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JOINT REPLACEMENT SPALCERS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of and priority to U.S, Utility Patent
Application Ser. No. 13/834,361 filed March 15, 2013, which is hereby incarporated herein by

reference in its entirety.

SUMMARY

[0001] Devices and methads for joint replacement are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 schematically shows a joint.

{6003] FIG. 2 schematically shows a spacer for hemi-joint replacemant.

[0004] FIG. 3 schematically shows an exploded view of a spacer for hemi-joint replacement
positioned in a joint,

[0005] FIG. 4 schematically shows a cutting implemeant for shaping a bone to receive a spacer for
hemi-joint replacemant.

{0006] FIG. S schematically shows a cutting implement for shaping a bone to receive 3 spacer for
hemi-joint replacernent,

{0007] FIG. 6 schematically shows an anterior view of a spacer for hemi-joint replacement in the
proximal phalangeal joint.

{0008] FIG. 7 schematically shows a medial view of a spacer for hemi-joint replacement in the
proximal phalangead joint.

[0009] FIG, 8 schematically shows a cutting bit and guide for shaping a bone to receive a spacer
for hemi-joint replacement,

[0010} FIG. 9 schematically shows two views and a cross-section of a spacer for hemi-joint
replacement in the talonavicular joint.

{6011] FIG. 10 schematically shows a bit for shaping a bone to receive 3 spacer for hemi-joint
replacemnent.

{0012] FIGS. 11, 12 and 13 schematically show a bit, bushing and mount for shaping @ bonhe to

receive a spacef for hemi-joint replacement,

DETAILED DESCRIPTION
[B013] A spacer for joint replacement can be used te replace a portion of bone ih a joint. Such

spacers and methods for using such spacers are described i U5, Pat. No. 8,303,664, issued
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November 6, 2012, which is hereby incorporated herain by refarence in its entivety. The jointis
ariginaily formed by two bones, each having an articulating surface, either of which may have
somae, ali or none of the related cartifage remaining. The joint schematically shown in FIG. 1
includes a first bone 101 with an articular surface 102 meeting a second bone 103 with an articular
surface 184, The cartilage is not drawn separately for simpldicity, but is meant to be included in
each schematically drawn bone, to the extent that cartilage remains. A patient may need to have
a portion of the first bone replaced, while the second bone remains relatively healthy with a
functional articular surface. in that case, a full joint replacement, in which portions of both bones
are removed, is undesirable. Instead, 3 hemi-joint replacament spacer can be used to replace a
portion of the first bone, while lzaving the second bone entirely intact. it is desirable to leave as
much healthy bone undisturbed as possible. The joint replacement spacer can be designed to
interact with the natural articular surface of the second bone, or else to articulate with a prepared
surface of the second bone,

[0014] A wide variety of combinations of curved elements could be used to generate any
particular cut surface so as to be complementary to & spacer. A cut surface can be Tormed with
mudtiple radil of curvature generated by two or more generators, or “surface-generating curves.”
Typically the surface-generating curves will be planar. in some embodiments, a cutting bit will
include two different radii of curvature on the cutting surface and a third radius of curvature will
be introduced by transiating or rotation the bit through another curve, located on either a collar or
on a cutting guide. In some ambodiments a cutting burr will generate a single radius of curvature
while other curves and radii of curvature are geperated by the collar, or by the guide, or by both
the collar and the guide. One of skl in the art will recagnize that many different combinations of
generators are possible, and any system that generates the necessary three {or four, or more} radi
of curvature would suffice. Some radil of curvature will be infinite, meaning that at feast a portion
of some ganerating curves may be flat,

[0015] Several examples are shown schematically in the figures and are described below,

[0016] FIG. 2 schematically shows a hemi-joint replacemeant spacer 201, The spacer 201 has an
articulating surface 202 for {a} replacing the articular surface of a first bone, and (b) articulating
with 8 second bone. In reality, the articulating surface 202 would probabldy not be substantially flat
as shown, but would rather be curved to mimic the removed articular portion of the first bone.
The spacer 201 also has a secondary surface 203, at lrast part of which, or in some cases all of
which, is a stabilizing surface sized and shaped to fit against a cut surface of the first bone. The cut
surface can be preparad so as to be generally complementary to the stabilizing surface. in

contrast to joint implarits that are affixed to the bone by an interference fit, a surface to allow
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ingrowth, cement, scraws, or the like, when the spacer 201 is in place on the cut surface of the
first bone, the spacer is allowed a small amount of movement relative to the bone. tisthe
interaction of the stabilizing surface and the cut surface of the first bone that generally stabilizes
the spacer relative to the first bone without completely immaobilizing the spacer refative to the first
hone,

[0017] FG. 2 shows that the spacer can have a first axis 204 and a second axis 205. The two axes
rnay be perpendicular o one anather, as shown in FIG. 2, or they may be non-perpendicular. One
or both axes may be curved, The spacer 201 shown in FIG. 2 has a specific shape in each cross-
section parpendicular to the axas. In each cross-section, the spacer 201 defines a curve 206, 207,
The first curve 206 has first and second portions 208, 209 that have non-egual radii of curvature
showrt as R, and R, respectively. The second curve 207 has third and fourth portions 218, 211 that
have non-egual radii of curvature shown as Ry and R; respectively. Although FIG. 2 shows the first
and third portions having the same radius of curvature, Ry, in some embodiments the first and
third portions may have non-equal curvatures. In the pictured embodiment, the radius of
curvature of the first and third portions, Ry, is equal to the radius of a circular bone cutting tool,
described in more detlail below. FiG. 2 also shows that the second curve 207 includes a fifth
portion 212, In this case, the fifth portion 212 s flat, e, it has zero curvature, or an infinite ragius
of curvature, but in practice a fifth portion could have any radius of curvature, in this case, the
spacer also includes 8 bump 213, which is an optional feature of the stabilizing surface. When
using a spacer 201 that includes a bump 213, after forming the cut surface with the
complementary radii of curvature, a cavity will alse need to be formed complementary to the
bump 213,

