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ASSEMBLY FOR MANIPULATING A BONE COMPRISING A POSITION TRACKING SYSTEM

Priority Claim

[0001] The present application claims priority to U.S. Provisional Application Serial No.
61/499,849 entitled “Ultrasound CT Registration for Positioning” filed on June 22, 2011 and
U.S. Provisional Application Serial No. 61/499,838 entitled “Ultrasound CT Registration for

Positioning” filed on June 22, 2011, the entire disclosures of which are incorporated herein.

Background
[0002] CT (Computed Tomography) is often used to image bones as this permits the

construction of high definition three-dimensional images. These high definition images facilitate
understanding of fractures, ligament injuries and dislocations and assist in the formulation of
treatment strategies. CT scanners, however, are large, bulky devices which are inconvenient for
use during treatment procedures. Ultrasound imaging devices are less bulky and more
convenient for use during procedures. However, the images produced by these devices are less
accurate and comprehensive than those produced by CT scanners and, consequently, have been

of limited utility in procedures requiring precision.

Summary of the Invention

[0003] The present invention relates to an assembly for manipulating a bone, comprising a first
manipulating element configured to be attached to a first portion of bone and including a location
emitting signal and a second manipulating element configured to be attached to a second portion
of bone and including a sensor detecting the location emitting signal to provide a position and
orientation signal of the first and second manipulating elements relative to one another. The
assembly also comprises a tracking unit including a processor tracking movement of the first and
second manipulating elements relative to one another in a plurality of dimensions using the

position and orientation signals.
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Brief Description of the Drawings

[0004] Fig. 1 shows a schematic drawing of a system according to an exemplary embodiment

of the present invention;

Fig. 2 shows a perspective view of a bone on which an osteotomy procedure is to be

performed according to an exemplary embodiment of the present invention, using the system of
Fig. 1;

Fig. 3 shows a perspective view of the bone of Fig. 2 with a first handle element

attached to a first portion thereof;

Fig. 4 shows a perspective view of the bone of Fig. 2 with a marker inserted into a

second portion thereof;

Fig. 5 shows a perspective view of the bone of Fig. 2, with a second handle mounted on

the second portion of bone;

Fig. 6 shows a perspective view of the bone of Fig. 2, with a cut formed therein such

that the first and second portions of bone may be manipulated relative to one another;

Fig. 7 shows a perspective view of a portion of a spine on which a procedure to treat
scoliosis is performed according to another exemplary embodiment of the present invention,

using the system of Fig. 1;

Fig. 8 shows a perspective view of the spine of Fig. 7, with a marker inserted into a first

vertebra thereof;

Fig. 9 shows a perspective view of the spine of Fig. 7, with a first handle element

mounted over the marker;
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Fig. 10 shows a perspective view of the spine of Fig. 7, with a second handle element

attached to a second vertebra thereof;

Fig. 11 shows a perspective view of a portion of a spine to be treated using a scoliosis
procedure according to an alternate embodiment of the present invention, using the system of

Fig. 1;

Fig. 12 shows a perspective view of the spine of Fig. 11, with a first marker inserted

into a first vertebra thereof;

Fig. 13 shows a perspective view of the spine of Fig. 11, with an ultrasound device

scanning a second vertebra thereof;

Fig. 14 shows a perspective view of the spine of Fig. 11, with first and second handle

elements attached to the first and second vertebra, respectively;

Fig. 15 shows a perspective view of a fractured bone to be treated according to another

exemplary embodiment of the present invention, using the system of Fig. 1;

Fig. 16 shows a perspective view of the bone of Fig. 15, with a first marker inserted

through a first fractured portion thereof;

Fig. 17 shows a perspective view of the bone of Fig. 15, with a second marker inserted

through a second fractured portion thereof; and

Fig. 18 shows a perspective view of the bone of Fig. 15, with first and second handle

elements attached to first and second fractured portions, respectively.
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Detailed Description

