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STRUCTURES FOR USE IN ORTHOPAEDIC IMPLANT FIXATION
AND METHODS OF INSTALLATION ONTO A BONE

[001] < This paragraph has been left blank intentionally. >

FIELD OF THE INVENTION
1002] The present invention relates generally to orthopaedic implants, and more
particularly relates to structures and mechanisms tor anchoring, fastening, retaining, locking
and/or fixation of components used in association with knee prostheses or other orthopaedic

implants to bone, and mcthods for installing orthopaedic implants to bone.

BACKGROUND

—

1003]

commonly treated by surgically replacing the end portions of the femur and tibia bones with

Disease and trauma affecting one or more articular surfaces of the knee joint are

prosthetic femoral and tibial implant components, and in some cases replacing the patella with a

patella implant component. Such surgical procedures are often referred to as total knee

replacement (TKR). In TKR surgeries, a surgeon typically affixes a pair of articulating
prosthetic components to the patient’s femur and tibia bone structures; namely, a femoral implant
component atfixed to the inferior end portion of the patient’s femur bone and a tibial component
atfixed to the supenior end portion of the patient’s tibia bone.

[004] Certain knee prostheses, including the knee prostheses illustrated and described in
U.S. Patent No. 7,326,252 to Otto et al., the contents of which are incorporated herein by
reference, include femoral implant components having flexed or backdrafted interior surfaces

that facilitate locking of the femoral implant component onto a resected inferior end portion of

the femur bone. Interior surfaces of the femoral implant component, such as anterior and
posterior interior surfaces, may converge or taper towards one another in a superior-inferior

direction. These types of backdrafted femoral implant components can be installed onto the
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femur bone by at least slightly rotating the femoral implant component during axially
displacement onto the resected end portion of the femur bone. In this manner, the femoral

implant component is said to be “rolled on” the end portion of the resected femur bone to

accommodate for the particular configuration of the component and to capture the resected end
portion of the femur bonc within an intcrior region of the femoral 1mplant component.

[005] Conventional femoral implant components, which have interior anterior and
posterior surfaces that are arranged generally parallel to one another or which are slightly
diwrgm_‘{ i a superior-to-inferior direction, can be mnstalled or impacted 1 a straight line onto
the resected end portion of the femur bone generally along the anatomic axis of the femur bone.
These conventional femoral implant components may utilize pegs or posts to further secure the
femoral implant component on the resected end portion of the femur bone via insertion of the
pegs into prepared holes pre-cut into the resected end portion of the femur bone. However, the
above-discussed “roll on” installation procedure to install femoral implant components having
backdrafted surfaces onto a resected end portion of the femur bone can hinder 1f not enfirely
prevent the use of conventional pegs or posts that are designed to be impacted in a straight line
since the pegs or posts risk opening up or damaging the prepared holes and/or causing
interference with the prepared holes as the femoral implant component is rolled onto the resected
end portion of the femur bone.

1006] Thus, there remains a need for providing orthopaedic implants with improved
structures and mechanisms for anchoring, fastening, retaining, locking and/or fixation of
components used in association with knee prostheses or other orthopaedic implants to the
resected end portion of a bone, and mcthods for installing the orthopaedic implant onto the
resected end portion of the bone. The present invention satisfies this need and provides other
henefits and advantages in a novel and unobvious manner.

SUMMARY

10071 While the actual nature of the invention covered herein can only be determined
with reference to the claims appended hereto, certain forms of the invention that are
characteristic of the embodiments disclosed herein are described briefly as follows.

[00&] In one form of the invention, an orthopaedic implant 1s provided for installation

onto an end portion of a bone. The implant includes a base portion and first and second
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transverse portions extending transversely from the base portion to thereby define an inner
region of the implant sized for receipt of the end portion of the bone therein. The implant further
includes at least one anchor structure projecting from the base portion and sized and configured
for recetpt within an opening formed in the end portion of the bone. The anchor structure
extends along a longitudinal axis and includes a proximal end attached to the base portion and an
opposite distal end, and the anchor structure further includes a tapered outer surface that
mwardly lapers m a proximal-to-distal direction along the longitudinal axis.

| 009] In another form of the invention, an orthopaedic implant is provided for
mmstallation onto an end portion of a bone, The implant includes a base portion and at least one
anchor structure projecting from the base portion and sized and configured for receipt within an
opening formed in the end portion of the bone. The anchor structure extends along a
longitudinal axis and includes a proximal end attached to the base portion and an opposite distal
end, and the anchor sfructure further includes a tapered outer surface that inwardly tapers in a

proximal-to-distal direction along the longitudinal axis. The anchor structure also includes one

or more grooves extending into the tapered outer surface, and the implant further comprises a
flowable material positioned about at least a portion of the tapcred outer surface of the anchor
structure and positioned within the grooves, with the tlowable material configured to cure to a
hardened state. In one embodiment, the grooves comprise a plurality of circumferential grooves
extending about the tapered outer surface of the anchor structure. In another embodiment, the
flowable material comprises a bone cement material or a bone paste material.

[0010] - In another form of the invention, an orthopaedic implant is provided for
1nstallation onto an end portion of a bone. The implant includes a base portion and first and
second transverse portions extending transversely from the base portion to thereby define an
iner region of the implant sized for receipt of the end portion of the bone therein, with the first
transverse portion defining a first bone interface surface that inwardly converges relative to a
second bone interface surface defined by the second transverse portion in a direction extending
away from the base portion. The implant further includes at least one anchor structure projecting
from the base portion and sized and configured for receipt within an opening formed in the end
portion of the bone. The anchor structure extends along a longitudinal axis and includes a
proximal end attached to the base portion and an opposite distal end, and the anchor structure

further includes a tapered outer surface defining a concave curvature extending generally along
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the longitudinal axis and inwardly tapering in a proximal-to-distal direction along said
longitudinal axis.

