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(57) ABSTRACT 

A prosthetic device, method for planning bone removal, and 
a robotic system for implantation of a prosthetic device in 
bone are disclosed. The prosthetic device can include a body 
portion for attachment to a bone, wherein the body portion 
includes an implantation Surface configured to face the bone 
upon implantation, and a constraint structure. The prosthetic 
device, method, and robotic system can be configured to 
cause the constraint structure and bone to interact so as to 
constrain the prosthetic device in the bone. 
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PROSTHETIC DEVICE, METHOD OF 
PLANNING BONE REMOVAL FOR 

IMPLANTATION OF PROSTHETIC DEVICE, 
AND ROBOTC SYSTEM 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application Ser. No. 61/208,451, filed on Feb. 24, 
2009, which is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of Invention 
0003. The present invention relates to a prosthetic device 
for implantation in bone, methods of planning bone removal 
for implantation of a prosthetic device in bone, and robotic 
systems for preparing a bone to receive a prosthetic device. 
0004 2. Description of Related Art 
0005 Conventional prosthetic implantation techniques 
involve resecting a pocket of material from a bone to provide 
a void or pocket within the bone that receives a prosthetic 
device. After resection of bone material is complete, the pros 
thetic device is implanted within the pocket. The prosthetic 
device is typically secured in place with bone cement. 
0006. Using the conventional techniques, undesired 
movement of the prosthetic device relative to the bone may 
occur. In particular, the pocket in the bone often includes an 
expansion gap that provides empty space between the pros 
thetic device and the remaining bone. This expansion gap 
may be filled or partially filled with bone cement during 
implantation of the prosthetic device to permit uniform or 
near uniform dispersion of the bone cement. FIG. 34 shows a 
top view of an example of a conventional prosthetic device 10 
implanted in a medial condyle 12 of a tibia (the lateral 
condyle 14 is shown for reference). An expansion gap 16 is 
provided between the prosthetic device 10 and an edge of the 
remaining bone in the medial condyle. The expansion gap, 
which is typically 0.5-0.8 mm in a tibia, is exaggerated in this 
drawing for purposes of illustration. This expansion gap may 
cause the prosthetic device to be less than fully constrained, 
which can permit unwanted movement of the prosthetic 
device. Consequently, the prosthetic device may move (e.g., 
rotate or translate) relative to the bone when a force is applied 
to the prosthetic device. For example, during trial articulation 
of a leg, contact forces from a femoral condyle can cause 
unwanted movement of a tibial inlay. In addition, undesired 
movement can occur during final fixation as a Surgeon presses 
against the prosthetic device to disperse the bone cement and 
Squeeze out excess bone cement. 
0007 Using conventional techniques, it also may be unde 
sirably difficult to properly position a prosthetic device in the 
pocket in the bone. For example, there can be difficulty in 
positioning the cup of a hip acetabulum in a desired tilt/ 
abduction and anteversion due to difficulty in knowing 
exactly where a pelvis is located during total hip arthroplasty. 

SUMMARY 

0008. An embodiment relates to prosthetic device for 
implantation in bone. The prosthetic device includes a body 
portion for attachment to a bone, wherein the body portion 
includes an implantation Surface configured to face the bone 
upon implantation. The prosthetic device further includes 

Aug. 26, 2010 

constraint structure comprising at least one of: (i) at least one 
compressive projection projecting from the implantation Sur 
face in a lateral direction of the body portion and configured 
to provide a compressive force between the at least one com 
pressive projection and the bone, (ii) at least one interlock 
projection projecting from the implantation Surface and hav 
ing an interlock-projection Surface configured to receive bone 
in a space between the interlock-projection Surface and a 
proximal portion of the implantation Surface, and (iii) at least 
one recess in the implantation Surface and configured to 
receive bone to constrain the body portion in at least two 
translational degrees of freedom. The constraint structure is 
configured to constrain the prosthetic device in the bone. 
0009. Another embodiment relates to a method for plan 
ning bone removal for implantation of a prosthetic device into 
bone. The method includes storing data representative of a 
prosthetic device in a computer readable medium, wherein 
the prosthetic device includes a body portion having an 
implantation Surface configured to face the bone upon 
implantation and at least one feature that provides a constraint 
structure that will constrain the prosthetic device in the bone. 
The method further includes defining, based on the data, at 
least one bone-cutting pattern for (i) removing a first portion 
of bone in a first area sufficient to seat the body portion and (ii) 
at least one of removing and maintaining a second portion of 
bone in a second area configured to interact with the con 
straint structure. 
0010 Yet another embodiment relates to a robotic system 
for preparing a bone to receive a prosthetic device. The 
robotic system includes a controllable guide structure config 
ured to guide cutting of the bone into a shape for receiving the 
prosthetic device. The robotic system further includes a com 
puter readable medium for storing data representative of the 
prosthetic device, wherein the prosthetic device includes a 
body portion having an implantation Surface configured to 
face the bone upon implantation and at least one feature that 
provides a constraint structure that will constrain the pros 
thetic device in the bone. The robotic system further includes 
a control system for controlling the guide structure, wherein 
the control system is configured to define at least one bone 
cutting pattern for (i) removing a first portion of bone in a first 
area sufficient to seat the body portion and (ii) at least one of 
removing and maintaining a second portion of bone in a 
second area configured to interact with the constraint struc 
ture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The accompanying drawings, which are incorpo 
rated and constitute a part of this specification, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain aspects of the invention. 
0012 FIG. 1 is a perspective view of a prosthetic device 
implanted in a pocket in a tibia, according to an embodiment. 
0013 FIG. 2a is a top view of a representation of the 
pocket and Zones where projections are to be provided in 
bone, according to an embodiment. 
0014 FIG.2b is a top view of a representation of areas of 
bone for resection. 
0015 FIG. 2C is a top view of a bone cutting pattern, 
according to an embodiment. 
(0016 FIG. 2d is a top view of a portion of the tibia of FIG. 
1 showing the pocket resected according to the bone cutting 
pattern of FIG.2c. 
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0017 FIG.2e is a top view of the tibia of FIG. 1 with the 
prosthetic device in the pocket. 
0018 FIG.3a is a top view of a portion of a tibia showing 
an intended pocket with three projections, according to an 
embodiment. 
0019 FIG.3b is a top view of the tibia of FIG.3a, showing 
the pocket without the prosthetic device. 
0020 FIG.3c is a top view of the tibia of FIG.3a with the 
prosthetic device in the pocket. 
0021 FIG. 4 is a perspective view of a tibia having a 
pocket with vertically oriented projections, according to an 
embodiment. 
0022 FIG. 5a is a perspective view of a circumferential 
perimeter of a pocket, according to an embodiment. 
0023 FIG. 5b is a perspective view of a tibia having the 
pocket of FIG.5a. 
0024 FIG.5c is a perspective view of a pocket, according 
to an embodiment. 
0025 FIG. 5d is a perspective view of the circumferential 
perimeter of the pocket of FIG. 5c. 
0026 FIG. 6a shows a perspective view of an exemplary 
projection, according to an embodiment. 
0027 FIG. 6b is a top view of the projection of FIG. 6a. 
0028 FIG. 6c is a side view of the projection of FIG. 6a. 
0029 FIG. 6d is a front view of the projection of FIG. 6a. 
0030 FIG. 7a is a side cross-sectional view of a projection 
extending only partially along a vertical depth of a pocket, 
according to an embodiment. 
0031 FIG.7b is a side cross-sectional view of a projection 
extending 100% of a vertical depth of a pocket, according to 
an embodiment. 
0032 FIG. 8a is a side cross-sectional view showing an 
interference fit between a prosthetic device and a projection 
of a bone, according to an embodiment. 
0033 FIG. 8b is a side cross-sectional view showing an 
interference distance for an interference fit between a pros 
thetic device and a projection of a bone, according to an 
embodiment. 
0034 FIG. 9 is a perspective view of a tibia with a hori 
Zontally oriented projection, according to an embodiment. 
0035 FIG.10 is a side cross sectional view of a femur with 
a prosthetic device in a pocket, according to an embodiment. 
0036 FIG.11a is a top cross sectional view along line A-A 
of FIG. 10. 
0037 FIG.11b is a top cross sectional view along line B-B 
of FIG. 10. 
0038 FIG. 12a is a side cross-sectional view of a pros 

thetic device in a first stage of implantation, according to an 
embodiment. 
0039 FIG.12b is a side cross-sectional view of the pros 

thetic device of FIG. 12a in an advanced stage of implanta 
tion. 
0040 FIG. 12c is a side cross-sectional view of the pros 

thetic device of FIG.12a when implanted. 
0041 FIG. 13 is a perspective view of a prosthetic device, 
according to an embodiment. 
0042 FIG. 14 is a side view of the prosthetic device of 
FIG. 13. 

0043 
FIG. 13. 

0044 FIG. 16a is a side cross-sectional view of a pros 
thetic device in a first stage of implantation, according to an 
embodiment. 