[0005] The present invention may be further understood with reference to the following
description and the appended drawings, wherein like elements are referred to with the same
reference numerals. The present invention relates to a system and method for treating bones and,
in particular, relates to a system and method for using registered ultrasound and CT data
indicating a position of one or more markers on a bone so that ultrasound data obtained during a
treatment procedure may be employed to aid in manipulating previously obtained CT image data
to accurately track the position of one or more portions of the bone during a procedure.
Exemplary embodiments of the present invention describe a system and method for referencing
data which is registered to CT image data to establish the location within the CT image of a first
handle element coupled to a first portion of bone so that data obtained as the first portion of bone
is manipulated via the first handle element may be used to manipulate the CT image to show the
movement of the first portion of bone. A second handle element may be coupled to a second
portion of bone so that registered data indicating relative positions of the first and second handle
elements may be used to manipulated the CT image in real time to show the relative movement
of first and second portions of bone. It will be understood by those of skill in the art that,
although the exemplary embodiments describe first and second handle elements coupled to first
and second portions of a bone, respectively, the first and second handle elements may also be
positioned on first and second bones or on any other substantially rigid body structures so that
previously obtained CT image data of the structures may be manipulated to show motion of the

structures during a procedure.

1

present invention comprises a portable ultrasound device 102 configured to obtain and transmit

As shown in Fig. 1, a system 100 according to an exemplary embodiment of the

ultrasound data 124 (e.g., ultrasound image data) of a bone to a tracking station 104 which
registers the ultrasound data 124 with CT data 126 (e.g., CT image) obtained prior to the
collection of the ultrasound data 124 to determine a location of a first handle element 106
relative to the CT data 126. The ultrasound device 102 includes an ultrasound scanner 110 for

obtaining the ultrasound data 124 of the bone and a camera 112 facilitating optical tracking of a
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position of the first handle element 106 relative to the obtained ultrasound data 124. The camera
112 may include a light source 114 and a fixed pattern 116 on, for example, a glass scale. A
shadow of the fixed pattern 116 is cast on and detected by a sensor 128 of the first handle 106 to
provide a first handle data 132 including data corresponding to a position and/or orientation of
the first handle 106 relative to the ultrasound device 102 in up to six dimensions. Using the
collected data, the tracking station 104 is able to register (e.g., correlate) the ultrasound data 124
with the CT data 126 to determine a location of the first handle element 106 relative to the CT
data 126. Once registration has been complete, the bone may be manipulated according to an

exemplary system and method according to the invention, as described in greater detail below.

[0007] The first handle element 106 is positioned on a first portion of the bone while a second
handle element 108 is positioned on a second portion of the bone. The second handle element
108 includes a light emitting apparatus 130, such as an LED array, which communicates with the
sensor 128 on the first handle element 106 to provide second handle data 134 indicating a
location of the second handle element 108 relative to the first handle element 106. The tracking
station 104 uses the second handle data 134 to determine a location of the second handle element
108 relative to the CT data 126 and displays the locations of the first and/or second handle
elements 106, 108 on a display 120 relative to the CT data 126. As will be described in greater
detail below with respect to Figs. 2 — 6, the first and second handle elements 106, 108 are
initially positioned on a rigid bone and subsequently cut after registering the positions thereof.
As the first and second handle elements 106, 108 are manipulated by a user and moved relative
to one another, the corresponding motion of the first and second portions of bone relative to one
another is tracked and the CT data 126 is manipulated to display this relative motion. That is,
portions of the image represented by the CT data 126 corresponding to the first and second
portions of the bone are moved relative to one another based on the second handle data 134 so
that a user sees on the display 120 the motion of the first and second portions of bone in real

time.

[0008] The scanner 110 of the ultrasound device 102 may take a 2D or 3D image of the bone
to obtain ultrasound data 124. The tracking station 104 then looks through the ultrasound data
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124 for portions bearing similarity of contour to portions of the image represented by the CT data
126 to identify portions of the ultrasound data 124 and the CT data 126 corresponding to the
same portion of the bone. The ultrasound data 124 and the CT data 126 may have several points
of similarity requiring the ultrasound device 102 to take several ultrasound images over discrete
periods of time to ensure correct registration between these identified portions of data
representing the same portion of the bone. A number of 2D images required may, for example,
depend on the homogeneity of the contour of the bone and a level of detail in the ultrasound and
CT data 124, 126. Thus, several candidate locations of the CT data 126 may be identified and
additional ultrasound data 120 collected until one of the several candidate locations is confirmed

as correctly corresponding to a selected portion of the image represented by the CT data 126.