{0018] The spacer shown in FIG. 2 has a generally convex stabilidng surface, and is designed to be
seated on a complementary, concave, prepared surface of the first bone. Alternatively, the
stabilizing surface can be generally concave, designed to bea seated on a complamentary, convax,
preparad surface of the first bone. Other possible shapes include the cases where either the
second portion or the fourth portion is flat with no curvature {iLe., infinite radius of curvature}.
Also the stabifizing surface could he saddie-shaped, so that the second portion is concave while
the fourth portion s convex, or vice versa. In some saddie-shaped embodiments the radii of
curvature of the second and fourth portions may be equal in magnitude, but opposite in sign. In
that case the two radii of curvature of the second and fourth portions are considered to be not
equal,

{0019] As shown in FIGS. 2 and 3, the perimeter of the spacer is generally elfiptical, Without

altering the relationship of the various portions of the frst and second curves, the perimeter could
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have assentially any shape in the x-y plane shown in FIG. 3, such as a circle, oval, trapezoid,
paralielogram, kite, triangle, or any other shape that would help the space to mimic the anatomy
of the replaced portion of bone.

[0020] FIG. 3 schematically shows the spacer 301 above a bone 302 in an exploded view, The
corver stabilizing surface 303 of the spacer 301 is visikls along with the concave prepared surfacs
304 of the bone 302. The spacer is shown oriented in space by a thres-dimensional Cartesian
coardinate system with axes x, y and Z, and with arrows indicating rotation about each of the three
axes. Rotation about the x axis is "roll,” rotation about y axis is "pitch,” and rotation about the 2
axis is "yaw.” in this particular embodiment, the horizontal ¥ and y axes are the first and second
axes of spacer.

[0021] One property of the spacer 301 shown in FIG. 3 is that, when the stabllizing surface 303 is
seated against the prepared surface 304 of the bone 302, the spacer is substantislly prevented
froms yawing, i.e., rotating about the z axis. Because the first and third portions have different radii
of curvature, the spacer 301 cannot vaw and remain fully seatad against the bone 302; any
rotation of the spacer 301 will tend to cause it to ride up off of the prepared surface 304, if the
second and fourth portions had equal radii of curvature, the spacer might be able to yaw. But
because the second and fourth portions are not egually curved, the aspect of the cut surface that
has heen shaped to match the second portion cannot also match the fourth portion. Any yawing
will therefore tend to cause the spacer 301 to ride up and off of the cut surface 304, Tothe
aextent that the reapproximated joint holds the stabilizing surface 363 down onte the cut surface
304, the spacer 301 will be inhibited frors yawing. Because the cut surface 384 will never be
perfectly complementary, it may be possible for the spacer 301 1o yaw slightly, but generally, the
mating surfaces will inhibit the spacer 301 from riding up and off the surface 304, Similarly, the
fact that the first and second radit of curvature are not equal will tend to prevent the spacer 301
fram pitching, or rotating about the v axis. The fact that the third and fourth radii of curvature are
not equal will tend to prevent the spacer 301 from rolling, or rotating about the x axis.

[0022] FIG. 4 schematically shows a cutting implement, or bit, or burr, 401 useful for removing
portions of bone having a defined radius of curvature. The bit is configurad to he attached to a
powered rotational driver, for example an air driven drill or auger, or any other source or
rotational motion. The bit 401 has a rotating cutting blade. One portion 402 of the cutting blade
defines a particular first radius of curvature shown as Ry, A second portion 483 of the cutting
blade defines a radius of curvature shown as B:. The implement 401 also has a collar 404, inthis
embodimant the collar can also have radius of curvature Rs, although in other similar

embhodiments, the collar could simply be flat. The collar is designed to ride on a guide 405, This
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particular guide is generally oval shaped, and is intended to be secured to the first bone,
positioned directly above the portion of the first bone to be removed. The edge 406 of the guide
defines a radius of curvature R, To form the cat surface, the bit 401 is phunged downward until
the colfar 404 contacts the curved edge 406. The rotating bit is then swept along the guide 404 so
as to form the cut surface on the bone. A cross-section of the resulting surface parallel to the long
axis of the guide will have radii of curvature R, near the edge and R; in the middle, A cross-section
of the resulting surface parallel to the short axis of the gulde will have radil of curvature and Ry
near the adge and Ry in the middle, Thus, the resulting cut surface will be complementaryto a
spacer 201 like the one shown in FIG. 2, except for the hump 213, As shown in FiG. 4, the cutling
portion 402 of the bit 401 at its widest point has a width marked W which is roughly equalto, or
slightly smaller than, the width of the opening in the guide 405, also marked W. In this
embodimert, the bit 401 would be plunged downward to meet the gulde 405 and then swept back
and forth in only one direction,

[0023] As an afternative, the bit could be formed as a hemispherical cutting surface with radius:of
curvature R, at all points on the cutting surface. In that case, a different part would need to
generate the R radius of curvature. One possibility would be fo make the bit have a width
significantly smaller than the inner dimension of the guide 405, Then the user would be free to
sweep the bit in two dimensions over the guide, The colfar 404 can then be formed with radius of
curvature Ry to generate that radius of curvature as the bit is swept along the direction of the
short axis of the guide 405.