FIG. 15 is a bottom view of the prosthetic device of 
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0045 FIG. 16b is a side cross-sectional view of the pros 
thetic device of FIG. 16a in an advanced stage of implanta 
tion. 
0046 FIG.16c is a side cross-sectional view of the pros 
thetic device of FIG. 16a when implanted. 
0047 FIG. 17a is a top view of a bone with projections for 
projecting into recesses of a prosthetic device, according to an 
embodiment. 
0048 FIG. 17b is a cross sectional view taken along line 
A-A in FIG. 17a with a prosthetic device implanted in the 
pocket. 
0049 FIG. 18a is a top view of a alternative prosthetic 
device that implanted in pocket of the prepared bone of FIG. 
17a, according to an embodiment. 
0050 FIG. 18b is a cross sectional view taken along line 
B-B in FIG. 18a. 
0051 FIG. 19a is a top exploded view of a prosthetic 
device with recesses and bone projections, according to an 
embodiment. 
0.052 FIG. 19b is a cross sectional view taken along line 
B-B in FIG. 19a, with the prosthetic device implanted. 
0053 FIG. 20 is a cross-sectional view of the prosthetic 
device of FIG. 19a. 
0054 FIG. 21a is an isometric view of a femur with a 
pocket having a projection, according to an embodiment. 
0055 FIG. 21b is a side cross sectional view of the femur 
of FIG. 21a. 
0056 FIG. 22 is a perspective view of a prosthetic device 
for implanting in the pocket of FIG. 21a. 
0057 FIG. 23a is a cross sectional view of a hip bone with 
a pocket prepared to receive a prosthetic device, according to 
an embodiment. 
0058 FIG. 23b is a cross sectional view of the hip bone of 
FIG. 23a as a prosthetic device is being inserted into the hip 
bone. 
0059 FIG. 23c is a cross sectional view of the hip bone of 
FIG. 23a after the prosthetic device has been implanted into 
the hip bone. 
0060 FIG. 24a is a top exploded view of a prosthetic 
device with projections and a bone with recesses, according 
to an embodiment. 
0061 FIG. 24b is a cross sectional view taken along line 
C-C in FIG. 24a, with the prosthetic device implanted. 
0062 FIG. 25a is a top exploded view of a prosthetic 
device with projections and a bone with recesses, according 
to an embodiment. 
0063 FIG. 25b is a cross sectional view taken along line 
A-A in FIG.25a, with the prosthetic device implanted. 
0064 FIG. 26a is a side view of a prosthetic device, 
according to an embodiment. 
0065 FIG. 26b is a top view of the prosthetic device of 
FIG. 26a. 
0.066 FIG. 27 is a top view of bone with a pocket and an 
implanted prosthetic device that includes projections, accord 
ing to an embodiment. 
0067 FIG. 28a is an isometric view of bone having a 
projection on a bottom Surface of a pocket, according to an 
embodiment. 
0068 FIG. 28b is an isometric view of bone having a 
projection on a bottom Surface of a pocket, according to an 
embodiment. 
0069 FIG. 28c is an isometric view of bone having a 
plurality of projections on a bottom Surface of a pocket, 
according to an embodiment. 
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0070 FIG. 29a is a side view of a prosthetic device with 
projections, according to an embodiment. 
(0071 FIG. 29b is a side view of a prosthetic device with 
projections, according to an embodiment. 
0072 FIG. 30 is an isometric view of a robotic system, 
according to an embodiment. 
0073 FIG. 31a is a progression of a bone that has experi 
enced trauma and been repaired, according to an embodi 
ment. 

0074 FIG. 31b is a close up of a bone fracture that has 
been repaired, according to an embodiment. 
0075 FIG. 31c is a view of various constraint structure 
geometries, according to an embodiment. 
0076 FIG.32a is an isometric view of a bone piece pre 
pared to engage with a hardware component, according to an 
embodiment. 

0077 FIG. 32b includes a top view and a cross sectional 
view of a hardware component, according to an embodiment. 
0078 FIG.33 is a progression of a bone that has experi 
enced trauma and been repaired with a component that serves 
as an additional bone piece, according to an embodiment. 
0079 FIG. 34 is a top view of a conventional prosthetic 
device implanted in a tibia. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0080 Presently preferred embodiments of the invention 
are illustrated in the drawings. An effort has been made to use 
the same or like reference numbers throughout the drawings 
to refer to the same or like parts. 

Overview 

0081. The preferred embodiments relate, in general, to 
methods for planning bone removal to allow implantation of 
a prosthetic device to create a constraining relationship 
between the bone and the prosthetic device. The preferred 
embodiments also relate to prosthetic devices that are config 
ured to achieve Such a constraining relationship and a robotic 
system that can be used to facilitate the creation of Such a 
constraining relationship. 
0082 In general, the methods for planning include storing 
data representative of the prosthetic device in a computer 
readable medium. The methods further include defining, 
based on the data, at least one bone-cutting pattern for (i) 
removing a first portion of bone in a first area sufficient to seat 
a body portion of the prosthetic device and (ii) at least one of 
removing and maintaining a second portion of bone in a 
second area configured to interact with a constraint structure 
of the prosthetic device. The method also may include dis 
playing information representative of the at least one bone 
cutting pattern, for example on a conventional monitor. Par 
ticular implementations of the planning methods are 
described below, though the invention is not limited to those 
particular implementations. 
0083 Particular implementations of prosthetic devices 
and a robotic system that are useful with the planning meth 
ods also are described below. However, the invention is not 
limited to those particular implementations and the prosthetic 
devices and robotic system could be used without the plan 
ning methods. 
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Creating Bone Projections that Provide Compressive Force to 
Prosthetic Device 
I0084. One such implementation of the planning method 
includes defining the bone cutting pattern for removing a first 
portion of bone in the first area sufficient to seat a body 
portion of the prosthetic device and for maintaining a second 
portion of bone in the second area to provide at least one 
projection of bone configured to engage an implantation Sur 
face of the prosthetic device to provide a compressive force 
between the projection and implantation Surface and con 
strain the prosthetic device. This compressive force need not 
be sufficient to deform the projection or the implantation 
Surface, though it may deform one or both. 
I0085 FIGS. 1 and 2e show views of a prosthetic device.90, 
e.g., a tibial inlay, implanted in a pocket (or bone cavity) 106 
formed by resecting bone from a tibia 100 pursuant to such a 
planning method. The prosthetic device 90 preferably 
includes a body portion 91 and an implantation surface 94 
configured to face the bone of the tibia 100 upon implanta 
tion. In this embodiment, the implantation surface 94 can 
form a constraint structure 107 of the prosthetic device 90. 
The planning method provides bone projections 104 in the 
pocket 106 that engage the constraint structure 107 to con 
strain the prosthetic device 90. 
I0086 To achieve such a pocket 106 with projections 104, 
initially Zones 109 can be identified in which it is desired to 
locate the projections 104, as shown in FIG.2a. In this figure, 
the anterior A, posterior P. medial M, and lateral L directions 
are identified. Then, based on data representative of the pros 
thetic device 90, a bone-cutting pattern is defined for remov 
ing a first portion of bone in a first area 101 within line 162 
(see FIG. 2b) sufficient to seat the body portion 91 of the 
prosthetic device 90. The bone-cutting pattern (or another 
bone cutting pattern) is also defined to remove portions of 
bone in a second area 103 (between lines 161 and 162) while 
maintaining second portions of bone to provide the projec 
tions 104 that are configured to interact with the constraint 
structure 107 of the prosthetic device 90. 
I0087. The resulting bone cutting pattern (or patterns) is 
shown in FIG. 2C. This bone cutting pattern is designed to 
provide the pocket 106 with the projections 104 extending 
toward the center of the pocket 106. Bone resection can then 
be carried out based on this bone cutting pattern to achieve the 
pocket 106 with projections 104, as shown in FIG. 2d. 
I0088. As shown in FIG. 2e, the prosthetic device 90 can 
then be disposed in the pocket 106. The projections 104 
preferably engage the prosthetic device 90 such that a com 
pressive force is provided between the prosthetic device 90 
and the projections 104 such that the location and position of 
the prosthetic device 90 can be established in the tibia 100 
with a relatively high degree of accuracy and precision. The 
projections can be provided to minimize or prevent unwanted 
movement of a prosthetic device, such as unwanted transla 
tion or rotation of a prosthetic device. Furthermore, the pro 
jections can provide real-time cues to a practitioner when a 
trial or final prosthetic device is in place. Such as audial, 
visual, or tactile cues. 
I0089. Due to the engagement of a prosthetic device with 
the projections when the prosthetic device is inserted into a 
location into bone, an audible sound can be produced, similar 
to a part 'snapping into place, the engagement between the 
prosthetic device and the bone can be visually checked, and a 
practitioner can feel how Snugly the engagement between the 
prosthetic device and the projections is. Thus, configuration 
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of the prosthetic device and the engagement of the prosthetic 
device with the projections provides a practitioner with 
enhanced confidence that the prosthetic device has been 
located and positioned closely to a Surgical plan. 
0090. Such a pocket 106 can be formed to accommodate 
bone cement or other joining Substance (referred to generally 
as adhesive). In particular, an expansion gap 105 can be 
maintained between the prosthetic device 90 and the surface 
of the tibia 100 so that the adhesive can flow into the expan 
sion gap 105 to partially or fully fill the expansion gap 105 to 
assist in the fixation of the prosthetic device 90 to the tibia 
1OO. 

0091. The size and location of the projections 104 can be 
controlled to provide optimal location and positioning of a 
prosthetic device. As shown in the examples of FIGS. 1-2e, a 
tibia 100 preferably is prepared to provide four projections 
104. 

