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using the same, are provided. The implant de-
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stem (110,1107), the stem having an oval-
shaped cross-section. The articular end has an
upper surface (115,1157), a side surface
(120,120°), and a lower surface (125,125").
The upper surface and lower surface each m-
tersect the side surface. The upper surface has
a first surface curvature (130,1307), a central
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from the lower surface i a direction away
from the upper surtace ot the articular end.
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TROCHLEAR IMPLANTS AND METHODS OF USE

FIELD OF THE INVENTION

[0002] This disclosure relates to devices and methods for the repair of articular cartilage
defects. Particular embodiments of this disclosure relate to implants that serve as a replacement
for diseased or damaged cartilage in joints such as human knees, including the trochlear groove,

hips and shoulders.

BACKGROUND OF THE INVENTION

[0003] Cartilage acts as a pad between bones to reduce friction and prevent the bones from
grinding against one another. Cartilage covers the articular surface of many, if not all, joints in
the body. The smoothness and thickness of the cartilage are factors that determine the load-
bearing characteristics and mobility of the joints. Over time, due to injury or heredity, however,
lesions such as fissures, cracks or crazes can form in the cartilage. In some cases, osteochondral,
the lesion penetrates to the subchondral surface of the bone. In other cases, chondral, the lesion
does not penetrate to the subchondral surface of the bone. Lesions generally do not repair
themselves - and if any repair is made it is generally insufficient to heal - leading to significant

pain and disability, either acutely or over time.

[0004] One approach for regenerating new cartilage is autologous chondrocyte transplantation.
This technique is complex and relatively costly. Other techniques, aimed at repair instead of
regeneration, include debridement, lavage, microfracturing, drilling, and abrasion arthroplasty.
These procedures generally involve penetrating the region of vascularization in the subchondral
bone with an instrument until bleeding occurs. Formation of a fibrin clot differentiates into

fibrocartilage, which then covers the defect site.
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[0005] An alternative approach has been to undergo a total replacement of the joint. Such

total replacements, however, are costly, high risk, and mvolve a long recovery time.

SUMMARY OF THE INVENTION

Definitions

[0006] In various illustrative embodiments, the terms “vertical axis” or “vertical” mean a
direction from the top of a three-dimensional object to the bottom of the three-dimensional

object.

[0007] In various illustrative embodiments, the terms “horizontal axis” or *“‘horizontal”
mean a direction from right of the three-dimensional object to the left of the three-

dimensional object.

[0008] In various illustrative embodiments, the terms “depth axis” or “depth” mean a
direction from the front of the three-dimensional object to the back of the three-dimensional

object.

[0009] In various illustrative embodiments, the term “medial side” is made with reference

to the medial side of a patient’s joint.

[00010] In various illustrative embodiments, the term “lateral side” is made with reference

to the lateral side of a patient’s joint.
[00011] In various illustrative embodiments, the term *“torus” means the surface of a toroid.
[00012] In various illustrative embodiments, the term *“tubular radius” refers to the radius of

the tube of a torus, as opposed to the “major radius” or *“radius of revolution”, which are

terms that refer to the radius from the center of the torus to the center of the tube.
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[00013] In various illustrative embodiments, geometric terms such as "elliptical," "oval",
‘circle”, "sphere", "cylinder", and the like are used as references and for clarity of
understanding, as would be understood by one of ordinary skill in the art. Accordingly, these

terms should not be Iimited to strict Euclidean standard.

[00014] Various illustrating embodiments of the present invention provide implant devices,
preferably for use in human joints, including the trochlear groove. In accordance with one aspect
of an illustrating embodiment of the present disclosure an implant is provided which may include
an articular end and a stem, optionally the stem has an oval-shaped cross-section. The articular
end may have an upper surface, a side surface, and a lower surface. The upper surface and
lower surface each intersect the side surface. The upper surface may have a first surface
curvature, a central surface curvature, and a second surface curvature. The stem may extend in
a direction away from the lower surface of the articular end. The stem preferably has at least

one groove about a perimeter of the stem.