[0009] As would be understood by those skilled in the art, the first handle element 106 may be
sized and shaped to be gripped by a surgeon or other user so that the first portion of bone, on
which the first handle element 106 is mounted, may be manipulated via motion of the first
handle element 106. The first handle element 106 includes the sensor 128 therein providing first
handle data 132, and which includes data regarding a relative position and/or orientation between
the first handle element 106 and the ultrasound device 102. The sensor 128 detects a shadow
cast thereon via the light source 114 and fixed pattern 116 of the ultrasound device 102. A size
and/or distortion of the pattern of the shadow is used to determine a position and orientation of
the first handle element 106 relative to the ultrasound device 102 in 6 dimensions. This first
handle data 132 is transmitted to the tracking station 104 to determine the location of the first

handle element 106 relative to the CT data 126.

[0010] The second handle element 108 is also sized and shaped to be gripped by the user so
that the second portion of bone on which the second handle element 108 is mounted may be
manipulated via the second handle element 108. The second handle element 108 includes a light
emitting apparatus 130 such as, for example, an LED array, providing second handle data 134,
which includes data regarding a relative position between the first and second handle elements
106, 108. The light emitting apparatus 130 is configured to communicate with the sensor 128,

which detects light from the apparatus 130, to determine a position and orientation of the second
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handle element 108 relative to the first handle element 106 in 6 dimensions. This second handle
data 134 is transmitted to the tracking station 104. Since the location of the first handle element
106 is known relative to the CT data 126, the tracking station 104 uses the relative position and

orientation between the first and second handle elements 106, 108 to determine a location of the

second handle element 108 relative to the CT data 126.

[0011] In another embodiment of the invention, the relative tracking between the first and
second handle elements 106, 108 may be provided by a field generator (not shown) provided on
one of the first and second handle elements 106, 108, the field generator communicating with a

field sensor (not shown) provided on the other of the first and second handle elements 106, 108.

[0012] The tracking station 104 may be a computer or other processing arrangemenf including
a processor 118 and a display 120. The ultrasound data 124, the CT data 126, the first handle
data 132 and the second handle data 134 may, for example, be saved on a memory 122 of the
tracking station 104 and may be used to register the first handle element 106 to the CT data 126.
The processor 118 correlates the ultrasound data 124 and the CT data 126, and uses the first
handle data 132 to determine a location of the first handle element 106 relative to the CT data
126. The processor 118 may similarly determine a location of the second handle element 106
relative to the CT data 126. The locations of the first and second handle elements 106, 108
maybe displayed on the display 120 relative to the image represented by the CT data 126 in real
time. Thus, a user may be provided with real time information regarding the completion of the
registration process and/or the treatment of the bone. It will be understood by those of skill in
the art, the tracking station 104 may be a distributed system. For example, the memory and
processor may be located in a server, which is communication with a display in the operating

room.

[0013]  Once the locations of both the first and second handle elements 106, 108 have been
determined relative to the image represented by the CT data 126, the surgeon may move the first
and second portions of the bone relative to one another using the first and second handle

members 108. Relative movement between the first and second handle elements 106, 108 may
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be continuously tracked and monitored such that a manipulated CT image showing the relative
motion between the first and second portions of bone may be displayed on the display 120.
Thus, the surgeon may view the manipulated CT image on the display 120 to move the portions

of bone until a desired spatial relationship between the portions of bone is obtained.

[0014] The system 100 may be used in a variety of different bone treatment procedures. In
one exemplary embodiment, as shown in Figs. 2 - 6, the system 100 is used in performing an
osteotomy of a bone 10, in which the bone 10 is cut to shorten, lengthen or change an alignment
thereof. A CT image of the bone 10 is taken prior to the osteotomy procedure and the CT data
126 obtained therefrom is transmitted to the tracking station 104, As shown in Fig. 2, a first
marker 136 is positioned in a first portion 12 of the bone 10. The term “marker used throughout
should be understood as meaning any suitable bone marker such as, for example, a K-wire, shunt
screw, pin or other bone fixation element that has a desired rigidity and rotational stability, as
those of skill in the art will understand. The first handle element 106 is then mounted over the
first marker 136, as shown in Fig. 3, and the ultrasound device 102 positioned over a portion of
the bone 10 to obtain ultrasound data 124 and first handle data 132. The ultrasound data 124 and
the first handle data 132 are transmitted to the tracking station 104 and the processor 118
automatically registers the ultrasound data 124 to the CT data 126. The ultrasound data 124 may
be obtained from one or more 3D ultrasound images of the bone 10. Using a drill-guide (not
shown) attached to the scanner 110, a second marker 138 is inserted into another portion of the
bone 10 to permit relative tracking between the first and second portions of the bone, as will be
described in greater detail later on. The tracking station 104 then looks through the ultrasound
data 124 from the 3D ultrasound for portions bearing similarity of contour to portions of the
image represented by the CT data 126 to identify portions of the ultrasound data 124 and the CT
data 126 corresponding to the same portion of the bone. Specifically, the second marker 138 is
inserted into a second portion 14 of the bone 10, as shown in Fig. 4. The second marker 138 is
inserted into the second portion 14, for example, through an opening in the ultrasound device
102 such that the second marker is guided therethrough. Alternatively, the second marker 138
may be positioned in the second portion 14 free-hand, without being guided through the