0092. However, fewer projections can be provided. FIGS. 
3a-3c show an embodiment of a portion of a tibia 110 that has 
been prepared by resecting bone to provide a pocket 116 that 
receives a prosthetic device in a similar manner as the previ 
ous embodiment. The embodiment of FIGS. 3a-3c has only 
three bone projections 114 that can engage with a prosthetic 
device 118 instead of four bone projections. 
0093. The bone projections 104, 114 can be provided at 
various locations to aid in locating and positioning a pros 
thetic device 90, 118 in the tibia 100, 110. The location of 
Such projections can be selected based upon, for example, the 
number of the bone projections. For example, a greater num 
ber of bone projections can permita Smaller distance between 
bone projections in relation to an implantation Surface of a 
prosthetic device. Such as a circumferential Surface of a pros 
thetic device. Other numbers of bone projections can be pro 
vided, such as, for example, five, six, or more bone projec 
tions, which can be selected to affect the distribution of 
compressive forces between a prosthetic device and a bone 
and to affect the amount of expansion gap provided between 
the prosthetic device and the bone. For example, the number 
of projections can be selected to provide an advantageous 
distribution of forces between a prosthetic device and a bone, 
Such as by selecting a greater number of projections and a 
prosthetic device configured to engage such projections, but a 
larger-sized expansion gap, which provides enhanced joining 
of the prosthetic device to a bone via bone cement or other 
fixation Substances, indicates a smaller number of projec 
tions. Thus, various considerations must be accounted for 
when determining which prosthetic device to use and the 
number and size/shape of projections selected. 
0094 Preferably the projections are configured to extend 
along at least 1% of the circumferential perimeter 161 of the 
pocket and not more than 75% of the circumferential perim 
eter 161 (see FIG. 2b). Or more particularly, the horizontal 
length of a prepared anatomical structure can extend between 
10% and 50% of the circumferential perimeter 161, or more 
particularly 20% and 35% of the circumferential perimeter 
161. 

0095. In addition, the size and location of bone projections 
can be controlled to affect the compressive force provided 
between the bone projections and a prosthetic device and to 
maximize the amount of bone tissue that is preserved. The 
durability of the bone projections and the prosthetic device 
can be optimized by controlling the size and location of bone 
projections. For example, the forces between a prosthetic 
device and a bone can be distributed and optimized by select 
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ing the configuration of the prosthetic device and the number 
and/or size of the projections that engage the prosthetic 
device, thus minimizing or preventing unwanted damage or 
failure of the prosthetic device or areas of bone, such as the 
projections. 
0096 Bone projections can have various geometries, such 
as, for example, spheres, cylinders, cones, elliptical tracks, or 
other geometrical shapes. In another example, the bone pro 
jection can essentially form a negative mold of a mating 
Surface of a prosthetic device or a cavity or indentation in 
bone that Substantially matches the shape of a mating Surface 
of a prosthetic device. Such bone projections can be three 
dimensional or two dimensional in form. 
0097. The orientation of bone projections can also be 
altered to affect the engagement between a prosthetic device 
and a bone. As shown in the example of FIG. 4, bone projec 
tions 122 can be provide in a bone 120 such that the bone 
projections 122 extend in a vertical direction relative to the 
bone 120. In another example, bone projections 126 can be 
prepared in a bone 124 such that the bone projections 126 
extend in a substantially horizontal direction relative to the 
bone 124, as shown in the example of FIG. 9. 
0098. In addition, the shape and size of the bone projec 
tions can be altered and selected to affect the engagement 
between a prosthetic device and a bone. The proper size of the 
bone projections is important not only for the final location 
and positioning of a prosthetic device but also for the easy 
insertion and removal of a trial prosthetic device during an 
implantation procedure so that the constraint of the prosthetic 
device in a bone may be assessed before final implantation. 
Further, the selection of the size and shape of the bone pro 
jections can affect the location of the bone projections. Thus, 
the prosthetic devices and methods described herein advan 
tageously assist in the location and positioning of trial pros 
thetic devices and prosthetic devices that are finally 
implanted and fixed to bone so that the outcome of a Surgical 
procedure may be even closer to a Surgical plan. 
0099 FIG. 5a shows a perspective view of an exemplary 
circumferential perimeter of a pocket 134 prepared in a bone 
136, as shown the example of FIG. 5b. As shown in the 
example of FIGS. 5a and 5b, the projections formed from the 
bone 136 can have a shape that projects into the pocket 134 
such that the projections form a constraining face 130 that 
engages with the features of a prosthetic device. The projec 
tions can be shaped to have curved regions 132. Such as on 
lateral sides or edges of the constraining faces 130 of the 
projections. Such curved regions 132 can be utilized to 
increase the size of the projections to increase the amount of 
force the projections may withstand when engaging with a 
prosthetic device. The shape of the curved region may be 
selected to avoid sharp corners, which can act as stress risers 
or multipliers that can lead to damage of projection or joint 
between a prosthetic device and a bone. In addition, the 
corners 138 of the pocket can be advantageously shaped to 
avoid sharp corners and to affect the expansion gap provided 
between a prosthetic device and the bone, as shown in FIG. 
5c, which shows a corner within an exemplary pocket 139, 
and as shown in FIG. 5d., which shows the circumferential 
perimeter of the pocket 139, including a corner 138. 
0100 FIG. 6a shows a perspective view of an exemplary 
projection 140 formed on a surface 142 of a bone such that the 
projection 140 extends into a pocket 144 formed within the 
bone. FIG. 6b shows a top view of the projection of FIG. 6a, 
FIG. 6c shows a side view of the projection of FIG. 6a, and 
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FIG. 6d shows a front view of the projection of FIG. 6a. As 
shown in the examples of FIGS. 6a-6d, the projection 140 can 
have a constraint Surface 146 that is configured to engage with 
a prosthetic device. The constraint surface 146 can have a size 
selected to maximize engagement between a prosthetic 
device and the projection 140, and thus minimize or prevent 
unwanted movement of the prosthetic device, but also to 
provide a properly sized expansion gap between the pros 
thetic device and the bone to also constrain the prosthetic 
device. For example, such a constraint surface 146 preferably 
can have a width X of 1 to 15 mm, 1 to 10 mm, 2 to 8 mm, 2 
to 5 mm, 2 to 3 mm, or 2 mm or 3 mm, in order of preference. 
In another example, the constraint Surface can project from 
the surrounding surface of bone by a distance of 0.01 to 10 
mm, 0.1 to 5 mm, 0.25 to 2 mm, 0.5 to 1 mm, in order of 
preference. 
0101 The vertical length of a projection may also be var 
ied to control the engagement between a prosthetic device and 
bone, the amount of expansion gap, and the amount of bone 
tissue retained during preparation. As shown in the example 
of FIG. 7a, a projection 140 can have a vertical height L1 
relative to the total depth L2 of a pocket provided within a 
bone. Such a vertical height L1 of a projection 140 can be 
expressed as a ratio of the vertical height L1 of the projection 
140 to the total depth L2. Projections can be prepared such 
that the projections have a vertical height ratio of 5 to 100%. 
FIG.7b shows an example of a projection 140 with a vertical 
height L1 that extends 100% of the total depth L2 of a pocket. 
In another example, projections can have a vertical height 
ratio of 10 to 90%, 20 to 80%, 25 to 45%, or 40%, in order of 
preference. Alternatively, the vertical height of a projection 
can be expressed interms of a ratio of the vertical height of the 
projection to a height of a prosthetic device. For example, 
projections can have a vertical height ratio of 10 to 90%, 20 to 
80%, 25 to 45%, or 40%, in order of preference. In another 
example, each projection can be sized to have a ratio of 
projection area to total area of 1 to 99%, 5 to 90%, 5 to 80%, 
10 to 50%, 15 to 30%, in order of preference. 
0102 The prosthetic device and projections are preferably 
sized to provide an interference fit or press fit between the 
constraint features of the prosthetic device and the projec 
tions. FIG. 8a shows a side view of an exemplary interference 
fit between a prosthetic device 150 and a bone 152. Such a 
prosthetic device 150 can be configured to provide a compli 
ance between the prosthetic device 150 and the bone 152 so 
that the compressive forces produced between the prosthetic 
device 150 and the bone 152 may be accommodated by the 
prosthetic device 150 and the bone 152. Such an interference 
fit can be created when an implantation surface 158 of a 
prosthetic device 150 and the surface 156 of a bone, such as at 
a projection, are oversized such that the surfaces 158, 156 
overlap in a spatial region, Such as the region 159 indicated in 
the example of FIG. 8a. 
0103) As shown in the example of FIG. 8b, the prosthetic 
device 150 and the bone 152 can overlap in an interference 
region 159 over a distance X1, which can be a distance of for 
example, 0.25 to 0.75 mm, 0.33 to 0.66 mm, 0.40 to 0.6 mm, 
or 0.5 mm, in order of preference. Alternatively, a prosthetic 
device and the prepared anatomical structures of a bone can 
be configured such that there is an interference fit of 0 mm 
between the prosthetic device and the bone so that the pros 
thetic device and bone fit together line to line and substan 
tially without spatial overlap. The surface 156 of a bone 152 
can be shaped to accommodate and distribute compressive 
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forces provided between the bone 152 and a prosthetic device 
150. For example, the surface 156 of the bone 152 that 
engages with a prosthetic device 150 can have a rounded or a 
flat shape. 
0104. A prosthetic device and the bone projections can be 
designed so that compressive forces provided between the 
prosthetic device and the bone normally remain with a desired 
range. The following formulas can be utilized when design 
ing a prosthetic device and any prepared anatomical struc 
tures: 