{0024] As shown in FIG. 8, the bit 401 used in combination with the guide 405 would result in g
concave prepared surface. As an alternative, the bit 401 and guide 405 could be designed to result
in a prepared swrface that is convex, The radius of curvature of the collar 404 could be inverted so
that the collar is concave with radius of curvature R;. And likewise radius of curvature of the
curved adge 406 of the guide 405 could he inverted so as to have a convex radius of curvature B,
{1 that case, with a concave collar and a convex guide, the rasulting prepared surface of the bone
would be comvex. As still another alternative, both the collar and the guide could ke convex,
resulting in a saddle-shaped prepared surface. Ag ¢till another alternative, hoth the collar and the
guide could be concave, resulting in a different saddie-shape for the prepared surface,

[D025] FIGS. 2-4 can also be thought of as an example of the more general statement of the
propertias of the stabilizing surface and complementary cut surface as defined by planar
generaling curves. in the case where the cutting surface 402, 403 of the hit 401 has two radii of
curvature Ry and Ry and the collar 404 is flat, the cutting surface defines one planar generating

curve having, in this case, two radii of curvature. That generating curve is combined with the
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planar generating curve defined by the curved edge of the guide 406. By combining {1} the curve
defined by the cutting surface 402, 403 of the bit, and {2) the curved edge of the guide 408, a
surface is created. The surface has two geometrically independent aspects, namely the first and
second axes 204, 205, Along these geometrically independent aspects, that is, in cross-sections
perpendicuiar to the two axes, the surface has two radit of curvatwre. In one geometrical aspect,
the radius of curvature varies from R, to R, and back to R, so that the radius of curvature i non-
constant. In the other aspect, the radius of curvature varies from B 1o R; and back to &, so that
the radius of curvatire Is again non-constant in a second geometrical aspect.

[0026] “Geometrically independent aspects” is used herein to denate non-congruent axes such
that every point on the surface has a unigue coordinate with respect to the axes. Examples of
geometrically independent aspects include perpendicular linear axas, as shown in FIG. 2, non-
perpendicular inear axes, and curvilinear coordinate systems such as cylindrical systems in which
one aspect is radial and another is azimuthal, toroidal systems in which radial distance is measured
from a circle of fixed radius, and azimuth s measured about the center of the fixed circle, toroidal
systerns in which the fixed radius of the toroid varies with angle for example elliptical, hyperbolic,
or parabolic coordinate systems, etc. in the case of linear axes, a "cross-section” perpendicular to
the axis is a5y to visualize since it is entirely in 3 single plane. In the case of a coordinate system
with an angular axis, at least one cross-section may be harder to visualize, since R may lieina
more complicated surface, such as a circular, elliptical, parabolic or hyperbolic oylinder, rather
than a sirnple plane as in the case of linear axes. Nonetheless, the intersection of the stabilizing
surface with such a geometrical surface defines a type of cross-section and is well-defined. inthe
case of curvitinear conrdinates, the existence of a curve In the coordinate system may constitutes
one of the generating curves of the surface,

[0027] FIG, 5 schematically shows a simifar bit 301 with a first radius of curvature Ry on the "edge-
cutting” portion 502 of the bit 501, and a different radius Ry on the “plunge-cutting” portion 503 of
the bit. The collar 504 also has radius of curvature R;. This bit 501 could be used aither with a
guide whose wikdth matched the width of the widest part of the edge-cutting portion 502, in which
case the plunge-cutting portion would entirely generate the aspect of the cut surface having radius
of curvature R; while the bit 301 was swept in only one direction in the guide. Or the bit 501 could
be used with a wider guide that allowed the bit 501 to be swept in a second direction, so that both
the collar 504 and the plunge-cutting portion 503 define the aspect of the cut surface having
radius of curvature R;. In the case where the width of the guide matches the width of the bit, the

cutting portion of the bit defines a generating curve with two radii of curvature, while the guide
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defines another generating curve with a single radius of curvature. The two planar curves combine
in the same way described with respect to FiGS. 2-4.

{0028] FIG. 6 schematically shows one embodiment of a particular spacer 601. This embodiment
is particularly useful In a foot at the metatarsal-phalangeal joint. The articulating surface 602 of
the spacer 801 articulates with the metatarsal head and the spacer replaces the proximal articutar
surface of the proximal ghalanx. As implanted in the foot, FIG. & presants what would be an
anterior view of the spacer 801, The opposite or inferior side of the spacer B01 has an outer edge
portion 803 with a first radius of curvature Ry, The central portion 804 of the inferior side has a
different radius of curvature R; in this cross-section. FIG. 7 schamatically shows the same spacer
601 but in a lateral view. The articular surface 602 is still visible. The edge portion 603 is also still
visible showing radius of curvature R,. The central portion 604 is also still visible, but from the
lateral direction, the other radius of curvature, R, Is now visible. inferior or superior views of the
spacer 601 would show a generally trapezoidal shape with rounded corners,