ultrasound device 102. As will be described in greater detail later on, such an embodiment
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requires that the second marker 138 be located via the ultrasound device 102 after implantation.
As shown in Fig. 5, the second handle element 108 may be mounted over the second marker 138
to prevent rotation thereof. Using the location of the first handle element 106 on the first marker
136 and the location of the second marker 138, a location of the first handle element 106 relative
to the CT data 126 using the first handle data 132 is registered. The CT image represented by the
CT data 126 and the location of the first handle element 106 thereon are displayed on the display
120. The light emitting apparatus 130 of the second handle element 108 then communicates with
the sensor 128 of the first handle element 106 to provide the second handle data 134 (i.e., data
regarding a relative position between the first and second handle elements 106, 108) to the
tracking station 104. Using the second handle data 134, the processor 118 determines a location
of the second handle element 108 relative to the CT data 126. The location of the second handle
element 108 is then displayed on the CT image on the display 120. As those skilled in the art
will understand, the use of a 3D ultrasound permits the use of the 3D ultrasound data 124 to
build up corresponding CT data 126 for registration without having to track a position of the

scanner 110.

[0015]  As shown in Fig, 6, the surgeon then makes a cut 16 in the bone 10, between the first
and the second portions 12, 14 freeing the first and second portions of bone 12, 14 to move
relative to one another via manipulation of the first and second handle elements 106, 108. The
processor 118 tracks the relative movement therebetween and produces a manipulated CT image
on the display 120 showing the relative movement in real-time so that the surgeon may
manipulate the first and second handle elements 106, 108 until the first and second portions 12,

14 of the bone are aligned, as desired.

[0016] In another exemplary embodiment, as shown in Figs. 7 - 10, the system 100 is used to
treat a patient with scoliosis. Similarly to the osteotomy procedure described above, a CT image
of a portion of a spine 20 is obtained prior to the procedure and the CT data 126 is transmitted to
the tracking station 104. As shown in Fig. 7, a reference device, which may be a first handle
element 106, may be positioned proximate the spine 20 without being attached thereto. The

ultrasound device 102 is then used to obtain ultrasound data 124 of a first vertebra 22 of the
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spine 20 while also communicating with the sensor 128 of the first handle element 106 to
provide first handle data 132 to the tracking station 104. The ultrasound data 124 may be
obtained from one or more 2D ultrasound images of the first vertebra 22. The processor 118
registers the ultrasound and CT data 124, 126 and determines first handle data 132 which may be
used to track a drill-guide used in the scoliosis treatment procedure, wherein the drill-guide may
be attached to the ultrasound scanner 110. Specifically, the ultrasound scanner 110 used in the
present embodiment is tracked in three dimensions to build up a 3D set of ultrasound data 124
(i.e., using the tracking station 104 to look through the ultrasound data 124 for portions bearing
similarity of contour to portions of the image represented by the CT data 126 to identify portions
corresponding to the same portion of the bone) using the reference device to provide position and
orientation data. The registered CT image represented by the CT data 126 is displayed on the
display 120. As shown in Fig. 8, a first marker 136 is inserted, for example, through an opening
in the ultrasound device 102 into the first vertebra 22 and, using the reference point, the location
on the first vertebra 22 at which the first marker 136 is inserted is established. The first handle
element 106, which was used as the reference point, is then positioned over the first marker 136.
Since a location of the first marker 136 is known, the location of the first handle element 106
relative to the CT data 126 can be registered. It will be understood by those of skill in the art,
that the first vertebra 22 may be drilled prior to insertion of the first marker 136 to facilitate
insertion thereof. The first handle 106 is then mounted over the first marker 136, as shown in
Fig. 9. Since the location of the first handle 106 relative to the CT data 126 has been determined,
placement of the first handle 106 relative to the first vertebra 22 is tracked by the processor 118
and shown on the display 120.

