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& (57) Abstract: The present invention is a fully contoured calcaneal plate having substantially no planar surfaces except at the origin.
N The contoured plate includes radiused sections, one extending inferior to superior is curved inferior to superior in a shape which is
close to cylindrical and which approximates the shape of the cuboid bone. The second radiused section is curved in the vicinity of the
anterior strut, and in particular at the inferior portion of the plate, to accommodate the peroneal tubercle. The plate has a rectangular
or modified ovoid body section and a dog boned shaped tail with triangular placed holes for fixation.
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CALCANEAL PLATE

THE FIELD OF THE INVENTION

[0001]) The present invention relates to an orthopedic 'implant for use in fixation of a
calcaneus, including for example, stabilization of a fracture or reconstruction of a

deformaty.

BACKGROUND OF THE INVENTION

[0002] The hindfoot joint comprises the junctions formed between the cuboid, calcaneus,
and the talus. Mobility in these joints is critical to almost all bipedal movement, and even
standing. This joint is vulnerable to substantial damage in particular in falls, or in
automobile or vehicle crashes.

'[0003] The present invention is designed in a first aspect for the most common fracture to
the hindfoot joint: i.e. calcaneal fractures of which the most common 1s a Sander's type 11
fracture. This type of fracture generally comprises an interior to lateral fracture which often
results in a three-part fragmentation of the calcaneus often leaving the sustentaculum as the
healthiest fragment and displacing laterally and posterior the remaining fragments ot the
calcaneus. In addition, the plate of the present invention can be used for osteotomies and

fixation of other fractures or reconstruction due to trauma or deformities.

[0004] Implants have been provided in the past to try to help stabilize the fragments in
order to allow the calcaneus to fuse, and these past attempts have generally provided flat
plates of a somewhat flexible nature to allow a surgeon to bend the plate before
implantation, and/or to allow the plate be drawn into position on the bone to allow for
some contouring of the plate as part of the implantation surgery. However, the prior art
plates often had elements that extended beyond the bone to irritate soft tissue such as

in particular the peroneal ligaments, which often causes irritation if not eruption of the
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ligament. Further, while the idea of loading a flexible planar plate maybe suitable to
allow contouring fixed to healthy bone, it iIs totally unsuitable for reconstruction or
reduction of fractures so as to rebuild a fractured bone. In contrast, an aspect of the
present invention provides a fully contoured plate having substantially no planar
surfaces (with one small but important exception at a pre-determined origin which
permits the plate to be constructed and measured). The contoured plate has a surface
that faces the bone which includes radiused sections, one extending inferior to superior
which is curved inferior to superior in a shape which is close to cylindrical and which
approximates the shape of the cuboid bone. The second radiused section is curved in
the vicinity of the anterior strut, and in particular at the inferior portion of the plate, to
accommodate the peroneal tubricle.

[0005] In addition, the posterior portion or body of the plate is formed to so as to try
restore maximal length and height of the calcaneus in reconstruction or reduction of the
bone using the plate of the present invention. The anterior portion includes a double
eared tab or tail that has upper and lower holes spaced from a central hole in the tab
portion to allow for triangular multiplanar fixation. The central portion of the plate
includes three fenestrations spanned by two struts extending from the inferior to the
superior portions of the plate which has a contour vaguely reminiscent of the outline of a
whale where the body segment beginning at the anterior strut curves through a three
hole portion that is reinforced to accommodate weight transfer from the tibia to the talus
to the calcaneous. The top extends from the posterior strut to the top posterior hole,
and includes a translation slot which is an optional point for a surgeon to begin with
fixation to the bone. This feature allows the surgeon the ability to translate the plate
based on radiographic evidence once the first screw is inserted to better accommodate
patient anatomy. The struts are strategically designed to maximize strength and to
minimize the possibility of loss of correction through loading in use. The body generally
is a blunted ovoid ring (or “whale shaped”) formed of plate segments including holes for
fixation screws. The posterior segment of the body extends inferiorly and slightly
posteriorly to a central hole and then inferiorly and slightly anteriorly to an inferior
posterior hole which has been selected as the origin for plotting of the plate, and which

includes a flat counterbore from which the remainder of the plate can be plotted using

2



CA 02658077 2009-01-16
WO 2008/011018 PCT/US2007/016185

Cartesian coordinates. From here, the inferior segment of the body of the plate curves
slightly upward to accommodate the peroneal ligament. The plate includes holes at the
inferior ends of the posterior and the anterior struts so that these struts are supported by
the screws as well as the linking portions of the plate and so that the load that is taken
up at the opposing ends of the struts is distributed through the struts and to the
adjoining portions of the plate. The inferior hole at the anterior strut forms the end of the
body of the blunted ovoid ring or “whale outline”, and the tail extends anteriorly with a
triangular fenestration and a superior and an inferior ear, both of which include a hole. A
third hole is located in this section to maximize the number of screws that can be placed
in the anterior process fragment and to allow for triangular fixation in this area. Selected
fixation holes in the plate are threaded for use with locking screws. [n a particular
aspect of the invention there are two locking holes which are internally threaded and are
designed to directly support the subtalar joint fragment, specifically just inferior to the
posterior facet (i.e. the articulating surface) of the calcaneous. Optionally, the anterior
portion can also include locking holes. The corresponding locking screws include
mating external locking threads on the head portion. The plate further includes smaller
holes which allow the use of K wires both for reduction of the fragments, and for further
fixation.