0105 where O represents a stress applied to a given area, 
F represents a force applied to that area. A represents the 
amount of the area, E represents the modulus of the material, 
and represents an amount of strain induced in the material. 
The amount of stress induced in a prosthetic device or bone 
can also be a function of whether a prepared anatomical 
feature in a bone is a temporary feature. Such as a feature used 
during trials of a prosthetic device, or a permanent prepared 
anatomical feature. For example, if a prepared anatomical 
feature is provided as a permanent feature, a prosthetic device 
and the prepared anatomical feature can be designed such that 
O is less than O, which represents the yield strength of the 
bone. In another example, the prosthetic device and the pre 
pared anatomical feature can be designed Such that O is 
greater than 0.1 O, and less than 0.8 O, or greater than 0.3 O, 
and less than 0.7 O. Conversely, if a prepared anatomical 
feature of a bone is a temporary feature a prosthetic device 
and the prepared anatomical feature can be designed such that 
O greater than or equal to O. More particularly, the pros 
thetic device and the prepared anatomical feature can be 
designed such that O is less than or equal to 0.5 O. 
0106 The circumferential length prepared anatomical 
features can be selected to maximize engagement between a 
prosthetic device and the prepared anatomical features, and 
thus minimize or prevent unwanted movement of the pros 
thetic device, but also to provide a properly sized expansion 
gap between the prosthetic device and a bone to also constrain 
the prosthetic device with bone cement or another joining 
Substance provided in the expansion gap. 
0107 Although the above examples relate to prosthetic 
devices for a tibia, the present invention also can be applied to 
other bones and joints, such as a hip joint. FIG. 10 is a cross 
sectional view of a femur 300 that has been prepared to 
provide a pocket for a prosthetic device 302, i.e., a femoral 
stem, which has been inserted into an opening formed in the 
cortical bone 305 of the femur 300. The prosthetic device 302 
can include a body portion 301. According to another 
example, the prosthetic device can be a hybrid system that 
includes a plastic centralizer, although one is not required for 
the present invention. For example, the prepared anatomical 
structures of the femur 300 can be sufficient to provide a 
desired angle for the prosthetic device 302 without additional 
components or features to provide a Varus/valgus angle that is 
accurate and close to a Surgical plan. 
0108. The pocket of the femur 300 can be prepared to 
provide an expansion gap between the prosthetic device 302 
and the femur 300 for bone cement 304 or another joining 
substance. In addition, the femur 300 has been prepared to 
provide one or more prepared anatomical structures to engage 
with the prosthetic device 302. 
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0109 As shown in FIG. 11a, which is a cross sectional 
view along line A-A in FIG. 10, and in FIG. 11b, which is a 
cross sectional view along line B-B in FIG. 10, the prepared 
anatomical structures can be provided as projections 306 that 
extend from a surface of the femur 300 and engage the pros 
thetic device 302, such as a constraint structure 307 on an 
implantation surface 301 of the prosthetic device 302. The 
projections 306 can be configured to engage with the pros 
thetic device 302 to provide a compressive force between the 
projections 306 and the prosthetic device 302. For example, 
the prosthetic device can include plurality of projections that 
project from a lateral side portion of an implantation Surface 
of the prosthetic device. According to another example, the 
projections can extend Vertically, as shown in the example of 
FIGS. 10-11b and/or can extend along a circumferential 
perimeter of the pocket provided with the femur 300, as 
discussed in regard to the examples herein. As shown in the 
examples of FIGS. 11a and 11b, the projections 306 can be 
provided as three projections or four projections that engage 
a surface of the prosthetic device 302. In another example, 
five or more projections can be provided. The projections 306 
can be used to center the prosthetic device 302 within the 
pocket of the femur 300 while providing an expansion gap for 
the bone cement 304 or other joining substance. 
0110. The bone projections described above preferably 
are permanent, i.e., they remain Substantially intact after the 
prosthetic device has been fully implanted in the pocket. 
However, it is not required that the bone projections be per 
manent. They instead could be temporary. For example, the 
bone projections could be utilized during aparticular phase of 
Surgery to position the prosthetic device and thereafter elimi 
nated, e.g., crushed. As a specific example, the bone projec 
tions could be used to achieve initial positioning of the pros 
thetic device and when a surgeon drives the prosthetic device 
into a final implanted position, Such as through an impact 
force, the bone projections could be configured to be crushed 
to allow the prosthetic device to move into that final 
implanted position. As a further alternative, the bone projec 
tions could be used to position a trial prosthetic device and 
then be crushed when the permanent prosthetic device is 
implanted. 
Creating Bone Projections that Project into Recesses in Pros 
thetic Device 
0111. Another implementation of the planning method 
includes defining the bone cutting pattern for removing a first 
portion of bone in the first area sufficient to seat a body 
portion of the prosthetic device and for maintaining a portion 
of the second portion of bone in the second area to provide a 
projection that is configured to project into a recess in the 
prosthetic device forming at least a portion of the constraint 
Structure. 

0112. In this embodiment, the pocket in the bone can be 
formed by a process similar to that described above. However, 
the bone surface can be prepared to provide projections that 
interact with a constraint structure, i.e., a recess, of a pros 
thetic device. 

0113 FIG.12a shows a cross-sectional view of an exem 
plary prosthetic device 50 as the prosthetic device 50 is being 
implanted into a bone 60. FIG. 12b shows the prosthetic 
device 50 in an advanced stage of implantation into the bone 
60, and FIG.12c shows the prosthetic device 50 after implan 
tation into the bone 60. 
0114. As shown in the example of FIG.12a, the prosthetic 
device 50 can include an implantation surface 58 and a con 

Aug. 26, 2010 

straint structure that includes a first projection 54 and a sec 
ond projection 56 that project from the implantation surface 
58 of the prosthetic device 50 in a lateral direction, as indi 
cated by arrow L in the example of FIG. 12c, to form a recess 
52. The first projection 54 and the second projection 56 can 
each be a single, continuous projection extending around at 
least a portion of the circumference of the prosthetic device 
50 or include plural, discrete projections dispersed around the 
circumference of the prosthetic device 50. Similarly, the 
recess 52 can be a single, continuous channel extending 
around the circumference of the prosthetic device 50 or be a 
plurality of discrete channels dispersed around the circum 
ference of the prosthetic device 50. 
0.115. As shown in the examples of FIGS. 12a-12c, the 
recess 52 can receive and engage a projection 62 of the bone 
60 to constrain the prosthetic device 50. Providing such an 
engagement between the prosthetic device 50 and the bone 60 
permits a practitioner to “snap' the prosthetic device 50 in 
place, providing confidence that the prosthetic device 50 has 
been implanted Substantially according to a Surgical plan 
while minimizing or preventing unwanted movement of the 
prosthetic device 50. 
0116. The bone 60 can have one or more bone projections 
62 that engage with the prosthetic device 50. The bone pro 
jection 62 can be a single, annular bone projection 62 that 
extends along a portion or entirety of the circumference of the 
prosthetic device 50 or be plural, discrete bone projections 62 
dispersed along the circumference of the prosthetic device 50. 
0117 The recess 52 also can serve as a side cement chan 
nel that is partially or fully filled with bone cement or other 
fixation Substances during implantation of the prosthetic 
device 50. 

0118 FIG. 13 shows an example of a prosthetic device 20, 
i.e., a tibial inlay, for implantation into a tibia, Such as in the 
examples discussed immediately above. As shown in the 
example of FIG. 13, the prosthetic device 20 can include a 
body portion 22 for attachment to a bone and an implantation 
Surface 24 that is configured to face the bone upon implanta 
tion of the prosthetic device 20. The prosthetic device 20 can 
include a constraint structure that enhances the location and 
positioning of the prosthetic device 20 during implantation. 
In the example shown in FIG. 13, the prosthetic device 20 can 
include a first projection 26 as a constraint structure. The first 
projection 26 can project in a lateral direction of the body 
portion 22 from the implantation surface 24 of the prosthetic 
device 20 so that the first projection 26 is configured to engage 
with a bone portion, such as a recess or projection of bone. 
The prosthetic device 20 may further include a second pro 
jection 28, as shown in the example of FIG. 13 and FIG. 14, 
which is a side view of the prosthetic device 20 shown in FIG. 
13. The second projection 28 may serve as a constraint struc 
ture, alternatively or in addition to the first projection 26 
because the second projection 28 may also project in a lateral 
direction of the body portion 22 from the implantation surface 
24 of the prosthetic device 20 so that the second projection 28 
is configured to engage with the prepared features of a bone, 
Such as a recess or channel shaped to receive the second 
projection 28. 
0119 The second projection 28 can have a shape that is 
matched to the instruments used to prepare a bone surface. 
For example, the second projection 28 can have an edge 
radius that is matched to a size of an instrument used to 
prepare a bone surface. Such as a radius of a burr, Such as, for 
example a 6 mm burr. According to another example, the 
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prosthetic device 20 can be configured such that all features of 
the prosthetic device 20 correspond to a minimal number of 
instruments to facilitate bone preparation. For example, the 
prosthetic device 20 can be configured such that a single burr, 
Such as, for example, a 6 mm burr, can be used to prepare a 
bone for the prosthetic device 20. 
0120. The prosthetic device 20 can include a recess 30, as 
shown in the examples of FIGS. 13 and 14. The side recess 30 
can be formed as a recess in the implantation Surface 24 that 
provides a space for bone cement or another joining Substance 
so that a relatively large fixation force can be provided 
between the prosthetic device 20 and the bone that the pros 
thetic device 20 is implanted into. Therefore, the prosthetic 
device 20 can have a pullout strength that is comparable to 
that of onlay designs. Such a side recess 30 can have a size of 
for example, 0.25 to 10 mm, 0.25 to 5 mm, 0.5 to 3 mm, 1 to 
2 mm, in order of preference. In the opposing direction, the 
same size can be applied. The shape of the form can be 
rectangular, circular, dovetail, cylindrical, arcuate, corru 
gated, or other appropriate forms, such as those that could by 
made by a tool Such as a router. 
0121 The prosthetic device 20 can include one or more 
X-ray marker pins 34 to assist in the location and positioning 
of the prosthetic device 20 during implantation. In addition, a 
bottom surface of the prosthetic device 20 can include a 
recess 38, as shown in the example of FIG. 15, which shows 
a cement pocket in the form of the letter D. 
0122 FIG. 16a shows a cross-sectional view of another 
exemplary prosthetic device 70 as the prosthetic device 70 is 
being implanted into a bone 80. FIG. 16b shows the prosthetic 
device 70 in an advanced stage of implantation into the bone 
80 and FIG.16c shows the prosthetic device 70 after implan 
tation into the bone 80. 
0123. In the example shown in FIGS. 16a-16c, the pros 