[0017] The ultrasound device 102 is then be positioned over a second vertebra 24 to obtain
ultrasound data 124 for the second vertebra 24. Similarly, the ultrasound data 124 of the second
vertebra 24 may be obtained from one or more 2D ultrasound images thereof. The ultrasound
device 102 may also communicate with the first handle element 106 to determine a position and
orientation thereof relative to the first handle element 106. Data relating to the ultrasound data
124 of the second vertebra 24 and the position of the ultrasound device 102 is transmitted to the
tracking station 104 to register the ultrasound data 124 of the second vertebra 24 to the CT data

10
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of the spine 20. The second handle element 108 is attached to the second vertebra 24, as shown
in Fig. 10, and communicates with the first handle element 106 to provide second handle data
134 to the tracking station 104. The processor 118 uses the second handle data to determine a
location of the second handle 108 relative to the CT data 126, which may be displayed on the
display 120. Once locations of both the first and second handles 106, 108 have been determined
relative to the CT data 126, first and second vertebra 22, 24 may be moved relative to one
another via the first and second handles 106, 109 to manipulate alignment of the spine 20. The
tracking station 104 continuously tracks and monitors movement of the spine 20 to display a
manipulated CT image thereon which corresponds to movement of the first and second vertebrae

22, 24 relative to one another to facilitate a desired alignment of the spine 20.

[0018] Figs. 11 - 14 show an alternate embodiment for treating scoliosis of a spine 20', which
is substantially similar to the embodiment described above except as pointed out below, As
shown in Fig. 11, the ultrasound device 102 is positioned over a first vertebra 22' to obtain
ultrasound data 124 of the first vertebra 22' which is registered with previously obtained CT data
126 of the spine 20'. The ultrasound data 124, however, may be obtained from a 3D ultrasound
image of the first vertebra 22'. A first marker 136 may then be then inserted into the first
vertebra 22/, as shown in Fig. 12, through an opening of the ultrasound device 102. The first
handle element 106 is mounted over the first marker 136, as shown in Fig. 13, and the location of
the first handle element 106 determined relative to the CT data 126. The ultrasound device 102
is then positioned over a second vertebra 24' to obtain ultrasound data 124 for the second
vertebra 24' using, for example, a 3D ultrasound image, and to communicate with the first handle
element 106 to provide first handle data 132 to the tracking station 104. The processor 118
registers the ultrasound data 124 of the second vertebra 24' with the CT data 126 of the spine 20’
and determines a location of the first handle 106 relative to the CT data 126. The second handle
element 108 is then attached to the second vertebra 24', as shown in Fig. 14, to communicate
with the first handle element 106 and provide second handle data 134 (i.e., data regarding a
position and orientation of the second handle element 108 relative to the first handle element
106) to the tracking station 104. The processor 118 uses the collected data to determine a
location f the second handle element 108 relative to the CT data 126. The locations of the first

11
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and second handle elements 106, 108 relative to the CT data 126 may be shown on the display
120, in real-time, so that the surgeon may move the first and second vertebra 22', 24' relative to
one another via the first and second handles 106, 108. The relative movement between the first
and second handles 106, 108 produces a manipulated CT image on the display 120 so that the
surgeon may move the first and second vertebra 22', 24" into a desired spatial relationship

relative to one another by viewing the manipulated image.