[0029] The particular embodiment shown in FIGS. 6 and 7 includes an optional stabifizing bump
605, In addition to the stabilizing surface, which is complementary to the prepared bone surface
incorparating multiple radil of curvature as explained above, the bump is complementary to a
cavity formad on the bone surface. The bump Tits mside, but does not entirely fill, the cavity. In
this way the bump can allow for some Himited motion of the spacer on the prepared surface, 1o the
extent that the bump can move within the cavity. This is explained in more detall in LS. Pat. No.
8,303,664, issuad November 6, 2012, which is incorporated herein by reference in its entirety.
{0D30] FiG. 8 shivws a bit 801 for cutting and a guide 802 for cutting a surface in s talanavicular
joint. Linlike the bits in FIGS. 4 and 5, bit 801 canncot plunge cut. The cutting surface 363 can only
cut perpendicudar to the rotational axis of the bit 801, The cutting surface 803 can have end
portions with radit of curvature Ry and a central portion with a different radius of curvature R,
The hit 801 includes an end collar 804 and a pivot collar 805, Whan the guide is secured to the
bone and the bit 801 is seated on the guide 884, the pivot collar 805 sits in pivot groove 806 while
the end collar 804 rides in the shaping groove 807, The shaping groove BB7 can have end sections
BO8 with a radius of curvature R; while the central portion 809 can have a different ragiusg of
curvature R., The surface of the hone s prepared by swinging the bit 801 side to side, allowing the
pivot collar BOS to remain essentially stationary in the pivot groove 806. The bit 801 moves
vartically due to end collar B04 riding over the shaping groove 807, In some cases, R; equals Ry so
that the resulting prepared surface has a single radius of curvature around Hs perimeter. Because
the bit 801 pivots, it necassarily sweeps out an arc. This s in contrast to the bits shown in FIGS. 4

and 5, which can be used with entirely rectilinear motion i desired, The resulting prepared
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surface of the hone will have differing radil of curvature in the cross-sections perpendicular to an
axis, the same as described in reference to FIGS. 2, 6 and 7. But in this case, at least one axis is an
arc, rather than a line, Such an arc is shown as a dashed arc in FIG, 8. Additionally, the because at
least one axis s arcuate rather than a straight ling, the cut surface and corresponding surface of
the complernentary implant will be stable against rolling about the arcuate axis even i cross
sections perpandicular to the arcuate axis are curved with only a single radius of curvature,

[0031] o the case of FIG. §, the cutting surface 803 defines one planar generating curve, Ancther
generating curve is the arc through which the bit 801 and its cutting surface 803 is pivoted defines
another generating curve, The resulling cut shape, in the simplest case whare the bit pivots in a
planar, circular are, has an outline similar to a Kidney bean, or cashew nut. In a radial cross-
section, that is in a vertical plane that contains the axis of rotation of the bit, the surface has
exactly the shape of the cutting surface 803, perhaps having two different radii of curvature, Inan
independent geometrical aspect, that is, in a cross-section lying in a vertical circular oylinder
defined by the arc through which the bit 801 is pivoted, the curve defined by the surface is Hat
bottormed {an infinite radius of curvature} with rounded edges whose curvature is defined by the
radius of the bit 801 {a finite, non-zerg radius of curvature}. In this way, the resulting surface can
have norn-constant radius of curvature in each of two geometrically independent aspacts.

{0032] An additional level of complexity is added i further changes in curvature are added to the
various aspects of the surface, As noted above, the shaping groove 807 can have muitiple portions
with different curvature in a vertical plane so that the collar 804 rides up and down as the hit 301
is pivoted, Additionally the shaping groove 837 can have radial curvature, so that as a user pivols
the bit 801, in order to keep the coliar 801 mated to the shaping groove 807, the bit 801 must
move along its axis of symmetry through the pivot groove 806, The resulting shapes can have a
wide variety of curvilinear independent geometrical aspects.

{0033] FIG. 9 shows an example of an implant 901 that could fit on the surface prepared by the
bit 801 and guide 802 shown in FIG. 8. FIG. 9 shows a superior view of the implant looking down
an to the articulating surface, a lateral elevation showing the perimeter portion of the stabifizing
surface with radius of curvature B, and a central region with a convex radius of curvature Ry, and &
cross-section in the coronal plane showing 3 concave radius of curvature Ry, In this example, the
spacer has a saddie shaped articulating surface 902, The saddie shape cab be seen in that the
medial view of the spacer shows the articulating surface 902 as concave, while the coronal plane
cross-section, which gives an anterior view, shows the articulating surface 8092 as convex.

Likewise, the stabilizing surface 903 is at least partiaily saddle shaped. The saddie shape can be
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seen in that the medial view of the spacer shows the stabilizing surface 903 as convex while the
anterior view coronal-plane cross-section shows the stabilizing surface 903 as concave.

{0034] FiG. 10 shows another bit 1001 for use with a pivot type of gulde, similar to the guide 802
shown in FIG. 8. This bit 1001 has a more exaggerated difference between the different portions
of the cutling ssrface. Perimeter portions 1002, 1003 are shown having radius of curvalure Ry
while the central portion 1004 of the cutting surface has radius of curvature R,. Like the other bits
shown herein, the bit 1001 is firedly attached to a drive shaft 1805, In this example, the drive
shaft protrudes 1006 from the far side of the cutting surface to allow for the attachment of a collar
at the far end if desired.