[00014A] In a broad aspect, the invention provides an implant comprising an articular end
having an upper surface, a side surface, and a lower surface. The upper surface and lower
surface each intersect the side surface. The upper surface has a first surface curvature, a central
surface curvature, and a second surface curvature. The central surface curvature is formed along
a partial torus and has a saddle point and a stem, which extends from the lower surface in a
direction away from the upper surface of the articular end. The stem has a central axis and at
least one groove about a perimeter of the stem and the location of the saddle point is offset along
a horizontal direction from the location of the central axis by a distance ranging from between

about 1 to about 5 millimeters.
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[00014B]  In accordance with another aspect of an illustrating embodiment of the present
invention, a method of repairing articular cartilage using the implant device is provided. The
method of this illustrative embodiment may include locating articular cartilage having a lesion.
An implant device, as described above, may be selected preferably having dimensions compatible
with the lesion. A hole may be formed through the cartilage and subchondral bone, into the
cancellous bone. The implant device may be inserted into the hole so that the lower and side
surfaces of the articular end of the implant device abut against the prepared subchondral and

cancellous bone and the stem of the implant device abuts against the prepared cancellous bone.

T'he invention also contemplates the usage of the above implant for repairing articular cartilage.

[00015] In the detailed description which follows in conjunction with the drawings, like parts
are given like reference numerals, and the vertical, horizontal and depth axes of a given

embodiment are specified explicitly in at least one drawing of an illustrative embodiment.

3a
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BRIEF DESCRIPTION OF THE DRAWINGS
[00016] The drawing figures are not necessarily to scale and certain features may be shown
exaggerated in scale or in somewhat schematic form in the interest of clarity and conciseness,
wherein:

FIG. 1 is a side view of one embodiment of an implant;

FIG. 2 is a top-down view of the implant of FIG. 1;

FIG. 3 is an alternative side view of the implant of FIG. 1;

FIG. 4 is a perspective view of the implant of FIG. I;

FIG. § is a bottom-up view of the implant of FIG. 1;

FIG. 6 side view of an alternative embodiment of an implant;

FIG. 7 is a top-down view of the implant of FIG. 6; and

FIG. 8 is an alternative side view of the implant of FIG. 6.
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DISCLOSURE OF ALTERNATIVE EMBODIMENTS

[00017] FIGS. 1 and 6 are illustrative embodiments of an implant 100, 100’ in which the
vertical, V, horizontal, H, and depth, D, axes of this embodiment are depicted. The implant
100, 100’ may have an articular end 105, 105’ and a stem 110, 110°. The articular end 103,
105’ may be bound by three surfaces: an upper surface 115, 115° a side surface 120, 120’ and a
lower surface 123, 125°, The upper surface 113, 115 and the lower surface 125, 125° may each
intersect the side surface 120, 120°. In an embodiment, the upper surface 115, 115° may have a
surface normal (not shown) at the saddle point 145, 145’ (described below) that may be
approximately perpendicular to the lower surface 125, 125°. In an embodiment, a tangent H-D
plane (not shown) to the saddle point 145, 145’ (descried below) may be approximately parallel
to the lower surface 125, 125°. All of the surfaces of the articular end 105, 105’ preferably
blend 155a, 1552’ into one another. The blend 1534, 1552’ may have an edge radius ranging
from between about 0.1 millimeters to about 2 millimeters, alternatively about 1 millimeter,

alternatively about 0.75 millimeters, and alternatively about 0.5 millimeters.

[00018] The upper surface 115, 115’ may be generally saddle shaped. For ease of reference,
the upper surface 115, 115° may be thought of as segmented into three regions of surface
curvature: a first surface curvature 130, 130°, a central surface curvature 135, 135°, and a second
surface curvature 140, 140°. The central surface curvature 135, 135’ may be tangent to, on its
medial side, the first surface curvature 130, 130°. The central surface curvature 135, 135’ may

be tangent to, on its lateral side, the second surface curvature 140, 140°.