[0019] As shown in Figs. 15 - 18, the system 100 may also be used to treat a fractured bone 30
according to another exemplary embodiment of the present invention. As shown in Fig. 15, the
ultrasound device 102 is positioned over a first fractured portion 32 of the bone 30 to obtain
ultrasound data 124 of the first fractured portion 32. In particular, the ultrasound device 102 may
utilize 3D imaging to obtain the ultrasound data 124, which may be registered with previously
obtained CT data 126 of the bone 30. The first marker 136 may be inserted through an opening
in the ultrasound device 102 and into the first fractured portion 32, such that a location of the
first handle 106, when mounted over the first marker 136 is known relative to the CT data 126.
As shown in Fig. 16, the process may be repeated for a second fractured portion 34 to obtain
ultrasound data 124 for the second fractured portion, which may be registered with the CT data
126 of the bone 30. As shown in Fig. 17, a second marker 138 may be inserted into the second
fractured portion 34 via the opening in the ultrasound device 102. The first and second handle
elements 106, 108 may be mounted over the first and second markers 136, 138, respectively, as
shown in Fig. 18, and the CT data 126 including the locations of the first and second handle
elements 106 relative thereto, may be displayed on the display 120. The first and second handle
elements 106, 108 may continue to communicate with one another to determine a position
relative to one another so that relative movement thereof is tracked and displayed as a
manipulated CT image on the display 120. Thus, the first and second fractured portions 32, 34
may be moved relative to one another, as desired, by viewing the manipulated CT image on the

display 120.

[0020] The systems depicted in Figs. 1 — 18 have been described as using CT-ultrasound

registration to identify marker locations and set up the handles so that manipulation can be

12
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performed. However, as those skilled in the art will understand, any marker registration process
may be used to establish the marker locations. For example, the markers may be positioned in a

bone and then a CT scan performed to obtain location information of the markers on the bone.

[0021] It will be apparent to those skilled in the art that various modifications and variations
can be made in the structure and the methodology of the present invention, without departing
from the spirit or the scope of the invention. Thus, it is intended that the present invention come

within the scope of the appended claims and their equivalents.
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‘What is claimed is:

1. An assembly for manipulating a bone, comprising:

a first manipulating element configured to be attached to a first portion of bone

and including a location emitting signal,

a second manipulating element configured to be attached to a second portion of
bone and including a sensor detecting the location emitting signal to provide a position
and orientation signal of the first and second manipulating elements relative to one

another; and

a tracking unit including a processor tracking movement of the first and second
manipulating elements relative to one another in a plurality of dimensions using the

position and orientation signal.

2. The assembly of claim 1, wherein the first and second manipulating elements include a
handle sized and shaped to be gripped by a user to move the first and second portions of

bone, respectively.

3. The assembly of claim 1, wherein the location emitting signal is a light emitting array.
4. The assembly of claim 1, wherein the location emitting signal is a field generator.
5. The assembly of claim 1, further comprising an scanning unit connected to the second

manipulating element to determine a location of one of the first and second manipulating

elements relative.

6. The assembly of claim 5, wherein the scanning unit includes a light source which casts a

shadow of a fixed pattern thereof to be detected by the sensor of the first manipulating

14
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element such that a position and orientation of the first manipulating element relative to

the scanning unit is determined.

The assembly of claim 3, further comprising a display showing a location of one of the

first and second manipulating elements relative to the surface data of the bone.

The assembly of claim 1, wherein the first and second manipulating elements are

markers.

A manipulating device, comprising:

a handle configured to be attached to a portion of a bone and sized and shaped to

be gripped by a user to move the portion of bone to which the handle is attached; and

a sensor detecting a location signal in a plurality of dimensions.

A manipulation device, comprising:

a handle configured to be attached to a portion of a bone and sized and shaped to

be gripped by a user to move the portion of bone to which the handle is attached; and

an emitter array emitting a location signal and arranged on the handle such that

the array is visible when the handle is gripped.

The device of claim 10, wherein the emitter array is a light emitting diode.

A method for tracking a manipulation of a bone, comprising:

attaching a first manipulating element to a first portion of bone, the first

manipulating element emitting a location signal;

15
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attaching a second manipulating element to a second portion of bone, the second

manipulating element sensing the location signal to provide a sensed location;

determining a position and orientation of a first manipulating element relative to a

second manipulating element in a plurality of dimensions; and

tracking relative movement between the first and second manipulating elements

by detecting changes in the emitted location signal and the sensed location.

The method of claim 12, further comprising displaying a location of the first and second

manipulating elements relative to the surface data.

The method of claim 13, further comprising generating a manipulated surface image
showing a movement of the first and second portions of bone via manipulation of the first

and second manipulating elements relative to one another.
The method of claim 12, wherein the relative tracking between the first and second

manipulating elements is performed via one of a light emitting apparatus and a field

generator.
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