{0035} I many of the embodiments described herein, for axample the embodiment shown in
FiG. 5, a rotating drive shaft turns the bit while a collar or bushing of some kind surrounds the
drive shaft. In some cases the collar rotates with the shaft, so that the rotating colfar rides on a
gutide, in that case, the collar will need to be rotationally symmaetric about the axis defined by the
drive shaft. In other cases, the collar or bushing will not rotate with the drive shaft, but rather the
drive shaft will rotate within the collar or bushing. In that case, the collar or bushing need not he
rotationally symmetric, or symmetric at all,

{0038] FIGS. 11, 12 and 13 schematically show a different combination of a bit 1101, a bushing
1102 and @ mount 1103 to be used together to form a saddie shaped prepared surface on the
hone, The bit 1101 is a side-cutting hit like those of FIGS, 8 and 10, The bit 1101 includes
perimetar cutting portions 1104, 1105 defining a radius of curvature R, and a central cutting
portion 1106 defining s radius of curvature R;. The bif also includes 5 drive shaft 1107, Unlike the
bits in FIGS. 8 and 10, kit 1141 has no protruding shaft on the Tar end of the bit from the drive
shaft, The bit is designed without a built-in collar or bushing,

[0037] instead, the bit 1101 is designed to spin in bushing 1102, FG. 12 schematically shows
three views of the bushing 1102, The bushing 1102 is generally arcuate in shape and an arc
through the center of the bushing, shown as a dashed line, defines a radius of curvature Ry, The
bushing 1102 defines a channel 1108 A channel 1108 through the bushing is sized to receive the
drive shaft 1107 of the bit 1101,

[0038] FIG. 13 schematically shows 3 mount 1103 for use with the bit 1101 and bushing 1102,
Clockwise from top left, FIG. 13 shows four views of the mount 1103: a top view; an angled
perspective view showing, top, side and front; a side view; and a front view. The mount 1183 is to
be attached to the bone where the surface will be prepared, and may be affixed, for example with
serews or the fike through the anchoring holes 1108, The mount defines a bushing slot 1110, sized

and shaped to receive the bushing 1102, having the same arcuate shape and radius of curvature of

.9.
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tha bushing 1102, in use, the bushing 1102 can slide side to side in the mount 1103, Inh some
embodimerts the rotating bit 1101 can slide front to back through the bushing, and the mount
1103 is deep enough in comparison o the bit 1101 that there is room to move the hit forward and
hackward. In other embodiments, the bit 1101 is roughly the same depth as the depth of the
rmount 1103 so that the bit only moves side to side. The mount can also define an entry slot 1111
through which the bit can be introduced inte the cufting position inside the mount 1103,

[0039] The set-up shown in FIGS, 11-13, like the guide and bit in FIG. 8, can be used to creste a
stabilizing surface with carvilinear independent geometrical aspects, or it can be simplified to kesp
the independent geometrical aspects esaentially rectangular, As shown, the bushing 1102 rides in
bushing slot 1110 which is cut in to 3 curved front wall of the mount 1103, The bit 1101 must
rotate as the bushing 1102 moves in the siot 1110 in order to keep the bushing 1102 fully seated.
iIn some embodiments, the bushing 1102 may be constrained to 30 move, for example by a mating
surface with the mount 1103, e.g, @ tongue and groove or similar arrangement. Afternatively, if
the mount 1103 had 3 flat front, the bit 1101 would not have to rotate at all to keep the bushing
1102 fully seated, and the resulting surface would have rectilinear independent geometrical
aspects,

[0040] In any of the preceding examples, or in other embodiments, a It comprising a bone-
cutting bit and a guide can comprise a kit for cutting a prepared suwrface on a bone so asto be
complementary to g particular spacer. A kit could indlude the spacer, A kit couldd inchide bushings
and or collars necessary to generate a particular radius of curvature.

{6041] In any of the preceding examples, or in other embadiments, a kit camprising a bone-
cutling bit and a guide can comprise a kit for culting a prepared surface on a bone soasto be
complementary 1o a particular spacer. A kit could include the spacer, Akt could include bushings
and or collars necessary to generate a particular radius of curvature,

{0042} The joint to be partially raplaced can be any synovial joint in the body. The disclosed
devices and methods may be especially beneficial in small joints such as in the extremities. The
joint can be in the foot, for example, the tibiotalar, talonavicular, metatarsal phalangead,
metatarsal tarsal, navicilarcuneiform, caleaneal cubold, subtalar, and interphalangeal {distal and
proximal] joints, The joint can also be i the hand or wrist, for example, the carpometacarpal joint
of the thumb, the scapho-traperio-trapezoid {STT}, the metacarpal-phalangeal joint of the thumb,
and the proximal interphalangeal joints. Elbow, shoulder and knee joints may also be well suited
to the disclosed methads and devices.

{0043] The combination of two or more generating curves with non-constant curvature can resaft

ire & wide variety of different surfaces and shapes, allowing the spacer and complementary surface
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te mimic a wide variety of bopes and to function in a wide variety of joints. The resulting
complemantary surfaces on the bone and the spacer range from simple to complex. In various
embadiments, the desired stability can be achieved with an implant whose stabilizing surface has
at least three different curvatures distributed across two different axes or geomatrically
independent aspects. it should ke understood that in general the goad of preparing a bone with
such a surface is to allow the prepared surface to mate with a complementary stabilizing surface
an a spacer, aithough one could prepare a bone with a cut surface for another purpose.