[0011] ~ In another form of the invention, a method for installing an orthopaedic implant
onto an end portion of a bone ncludes providing an orthopaedic implant including a base
portion, at least one anchor structure projecting from the base portion, and first and second
fransverse portions extending transversely {rom the base portion to thereby detine an inner
region of the implant sized for receipt of the end portion of the bone therein, with the anchor
structure extending along a longitudinal axis and including a proximal end attached to the base
portion and an opposite distal end, and the anchor structure including a tapered outer surface that
inwardly tapers in a proximal-to-distal direction along the longitudinal axis. The method further
includes generally aligning the inner region of the implant with the end portion of the bone,
rolling the orthopaedic implant onto the end portion of the bone by displacing the implant
generally along an anatomic longitudinal axis of the bone and rotating the implant generally
about a prvot axis arranged transverse to the anatomic longitudinal axis of the bone, and inserting
the anchor structure into an opening formed in the end portion of the bone during the rolling. In a
further embodiment, the anchor structure includcs onc or more grooves extending into the
tapered outer surface, and the method further comprises positioning a flowable material about at
least a portion of the tapered outer surface ot the anchor structure and within the grooves, and
curing the tlowable matenal to a hardened state. In one specific embodiment, the grooves
comprise a plurality of circumferential grooves extending about the tapered outer surface of the
anchor structure. In another specific embodiment, the flowable material comprises a bone
cement material or a bone paste material.

10012] It 1s one object of the present invention to provide orthopaedic implants with
mproved structures and mechanisms for anchoring fastening, retaining, locking and/or fixation
of components used in association with knee prostheses or other orthopaedic implants to the end
portion of a bone, and methods for installing the orthopaedic implant onto the end portion of the
bone. Further embodiments, forms, features, aspects, benefits, objects, and advantages of the
present application will become apparent from the detailed description and figures provided

herew1th.
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BRIEK DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 1s a side view of a temoral implant component having an anchor structure

according to one form of the present invention, as shown with respect to a resected end portion of

a feimur bone.

10014 ] FIG. 2 1s top plan view of the resected end portion of the [emuar bone illustrated 1n
FIG. 1.

10015] FIG. 3 1s an enlarged side view of the anchor structure illustrated in FIG. 1.

10016] FIG. 4 1s an enlarged side view of an anchor structure according to another

embodiment of the present invention.

10017 FIG. 5 1s a side view of the femoral implant component illustrated in FIG. 1, as
mstalled on the resected end portion of the femur bone.

[0018] FIGS. 6A-6H are a series of side views of the femoral implant component
illustrated in FIG. 1 during installation onto the resected end portion of the femur bone as the
femoral implant component 1s rotated and translated with respect to the resected end portion of
the femur bone.

(0019 FIG. 7 1s a side perspective view of a tibial baseplate having an anchor
structure according to one form of the present invention.

10020 FIG. 8 15 a side perspective view of a bi-compartmental femoral implant
component having an anchor structure according to one form of the present invention.

10021] FIG. 9 15 a side perspective view of a unicondylar femoral implant component
having an anchor structure according to one form of the present invention.

10022 ] FIG. 10 1s a side perspective view of a femoral implant component having an
anchor structure according to another form of the present invention.

10023] FIG. 11 1s an enlarged side view of the anchor structure illustrated m FI1G. 10.
10024 ] FIG. 12 1s a side view of the femoral implant component illustrated in FIG. 10,
as shown with respect to a resected end portion of a femur bone.

(0025 FIG. 13 1s a side view of the femoral implant component illustrated in FIG. 10,

as 1nstalled on the resected end portion of the femur bone.
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DESCRIPTION OF THE ILILUSTRATED EMBODIMENTS
10026] For the purpose of promoting an understanding of the principles of the present
invent on, reference will now be made to the embodiments illustrated in the drawings and
specific language will be used to describe the same. It will nevertheless be understood that no
timitation of the scope of the invention s hereby intended. Any alterations and further
modifications in the described embodiments, and any further applications of the principles of the
imvention as described herein are contemplated as would normally occur to one skilled in the art
to which the invention relates.
00271 Retferring to FIG. 1, shown therein 1s one form of an orthopacdic implant 10
configured for implantation onto an end portion of a bone. In the illustrated embodiment, the
orthopaedic implant 10 constitutes a femoral implant component 10 configured for implantation
onto a resected inferior end portion of a femur bone B. However, as will be discussed below,
other types and configurations of orthopaedic implants are also contemplated for implantation
onto femur bones, tibia bones, or other bone structures.
10028] In the 1llustrated embodiment, the femoral implant component 10 generally
includes a base portion 12, a posterior transverse portion 14 extending transversely from a
posterior end of the base portion 12, and an anterior transverse portion 16 extending transversely
from an anterior end of the base portion 12 and arranged generally opposite the posterior
transverse portion 14. The femoral implant component 10 includes an inner region 18 bound by
the base portion 12 and the transverse portions 14, 16, and an opening 20 is defined between the
distal ends of the posterior and anterior transverse portions 14, 16 which communicates with the
inner region 18. The opening 20 1s sized for receipt of the resected inferior end portion of the
femur bone B therethrough for positioning of the resected inferior end portion within the inner
region 18 of the femoral implant component 10 (FIG. 5).
[0029] The base portion 12 defines an inner bone interface surface or surfaces 22, the
posterior transverse portion 14 defines an inner bone interface surface 24 extending along a first
plane Py, and the anterior transverse portion 16 defines an inner bone interface surface 26
extending along a second plane P,. The plane P, extending along the bone interface surface 24 is
tapered relative to the plane P, extending along the bone interface surface 26 at a taper angle «.