[00019] The first surface curvature 130, 130’ may be formed of, or along, a partial right
circular cone having an aperture ranging from between about 20° to about 80° alternatively
from between about 30° to about 70° alternatively from between about 40° to about 60°,
alternatively about 40° alternatively about 50° alternatively about 60°. The central surface
curvature 135, 135’ may be formed of, or along, a partial torus having a minor radius ranging
from between about 8 millimeters to about 40 millimeters, alternatively from between about 8
millimeters to about 30 millimeters, alternatively about 10 millimeters, alternatively about 12

millimeters, alternatively about 15 millimeters, and having a major radius ranging from between
3
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about 25 millimeters to about 70 millimeters, alternatively from between about 28 millimeters to
about 68 millimeters, altematively about 45 millimeters, alternatively about 48 millimeters,
alternatively about 50 millimeters. The second surface curvature 140, 140* may be formed of,
or along, a partial right circular cone having an aperture ranging from between about 20° to
about 80° alternatively from between about 30° to about 70° alternatively from between about
30° to about 50°, alternatively about 30°, alternatively about 40°, alternatively about 50°. In an
embodiment, the aperture of the first surface curvature 130, 130’ may be between about 5° to
about 15°, alternatively about 10°, greater than the aperture of the second surface curvature 140,

140°,

[00020] In an embodiment, the major radius of the central surface curvature 135, 135’ may be
in a plane that may be offset in any direction from a central axis 150, 150’ of the stem 110, 110’
by an amount ranging from between about 0 to about 5 millimeters, alternatively from between
about 1 to about 4 millimeters, alternatively about 3 ‘millimeters, alternatively about 1
millimeter. In an embodiment, the major radius of the central surface curvature 135, 135’ may
be in a plane that may be offset, along the H axis towards either the medial or lateral side of the
implant 100, 100°, from a central axis 150, 150’ of the stem 110, 110’ by an amount ranging
from between about 0 to about 5 millimeters, alternatively from between about 1 to about 4
millimeters, alternatively about 3 millimeters, alternatively about 1 millimeter. FIGS. 1-5
illustrate an implant 100 having a one millimeter medial offset and FIGS. 6-8 illustrate an
implant 100’ having a three millimeter medial offset. The central surface curvature 135, 135°
may include, at its central position along its surface, a saddle point 145, 145°. In an
embodiment, the length, along the vertical axis, from the saddle point 145, 145’ on the surface
of the central surface curvature 135, 135, to the lower surface 125, 125° may range from
between about 1 millimeter to about 6 millimeters, alternatively from between about I
millimeter to about 5 millimeters, alternatively about 3.5 millimeters, and alternatively about 4.5

iillimeters.

[00021] With reference to FIGS. 2, 4, 5, and 7, the side surface 120, 120’ of the articular end

105, 105° may be generally cylindrical, and may have a diameter ranging from between about
6
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10 millimeters to about 40 millimeters, alternatively from about 10 millimeters to about 30

millimeters, alternatively from about 20 millimeters to about 30 millimeters, alternatively about

25 millimeters, alternatively about 20 millimeters.

[00022] With reference to FIGS. 1, 3-6, and 8, the lower surface 125, 125° may be generally
planar, and together with the side surface 120, 120’ may form a generally right circular cylinder.
The lower surface 125, 125° may further blend into the side surface 120, 120°, The further
blend 155b, 155b’ may have an edge radius ranging from between about 0.1 millimeters to
about 2 millimeters, alternatively about 1 millimeter, alternatively about 0.75 millimeters, and

alternatively about 0.5 millimeters.