{0044] Any of the spacers described herein can be made of a variety of biocompatible materials,
including pyrolytic carbon. {n particular, the articulating and stabilizing surfaces may be formed
entirely of pyrolytic carbon, as may the burnp, If the spacer includes one. Pyrolytic carbon has
been used as an implant material for several decades in artificial heart valves and artificial joint
implants. Whern used within a joint, the material exhibits extreme biocompatibility, surpassing
commion implant metals such as stainless steels, titanium alloys, ceramics, and cobalt chrome
alloys. This extreme blocompatibility allows the body to act in two advantageous ways. First,
pyrolytic carbon can transmit sliding motion under load to synovial joint surfaces whila allowing
the surfaces te remain healthy and functional over prolonged periods of time. ts biccompatibility
against articular cartilage clinfcally surpasses all presently-known common implant metals, This
property provides prolonged load bearing contact hetween the joint spacer and the remaining
cartifage surface. The second advantage of pyrolytic carbon is its reaction in the presence of newly
formed bone surfaces, such az are created when the end of a diseased bone is resected. In this
case, pyrahytic carbon appears to encourage the formation of a new load transfer surface that
responds favorably 1o small induced motions while transmitting joint keads. This progernty leads to
the advantageous alement of the claimed joint spacer, namely the absence of the neead for rigid
fixation between the spacer and the bone,

{0045] A spacer usefil in hemivjoint replacement for replacing a removed portion of & first bone
and articulating with a second bone can have an articulating surface and a stabilizing surface. The
articulating surface can be sized and shaped to articulate with an articular surface of the second
bone. The stabilizing surface can he sized and shaped to conform to a cut surface of the first bone.
The spacer can define 3 first axis and a second axis not parallel to the first axds. The first and
second axes may or may not be perpendicular. One or both axes can be lines or curves. In a cross-
section of the spacer perpendicular to the first axis, the stabilizing surface defines a first curve. In
& cross-section of the spacer perpendicular to the second axis, the stabilizing surface defines a
second curve. The first curve can have a first portion with a first radius of curvature and a second

portion with @ second radius of curvature, where the first and second radii of curvature may be
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unequal, The second curve can have a third portion with a third radius of curvature and a fourth
portion with a fourth radius of curvature, where the third and fourth radii of curvature may be
unaqual. Moreover, the second and fourth radil of curvature may be unagual as well.

{0046} The first and third radil of curvature may be equal to sach other, and equal to the radius of
curvature of a curved cutting blade of a bone shaving instrument. The second curve can further
include a fifth portion with a fifth radius of curvature. The fifth radius of curvature can be unequal
1o both the third and fourth radil of curvature, The fifth radius of curvature could be, for example,
infinite meaning that the fifth portion is substantially flat,

{0047} The stabilizing surface may include a bump, or protrusion, designed to sit inside a cavity
defingd by the prepared cut surface of the first bone, The bump would pantially, but not entirely,
fill the cavity so that, when the stabilizing surface is fully seated on the cut surface, the bump
would protrude into the cavity. The movemant of spacer on the cut surface could then be limited
by the amount of movement possible by the bump in the cavity. Such arrangements are described
in U.S, Pat. No. 8,303,664, which Is incorporated herein by reference.

[0048] The stabilizing surface may be convex, concave, saddie-shaped, or a3 more complex
combination of many radii of curvature. The perimeter of the spacer may be a circle, oval, ellipse,
torys, trapezoid, paratielogram, kite, triangle, or any other shape that would help the spacer to
mimic the anatomy of the replaced portion of bone. The axterior of the spacer may consist
entirely, or essentially, of the articulating surface and the stabilizing surface, and no other, or
assentially no other, surfaces. The first curve may consist entirely, or essentially, of the first and
second portions, and may have no other, or essentially no other, portions. The same may be true
for the second curve, Either the first or second axis, or both, may be curved,

{0049] The spacer can include pyrodytic carbon, can consist essentially of pyrofytic carbon, or can
consist entirely of pyrolytic carbon. In particular, the articulating surface and/or the stabilizing
surface may ba formed of pyrolytic carbon,

(0050} Any such spacers may be included in a kit along with a bone-cutting bit having 8 cutting
portion and a guide sized and shaped to guide the bone cutting bit. The bone-cutting bit and the
guide can be sized and shaped such that, when the bone-cutting bit is guided by the guide, the
cutting portion sweeps out 8 surface complimertary to the stabilizing surface of the spacer. A
profile of the cutting portion can define a curve at lzast a portion of which has the first radius of
curvature and a profile of the guide can define a curve at lrast a portion of which has the fourth
radius of curvature. A profile of the cutting portion can be congruent o the first curve.

{0051] A joint that includes a first bone having a first articular surface and a second bone having 8

second articular surface can be distracted. The first bone can be prepared in at lzast two steps.
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First, the first bone may be prepared by removing the first articular surface, thereby creating a cut
surface on the first bone, the cut swrface defining a first axis and 2 second axis not paraliel to the
first axis. Second, the first bone may be prepared by shaping the cut surface so that: in a cross-
section of the cut surface perpendicular to the first axis, the cut surface defines a first curve
including a first portion with a first radius of curvature, and a second portion with a second radius
of curvature not equal to the first radius of curvature; in a cross-section of the cut surface
perpendicular to the second axis, the cut swrface defines a second curve including 2 third portion
with a third radius of curvaturs, and a fourth portion with a fourth radius of curvature not egual to
the third radius of curvature; and the second and fourth radii of curvature are not equal. A spacer
may be placed against the cul surface of the first bone, the spacer having an anticulating surface
sized and shaped to articulate with an articular surface of the second bone, and a stabilizing
surface sized and shaped to be substantially complementary to the cut surface, The joint may be
reapproximated such that the articulating surface of the spacer articulates with the second
articular surface of the second bone, and the stabilizing swrface of the spacer folly seats agalnst the
cut surface of the first bone.

