field sensor relative to the

operation site.

14. The system of claim 13, wherein the electromagnetic field sensor is removably

coupled to the surgical implement, and wherein the implement defines a channel

configured to receive the electromagnetic field sensor.

15. The system of claim 1 , wherein the channel extends through a portion of the

blade portion.

16. The system of claim 15, wherein the electromagnetic field sensor is coupleable at

any of a plurality of predefined positions within the channel.



17. The system of claim 16, wherein the surgical implement comprises a plurality of

landmarks, each of the plurality of landmarks corresponding to one of the plurality of

predefined positions within the channel, the landmarks being visible at an exterior surface

of the surgical implement.

5

18. The system of claim 13, wherein the surgical implement comprises a landmark

located at a known position of the blade portion.

19. The system of claim 13, wherein the surgical implement includes a substantially

o rigid translucent portion.

20. The system of claim 13, wherein the control unit is further configured to:

compare a position of the tool to an acceptable range of axes for drilling to the

operation site; and

5 determine, based on the comparison, that the position of the tool relative to the

operation site corresponds to an acceptable position within the range of axes for drilling

to the operation site.

2 1. The system of claim 20, wherein the control unit is further configured to output

0 on a graphical user interface an indication that the position of the tool relative to the

operation site is acceptable.

22. The system of claim 20, wherein to compare a position of the tool to an

acceptable range of axes for drilling to the operation site, the control unit is configured to

5 compare the position of the tool to a range of axes for drilling through the ilium to reach

an acetabular operation site.

23 . The system of claim 13, wherein the control unit is configured to:

determine a distance between a tip of the tool and the operation site based on the

0 received signal; and

output, on a user interface, the determined distance.



24. The system of claim 13, wherein the control unit is configured to:

identify a plurality of linear paths that extend to the operation site through the

pelvis and satisfy one or more predetermined criteria for acceptability; and

output information that identifies the plurality of linear paths.

25. A method of targeting an operation site, the method comprising:

identifying an operation site;

positioning a blade portion of an implement at the operation site, the implement

comprising an electromagnetic field sensor, the electromagnetic field sensor being

positioned at a known position relative to the operation site;

locating the operation site using an identifier, the identifier having an

electromagnetic field generator, and the electromagnetic field sensor communicating with

the electromagnetic field generator when locating the operation site; and

targeting the operation site using the position of the electromagnetic field sensor.

26. The method of claim 25, wherein the operation site is an acetabular operation site

and positioning the blade portion of the implement comprises positioning the blade

portion between an acetabulum and a femoral head.

27. The method of claim 26, wherein the acetabular operation site is a portion of one

of the acetabulum, acetabular cartilage, or labral cartilage.

28. The method of claim 26, wherein positioning an implement between an

acetabulum and a femoral head comprises positioning the electromagnetic field sensor of

the implement between the acetabulum and the femoral head.

29. The method of claim 26, wherein targeting an acetabular operation site comprises

orienting an axis for drilling that extends through a portion of the ilium and the operation

site.



30. The method of claim 25, wherein positioning the implement comprises

positioning a landmark of the implement at a known position relative to the operation

site, the position of the landmark being known relative to the position of the

electromagnetic field sensor, and

wherein targeting the operation site comprises targeting the operation site using

the position of the electromagnetic field sensor and the position of the landmark.

31. The method of claim 25, wherein targeting an operation site comprises:

identifying a plurality of paths to the operation site, each path extending linearly

between the operation site and a different point on the surface of a tissue surrounding the

operation site; and

selecting, from the plurality of paths, a particular path to use as an axis for drilling

that minimizes disturbance of tissue surrounding the operation site.
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