More specifically, the plane Py of the bone interface surface 24 inwardly converges relative to

the plane P, of the bone mterface surface 26 at a taper angle o in a dircction extending away
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from the base portion 12 (i.e., 1n an inferior-to-superior direction). In this manner, the femoral
implant component 10 1s said to have flexed or backdrafted bone interface surfaces that inwardly
converge towards one another as the posterior and anterior transverse portions 14, 16 extend
from an inferior aspect of the femoral implant component 10 (i.e., from the base portion 12)
towards a superior aspect of the femoral implant component 10 (i.e., toward the distal ends of the
posterior and anterior transverse portions 14, 16). In the illustrated embodiment, the bone
interface surfaces 22, 24 and 26 are substantially flat and planar. However, in other
embodiments, the bone interface surfaces 22, 24 and 26 may be curved, partially curved, or
curvilinear. Additionally, the bone interface surfaces 22, 24 and 26 may be provided with
surface features that further facilitate engagement with bone and/or which facilitate bony fusion
with adjacent bone tissue. Such surface features include, for example, grooves, pores, ribs, teeth,
spikes, knurling, surface roughening, or other suitable bone engagement features. For example,
1n the 1llustrated embodiment, the femoral implant component 10 optionally includes at least one
rib 28 extending along the bone interface surface 22 of the basc portion 12 to further facilitate
engagement with bone.

10030] The femoral implant component 10 includes at least one fastener or anchor
structure 30 projecting axially from the bone interface surface 22 of the base portion 12 and into
the mnner region 18. In the illustrated embodiment, the anchor structure 30 is generally centrally
located along the bone intertace surface 22. However, other positions and locations of the
anchor structure 30 are also contemplated. The anchor structures 30 are sized and shaped for
receipt within openings O formed in the resected end portion of the femur bone B. Each of the
anchor structures 30 has an overall length / extending generally along a longitudinal axis L and
includes a proximal end 30a attached to the base portion 12 and an opposite distal end 30b. In
the 1llustrated embodiment, the anchor structure 30 generally includes a mount portion 32
projecting from the bone interface surface 22 of the base portion 12, and a tapered portion 34
extending axially from the mount portion 32, further details of which will be set forth below.
(0031 As the femoral implant component 10 is installed or rolled onto the resected end
portion of the femur bone B, the anchor structures 30 are sized and shaped for receipt within
corresponding openings O formed in the femur bone B without gouging into or otherwise
traumatizing or damaging the bone tissue adjacent the openings O. In the llustrated

embodiment, the openings O 1n the femur bone B each include a first portion O having a size
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and shape corresponding to the size and shape of the mount portion 32 of the anchor structure 30,

and a second portion O, having a size and shape corresponding to the size and shape of the
tapered portion 34 of the anchor structure 30. Although the openings O have been illustrated and
described as having a particular shape and configuration, openings having other shapes and
configurations are also contemplated.

10032] In one embodiment, the openings O may be pre-formed in the resected end
portion of the femur bone B via one or more drills, punches, or other suitable cutting tools.
However, in other embodiments, the openings O may be formed via pressing the anchor
structures 30 into bone tissue as the femoral implant component 10 is rolled onto the resected
end portion of the femur bone B. In other words, instead of pre-forming the openings O in bone
tissue to receive the anchor structures 30, the openings O may be formed during installation of
the femoral component 10 by pressing the anchor structures 30 into bonc tissue. Notably,
forming the openings O via pressing the anchor structurcs 30 into the bone tissue will provide the
openings O with a size and shapc that closely corresponding to the size and shape of the anchor
structures 30. In other words, forming the openings O via pressing the anchor structures 30 into
the bone tissue will not create an oversized opening having excess clearance between the bone
tissue and the anchor structures 30.

[0033] In the 1llustrated embodiment, the femoral implant component 10 includes two
anchor structures 30 projecting from the base portion 12 which are sized and shaped for receipt
within a corresponding pair of openings O (FIG. 2) formed in the resected end portion of the
femur bone B. However, it should be understood that the femoral implant component 10 may be
provided with any number of the anchor structures 30, including a single anchor structure or
three or more anchor structures. Additionally, although the anchor structures 30 are illustrated as
projecting from the base portion 12, it should be understood that the anchor structures 30 may
project from either of the posterior and anterior transverse portions 14, 16.

10034 Referring collectively to FIGS. 1 and 3, in the illustrated embodiment, the mount
portion 32 is generally cylindrical in shape. However, in other embodiments, the mount portion
32 may take on other shapes and configurations including, for example, a hexagonal
configuration, a rectangular configuration, or other suitable shapcs and configurations. In still
other embodiments, the mount portion 32 may be eliminated such that the tapered portion 34

projects directly from the base portion 12 of the femoral implant component 10. In one
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embodiment, the anchor structures 30 are formed integral with the base portion 12 {or the
transverse portions 14, 16) to define a unitary, single-piece, monolithic implant structure.
However, in other embodiments, the anchor structures 30 may be formed separately from the
remmainder of the femoral implant component 10 and attached to the base portion 12 (or the
transverse portions 14, 16) by various attachment methods including, for example, welding,
bonding, threading, fastening, pinning, or by any other suitable attachment method.