{0052] A joint that includes a first bone having a first articular surface and a second bone having a
second articular surface can be distracted. A spacer may be provided, the spacer baving an
articulating surface sized and shaped to articulate with an articular surface of the second bone,
and a stabilizing surface a predetarmined shape. The first bone can be prepared by removing the
first articular surface of the first bone thereby creating a cut surface sized and shaped to be
substantially complementary to the stabilizing surface. The spacer can be placed agaiost the cut
sirface of the first bone with the stabilizing surface facing the complementary cut surface of the
first bone, The joint can be reapproximated such that the articulating surface of the spacer
articulates with the second articalar surface of the second boneg, and the stabillzing surface of the
spacer fully seats against the cut surface of the first bone. The stabilizing surface can be definad
by a combination of at lzast two surface-generating curves such that two geometrically
independent aspacts of the stabilizing surface are defined by non-constant curvature,

{6053] A spacer useful in hemi-joint replacement for replacing a removed portion of a first bone
and articulating with a second bone can have an articulating surface and a stabilizing surface. The
articulating surface can be sized and shaped to articulate with an articular surface of the second
bone. The stabilizing surface can have a shape defined by a combination of at least two surface-
generating curves such that two geometrically independent aspects of the stabilizing surface are
defined by non-constant curvature. The two geometrically independent aspects can be rectilinear

axes, which may or may not be perpendicular to one another. The two geometrically independent
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aspects can also be defined by a curvilinear coordinate systern. Curvilinear coordinate systems
include, for example polar, bipolar, parabolic, elliptic, hyperbolic, circular cylindrical, parabolic
cylindrical, eliiptic cylindrical, hyperbolic cylindrical, spherical, oblate spheroidal, prolate
spheroidal, and toroidal coordinates. Any system in which geometrically indepandent aspecis are
defined in space can suffice,

{0054] Any such spacers may be included in a kit along with a bone-cutting bit having a cutting
portion and a gulde sized and shaped 1o guide the bone cutting bit. The bone-cutting bit and the
guide can be sized and shaped such that, when the bone-cutting bit is guided by the guide, the
cutting portion sweeps out a surface complimentary to the stabilizing surface of the spacer. A
profife of the cutting portion can define one of the at least two surface-gensrating curves and a

profile of the guide can define another of the at least two surface-generating curves.

- 14 -



WO 2014/143860 PCT/US2014/028011

CLAIMS

1. Aspacer for {a} replacing a removed portion of a first bone, and {b} articulating with a second
bone, the spacer comprising:
an articulating swface sized and shaped to articulate with an articular surface of the
second bone; and
a siabilizing surface sized and shaped to conform o & cut surface of the first bone,
wherein:
the spacer defines first axis and a second axis not paralial to the first axis;
in a cross-saction of the spacer perpendicular to the first axis, the stabilizing
surface defines a first curve including:
a first portion with a first radius of curvature; and
a second portion with g second radius of curvature not equal to the first
radius of curvature;
in a cross-section of the spacer perpendicular to the second axis, the stabilizing
surface defines a second curve including:
a third portion with a third radius of curvature; and
a fourth portion with a fourth radius of curvature not equal to the third
radius of curvature; and
the second and fourth radii of curvaturea are not egual.
2. The spacer of claim 1 wherein the first and third radli of curvature are enual to each other, and
eqgual to the radius of a curved cutting blade of a bone-shaving instrument.
3, The spacer of either of dlaims 1 or 2 wherein the second cuarve further includes a fifth portion
with a fifth radius of curvature that is {a) not equal to the third radius of curvature and (b}

not equal to the fourth radius of curvature,

N

. The spacer of claim 3 wherein the fifth portion is substantially flat.

i

. The spacer of any of claims 1-4 wherein the first axis is perpendicular to the second axis.

o

. The spacer of any of claims 1-5 wherein the stabilizing surface is {3} convex, th) concave, or
{r} saddie-shaped.
7. The spacer of any of claims 1-6 wherein the perimeter of the spacer is substantiatly {a} elliptical,
{b} circular, {c} traperzoidal, ar {d} toroidal.
8. The spacer of any of claims 1-7 wherein the spacer further comprises a bump protruding from

the stabilizing surface.
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3. The spacer of any of claims 1-8 wherein the exterior of the spacer consists essentially of the
stabilizing surface and the articulating surface.
10. The spacer of any of claims 1-5 whersin the first curve consists essentially of the first portion
and the second portion.
11. The spacer of any of claims 1-10 wherein the first axis is curved.
12. The spacer of any of claims 1-11 wherein the spacer comprises pyrolytic carbon.
13. The spacer of claim 12 wherein the articulating swrface and the stabilizing surface are formed
entively of pyrofytic carbon,
14. Amethod comprising:
distracting a joint that comprises a first bons baving a first articular surface and a second
bone having a second articular surface;
preparing the first hone by:
rernoving the first articular surface of the first bone thereby creating a cut surface
on the first bone, the cut surface defining a first axis and 3 second axis not
parallel to the first axis;
shaping the cut surface so that:
in & cross-section of the cut surface perpendicular to the first axis, the eyt
surface defines a first curve including a first portion with a first
radius of curvature, and 3 second portion with a second radius of
curvature not egual to the first radius of curvature;
in o cross-section of the cut surface perpendicular to the second axis, the
cut surface defines a second curve including a third portiocn with a
third radius of curvature, and g fourth portion with a fourth radius
of curvature not equal to the third radius of curvature; and
the second and fourth radil of curvature are not equal;
placing a spacer against the cut surface of the first bone, the spacer having an articulating
surface sized and shaped to articulate with an articular surface of the second
hone, and & stabilizing surface sized and shaped to be substantially
complementary to the cot surface; and
reapproximating the joint such that the articulating surface of the spacer articulates with
the secand articular surface of the second bone, and the stabilizing surface of the

