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SYSTEMS AND PROCESSES FOR REVISION TOTAL JOINT ARTHROPLASTY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority of United States Provisional Patent Application
Serial No. 61/788,656 filed March 15, 2013, which is incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention relates generally to the field of computer-aided surgical
systems, and more specifically to a new and useful system and method for performing computer-

aided total joint arthroplasty.

BACKGROUND OF THE INVENTION

[0003] Total joint replacement (TJR) (also called primary total joint arthroplasty) is a
surgical procedure in which the articulating surfaces of a joint are replaced with prosthetic
components, or implants. It is a successful procedure, especially for hips, knees, shoulders, and
ankles and allows people to restore functionality while greatly reducing pain associated with
osteoarthritis.

[0004] Bone is a living tissue that is constantly changing through the resorption of matrix
by osteoclasts and the deposition of new matrix by ostecoblasts. Articular cartilage is an
avascular tissue that is found on the surfaces of joints and serves to provide a smooth interface
upon which bones can articulate with each other. Joint replacement arthroplasty is an orthopedic
procedure in which the typically worn surface of the joint is replaced with a prosthetic
component, or implant. Joint replacement arthroplasty typically requires the removal of the
articulating cartilage surface of the joint including a varying amount of bone depending on the
joint and the replacement implant being used. This cartilage and bone is then replaced with a
synthetic, typically metal implant that is used to create a new joint surface.

[0005] The replacement implants used in joint replacement surgeries have a limited life
expectancy and will often need to be replaced. Replacement of a joint replacement implant is
called revision total joint replacement (RTJR) and involves removing the old implant(s) from the
bone, removing any bone cement (polymethylmethacrylate or PMMA) used during the TJR,
reshaping the bone to fit new revision implant(s), and placing the new revision implant(s) into
the bone. RTJR is known to be a difficult and lengthy procedure because the surgeon typically
has a limited amount of information about the location and amount of bone cement from the

previous TJR. Removal of both the old implant and the bone cement is typically performed
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using a variety of hand tools including osteotomes, saws, punches, puwu saws, puwur vurs, auu
ultrasonic instruments. However, these tools can be tedious to use especially when trying to
remove bone cement from deeper cavities or small holes. Additionally, these tools present a risk
of fracturing the bone when removing the implant or the bone cement. To increase visibility of
the bone cement and bone-implant interface, holes or windows may be cut or drilled into the
bone. However, this may weaken the bone and increase the risk of later fracture.

[0006] Revision joint arthroplasty is a technically difficult procedure that often presents
intraoperative challenges. For example, difficulties in removing the previous implant or the bone
cement may result in an excess removal of healthy bone. Additionally, the bone structure may
be damaged from the tools and the length of time required to adequately remove all of the bone
cement, may put the patient’s safety at risk. A computer implemented system and method for
removing bone cement or other material is described in U.S. Patent 5,769,092 assigned to the
assignee of the present application. However, there have been advances in imaging which may
allow for an improved removal of bone and or bone cement during a revision joint arthroplasty.
Thus, there exists a need for a more effective process to adequately remove the previous implant,
any bone cement, and prepare a new cavity for a revision implant without further compromising

the structure of the bone.

SUMMARY OF THE INVENTION

[0007] A process and system for performing orthopaedic surgery with the use of
computer systems and robotic assistance to remove bone, bone cement, and a bone prosthesis,
typically a bone prosthesis used in hip replacement surgery, knee replacement surgery, and the
like. The process for replacing one or more bone prostheses using a robotic system includes
receiving image data comprising an image of the bone, the bone including the bone prosthesis
implanted within the bone; creating a three-dimensional model of the bone prosthesis and the
bone; creating a plan for positioning a new prosthesis within the bone; determining the location
and amount of bone material to be removed for the new prostheses; and removing the prosthesis
from the bone. Non-bone material such as bone cement is also removed in some embodiments to
accommodate a new prosthesis.

[0008] The inventive process may be used for the replacement of hip joints, shoulder
joints, ankle joints, wrist joints, finger joints, toe joints, or other joints. The inventive
orthopaedic surgery can be performed on human; or an animal of a non-human primate, a horse,

a cow, a sheep, a goat, a dog, a cat, a rodent, and a bird.
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BRIEF DESCRIPTION OF THE DRAWINu.