thetic device 70 includes an implantation surface 72 and a 
constraint structure. The constraint structure can be formed 
by a projection 74 projecting from the implantation surface 72 
of the prosthetic device 70 to form a recess in a side of the 
prosthetic device 70. Such a projection 74 can be a single, 
continuous projection extending around at least a portion of 
the circumference of the prosthetic device 70 or include plu 
ral, discrete projections dispersed around the circumference 
of the prosthetic device 70. Such a projection 74 can engage 
with the bone 80 to constrain the prosthetic device 70, thus 
aiding in fixing the prosthetic device 70 to the bone 80 and 
minimizing or preventing unwanted movement of the pros 
thetic device 70. 
0.124. The bone 80 can include a bone projection 82, which 
can be a single, continuous projection extending around at 
least a portion of a circumference of a cavity formed in the 
bone 80 for the prosthetic device 70 or can include a plurality 
of discrete projections dispersed about the circumference of 
the cavity in the bone 80. As shown in the examples of FIGS. 
16a-16c, the projection 82 can form a recess 84, which can 
accommodate the projection 74 of the prosthetic device 70. 
Thus, the projection 74 can be configured to engage with the 
bone 80 at the recess 84 such that the prosthetic device 70 is 
constrained. Similarly, the bone forms a projection that 
extends into the recess formed by the projection 74. 
0125 FIG. 17a shows an example of a bone 170 with a 
prepared pocket 172. The bone 170 includes projections 174 
formed from the bone and provided within the pocket 172. As 
shown in FIG. 17b, which is a cross sectional view along line 
A-A in FIG. 17a, the projections 174 can extend vertically 
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into the pocket 172 from a bottom surface of the prepared 
pocket 172. Such projections 174 can be inserted into corre 
sponding recesses or holes in a prosthetic device to center, 
locate, and position the prosthetic device within the pocket 
172 and to minimize or prevent unwanted movement of the 
prosthetic device. 
0.126 FIG. 18a is a top view of an exemplary prosthetic 
device 180 that can be used with the prepared bone of FIGS. 
17a and 17b. As shown in FIG. 18b, which is a cross sectional 
view along line B-B of FIG. 18a, the prosthetic device 180 
can include recesses or holes that receive the bone projections 
174 of bone 170. The prosthetic device 180 can also include 
a channel or undercut 184 within the bone projections to 
provide an expansion gap or space for bone cement or other 
fixation Substance. 

I0127. The recesses prepared in a bone and the constraint 
structures can also be configured to interlock with one 
another to constrain the prosthetic device. For example, FIG. 
19a is a top view of a prosthetic device 200 and a bone 202 
that has been prepared to include one or more interlock pro 
jections 204. As shown in FIG. 19b, which is a cross-sectional 
view along line B-B of FIG. 19a, the interlock projections 204 
can extend vertically upwards from the bone 202, and the 
prosthetic device 200 can include one or more recesses or 
channels 206 configured to receive the interlock projections 
204, such as by sliding the prosthetic device 200 onto the bone 
in the direction indicated by arrow S in FIG. 19a. The chan 
nels 206 can have a shape that is matched to the shape of the 
interlock projections 204, as shown in the example of FIGS. 
19a and 19b. In another example, the bone projections 204 
can have a dovetail shape or other shape to promote interlock 
ing between a prosthetic device and bone. 
I0128. The recesses or channels 206 in the implantation 
surface of the prosthetic device 200 can be configured to 
receive bone to constrain the body portion of the prosthetic 
device 200 in at least two translational degrees of freedom. 
For example, the recesses or channels 206 can be configured 
constrain the prosthetic device 200 in directions normal to the 
sliding direction indicated by arrow S in the example of FIG. 
19. 

0129. The recesses or channels 206 can include at least 
one sidewall 221 with portions for engaging bone to constrain 
the body portion of a prosthetic device 200 in at least two 
translational degrees of freedom. For example, the recesses 
206 can include an inner surface 205 and a recess surface 207, 
with the recess surface 207 disposed between the inner sur 
face 205 and a proximal portion 203 of an implantation sur 
face of the prosthetic device 200 so as to form a space 209 for 
receiving an interlock-projection Surface of the interlock pro 
jection 204 of the bone between the recess surface 207 and the 
inner surface 205. The recess surface 207 preferably includes 
a Substantially planar portion 211 that extends at an obtuse 
angle relative to the proximal portion 203 of the implantation 
surface. In another example, the interlock projection 204 
includes an additional interlock-projection Surface that con 
tacts an additional recess surface 225 configured to receive 
bone in a space between the additional recess surface 225 and 
the inner surface 205. In another example, the recess surface 
207 can include a substantially arcuate portion. In another 
example, a recess or channel can include an additional recess 
Surface configured to form a space for receiving bone 
between the additional recess surface and the inner surface of 
the recess or channel. 
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0130 FIG. 20 shows a cross-sectional view of an exem 
plary prosthetic device 36 that can be used with the method 
shown in FIGS. 19a and 19b. As shown in FIG. 20, the 
prosthetic device can include one or more recesses 38 on a 
bottom surface of the prosthetic device 36. The recess 38 can 
be configured to accommodate bone cement or another join 
ing Substance during implantation of the prosthetic device 36 
to enhance location and positioning of the prosthetic device 
36. Thus, the recess 38 may serve as a constraint structure of 
the prosthetic device 36, with the bottom surface of the pros 
thetic device 36 serving as an implantation Surface. Such a 
recess 38 can be partially or fully filled with bone cement or 
another joining Substance during implantation of the pros 
thetic device 36. 
0131 The prosthetic device 36 can have one or more X-ray 
marker pins 42. Further, the prosthetic device 36 can include 
a recess or side cement channel 44. Such as the recess dis 
cussed above, in addition to the recess 38. Such a recess 44 
can be formed by one or more projections, as discussed 
herein. 
0.132. In another example, this method can also be applied 