[00023] The stem 110, 110’ may extend from the lower surface 125, 125’ of the articular end
105, 105" in a general direction, along the vertical, V, axis away from the central surface
curvature 135, 135°, a length ranging from between about 2 millimeters to about 10 millimeters,
alternatively from about 4 millimeters to about 7 millimeters, alternatively about 3.5
millimeters. In an embodiment, the articular end 105, 105’ and the stem 110, 110’ are formed

as a non-modular, uni-body, i.e., one integral piece without intervening mechanical connection.

[00024] The stem 110, 110° may be formed of a single cylinder, a single-truncated conical
shape, a protrusion having an oval-shaped cross-section, or an elliptic cylindrical shape. In an
embodiment, the stem 110, 110’ may have a width, w, along the horizontal, H, axis of the stem
110, 110’ that may range from between about 1 millimeter to about 10 millimeters, alternatively
from between about 3 millimeters to about 7 millimeters, alternatively about 5 millimeters,
alternatively about 6 millimeters. In an embodiment, the stem 110, 110°, may have a depth, d,
along the depth, D, axis of the stem 110, 110” that may range from between about 5 millimeters
to about 40 millimeters, alternatively from between about 8 millimeter to about 20 millimeters,
alternatively about 10 millimeters, alternatively about 11.5 millimeters, alternatively about 13
millimeters. The lower surface 125, 125’ of the articular end 1035, 105° may blend into the stem
110, 110’ with a corner fillet 170, 170°. The corner fillet 170, 170’ may have a radius of about

1.5 millimeters.
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[00025] The stem 110, 110’ may include one, or more, grooves 1635, 165’ about its perimeter.
The shape of the groove(s) 165, 165’ may be defined by a partial oval-shaped torus having a
tubular radius ranging from about 0.25 millimeters to about 2 millimeters, alternatively from
about 0.5 millimeters to about 1.75 millimeters, alternatively about 1.75 millimeters,
alternatively about 1 millimeter. The groove(s) 165, 165’ may blend into the stem 110, 110°
with a blend having an edge radius of from about 0.1 millimeters to about 1 millimeters,

alternatively about 0.8 millimeters.

[00026] The implant 100, 100’ many be manufactured from a variety of suitable materials,
having the requisite strength and biocompatibility characteristics to function as an implant,
including but not limited to any of the following, individually or in combination, graphite,
pyrocarbon, ceramic, aluminum oxide, silicone nitride, silicone carbide or zirconium oxide;
metal and metal alloys, €.g., Co—Cr—W—NIi, Co—Cr—Mo, CoCr alloys, CoCr molybdenum
alloys, Cr—Ni—Mn alloys; powder metal alloys, 316L or other stainless steels, Ti and T1 alloys
including Ti 6A1-4V ELIL polymers, e.g., polyurcthane, polyethylene, polypropylene,
thermoplastic elastomers, polyaryletherketones such as polyétherehterketone (PEEK) or
polyetherketoneketone (PEKK); biomaterials such as polycaprolactone; and diffusion hardened
materials such as Ti-13-13, zirconium and niobium. Moreover, the implant 100, 100’ may be
coated with a variety of suitable materials, including any of the following, individually or in
combination, porous coating systems on bone-contacting surfaces, hydrophilic coatings on load-
bearing surfaces, hydroxyapatite coatings on bone-contacting surfaces, and tri-calcium
phosphate on bone-contacting surfaces. Other suitable coatings include growth factors and
other biological agents such as bone morphogenetic proteins (BMP's), transforming growth
factor beta, among others. In an embodiment, the outer coating of the implant 100, 100° may be
harder than the core of the implant 100, 100’. Additionally, components of the invention may

be molded or cast, hand-fabricated or machined.