[0009] FIGURE 1 is a flowchart depicting a specific embodiment of the present
invention for using a computer system for performing revision total joint replacement surgery;
and

[0010] FIGURE 2 is a flowchart depicting another specific embodiment of the present

invention for using a computer system for performing revision total joint replacement surgery;

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] The present invention has utility as a system and process for performing
orthopedic surgery. The following description of various embodiments of the invention is not
intended to limit the invention to these specific embodiments, but rather to enable any person
skilled in the art to make and use this invention through exemplary aspects thereof. Disclosed
herein are systems and processes to use computer systems to remove bone, bone cement, and
abone prosthesis, typically a bone prosthesis used in hip replacement surgery, knee replacement
surgery, and the like. The removal of bone, bone cement, and/or the prosthesis is performed
using robotic assistance. Reference will be made herein to the replacement of hip joints and it
should be understood that the present invention may be applied to other joints within the body
and any other bones found within the body. These other joints that are repaired through resort to
the present invention illustratively include the hip joint, shoulder joint, ankle joint, wrist joint,
finger joint, toe joint, or other joint. As used herein, a subject is defined as a human; or an
animal of a non-human primate, a horse, a cow, a sheep, a goat, a dog, a cat, a rodent and a bird.
[0012] With reference to FIGURE 1, an embodiment of an inventive process is detailed
for receiving image data of a subject’s bone with a bone prosthesis implanted in block 110;
creating three-dimensional (3D) models of the bone prosthesis, the bone cement, and the bone in
block 120; planning the location and orientation of a new prosthesis within the bone in block
130; determining the locations and amount of bone and bone cement to be removed in block 140;
removing the prosthesis from the bone in block 150; and registering the location of the actual
bone during the surgery such that the precise position and orientation of the bone is known by
the robot in block 160.

[0013] Scan data of a subject’s bone and prosthesis as illustrated in block 110 is
readily provided from conventional sources such as computer tomography (CT),
magnetic resonsance imaging (MRI), or X-ray scans of subjects’ bones, or a combination
thereof. The scan parameters in some embodiments are optimized to reduce metal

artifact scatter from the prosthesis using a variety of techniques (for example Link, T.;
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Berning, W; Scherf, S.; Joosten, U.; Joist, A.; Engelke, K. & Daldiup-viaun, 11. cuvuy. w1 ot
Metal Implants: Reduction of Artifacts Using an Extended CT Scale Technique. J Comput Assist
Tomogr, 24, 1, pp. 165-172, 0363-8715). The scan data may be collected by a system and
process described herein or may alternatively, be collected prior to the RTJR surgery.
[0014] Development of three-dimensional models of the bone, any bone cement that may
have been used in the TJR, and the prosthesis as provided in block 120 may be performed readily
using modelling software such as VSG Amira or Medviso Segment to convert imaging scans
into models of the bone, bone cement, and the prosthesis of interest. In some embodiments there
may be only one prosthesis in each bone, while in others there may be multiple prostheses per
bone. The bone, bone cement, and prosthesis will be readily differentiated due to differences in
radiodensity or water content.

[0015] The preoperative positioning and planning of a virtual three-dimensional model of
a new prosthesis or multiple new prostheses relative to the virtual model of the subject’s bone is
provided at block 130. In certain embodiments of the present invention a model of the subject’s
bone, bone cement, and prosthesis is created using surgical preoperative planning software. In
certain embodiments of the present invention, the preoperative planning software will allow the
user to visualize the bone with the original prosthesis and/or the bone cement removed in two or
three dimensions. The user will be able to select and position the new prosthesis in three-
dimensional space utilizing multiple views. Once the user is satisfied with the fit and placement
of the new prosthesis, removal of the old prosthesis may be planned.