to a femur. FIG.21a shows a femur 290 that has been prepared 
to provide a pocket 291 to receive a prosthetic device. The 
pocket 291 has been selectively prepared to provide a pre 
pared anatomical structure 292 that is configured to engage 
with the prosthetic device to locate and position the prosthetic 
device so that unwanted movement of the prosthetic device is 
minimized or prevented. Such a prepared anatomical struc 
ture 292 can be a projection extending from a surface of the 
femur 290, as shown in the example of FIG. 21a. 
0133 FIG. 21b shows a side cross sectional view of the 
femur 290 of FIG. 21a. As shown in FIG. 21b, the femur can 
be prepared to provide a plurality of prepared anatomical 
structures 292 to engage with a prosthetic device. Such as the 
device 294 of FIG.22, which includes one or more constraint 
structures, such as projections 296, to engage with the ana 
tomical structures 292. The prosthetic device 294 can include 
one or more constraint structures 296, as shown in the 
example of FIG. 22. The constraint structure 296 can be a 
projection extending from a surface of the prosthetic device, 
as discussed in regard to the examples herein. Such projec 
tions can engage with a femur to provide a compressive force 
between the femur and the prosthetic device. The prosthetic 
device can be a total knee prosthetic device, as shown in the 
example of FIG. 22, or can be a unicompartmental prosthetic 
device or a segment of a total knee or unicompartmental 
prosthetic device. 
0134. The prepared anatomical structures 292 can be a 
plurality of recesses or channels configured to receive and 
engage with the features of the prosthetic device. The pre 
pared anatomical structures 292 can be discrete structures, as 
shown in the example of FIG. 21b, or be a single, continuous 
structure. The prepared anatomical structures can extend in 
an anterior-posterior direction, as shown in the example of 
FIG 21b. 
0135. This method can also be applied to acetabular hip 
prosthetic devices. In total hip arthroplasty the acetabulum 
receives a cup that is typically spherical inform. In an impac 
tion technique the cup is pressed into a slightly undersized 
mating form. However, due to the shape of the cup inclination 
and/or abduction can occur, causing implantation to possibly 
deviate from a Surgical plan. 
0.136 FIG. 23a shows an example of a portion of hip bone 
310 that includes a prepared pocket 312 for a prosthetic 
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device. The hip bone 310 can be prepared to include prepared 
anatomical structures to engage with the prosthetic device 
and provide compression forces between the hip bone and the 
prosthetic device. For example, the prepared anatomical 
structures can be projections 314, as shown in the example of 
FIG. 23. 
0.137 Aprosthetic device 316 can be configured to include 
a constraint structure. Such as a projection and/or recess 318, 
that engages with the prepared anatomical structures of the 
hip bone 310, as shown in the example of FIG. 23b, which 
shows the prosthetic device as it is being inserted into the 
pocket 312 of the hip bone 310. FIG. 23c shows the prosthetic 
device 316 after implantation is complete. According to an 
example, an end 317 of the prosthetic device 316 can engage 
with one or more of the projections 314 of the hip bone 310, 
as shown in FIGS. 23b and 23c. According to another 
example, the prosthetic device includes at least one recess 319 
that includes a sidewall 313 with at least two portions for 
engaging the hip bone 310 to constrain a body portion of the 
acetabular cup in at least two translational degrees of free 
dom. 
0.138. By providing the constraint structures in the pros 
thetic device 316 and the prepared anatomical features in the 
hip bone 310, the prosthetic device 316 can be located and 
positioned in the hip bone with minimal or no deviation from 
a Surgical plan due to unwanted movement of the prosthetic 
device 316. In addition, the constraint structures in the pros 
thetic device 316 and the prepared anatomical features in the 
hip bone 310 can provide a controlled placement of the pros 
thetic device 316 within the hip bone 310, thus increasing 
confidence that implantation of the prosthetic device 316 has 
occurred according to a Surgical plan. 
Creating Bone Recess to Receive Projections from Prosthetic 
Device 
0.139. Another implementation of the planning method 
includes defining the bone cutting pattern for removing a first 
portion of bone in the first area sufficient to seat a body 
portion of the prosthetic device and for removing a portion of 
the second portion of bone in the second area to provide a 
recess that is configured to receive a projection from the 
prosthetic device forming at least a portion of the constraint 
structure. For example, a constraint structure of a prosthetic 
device can include at least one interlock projection projecting 
from an implantation Surface and having an interlock-projec 
tion Surface configured to receive bone in a space between the 
interlock-projection Surface and a proximal portion of the 
implantation Surface. 
0140 FIG.24a is a top view of a prosthetic device 210 and 
a bone 212 that has been prepared to include one or more 
recesses or channels 214, according to another example. The 
prosthetic device 210 includes one or more interlock projec 
tions 216 that project from an implantation surface 215 of the 
prosthetic device 210. As shown in FIG. 24b, which is a cross 
sectional view along line C-C of FIG. 24a, the interlock 
projections 216 of the prosthetic device 210 can be inserted 
into the channels 214 of the bone 212, such as by sliding the 
prosthetic device 210 towards the bone 212 from a lateral side 
of the bone 212, as indicated by arrow S in FIG. 24a. As 
shown in the example of FIGS. 24a and 24b, the prosthetic 
device 210 can be configured to include an interlock-projec 
tion surface 217 that is configured to receive bone in a space 
219 between the interlock-projection surface 219 and a proxi 
mal portion 213 of the implantation surface. The interlock 
projection Surface 217 can include a substantially planar por 
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tion 229 that extends over the proximal portion at an acute 
angle relative to the proximal portion 213 of the implantation 
surface. The interlock-projection surface 219 can alterna 
tively include a substantially arcuate portion 227. 
0141 FIG.25a is a top view of a prosthetic device 194 and 
a bone 190 that has been prepared to include one or more 
recesses or channels 192, according to another example. The 
prosthetic device 194 includes one or more interlock projec 
tions 196 that project from an implantation surface 198 of the 
prosthetic device 194. For example, the interlock projections 
196 can project from a bottom side portion 223 of the implan 
tation surface 198. As shown in FIG. 25b, which is a cross 
sectional view along line A-A of FIG. 25a, the interlock 
projections 196 of the prosthetic device 194 can be inserted 
into the channels 192 of the bone 190, such as by sliding the 
prosthetic device 194 towards the bone 190 from a lateral side 
of the bone 190, as indicated by arrow Sin FIG.25a. Thus, the 
interlock projections 196 and the channels 192 can locate and 
position the prosthetic device 194 relative to the bone 190 
such that unwanted movement of the prosthetic device 194 is 
minimized or prevented. The interlock projections 196 and 
the channels 192 can have dovetail shapes, as shown in the 
examples of FIGS. 25a and 25b, or other shapes to promote 
interlocking between a prosthetic device and bone. 
0142. As shown in the example of FIGS.25a and 25b, the 
prosthetic device 194 can be configured to include an inter 
lock-projection surface 197 that is configured to receive bone 
in a space 195 between the interlock-projection surface 197 
and a lower portion 199 of the implantation surface. The 
interlock-projection surface 197 can include a substantially 
planar portion that projects over and extends at an acute angle 
relative to the lower portion 199 of the implantation surface, 
as shown in the example of FIGS. 25a and 25b. 
0143. The recesses or channels in the implantation surface 
of the prosthetic device can be configured to receive bone to 
constrain the body portion of the prosthetic device in at least 
two translational degrees of freedom. For example, the 
recesses or channels can be configured constrain the pros 
thetic device in directions normal to the sliding direction 
indicated by arrow S in the examples of FIGS. 24a and 25a. 
0144. The recesses or channels and projections described 
above in regard to FIGS. 24a, 24b, 25a, and 25b can be used 
with a bone cement or other joining Substance to fix a pros 
thetic device to a bone. Alternatively these recesses or chan 
nels and projections can be used to constrain a prosthetic 
device in the bone in the absence of bone cement or other 
adhesive Substance. 
0145 FIG. 26a shows another example of a prosthetic 
device 328, i.e., an acetabular cup, with a plurality of con 
straint structures, which can be a plurality of vertically 
extending projections 330, as shown in FIG. 26a and FIG. 
26b. The projections shown in FIGS. 26a and 26b can be 
configured to engage with the prepared anatomical features of 
hip bone to provide desired positioning between the projec 
tions and the prepared anatomical features. 
0146 In another example, the recesses or channels can 
include a sidewall with at least two portions for engaging 
bone to constrain the body portion of a prosthetic device in at 
least two translational degrees of freedom. The recesses or 
channels can include an inner Surface and a recess Surface, 
with the recess surface disposed between the inner surface 
and a proximal portion of an implantation Surface of the 
prosthetic device so as to form a space for receiving bone 
between the recess surface and the inner surface. In another 
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example, the recess Surface can include a substantially planar 
portion that extends at an obtuse angle relative to the proximal 
portion of the implantation Surface. For example, the recess 
surface can be provided in the shape of a dovetail. In another 
example, the recess Surface can include a Substantially arcu 
ate portion. In another example, a recess or channel can 
include an additional recess Surface configured to form a 
space for receiving bone between the additional recess Sur 
face and the inner Surface of the recess or channel. 

Receiving Prosthetic Device Having Compressive Projec 
tions 

0147 To provide enhanced location and positioning of a 
prosthetic device in a bone, a prosthetic device can include a 
body portion for attachment to a bone that includes an implan 
tation Surface configured to face the bone upon implantation 
and a constraint structure configured to constrain the pros 
thetic device in the bone. The constraint structure can include 
at least one projection that projects from the implantation 
Surface. Such a projection can project in a lateral direction of 
the body portion from the implantation Surface and be con 
figured to provide a compressive force between the prosthetic 
device and the bone. Such projections can create a compres 
sive force by causing the projection to be compressed, the 
bone to be compressed, or both the projection and the bone to 
be compressed. 
0148 FIG.27 shows an example of a prosthetic device510 
implanted in a bone 500, such as a tibia. The prosthetic device 
510 includes at least one constraint structure, such as a pro 
jection 512, that projects from an implantation surface 514 of 
the prosthetic device 510 to engage a surface of the bone 500 
within a pocket prepared within the bone 500, providing a 
compressive force between the prosthetic device 510 and the 
bone 500. Such projections 512 can have different sizes and 
shapes, as discussed for the exemplary projections discussed 
herein, and can be configured to provide an interference fit 
with the bone 500. By providing a compressive force between 
the prosthetic device 510 and the bone 500, the location and 
positioning of the prosthetic device 510 can be aided and 
unwanted movement of the prosthetic device 510 can be 
minimized or prevented. 
014.9 The projections described in the various embodi 
ments above preferably are permanent, i.e., they remain Sub 
stantially intact after the prosthetic device has been fully 
implanted in the pocket. However, it is not required that the 
projections be permanent. They instead could be temporary. 
For example, the projections could be utilized during a par 
ticular phase of Surgery to position the prosthetic device and 
thereafter eliminated, e.g., crushed. As a specific example, the 
projections could be used to achieve initial positioning of the 
prosthetic device and when a Surgeon drives the prosthetic 
device into a final implanted position, Such as through an 
impact force, the projections could be configured to be 
crushed to allow the prosthetic device to move into that final 
implanted position. 