10035] In the illustrated embodiment, the tapered portion 34 includes a tapered outer
surface 36 that inwardly tapers in a proximal-to-distal direction along the longitudinal axis L,
and a chamtered or beveled distal end surface 38 extending from the tapered outer surface 36 to
the distal-most end of the anchor structure 30. In one embodiment, the tapered surface 36
extends along at least one-half of the overall length / of the anchor structure 30. In another
embodiment, the tapered surface 36 extends along at least two-thirds of the overall length 7 of the
anchor structure 30. In a further embodiment, the tapered surface 36 tapers substantially entirely
along the length of the tapered portion 34 from the mount portion 32 to the chamfered end

surface 38. However, it should be understood that in other cmbodiment, the tapcered surface 36

may cxtend along other lengths of the anchor structure 30 and may be tapered along other
lengths of the tapered portion 34,

10036] In the 1ilustrated embodiment, the tapered surface 36 has a generally conical
shape to thereby provide the taper portion 34 with a conical configuration. More specifically, the
tapered surface 36 has a generally frustoconical shape to thereby provide the tapered portion 34
with a frustoconical configuration. However, it should be understood that the tapered surface 36
may be provided with other suitable shapes and configurations. Moreover, in the illustrated
embodiment, the tapered surface 36 defines a concave curvature C extending in a proximal-to-
distal direction along the longitudinal axis L. Additionally, in the illustrated embodiment, the
concave curvature C defines a varying taper angle and taper rate relative to the longitudinal axis
L. that decreases in a proximal-to-distal direction along the longitudinal axis L. In other words,
the concave curvature C defines a steeper taper angle and tapers at a greater rate along the
proximal portion of the tapered surface 36 compared to the distal portion of the tapered surface
36. In some embodiments, the concave curvature C may extend along an arc having a constant
or uniform radius of curvature. However, in other embodiments, the concave curvature C may

extend along an arc having a varying radius of curvature.
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0037 In a further embodiment, the concave curvature C extends along a concave
surface radius r; that is larger than a maximum convex surtace radius 1, of the anchor structure

30 measured from the longitudinal axis L. In some embodiments, the concave surface radius r

of the tapered surface 36 falls within a range of approximately .200 inches to .500 inches, and in
some instances 1s approxamately .350 mnches. In other embodiments, the maximum convex
surface radius ry of the tapered surface 36 (and the cylindrical base 32} 1s approximately .282
inches. However, it should be understood that these sizes are exemplary and that other sizes are
also contemplated. Additionally, although the taper surface 34 has been 1llustrated and described
as having a particular shape and configuration, it should be understood that other shapes and
contipurations are also contemplated, including configurations where the tapered outer surface
36 defines a lincar taper angle and/or multiple taper angles, or where the tapered outer surface 36

defines a curvilinear configuration.

10038 In the illustrated embodiment, the anchor structure 30 15 generally configured as a

lug extending axially from the base portion 12 of the femoral implant component 10. However,
in other embodiments, the anchor structure 30 may be configured as a pin, a peg, a post, a fin, a

flutc, or any other mechanical anchor or fastener structurce configured to secure the femoral

implant component 10 to the resected distal portion of the femur bone B. Additionally, 1t should
be understood that the shape and configuration of the anchor structure 30 1s not limited to that
shown 1n the drawing figures, but may take on other shapes and configurations depending on the
type and size of the implant with which the anchor structure 1s to be used and the path along
which the implant is displaced during instaliation onto the resected distal portion of the femur
bone B. The curvature of the tapered surface 36 can be determined by a variety of factors,
including factors relating to the angle of misalignment between the anchor structure 30 and the
opening O in the bone B within which the anchor structure 30 1s positioned. Some of these
factors include, but are not limited to, the geometry of the implant (including the implant’s size,
shape and configuration), the shape and/or diameter of the mounting portion 32 of the anchor
structure 30, the smallest diameter of the anchor structure 30, the height of the anchor structure
30, and/or other geometric aspects of the anchor structure 30.

[0039] Referring to F1G. 4, shown therein is another embodiment of an anchor structure
40 suitable for use in association with the femoral implant component 10 or other implant

components. The anchor structure 40 1s configured similar to the anchor structure 30 1liustrated
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and described above, including a mounting portion 42 and a tapered portion 44 defining a
tapered outer surface 46 configured similar to the tapered outer surface 36 of the anchor structure
30. Addihonally, the tapered outer surface 46 similarly defines a concave curvature C extending
in a proximal-to-distal direction along the longitudinal axis 1, and a chamfered distal end surface
47 extending from the tapered surface 46 to the distal-most end of the anchor structure 40.
However, unlike the cylindrical-shaped mount portion 32 of the anchor structure 32, the base
portion 42 has a hexagonal configuration detiring a hexagonal-shaped outer surface having a
series of flattened surfaces 43 configured for engagement with a rotational driving tool such as a
wrench (not shown). Additionally, unlike the anchor structures 30, the anchor structure 40
includes a threaded stem 48 extending axially from the base portion 42 and defining external
threads 49 configured from threading engagement with internal threads formed in a
corresponding threaded opening 1n the base portion 12 or the transverse portion 14, 16 of the
fermoral implant component 10 to securely attach the anchor structure 40 to the femoral mmplant
component 10.

1 0040] Retferring to FIGS. 6A-6H, shown therein 1s a series of side views of the femoral

implant component 10 during installation onto the resected end portion of the femur bone B. As
shown in FIG. 6A, the tnner region 18 of the femoral implant component 10 1s 1nitially generally

aligned with the resected end portion of the femur bone B. As shown in FIGS. 6B-6G, the

femoral t1mplant component 10 1s then rolied onto the resected end portion of the femur bone B

by axially displacing the femoral implant component 10} generally along the anatomic

longitudinal axis of the femur bone B in the direction of arrow A while slightly rotating the

femoral implant component 10 generally about a pivot/hinge axis arranged transverse to the

anatomic longitudinal axis of the femur bone B in the direction of arrow R. Additionally, as the
fermoral implant component 10 1s translated and rotated (1.e., rolled) with respect to the resected
end portion of the femur bone B, the anchor structures 30 are gradually inserted into the openings
O formed in the resected end portion of the femur bone B. As shown i FIGS. 5 and 6H, when
the femoral implant component 10 is fully installed onto the resected end portion of the femur
bone B, the anchor structures 30 are fully inserted into the openings O.