[0016] The process determines the location and amount of bone and/or bone cement to be
removed from the bone based on the 3D model of the new prosthesis is provided at block 140.
In some embodiments, the user may manually select the boundaries for the volume of bone and
bone cement to be removed, while in other embodiments, the removal of the bone and bone
cement may be performed automatically by the computer system. In still other embodiments, the
computer may provide the user with an initial estimate of the boundaries for the volumes of bone
and bone cement to be removed. In some embodiments, the process may generate a simulation
of the model of the bone with the model of the volumes of bone and bone cement to be removed.
In still other embodiments, the process may generate a simulation of the volumes of bone and
bone cement to be removed with the model of the new prosthesis, and specifically a simulation
wherein the model of the new prosthesis is positioned at least partially within the model of the
volumes of bone and bone cement to be removed. Additionally, block 140 in still other
embodiments also functions to create instructions for a robotic system to mill out the implant

shape into the bone to create a cavity that accurately matches the backside of the implant that
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will be placed into or onto the bone. One such robotic system 1> we nuLULULC Lyswi,
manufactured by Curexo Technology Corporation of Fremont, California.

[0017] The removal of the old prosthesis from the bone is provided at block 150. The
method utilized to remove the old prosthesis may depend on a number of factors. In some
embodiments of the present invention, the prosthesis is removed from the bone using
conventional hand tools including osteotomes, saws, punches, power saws, power burs, and
ultrasonic instruments. In still other embodiments, the prosthesis is removed using a robotic
system which cuts it out using milling with a rotary bit engaging the prosthesis or through laser
ablation.

[0018] The registration of the location of the bone intraoperatively within the workspace
of the robot is provided at block 160. This serves to determine the precise location and
orientation of the bone within the workspace of the robot. In some embodiments, this may be
accomplished using fiducial markers placed into or on the bone. A fiducial marker is
appreciated to be a material with an opacity that is different than that of surround subject tissue,
an active device such as radio frequency identification (RFID) tag, or a combination thereof. In
still other inventive embodiments, a registration guide is applied that fits on the bone, or a
surface matching algorithm is used, or any other method to determine the orientation of the
subject’s operative bone. The usage of such techniques are further detailed in:
PCT/IB2013/002311 entitled SYSTEM AND METHOD FOR REGISTRATION IN
ORTHOPAEDIC APPLICATIONS. S. Cohan, “ROBODOC achieves pinless registration”
The Industrial Robot; 2001; 28, 5; pg. 381. P. J. Besl, “A Method for Registration of 3-D
Shapes” IEEE Transactions on Pattern Analysis and Machine intelligence, 1992; 14, pgs.
230-256.

[0019] As illustrated in Figure 2, the process illustrated in Figure 1 may continue by
taking images of the bone after the prosthesis has been removed in block 170; modifying the
plan for bone removal based on the remaining bone and bone cement in block 180; removing the
bone and bone cement using a robotic system in block 190; and placing the new prosthesis into
the bone in block 200.

[0020] Intraoperative images of the bone after the old prosthesis is removed are taken as
provided at block 170. These images may be taken using new techniques for creating 3D
volumetric reconstructions such as cone beam CT (CBCT) (Guerrers ME, Jacobs K, Loubele M,
et al. State-of-the-art on cone beam T wmaging for preoperative planming of mmplant
wdacement. Clinical Oral Investig 2006;16:1-7). These images may also be two dimensional as

in conventional X-ray images. In some embodiments, these images will be taken prior to
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removing any and all bone cement in the bone while in other emboduuciis, wivsw tiages win ve
taken after removal of bone cement.

[0021] The preoperative plan for removal of bone and bone cement may be modified
based on the images taken as provided in block 180. In certain inventive embodiments, the
remaining amount of bone cement can be quantified in both volume and location to be removed.
In still other embodiments, the process may generate a simulation of the volumes of bone and
bone cement to be removed with the model of the new prosthesis, and specifically a simulation
wherein the model of the new prosthesis is positioned at least partially within the model of the
volumes of bone and bone cement to be removed. Additionally, block 180 in still other
embodiments also functions to create instructions for a robotic system to mill out the implant
shape into the bone to create a cavity that accurately matches the backside of the implant that
will be placed into or onto the bone. In certain embodiments, the user may opt to not take
intraoperative images of the bone after the old prosthesis is removed as provided in block 170
and the user may opt not to modify the preoperative plan for removal of bone and bone cement
as provided in block 180 and proceed to removal of the bone and bone cement in block 190.
[0022] The bone and bone cement are removed using a robotic system as provided at
block 190. The robotic system, in one embodiment, mills the planned volumes of bone and bone
cement to be removed according to the preoperative or modified plan. In certain inventive
embodiments, the milling functions to create a matching cavity to the new prosthesis to be
placed within the matching cavity. The newly created cavity in certain embodiments will be the
same size or slightly smaller than the new prosthesis such that when the new prosthesis is placed
within the cavity, there is direct contact between the bone and the new prosthesis; while in other
embodiments a gap is provided to accommodate a bonding agent such as bone cement, mesh, or
other interfacial material if so desired.