Providing Projections for Positioning of Prosthetic Device 

0150. According to another example, a bottom surface of 
a pocket prepared within a bone can include a prepared ana 
tomical structure that a prosthetic device is configured to 
engage Such that the prosthetic device is constrained to mini 
mize unwanted movement. As shown in the example of FIG. 
28a, a pocket 252 can be prepared in a bone 250 and at least 
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one projection 254 can beformed on a bone surface 256 of the 
pocket 252. The projection 254 can be prepared by selectively 
removing and maintaining bone tissue to provide a projection 
254 that extends vertically into the pocket 252. The projection 
254 can be a single projection in the shape of a cross, as shown 
in the example of FIG. 28a, or be one or more discrete pro 
jections with various shapes. 
0151. A projection 254 can be used to control the depth to 
which a prosthetic device is inserted into the pocket 252. For 
example, the height of the projection 254 can be designed to 
control the depth of the prosthetic device within the pocket 
252 and/or to control an expansion gap for bone cement or 
other joining Substance between the prosthetic device and the 
bone 250. Thus, the prosthetic device can sit or be placed on 
top of one or more projections 254 within the pocket 252. In 
a further example, the projections 254 can permit a practitio 
ner to prepare the pocket 252 in less time because the top 
engaging Surfaces of the projections 254 could be prepared 
with relatively high precision while the remaining portions of 
the bottom surface 256 could be prepared with less precision, 
permitting the preparation of the pocket 252 to be accom 
plished in less time. In addition, by providing one or more 
projections 254 to engage with and Support a prosthetic 
device, any asperities that would otherwise be present in the 
bottom surface 256 and their effects on the location and 
positioning of a prosthetic device are avoided by Supporting 
the prosthetic device above the bottom surface 256 on the 
projection 254. 
0152 FIG. 28b shows another example of a pocket 262 
prepared in a bone 260. The bone 260 has been selectively 
prepared to provide a single, continuous, annular projection 
264 that extends around a circumferential perimeter of the 
bottom surface 266 of the pocket 262. Such a projection 264 
can be used to engage with and Support a prosthetic device, as 
discussed above in regard to the example of FIG. 28a. 
0153 FIG. 28c shows another example of a pocket 272 
prepared in a bone 270. The bone 270 has been selectively 
prepared to provide a plurality of projections 274 that extend 
vertically upwards from a bottom surface 276 of the pocket 
272. Such projections 274 can engage with and Support a 
prosthetic device, as discussed above in regard to the example 
of FIG. 28a. The projections 274 can have a top surface 278 
that is Substantially flat, slightly rounded, or other shapes to 
facilitate engagement between the prosthetic device and the 
projections. 
0154 FIG. 29a shows an example of a prosthetic device 
320, i.e., an acetabular cup, that includes a plurality of con 
straint structures. As shown in the example of FIG. 29a, the 
constraint structures can be a plurality of projections 322 that 
extend radially along the outer surface of the prosthetic 
device 320. Such projections can be configured to provide a 
desired position between the prosthetic device and the bone 
that the prosthetic device engages. FIG. 29b shows an 
example of a prosthetic device 324 that includes a plurality of 
horizontally oriented constraint structures, such as projec 
tions 326. 
0155 According to another example, prepared anatomical 
structures can be used to aid in the location and/or positioning 
of prosthetic devices during implantation in bone. Such pre 
pared anatomical structures can be used to help locate and/or 
position one or more Surfaces of a prosthetic device. Such as 
a primary datum surface, secondary datum surface, and/or 
tertiary datum Surface. For example, the bone preparation 
techniques described herein can be used to provide geometric 
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landmarks in the pelvic region. Such geometric landmarks 
can assist in the implantation of a prosthetic device. For 
example, prepared anatomical structures can provide geomet 
ric landmarks in the pelvic region that serve as references that 
provide positioning information of the pelvis during implan 
tation of a prosthetic device. In another example, selective 
removal or non-removal of bone can be implemented to pro 
vide prepared anatomical structures and a prosthetic device 
can have corresponding features, such as Surfaces, projec 
tions, or recesses, that engage with or mate with the prepared 
anatomical structures. Both types of prepared anatomical fea 
tures can provide better positioning of a prosthetic implant 
and visual verification of the location of a prosthetic device by 
Surgeon, thus increasing confidence that implantation of a 
prosthetic device has been fully successful. 
0156 The prepared anatomical structures, such as bone 
projections, discussed herein can be also be used to locate or 
position an instrument instead of, or in addition to, a pros 
thetic device. For example, prepared anatomical structures, 
Such as bone projections, can be used as visual cues when 
orienting and positioning a tibial baseplate that includes a 
keel that must be accurately inserted into a tibia. The prepared 
anatomical structures can also engage with or mate with 
instruments that guide and/or place a prosthetic device. Such 
the tibial baseplate with a keel. 

Robotic System 
0157. The planning methods and prosthetic devices 
described herein do not require the use of a robotic system. 
For example, jigs or similar guiding instruments can be used 
to assist in the preparation of bone. However, a robotic system 
for preparing a bone to receive a prosthetic device can be 
particularly beneficial for practicing the planning methods 
and implanting the prosthetic devices. For example, it can 
increase the accuracy and precision of bone preparation and 
the features produced during bone preparation. FIG.30 shows 
an example of a preferred haptic robotic system 600. Such a 
robotic system 600 is described in Published U.S. Patent 
Application Pub. No. 2009/0000626, which is hereby incor 
porated herein by reference in its entirety. 
0158. The robotic system 600 preferably includes a con 
trollable guide structure configured to guide cutting of the 
bone into a shape for receiving the prosthetic device. The 
controllable guide structure can include, for example, a 
robotic arm 610. The robotic arm 610 is configured to guide 
a Surgeon to control the resection of bone. As shown in the 
example of FIG.30, the robotic arm 610 of the robotic system 
can be used to operate on a leg L, which includes a femur F. 
and a tibia T, although the robotic system 600 can be used on 
other bones and joints. 
0159. The robotic system 600 can include a computer 620. 
The computer 620 can have a computer readable medium for 
storing data representative of the prosthetic device. The com 
puter 620 also can form at least part of a control system for 
controlling the guide structure, e.g., robotic arm 610. 
0160 The control system preferably is configured to 
define at least one bone-cutting pattern for (i) removing a first 
portion of bone in a first area sufficient to seat the body 
portion of the prosthetic device and (ii) at least one of remov 
ing and maintaining a second portion of bone in a second area 
configured to interact with the constraint structure. The con 
trol system can be configured to define the various bone 
cutting patterns described above in connection with the plan 
ning methods. For example, the control system may include 
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planning software and information about the geometry of a 
prosthetic device, Surgical instruments used, and/oranatomy 
being prepared, thus providing greater Surgical confidence 
due to the accuracy and precision of the robotic system. The 
Software can permit manipulation of a feature plan, which can 
include information about the location, orientation, size, and/ 
or shape of at least one of the prosthetic device and the 
anatomy being prepared so that the feature plan can be per 
Sonalized for the patient but in conformance with instruments 
used and the prosthetic device and its features, including any 
mating and constraining features of the prosthetic device. 
0161 The robotic system 600 also may include a display 
630 that is controlled by the control system to display infor 
mation representative of the at least one bone-cutting pattern 
on the display. 

Trauma 

0162 According to another example, the features of the 
examples described herein can be provided to bones that have 
experienced trauma, such a fracture. FIG. 31a shows a bone 
340 undergoing trauma, such as one or more fractures, caus 
ing the bone 340 to be broken into multiple pieces 342. Such 
fractures may require Surgery, including reduction and stabi 
lization, Such as when a fracture occurs mid-shaft in a femur. 
Such surgery requires properalignment and orientation of the 
bone pieces 342. 
0163 As shown in the example of FIG. 31a, the bone 
pieces 342 can be prepared to include prepared anatomical 
structures 344, such as a recess or channel or a projection, on 
each bone piece 342 to provide mating, corresponding struc 
tures. For example, a first bone piece can be provided with a 
recess or channel while a second bone piece that mates with 
the first can be provided with a projection that engages with or 
mates with the recess or channel of the first bone piece. Such 
corresponding bone pieces can be provided with a single pair 
of corresponding structures or a plurality of corresponding 
structures, as shown in the example of FIG.31b, which shows 
an enlarged portion of corresponding bone pieces joined 
along a fracture line 346. Such structures guide joining of the 
bone pieces and assist in the location and positioning of the 
bone pieces relative to one another. In addition, the prepared 
anatomical structures 344 can serve only as cues to assist in 
the alignment and positioning of the bone pieces without 
acting as engagement structures. FIG. 31c shows various 
exemplary geometries that can be used for the prepared ana 
tomical structures 344, or for other anatomical structures 
discussed herein. 
0164 FIG. 32a shows another example of a bone piece 
350 that has been fractured from a bone due to trauma. In this 
example, the bone piece 350 has been prepared to include 
prepared anatomical structures 352 to engage with a hard 
ware component that assists in joining bone pieces and heal 
ing fractures between the bone pieces. Such prepared ana 
tomical structures can be, for example, recesses or channels, 
as shown in the example of FIG.32a, or projections extending 
from a surface of the bone piece 350 prepared by the selective 
preparation of a surface of the bone piece 350. The prepared 
anatomical structures 352 can be configured to engage with 
constraint structures of a hardware component, such as a 
fracture plate 354, as shown in the example of FIG. 32b. For 
example, the fracture plate 354 can include projections 356 
that can be inserted into recesses 352 provided in the bone 
350, thus guiding insertion and alignment of the fracture plate 
354 relative to the bone piece 350. 
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(0165 FIG. 33 shows another example of a bone 360 that 
has been fractured into multiple bone pieces B. However, due 
to Surgical preparation of the bone pieces, one piece B may 
not be suitable for rejoining or a void may otherwise be 
created in the assembly of bone pieces B. An additional piece 
HB, such as a harvested bone piece or piece of biocompatible 
material may be used to replace the missing piece or void and 
promote healing of the trauma. The bone pieces B and addi 
tional piece HB can include prepared anatomical structures 
and constraint structures discussed in regard to the examples 
of FIGS. 31a-32b to assist in the location and positioning of 
the bone pieces B and the additional piece HB. 