10041] As should be appreciated, rotating the femoral component 10 onto the resected

end portion of the femur bone B 1 the direction of arrow R as the femoral implant component 10

1s axtally translated in the direction of arrow A allows the backdrafted inner surfaces 24, 26
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detfined by the posterior and antertor transverse portions 14, 16 of the femoral implant
component 10 to physically clear the resected bone during 1nstallation onto the femur bone B.
Notably, if the temoral implant component 10 were simply impacted 1n a straight line onto the
resected end portion of the femur bone B, as 1s typically the case with femoral implant
components having anterior and postenor inner surfaces that are arranged generally parallel or
slightly divergent with respect to one another, the backdrafted inner surfaces would not
physically clear the resected end portion of the femur bone B, thereby imterfering with or
preventing installation of the femoral component onto the femur bone B.

10042 ] As indicated above, the anchor structure 30 is sized and configured for receipt

within the opening O formed m the resected end portion of the femur bone B during mstallation
of the femoral component 10 onto the femur bone B. Since the tapered portion 34 of the anchor
structure 30 has a relatively smaller radial profile adjacent the distal end 30b relative to the
proximal end 30a, the anchor structure 30 may be gradually inserted 1nto the opening O without
osouging into or otherwise traumatizing or damaging the bone tissue adjacent the opening O,
Moreover, movement of the tapered portion 34 along the first opening portion O, toward the
second opening portion O, as the femoral implant component 10 1s mstalled onto the resected
end portion of the femur bone B helps facilitate rolling of the femoral implant component 10
onto the femur bone B. In this manncr, the first opening portion O, serves as a pathway for
receipt of the tapered portion 34 of the anchor structure 30 as the femoral component 10 1s rolled
onto the femur bone B to avoid interierence between the tapered portion 34 and the adjacent

bone tissue. Specifically, as the femoral implant component 10 1s rolled onto the resected end

portion of the femur bone B, the tapered portion 34 of the anchor structure 30 has room to shift
within the first opening portion O; without interfering with the edges surrounding the first
opening portion O; which might otherwise break off or gouge into the adjacent bone tissue and
cause the first opening portion O to widen, thereby resulting in conservation of the bone tissue
surrounding the first opening portion O;. As indicated above, in one embodiment, the openings
O may be pre-formed in the resected end portion of the femur bone B for receipt of the anchor
structures 30. However, in other embodiments, the openings O may be formed via pressing the
anchor structures 30 into bone tissue as the femoral 1mmplant component 10 1s rolled onto the

resected end portion of the femur bone B.
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10043 ] As should be appreciated, maintaining the bone tissue swrrounding the first

opening portion O may result in more secure engagement of the mount portion 32 of the anchor
structure 30 within the first opening portion O; when the femoral component 1s fully installed
onto the resected end portion of the temur bone B, As illustrated in FIG. 5, once the femoral
implant component 10 1s 11 1ts final position on the resected end portion of the femur bone B, the
tapered portion 34 of the anchor structure 30 is positioned securely within the second opening

portion O, of the opening O, and the mount portion 32 of the anchor structure 30 is positioned

securely within the first opening portion O;. Because the size and shape of the anchor structure
30 and the opening O in the bone B closely correspond to one another (both of which are
relatively smaller than traditional pegs and prepared bone openings used in connection with
standard femoral implant components), the anchor structure 30 has a relatively tiehter fit within
the opening O in which it is received, and the femoral implant 10 is therefore more tightly
secured onto the resected end portion of the femur bone B.

0044 ] It should be understood that use of the anchor structure 30 1s not limited to use
with the femoral component 10 illustrated and described above, but can also be used in
assoctation with a wide variety of orthopaedic implant components including, for example, the
tibial baseplate implant component 50 illustrated in FIG. 7, the bi-compartmental femoral
implant component 60 illustrated 1n FIG. 8, thc unicondylar femoral implant component 70
illustratea in FIG. 9, segmental implant components (not shown), patellofemoral implant
components (not shown), and any other orthopaedic implant component for which it may be
desirable to “roll-on” the implant component instead of impacting the implant component in a
generally straight line onto a resected distal portion of a bone, including implant components
where fastening or anchor structures may be helpful in the installation and/or fixation/anchoring
of the implant component onto an end portion of a bone.

10045] Referring now to FIGS. 10-13, shown therein is a femoral implant component 100
according to another form of the present invention. As will be discussed more fully below, the
femoral implant component 100 1s configured similar to the femoral implant component 10
illustrated and described above except for the particular configuration of the anchor structures
130. In the illustrated embodiment, the anchor structure 130 are configured for use in

association with a flowable material 150 (FIGS. 12 and 13) that is configured to cure or set to a
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non-tlowable hardened state to further sccurc the anchor structures 130 within openings O in the
fermur bone B, turther details of which will be set forth below.

0046 ] Rererring specifically to I1G. 10, the femoral implant component 100 is
contigured similar to the femoral implant component 10 illustrated and described above, except
for the particular configuration of the anchor structures. Like the femoral implant component 10,
the temoral implant component 100 generally includes a base portion 112, a posterior transverse
portion 114 extending transversely from a posterior end of the base portion 112, and an anterior
transverse portion 116 extending transverselv from an anterior end of the base portion 112 and
arranged generally opposite the posterior transverse portion 114. The femoral implant
component 100 mcludes an mmner region 118 bound by the base portion 112 and the transverse
portions 114, 116, and an opening 120 is defined between the distal ends of the posterior and
anterior transverse portions 114, 116 which communicates with the inner region 118. The
opening 120 is sized for receipt of the resected inferior end portion of the femur bone B
therethrough for positioning of the resected inferior end portion within the inner region 118 of
the femoral implant component 100 (FIGS. 12 and 13).