[0023] The new prosthesis is placed into the bone as provided at block 200. In certain
embodiments, the new prosthesis may be implanted with or without bone cement to secure the
prosthesis to the bone. After the new prosthesis has been implanted, the surgeon finishes the
procedure as is done conventionally.

[0024] References recited herein are indicative of a level of skill in the art to which the
invention pertains. These references are hereby incorporated by reference to the same extent as
if each individual reference was explicitly and individually incorporated herein by reference.
[0025] As a person skilled in the art will recognize from the previous detailed description

and from the figures and claims, modifications and changes can be made to the preferred
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CLAIMS

What is claimed is:
1. A process for removing a bone prosthesis comprising;:

receiving image data comprising an image of the bone, the bone including the
bone prosthesis implanted within the bone;

creating a three-dimensional model of the bone prosthesis and the bone;

creating a plan for positioning a new prosthesis within the bone;

determining the location and an amount of the bone material to be removed for a
new prosthesis; and

removing the bone prosthesis from the bone.

2. The process of claim 1 further comprising registering the location of the bone
during a surgery such that a precise position and an orientation of the bone is known to a robot
and then robotically performing a milling to remove the amount of the bone and the non-bone

material.

3. The process of claim 2 further comprising positioning a set of fiducial markers
placed into the bone or on the bone to assist in determining the precise position and orientation

of the bone within a workspace of the robot.

4. The process of claim 3 wherein said set of fiducial markers are formed of a
material with an opacity that is different than that of bone tissue surrounding one of said set of

fiducial markers.

5. The process of claim 3 wherein said set of fiducial markers comprise a radio

frequency identification (RFID) tag operating as an active device.

6. The process of claim 2 wherein registering the location of the bone further

comprises applying a registration guide on the bone or a surface matching algorithm.

7. The process of claim 1 further comprising taking an image of the bone after the

bone prosthesis has been removed.
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8. The process of claim 1 further comprising modifying the plan based on remaining

bone and non-bone material defined by the amount of the bone material.

9. The process of claim 1 wherein the removing of the amount of the bone material

is by robotic-assisted surgery.

10.  The process of claim 9 further comprising removing non-bone material.
11.  The process of claim 10 where the non-bone material is bone cement.
12.  The process of claim 1 further comprising removing the amount of the bone

material for the new prosthesis and implanting the new prosthesis into the bone.

13.  The process of claim 1 wherein a volume of the amount of the bone material to be

removed is generated from a model of the new prosthesis.

14.  The process of claim 13 further comprising the generation of a volume of the

amount of non-bone material to be removed is generated from a model of the new prosthesis.

15.  The process of claim 13 further comprising generating a simulation of the model

of the volume when positioning the model of the new prosthesis.

16.  The method of any of claims 1 to 15 further comprising generating a simulation

of a model of the amount of the bone material removed.

17.  The process of any of claims 1 to 15 further comprising receiving input from a

user to modify boundaries for the amount of the bone material.

18.  The process of claim 1 further comprising removing non-bone material.

19.  The process of claim 18 where the non-bone material is bone cement.

9
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20. A system for performing the process of claim 1.

10
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110: receive image data of a patient’s bone
with prosthesis implanted

120: create three-dimensional models of
prosthesis, bone cement, bone

130: plan new prosthesis location within
bone

140: determine location and amount of
bone/bone cement to be removed

150: remove the prosthesis from the bone

160: registering the bone location in the
robot’s workspace

FIGURE 1
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110: receive image data of a patient’s bone
with prosthesis implanted

120: create three-dimensional models of
prosthesis, bone cement, bone

130: plan new prosthesis location within
bone

140: determine location and amount of
bone/bone cement to be removed

150: remove the prosthesis from the bone

160: registering the bone location in the
robot’s workspace

170: take image of bone after prosthesis is
removed

180: modify plan for bone removal based
on remaining bone/bone cement

190: remove bone/bone cement using
robotic-assisted surgery

200: place new prosthesis into the bone

FIGURE 2
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