[00027] In an illustrative embodiment, the implant 100, 100° is composed of graphite and

pyrocarbon. Preferably, the implant 100, 100’ is graphite and includes a coating of pyrocarbon.
8
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The pyrocarbon coating may have an average thickness of from about 100 to about 1000
microns, alternatively from about 200 microns to about 500 microns, alternatively from about
250 to about 500 microns, alternatively about 350 microns. The pyrocarbon coating may have
an elastic modulus from about 15 gigapascals (“GPa”) to about 22 GPa, alternatively about 20
GPa. The pyrocarbon coating may further have a strength of at least 200 megapascals (*MPa”),
alternatively at least about 300 MPa, alternatively at least about 400 MPa. The pyrocarbon
elastic modulus and strength are preferably tested using four-point bend, third-point-loading
substrated specimens of dimensions 25 millimeters by 6 millimeters by 0.4 millimeters.
Preferably the pyrocarbon is pyrolytic carbon as described in Pure Pyrolvtic Carbon:
Preparation and Properties of a New Material, On-X Carbon for Mechanical Heart Valve
Prostheses, Ely et al, J. Heart Valve Dis., Vol. 7, No. 6, A00534 (November 1998), alternatively
pyrocarbon is pyrolytic carbon as described in the before-mentioned J. Heart Valve Dis.

publication, but includes additional silicon.

[00028] The above-described implants 100, 100’ may be used to repair damaged articular
cartilage in humans, including ankles, knees, wrists, elbows, shoulders, and the like joints. In
another illustrative embodiment or a preferred method, a patient having articular cartilage
damage may be identified. The patient is preferably fully informed of the risks associated of
surgery, and consents to the same. An incision may be made near the damaged articular
cartilage, The lesion to be repaired may be identified, and a implant having dimensions
compatible with the lesion may be selected. The implant may be slightly smaller or shightly
larger than the lesion. In these embodiments, the implant may be from about 0.1 percent to
about 20 percent smaller or larger than the lesion. A hole is then formed, i.e., drilled, punched,
or broached, through the cartilage and the subchondral bone into the cancellous bone.
Preferably, the dimensions of the hole are slightly less than the horizontal and depth dimensions
of the stem 110, 110° and the articular end 105, 105’ of the implant 100, 100°. This may be
achieved, for example, by using a box chisel and then a diil bit. Preferably the minimum length
of the hole is equal to or slightly greater than the length of the stem 110, 110’ of the implant
100, 100°, along the central axis 150, 150’ of the stem 110, 100’ plus the length from the lower

surface 1235, 125°, to the saddle point 145, 145°. An amount of healthy and damaged cartilage
0
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may be removed near the lesion so that the lower surface 125, 125° of the articular end 103,
105" may rest against the patient’s bone. The stem 110, 110’ of the implant 100, 100° may be
inserted into the hole, and the lower surface 125, 125° of the implant’s 100, 100° articular end
105, 105 may rest against the bone. The incision i1s then sutured by any of several known

methods.

[00029] While specific alternatives to steps of the specific embodiments have been described
herein, additional alternatives not specifically disclosed but known in the art are intended to fall
within the scope of the invention. For example, while specific dimensions, and ranges of
dimensions, have been provided further dimensions may reasonably fall within the scope of the
invention. Thus, it is understood that other applications of the present invention will be
apparent to those skilled in the art upon reading the descriptions of the described illustrative

embodiments and after consideration of the appended claims and drawings.

10
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The Invention claimed 1is:

1. An implant comprising:

an articular end having an upper surface, a side surface, and a lower surface;

the upper surface and lower surface each intersect the side surface, the upper surface has
a first surface curvature, a central surface curvature, and a second surface curvature, wherein
the central surface curvature is formed along a partial torus and has a saddle point; and

a stem, which extends from the lower surface in a direction away from the upper surface
of the articular end, wherein the stem has a central axis and at least one groove about a
perimeter of the stem;

wherein the location of the saddle point 1s offset along a horizontal direction from the

location of the central axis by a distance ranging from between about 1 to about 5 millimeters.

2. The implant of claim 1, wherein the first surface curvature is formed along a partial right
circular cone having an aperture ranging from between about 20° to about 80°, the partial torus
along which the central surface curvature 1s formed has a minor radius ranging from between
about & millimeters to about 40 millimeters and a major radius ranging from about 25
millimeters to about 70 millimeters, and the second surface curvature is formed along a partial

right circular cone having an aperture ranging from between about 20° to about 80°.