10047 ] The base portion 112 defines an inner bone interface surfacc or surfaces 122, the
posterior transverse portion 114 defines an inner bone interface surface 124, and the anterior
transverse portion 116 defines an inncr bone interface surface 126. The bone interface surface
124 inwardly converges or tapers relative to the bone mterface surface 126 in a direction
extending away from the base portion 112 (1.e., in an inferior-to-superior direction). In this
manner, the temoral implant component 100 is said to have flexed or backdrafted bone interface
surfaces that converge towards one another as the posterior and anterior transverse portions 114,
116 extend from an inferior aspect of the femoral implant component 100 (i.e., the base portion
112) towards a superior aspect of the femoral implant component 100 (i.e., the distal ends of the
posterior and anterior transverse portions 114, 116). In the illustrated embodiment, the bone
mmterface surfaces 122, 124 and 126 are substantially flat and planar. However, in other
embodiments, the bone interface surfaces 122, 124 and 126 may be curved, partially curved, or
curvilinear.

[0048] Additionally, the bone interface surfaces 122, 124 and 126 may be provided with

a series of grooves or channels 128 to facilitate engagement with bone and/or fusion of the

nnplant component with adjacent bone tissue. If bone cement is used to further anchor the
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femoral component 100 to the resected end portion of the femur bone B, the bonc cement may be
dispersed within the grooves 128. As should be appreciated, some of the grooves 128 may be
oricnted in an antenior-postenor orientation for the control of cement hardening so as fo increase
stability of the femoral 1mplant component 10 in a medial-lateral direction, whereas some of the
grooves 128 may be oriented 1in a medial-lateral orientation for the control of cement hardening
50 as to mcrease shear resistance in an inferior-superior direction and/or to inhibit the femoral
implant component 10 from rolling off of the femur bone B. In other embodiments, the bone
interface surfaces 122, 124 and 126 may be provided with other surface features that further
facilitale engagement with bone and/or bone fusion including, for example, pores, ribs, teeth,
spikes, knurling, surface roughening, or other suitable bone engagement features.

0049 Referring collectively to FIGS. 10 and 11, the femoral implant component 100
includes at least one fastener or anchor structure 130 projecting axially from the inner bone
interface surface 122 of the base portion 112 and into the inner region 118. In the illustrated
embodiment, the anchor structure 130 is generally centrally located along the bone interface
surface 122. However, other positions and locations of the anchor structure 130 are also
contemplated. The anchor structures 130 are sized and shaped for receipt within openings O’
formed in the resected end portion of the femur bone B (FIGS. 12 and 13). Each of the anchor
structures 130 has an overall length / extending generally along a longitudinal axis L and
includes a proximal end 130a attached to the base portion 112 and an opposite distal end 130b.
In the illustrated embodiment, the anchor structure 130 generally includes a mount portion 132
pmj@cﬁng from the inner bone interface surface 122 of the base portion 112, a tapered portion
134 extending axially from the mount portion 132 and defining a tapered outer surface 136, and
a connection stem 138 extending axially from the mount portion 132 opposite the tapered portion
134 and configured for engagement with the base portion 112 of the femoral component 100.

[0050] In the illustrated embodiment, the mount portion 132 has a hexagonal

configuration delining a hexagonal-shaped outer surface having a series of flattened surfaces 133

configured for engagement with a rotational driving tool such as a wrench (not shown).
However, in other embodiments, the mount portion 132 may take on other configurations such
as, for example, a cylindrical configuration, a rectangular configuration, or other suitable shapes
and configurations. In still other embodiments, the mount portion 132 may be eliminated such

that the tapered portion 134 projects directly from the base portion 112 of the femoral implant
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component 100. In the illustrated embodiment, the connection stem 138 is threaded so as to
define external threads 139 configured from threading engagement with internal threads formed
in a corresponding threaded opening (not shown) in the base portion 112 (or the transverse
portion 114, 116) of the femoral implant component 100 to securely attach the anchor structure
130 to the femoral implant component 100. However, other shapes and configurations of the
connection stem 138 are also contemplated. Additionally, in other embodiments, the anchor
structures 130 may be formed integral with the base portion 112 (or the transverse portions 114,
116) to thereby define a unitary, single-piece, monolithic implant structure. In still other
embodiments, the anchor structures 130 may be attached to the base portion 112 (or the
transverse portions 114, 116) by various attachment methods including, for example, welding,
bonding, fastening, pinning, or by any other suitable attachment method.

10051 In the illustrated embodiment, the tapered portion 134 includes a tapered outer
surface 136 defining a concave curvature C extending in a proximal-to-distal direction along the
longitudinal axis L and which inwardly tapers in a proximal-to-distal direction along the
longitudinal axis L. and a chamfered or beveled distal end surface 137 extending from the
tapered outer surface 136 to the distal-most end of the anchor structure 130. In onc embodiment,
the tapered outer surface 136 1s configured simailar to the tapered outer surface 36 of the anchor
structure 30. Accordingly, it should be understood that the features and aspects described above
with regard to the tapered outer surtace 36 of the anchor structure 30 also apply to the tapered
outer surtace 136 of the anchor structure 130. However, unlike the substantially smooth and
uninterrupted tapered outer surface 36 of the anchor structure 30, the tapered outer surface 136 of
the anchor structure 130 is provided with a series of circumferential grooves 140 extending about
the longitudinal axis L. As will be discussed in further detail below, the circumferential grooves
140 are configured for receipt of a {flowable material 150 which cures or sets to a non-flowable
hardened state to further secure the anchor structures 130 within the bone tissue and to prevent
the anchor structures 130 from pulling out of the cured/hardened material 150.