CONCLUSION 

0166 The prosthetic devices, systems, and methods 
described herein can be used in various bones, joints, and 
Surgical techniques. For example, the prosthetic devices, sys 
tems, and methods described herein can be used in full or 
partial knee procedures, hip procedures, or shoulder proce 
dures. In addition, the prosthetic devices, systems, and meth 
ods described herein can be used in spinal procedures, ankle 
procedures, elbow procedures, wrist procedures, hand proce 
dures, foot procedures, dental procedures, such as maxilla 
and mandible operations, and trauma procedures. 
0167. The prosthetic devices discussed herein can be fixed 
to bone with a cement or other Substance, such as, hydroxya 
patite (HA) (collectively referred to as adhesive herein). In 
another example, the prosthetic devices discussed herein can 
be fixed to bone via a mechanical connection or interlock that 
does not require a cement or adhesive Substance. For 
example, a prosthetic device can include a porous Surface that 
has a microscopic texture that mechanically joins to a Surface 
of a bone. The features and examples discussed above for hip 
prosthetic devices can also be applied to shoulder prosthetic 
devices because these prosthetic devices and bones have simi 
larities. 
0.168. The prosthetic devices discussed herein can be 
made of any suitable material. Such as, for example, polymer 
material. The polymer could be, for example, ultra high 
molecular weight polyethylene (UHMWPE). 
0169. Other embodiments of the present invention will be 
apparent to those skilled in the art from consideration of the 
specification and practice of the invention disclosed herein. It 
is intended that the specification and examples be considered 
as exemplary only. 

What is claimed is: 
1. A prosthetic device for implantation in bone, compris 

ing: 
a body portion for attachment to a bone, wherein the body 

portion includes an implantation Surface configured to 
face the bone upon implantation; and 

constraint structure comprising at least one of 
(i) at least one compressive projection projecting from 

the implantation surface in a lateral direction of the 
body portion and configured to provide a compressive 
force between the at least one compressive projection 
and the bone, 

(ii) at least one interlock projection projecting from the 
implantation Surface and having an interlock-projec 
tion Surface configured to receive bone in a space 
between the interlock-projection Surface and a proxi 
mal portion of the implantation Surface, and 
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(iii) at least one recess in the implantation Surface and 
configured to receive bone to constrain the body por 
tion in at least two translational degrees of freedom, 

wherein the constraint structure is configured to constrain 
the prosthetic device in the bone. 

2. The prosthetic device of claim 1, wherein the at least one 
compressive projection is configured to include a bone-en 
gaging Surface for engaging the bone and a free Surface that 
does not engage the bone. 

3. The prosthetic device of claim 1, comprising at least 
three compressive projections. 

4. The prosthetic device of claim 1, wherein the interlock 
projection Surface includes a Substantially planar portion that 
projects over and extends at an acute angle relative to the 
proximal portion of the implantation Surface. 

5. The prosthetic device of claim 1, wherein the interlock 
projection Surface includes a Substantially arcuate portion 
that projects over the proximal portion of the implantation 
Surface. 

6. The prosthetic device of claim 1, wherein the at least one 
interlock projection includes an additional interlock-projec 
tion Surface configured to receive bone in a space between the 
additional interlock-projection Surface and a proximal por 
tion of the implantation Surface. 

7. The prosthetic device of claim 1, wherein the at least one 
recess includes an inner Surface and a recess Surface, wherein 
the recess Surface is disposed between the inner Surface and a 
proximal portion of the implantation Surface so as to form a 
space for receiving bone between the recess surface and the 
inner Surface. 

8. The prosthetic device of claim 7, wherein the recess 
Surface includes a Substantially planar portion that extends at 
an obtuse angle relative to the proximal portion of the implan 
tation Surface. 

9. The prosthetic device of claim 7, wherein the recess 
Surface includes a Substantially arcuate portion. 

10. The prosthetic device of claim 7, wherein the at least 
one recess includes an additional recess Surface configured to 
form a space for receiving bone between the additional recess 
Surface and the inner Surface. 

11. The prosthetic device of claim 1, wherein the at least 
one recess includes a sidewall with at least two portions for 
engaging bone to constrain the body portion in the at least two 
translational degrees of freedom. 

12. The prosthetic device of claim 1, wherein the constraint 
structure is configured to constrain the prosthetic device in the 
bone in the absence of adhesive. 

13. The prosthetic device of claim 1, wherein the prosthetic 
device is one of a tibial implant and a femoral implant con 
figured to be implanted in a respective one of a tibia and femur 
to form a portion of a knee joint. 

14. The prosthetic device of claim 13, wherein the at least 
one of the tibial implant and the femoral implant includes a 
plurality of the compressive projections projecting from a 
lateral side portion of the implantation Surface. 

15. The prosthetic device of claim 13, wherein the at least 
one of the tibial implant and the femoral implant includes the 
at least one interlock projection projecting from a bottom side 
portion of the implantation Surface. 

16. The prosthetic device of claim 13, wherein the at least 
one of the tibial implant and the femoral implant includes the 
at least one recess in a bottom side portion of the implantation 
Surface. 
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17. The prosthetic device of claim 1, wherein the prosthetic 
device is an acetabular cup configured to be implanted in a 
pelvis to form a portion of a hip joint. 

18. The prosthetic device of claim 17, wherein the acetabu 
lar cup includes the at least one recess, wherein the at least one 
recess includes a sidewall with at least two portions for engag 
ing bone to constrain the body portion in the at least two 
translational degrees of freedom. 

19. The prosthetic device of claim 1, wherein the prosthetic 
device is a femoral stem configured to be implanted in a femur 
to form a portion of a hip joint. 

20. The prosthetic device of claim 19, wherein the femoral 
stem includes a plurality of the compressive projections pro 
jecting from a lateral side portion of the implantation Surface. 

21. A method for planning bone removal for implantation 
of a prosthetic device into bone, comprising: 

storing data representative of a prosthetic device in a com 
puter readable medium, wherein the prosthetic device 
includes a body portion having an implantation Surface 
configured to face the bone upon implantation and at 
least one feature that provides a constraint structure that 
will constrain the prosthetic device in the bone; and 

defining, based on the data, at least one bone-cutting pat 
tern for (i) removing a first portion of bone in a first area 
sufficient to seat the body portion and (ii) at least one of 
removing and maintaining a second portion of bone in a 
second area configured to interact with the constraint 
Structure. 

22. The method of claim 21, wherein the defining of the at 
least one bone-cutting pattern includes removing a portion of 
the second portion of bone, while maintaining a portion of the 
second portion of bone to provide at least one projection 
configured to engage the implantation Surface to provide a 
compressive force between the projection and implantation 
Surface and constrain the prosthetic device. 

23. The method of claim 22, wherein the defining of the at 
least one bone-cutting pattern includes maintaining a portion 
of the second portion of bone to provide a plurality of projec 
tions configured to engage the implantation Surface to provide 
a compressive force between the projection and implantation 
Surface and constrain the prosthetic device. 

24. The method of claim 21, wherein the defining of the at 
least one bone-cutting pattern includes maintaining a portion 
of the second portion of bone to provide a projection that is 
configured to project into a recess in the prosthetic device 
forming at least a portion of the constraint structure. 

25. The method of claim 21, wherein the defining of the at 
least one bone-cutting pattern includes removing a portion of 
the second portion of bone to provide a recess that is config 
ured to receive a projection from the prosthetic device form 
ing at least a portion of the constraint structure. 

26. The method of claim 21, further comprising displaying 
information representative of the at least one bone-cutting 
pattern. 

27. A robotic system for preparing a bone to receive a 
prosthetic device, the robotic system comprising: 

a controllable guide structure configured to guide cutting 
of the bone into a shape for receiving the prosthetic 
device; 

a computer readable medium for storing data representa 
tive of the prosthetic device, wherein the prosthetic 
device includes a body portion having an implantation 
Surface configured to face the bone upon implantation 



US 2010/021 7400 A1 

and at least one feature that provides a constraint struc 
ture that will constrain the prosthetic device in the bone; 
and 

a control system for controlling the guide structure, 
wherein the control system is configured to define at 
least one bone-cutting pattern for (i) removing a first 
portion of bone in a first area sufficient to seat the body 
portion and (ii) at least one of removing and maintaining 
a second portion of bone in a second area configured to 
interact with the constraint structure. 

28. The robotic system of claim 27, wherein the control 
system is configured to define the at least one bone-cutting 
pattern by removing a portion of the second portion of bone, 
while maintaining a portion of the second portion of bone to 
provide at least one projection configured to engage the 
implantation Surface to provide a compressive force between 
the projection and implantation Surface and constrain the 
prosthetic device. 

29. The robotic system of claim 28, wherein the control 
system is configured to define the at least one bone-cutting 
pattern to maintain a portion of the second portion of bone to 
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provide a plurality of projections configured to engage the 
implantation Surface to provide a compressive force between 
the projection and implantation Surface and constrain the 
prosthetic device. 

30. The robotic system of claim 27, wherein the control 
system is configured to define the at least one bone-cutting 
pattern to maintain a portion of the second portion of bone to 
provide a projection that is configured to project into a recess 
in the prosthetic device forming at least a portion of the 
constraint structure. 

31. The robotic system of claim 27, wherein the control 
system is configured to define the at least one bone-cutting 
pattern to remove a portion of the second portion of bone to 
provide a recess that is configured to receive a projection from 
the prosthetic device forming at least a portion of the con 
straint structure. 

32. The robotic system of claim 27, further comprising a 
display, wherein the control system displays information rep 
resentative of the at least one bone-cutting pattern on the 
display. 