spacer fully seats against the cut surface of the first bone.
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15. A method comprising:
distracting a joint that comprises a first bone having a first articular swrface and a sacond
bone having a second articular surface;
providing @ spacer having an anticulating surface sized and shaped to articulate with an
articular surface of the second bone, and a stabilizing surface a predetermined
shape; and
preparing the first bone by removing the first articular surface of the first bone thereby
creating a cut surface sized and shaped o be substantially complernentary to the
stahilizing surface;
placing the spacer against tha cut surface of the first bone with the stahilizing surface
facing the complemantary cut surface of the first bone; and
reapproximating the joint such that the articulating surface of the spacer articulates with
the second articular surface of the second bone, and the stabilizing surface of the
spacer fully seats against the cut surface of the first bone;
wherein the shape of the stabilizing surface is defined by a combination of at least two
surface-generating curves such that two geometrically independent aspects of the
stabilizing surface are defined by non-constant curvature.
16. A spacer for {a} replacing a removed portion of 2 first bone, and {b} articulating with a second
bone, the spacer comprising:
an articulating surface sized and shaped to articulate with an articular surface of the
second bone; and
a stabitizing surface having a shape defined bya combination of at least two swilace-
generating curves such that two geometrically independent aspects of the
stabilizing surface are defined by non-constant curvature.
17. The spacer of claim 16 wharein the two geometrically independent aspects are perpandicular
rectilinear axes.
18, The spacer of claim 16 wherein the two geometrically independent aspecis are defined by a
curvitinear coordinate system.
19, A kit comprising:
a spacer according to any of claims 1-13;
a bone-cutting bit having a cutting portion; and

a guide sized and shaped to guide the bone cutting bit;
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wherein the bone-cutting bit and the guide are sized and shaped such that, when the
bone-cutting bit is guided by the guide, the cutting portion sweeps out 8 surface
complimentary to the stabilizing susface of the spacer,
20, The kit of claim 19 wherein:
a profite of the culting portion defines a curve at least a portion of which has the first
radius of curvature; and
a profile of the gulde defines a curve at least a portion of which has the fowrth radius of
curvature,
21, The kit of claim 20 wherein a profile of the cutting portion is congruent o the first curve,
22. A Rit comprising
3 spacer according to any of claims 16-18;
& bone-cutting bit having 8 cutting portion; and
a guide sized and shaped to guide the bone cutting bit;
wherein the bone-cutting bit and the guide are sized and shaped such that, when the
bone-cutting bit is guided by the guide, the cutting portion sweeps out a surface
cormnplimentary to the stabilizing surface of the spacer.
23. The kit of claim 22 wherein
a profife of the cutting portion defines one of the at least two surface-generating curves;
and

a profile of the guide defines another of the at least two surface-gensraling curves,

- 18-



PCT/US2014/028011

113

WO 2014/143860

HON B

PR —
< Ny
§:»,. e?t

Y

S B 3 O . A R 07T Prvrs

M\\\\\x\\\, w vrrr o rrer o eres

H
b
4

£

FiG. 1



PCT/US2014/028011

WO 2014/143860

213

¢ UNOI

/fﬁfw 607

. » \ \\
A 3
b3 m\ P 4
Z 3.7 B %
Z £ T2 : %
& gl i : zZ
3 2
o “ ’
\\\\\ gy ilctaroccs oo S I s
z "y
3 3 Z 2z

R SR
o3

4
iy
34

a0 90Z

ki BN
h} g




WO 2014/143860

AL

301

313

PCT/US2014/028011

FIGURE 3



PCT/US2014/028011

WO 2014/143860

4/13

¥ N5













R/14

4

\

v

r

201
207
CIGURE 8

207




WO 2014/143860 PCT/US2014/028011
913

D

e,

FIGURE S




WO 2014/143860

1006
1002

1001
RS

1003

1013

1005

PCT/US2014/028011

FIGURE 10



WO 2014/143860 PCT/US2014/028011
11/13

1104
1105
1107

£
FIGURE 11

1101
L



PCT/US2014/028011

WO 2014/143860

1213

AN HSIE

oM

§
o

RN AR RN RN

¢
{

HNQWM

&NINQM,H



WO 2014/143860 PCT/US2014/028011
13/13

FIGURE 13

e
{53

1110



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2014/028011

A CLASSIFICATION OF SUBJECT MATTER

AG61B 17/56 (2006.01)
AG61F 2/30 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B 17/56, A61F 2/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), PubMed, NCBI, Rambler, Yandex

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
SHAPOSHNIKOV YU.G. Travmotologiya i ortopediya. Rukovodstvo dlya vrachei.
Tom 1, Moskva, "Meditsina", 1997,
X p- 526-527, 540-542 1-4, 14-18
Y 19-23
Y RU 2260389 C1 (FATKULLIN NAIL VAKHITOVICH) 20.09.2005, claims 19-23
A RU 116769 Ul (TATARINOV VALERY FEDOROVICH) 10.06.2012, claims 1-4, 14-23
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

28 July 2014 (28.07.2014)

Date of mailing of the international search report

28 August 2014 (28.08.2014)

Name and matling address of the [SA/RL
FIPS,

Russia, 123995, Moscow, (3-59, GSP-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7 (409} 243-33-37

Authorized officer
A. Shitov

Telephone No. 8(495)531-64-81

Form PCT/ISA/210 (second sheet) (July 2009)




International application No.

INTERNATIONAL SEARCH REPORT PCT/US 2014/028011

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. Claims Nos.: 5-13

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.
The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