10052] In the illustrated embodiment, the circumierential grooves 140 each have a
generally planar undercut portion 142, a rounded or curved portion 144, and a planar angled
portion 146 that cooperate with one another to provide the circumferential grooves 140 with an
arcuate or bow-shaped configuration. The generally planar undercut portion 142 extends from

the tapered outer surface 136 and 1s arranged generally perpendicular or normal to the
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longitudinal axis L of the anchor structure 130. The roundcd or curved portion 144 extends from
the planar portion 142 and extends generally along a uniform radius of curvature. The planar
~angled portion 146 extends from the curved portion 144 and 1s obliguely angled relative {o the
longitudimal axis L. In one embodiment, the planar angled portion 146 1s tapered at
approximately a 45 degree angle relative to the longitudinal axis L. Although the circumiterential
grooves 140 are illustrated and described as having a particular shape and configuration, it
should be understood that other shapes and configurations are also contemplated. For example,
the grooves 140 may alternatively be configured as a single helical groove extending about the
iongitudinal axis L of the anchor structure 130, or may alternatively be configured to extend in
other directions, including axially along the longitudinal axis L. Also, instead of having an
arcuate bow-shaped configuration, the grooves 140 may alternatively be provided with a semi-
circular configuration, a triangular configuration, a curvi-linear configuration, or any other
suitable configuration. Additionally, although the illustrated embodiment of the anchor structure
1530 includes four of the circumferential grooves 140, it should be understood that the anchor
structure 130 may be provided with any number of grooves, mcluding a single groove, two
groove, three grooves, or five or more grooves.

10053 ] Refernng to FIGS. 12 and 13, like the femoral implant component 10 illustrated
and described above, the femoral implant component 100 1s installed or rolled onto the resceted
end portion of the femur bone B via axial displacement generally along the anatomic longitudinal
axis of the femur bone B m the direction of arrow A while slightly rotating the femoral implant

component 100 generally about a pivot/hinge axis arranged transverse to the anatomic

longrtudimal axis of the temur bone B n the direction of arrow R. Additionally, as the femoral
implant component 100 1s translated and rotated (1.e., rolled) with respect to the resected end
portion of the femur bone B, the anchor structures 130 are gradually inserted into the openings

O’ formed in the resected end portion of the femur bone B.

100547 Each of the anchor structures 130 are sized and shaped for receipt within
corresponding openings O’ during installation onto the resected end portion of the femur bone B
without gouging nto or otherwise traumatizing or damaging the bone tissue adjacent the
openings O’. In the illustrated embodiment, each of the openings O’ formed in the femur bone B
includes a cvlindrical-shaped portion O} extending axially from the exterior surface of the femur

bone B and having a diameter slightly larger than the distance between an opposite pair of the
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flattened surfaces 133 of the hexagonal-shaped mount portion 132 of the anchor structure 130,
and a conical-shaped end portion O,’ that generally tapers to a point. The openings O’ may be
pre-formed m the resected end portion of the femur bone B via one or more drills, punches, or
other suitable cutting tools.

L 0055] In one embodiment, the femoral implant component 100 includes two anchor
structures 130 projecting from the base portion 112 and which are sized and shaped for receipt

withim a corresponding pair of openings O formed in the resected end portion of the femur bone

B. However, 1t should be understood that the femoral implant component 100 may be provided
with any number of the anchor structures 130, including a single anchor structure or three or
more anchor structure. Additionally, although the anchor structures 130 are illustrated as
projecting from the base portion 112, it should be understood that the anchor structures 130 may
project from either of the posterior and anterior transverse portions 114, 116. It should also be
understood that although the openings O’ have been illustrated and described as having a
particular shape and configuration, openings having other shapes and configurations are also

contemplated. As illustrated in FIGS. 12 and 13, in one embodiment, prior to installation of the

femoral component onto the resected end portion of the femur bone B, each of the openings O’ is
partially filed with a flowable maternal 150 which cures or sets to a non-flowable hardened state.
In a specitic embodiment, the flowablc matcrial 150 comprises bone cement or bone paste, the
purpose of which will be discussed below.

10056] As shown 1 FI1G. 13, when the femoral implant component 100 is installed onto
the resected end portion of the femur bone B, the anchor structures 130 are fully inserted into the
openings O’. As indicated above, prior to installation of the femoral component 100 onto the
resected end portion of the femur bone B, each of the openings O is partially filed with bone
cement 150 or another hardenable/curable matenial. As the anchor structures 130 are inserted
into the openings O’, the bone cement 150 flows about the tapered portions 134 of the bone
anchors 130 and mto the circumferential grooves 140 so as to fully surround the tapered portions
134. Additionally, the bone cement 150 may also flow about and at least partially surround the
base portions 132 of the bone anchors 130. After a period of time, the bone cement 150 cures
and hardens about the tapered portion 134 and the mount portion 132, thereby providing a
cylindrical-shaped lug having a shape similar to that of'a conventional cylindrical-shaped lug

used m association with traditional orthopaedic implant structures. As should be appreciated, the
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hardened bone cement 150 further secures the anchor structures 130 within the openings O’
formed 1n the bone B, thereby Turther secunng the femoral implant component 100 to the femur
bone B and mnibiting removal of the femoral component 100 from the femur bone B.
Additionally, the bone cement positioned within the circumferential grooves 140 prevents or
otherwise mhibits the anchor structures 130 from pulling out ot the cured/hardened bone cement
150. Specitically, the undercut portions 142 of the circumterential grooves 140 provides a
shoulder or ledge which bears against the bone cement 150 to prevent or otherwise inhibit the
anchor structures 130 from pulling out of the cured/hardened bone cement 150.