3. The implant of claim 2, wherein the first surface aperture ranges from between about 40°
to about 60°, the minor radius of the partial torus is about 12 millimeters and the major radius
of the partial torus is about 48 millimeters, and the second surface aperture ranges from between

about 30° to about 50°, wherein the first surface aperture is between about 5° to about 15° greater

than the second surface aperture.

11
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4. The implant of claim 3, wherein the location of the saddle point 1s offset, along the

horizontal direction towards a medial side of the implant.

5. The implant of claim 4, wherein a length, along an axis parallel to the central axis of the
stem, from the saddle point to a lower surface of the articular head ranges from between about

1 millimeter to about 6 millimeters.

6. The mmplant of claim 5, wherein the side surface of the articular end is generally

cylindrical, and has a diameter ranging from between about 10 millimeters to about 40

millimeters.

7. The implant of claim 6, wherein the diameter is about 20 millimeters, the offset 1s either
1 millimeter or 3 millimeters, the first surface curvature is formed along a partial cone having
an aperture selected from the group consisting of 40°, 50°, and 60°, and the second surface
curvature i1s formed along a partial cone having an aperture angle selected from the group
consisting of 30° 40° and 50° and wherein the first surface aperture is 10° greater than the

second surface aperture.

8. The implant of claim 6, wherein the diameter 1s about 25 millimeters, the offset is either
1 millimeter or 3 millimeters, the first surface curvature is formed along a partial cone having
an aperture selected from the group consisting of 40° and 50°, and the second surface curvature
is formed along a partial cone having an aperture selected from the group consisting of 30° and

40°, and wherein the first surface aperture is 10° greater than the second surface aperture.
9. The implant of claim 1, wherein the stem has a width distance ranging from between

about 1 millimeter to about 6 millimeters and a depth distance ranging from between about 5

millimeters and about 40 millimeters.

12
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10.  The implant of claim 9, wherein the stem has at least one groove about a perimeter of
the stem, the at least one groove defined by the partial torus having a groove tubular radius

ranging from about (.25 millimeters to about 2 millimeters.

11.  The implant of claim 10, wherein the at least one groove blends into the stem with a

groove blend having an edge radius ranging from about (.1 millimeters to about 1 millimeter.

12.  The implant of claim 10, wherein the at least one groove extends continuously about the

perimeter of the stem.

13.  The implant of claim 1, wherein the upper surface blends into the side surface; the side
surface blends into the upper surface and the lower surface; and the lower surface blends into
the side surface, and wherein each blend has an edge radius of from about 0.1 millimeters to

about 2 millimeters, alternatively about (.8 millimeters.

14. The implant of claim 1, wherein the lower of the articular end blends into the stem with

a corner fillet, the corner fillet having a radius of about 1.5 millimeters.

15. The implant of claim 1, wherein the articular end and the stem are formed from graphite

and pyrocarbon.

16.  The implant of claim 15, wherein the articular end and the stem comprise a graphite core
and a pyrocarbon coating, the pyrocarbon coating having an elastic modulus from about 15 GPa
to about 22 GPa, the pyrocarbon coating having an average thickness ranging from about 100

to about 1000 microns.

17.  The implant of claim 16, wherein the pyrocarbon coating has an elastic modulus of about

20 GPa and a strength of at least 400 MPa.

18.  The implant of claim 17, wherein the upper surface and contiguous edge blends are

polished, and the lower surface and stem are coated with hydroxyapatite.

13
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19.  The implant of claim 18, wherein the pyrocarbon coating 1s harder than the graphite core.
20.  The implant of any one of claims 1-19, wherein the stem has an oval shape.
21.  Use of the implant according to any one of claims 1-20 for repairing articular cartilage.
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