10057 In the ilustrated embodiment, pnor to mstallation ol the femoral component 100
onto the resected end portion of the femur bone B, each of the openings O’ 1s partially filled with
the bone cement 150. However, in other embodiments, the bone cement 150 may be injected
into the open regions about the anchor structures 130 after the anchor structures 130 are inserted
into the openings O7. For example, 1n an alternative embodiment, the anchor structures 130 may
be provided with an axial opening (not shown) and one or more transverse openings (not shown)
communicating between the axial opening and the outer surface 136 of the tapered portion and/or
the circumferential grooves 140. A bone cement deliverv device (not shown) may be positioned
1in communication with the axial opening, and the bone cement 150 mav be injected into the axial
opening, out the transverse openings, and into the open regions between the sidewalls of the
openings O and the anchor structures 130. Other switable methods for injecting the bone cement
150 into the open regions between the sidewall of the openings O and the anchor structures 130
arc also contemplated.

10058 As 1ndicated above, 1n one embodiment, the flowable material 150 which cures or
sets to a non-flowable hardened state constitutes a bone cement or a bone paste. However, 1t
should be understood that other suitable types of flowable materials that cure or set to a non-
flowable hardened state are also contemplated for use in association with the femoral component
100. Additionally, the flowable material 150 may include bone growth promoting materials or
substances such as bone graft material or bone morphogenic proteins (BMP), therapeutic
materials or substances, or any other biocompatible materials or substances that would occur to
one of skill in the art.

0059 It should be understood that any experiments, experimental examples, or

experimental results provided herein are intended to be illustrative of the present invention and
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should not be construed to limit or restrict the invention scope. Further, any theory, mechanism
of operation, proof, or finding stated herein is meant to further enhance understanding of the
present invention and is not intended to limit the present tnvention in any way o such theory,
mechanism of operation, proof, or finding. In reading the claims, words such as “a”, “an”, “at
least one”, and “at least a portion” are not intended to limit the claims to only one item unless
specifically stated to the contrary. Further, when the language “at least a portion” and/or “a
portion” 1s used, the claims may include a portion and/or the entire item unless specifically stated
to the contrarv, Additionally, when the term “distal” 1s used with respect to a structure, the term
refers to the tar end ot the structure, and when the term “proximal” is used with respect to a
structure, the term refers to the near end of the structure,

1 0060] Various changes and modifications to the described embodiments described
herein will be apparent to those skilled in the art, and such changes and modifications can be
made without departing from the spirit and scope of the invention and without diminishing its
intended advantages. Additionally, while the invention has been tilustrated and described in
detail 1in the drawings and foregoing dcscription, the same 1s to be considered illustrative and not
restrictive in character, 1t being understood that only selected embodiments have been shown and
described and that all changes, equivalents, and modifications that come within the scope of the

inventions described herein or defined by the following claims are desired to be protected.
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CLAIMS:

1, An orthopaedic implant for installation onto an end portion of a bone, comprising:
a base portion and first and second transverse portions extending transversely from said base
portion to thereby define an inner region of the implant sized for receipt of the end portion of the bone

therein: and

at least one anchor structure projecting from said base portion and sized and configured for
receipt within an opening formed in the end portion of the bone, said anchor structure extending along
a longitudinal axis and including a proximal end attached to said base portion and an opposite distal
end , satd anchor structure including a tapered outer surface that inwardly tapers in a proximal-to-
distal direction along said longitudinal axis, wherein said first transverse portion defines a first bone
engaging surface that 1s tapered relative to a second bone engaging surtface defined by said second
transverse portion characterised in that said first bone engaging surface defined by said first
transverse portion inwardly converges relative to said second bone engaging surface defined by said

second transverse portion 1n a direction extending away from said base portion.

2. The orthopaedic implant of claim 1, wherein said tapered outer surface of said anchor

structure defines a varying taper angle relative to said longitudinal axis that decreases in a proximal-

to-distal direction along said longitudinal axis.

3. The orthopaedic implant of any one of claims 1 to 2, wherein said tapered outer surface of said
anchor structure defines a concave curvature extending in a proximal-to-distal direction along said

longitudinal axis.

4. The orthopaedic implant of claim 3, wherein said concave curvature defines a varying taper
rate relative to said longitudinal axis that decreases in a proximal-to-distal direction along said

longitudinal axis.

. The orthopaedic implant of claim 3, wherein said concave curvature extends along a
concave surface radius that is larger than a maximum convex surface radius of said anchor structure

measured from said [ongitudinal axis.

CA 2808090 2017-10-12
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0. The orthopaedic implant of any one of claims 1 to 5, wherein said anchor structure has a

generally conical configuration.

7. The orthopaedic implant of any one of claims | to 6, wherein said anchor structurc has a

frustoconical shape.

3. The orthopaedic implant of any one of claims 1 to 7, wherein said tapered outer surface of

said anchor structure extends along at least one-half of the overall length of said anchor structure.

9. The orthopaedic implant of any one of claims 1 to 8, wherein said tapered outer surface of

said anchor structure extends along at least two-thirds of the overall length of said anchor structure.

10. The orthopaedic implant of any one of claims 1 to 9, further comprising a second of said

anchor structure extending from one of said base portion and said first and second transverse portions,
said second anchor structure sized and configured for receipt within a second opening formed in the

end portion of the bone.

11, The orthopaedic implant of any one of claims 1 to 10, wherein said anchor structure includes a

mount portion projecting from said base portion to said tapered outer surface.

12. The orthopaedic implant of claim 11, wherein said mount portion of said anchor structure

includes a threaded stem configured for threading engagement within a threaded opening in said

base portion.

13. The orthopaedic implant of any one of claims 1| to 12, wherein said anchor structure includes

one or more grooves extending into said tapered outer surface: and
further comprising a flowable material positioned about at least a portion of said
tapered outer surface of said anchor structure and within said grooves, said flowable material

configured to cure to a hardened state.

CA 2808090 2017-10-12
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14.  The orthopaedic implant of claim 13, wherein said one or more grooves comprise a
plurality of circumferential grooves extending about said tapered outer surface of said anchor

structure.

15. The orthopaedic implant of claim 13, wherein said flowable material comprises a bone cement

material.

CA 2808090 2017-10-12
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