[0006] In addition, the present invention provides in a separate aspect, a calcaneal
plate having a reinforced ’portion in the vicinity of the posterior facet. This area is where
the majority of the weight transfer from the tibia to the talus to calcaneus occurs. In
addition the plate has a hole designed tb allow placement of a screw into the
sustentaculum to enable the bone to be reduced using the construct as a tool during the
surgery as this is an area where subsidence is likely to occur in many fractures or
breaks. Preferably the screw is a compression screw, meaning that the screw is
partially rather than fully threaded and the threads are on the distil portion with a shaft
area that is free from threads. In addition, the calcaneal plate provides a posterior
centered superior translation slot, and support struts are provided between the inferior
portion and the superior portion of the plate structure. In addition, an anterior portion

has a plurality of holes to provide for the possibility to provide a choice to a surgeon who
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has to deal with that bone, or a bone that has been severally damaged during the
trauma.

[0007] Finally, the calcaneal plate of the present invention is contoured so as to
provide a construct to build the displaced/fractured bone back to, rather than contouring
a plate to fit a fractured bone, which is unlikely reduced to its original disposition.
Additionally, the plate is shaped to maximum the height, width and general shape that
would be supported under the plate in order for a surgeon to regain the original
parameters/perimeter of the calcaneus. The design is generally an organic fluid design
devoid of sharp edges which in most circumstances would not project beyond the bone.
Further, the design has been generalized from a survey of the population in order to
provide for the best possibility of the‘plate being to accommodate a number of variations
and individuals.

[0008] The plate is provided in a right and a left version and is generally used on the
lateral portion of the calcaneal bone situated slightly posterior to the cuboid slightly
inferior to the posterior facet, and supported on the posterior portion of the calcaneus.
The plate is also provided in multiple profiles for small and large patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention will be better understood and other features and advantages
will become apparent by reading the detailed description of the invention, taken together
with the drawings, wherein:

Figure 1 is a top view of the plate in accordance with the invention:

Figure 2 is a cross section of the plate of Figure 1 taken along line A-A;

Figure 3 is a cross section of the plate of Figure 1 taken along line B-B:

Figure 4 is a cross section of the plate of Figure 1 taken at line C-C:

Figure 5 is a detail of the posterior inferior screw hole shown at D:

Figure 6 Is a view of the plate positioned on a calcaneal bone:

Figure 7 is a top view of the plate including screws:

Figure 8 is an end view of the plate including screws;

Figure 9 is a view of the compression screw used with the plate;

Figure 10 is a view of a locking screw used with the plate; and
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Figure 11 is a view of a non-locking screw used with the plate.

DETAILED DESCRIPTION OF THE INVENTION

[0010]1 The calcaneal plate of the present invention is shown from the top in Figure 1
at 10 and has a top outline comprising a blunt ovoid body 12 which comprises a
complete ring (i.e. joined through 180°) of segments beginning at an anterior strut 14
and curving through a reinforced three hole segment (i.e., the posterior facet segment)
15 designed to fit just inferior to the posterior facet and which is reinforced by providing
a greater thickness around the screw holes as well as for the areas linking the screw
holes to accommodate weight transfer from the tibia to the talus to the calcaneus. The
most anterior 11 and the least anterior 13 of the holes in the posterior facet segment 15
preferably are both internally threaded and receive locking screws which have
corresponding mating threads on the screw head so as to lock the plate to the bone
segments in this area at a pre-selected angle. The angles of the locking threads are
selected to provide scaffolding for the sub-chondral support. The first locking hole 11 is
at an angle of about 45° from the y-axis (in the x-y plane), 85° from the x-axis (in the x-z
plane) and 5° from the z-axis (in the y-z plane) and the second locking hole 13 forms an
angle of about 19° from the y-axis (in the x-y plane), 85° from the x-axis (in the x-z
plane) and 15° from the z-axis (in the y-z plane). These angles are measured relative to
the coordinate system established at the origin and can be varied by plus or minus
about 10 degrees, preferably about 7 degrees, and most preferably about 5 degrees.
The intermediate hole 9 in the posterior facet segment preferably does not include
internal threads and is designed to accept a screw which is distally threaded and
partially devoid of threads in order to generate compression in the bone segment and to
allow the sustentaculum to be reduced using the plate. Moreover, the screw preferably
also includes a blunt tip to avoid irritation of the posterior tibial nerve. This is an area of
the calcaneus that is most likely in most fracture situations to have subsidence
occurring.

[0011] The superior segment 17 of the body portion extends from the posterior strut
16 to the top posterior hole 22, and includes a translation slot 18 which is an optimal

point for a surgeon to begin with fixation to the bone. The slot allows the surgeon to
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transiate the plate in the anterior posterior plane to optimize placement of the particular
anatomy of the patient. The plate preferably includes at least two struts, and can
include additional struts. The posterior segment 19 of the body portion 12 extends
inferiorly and slightly posteriorly to a central hole 24 and then inferiorly and slightly
antertorly to an inferior posterior hole 26 which has been selected as the origin for
plotting of the plate, and which includes a flat counterbore 27 from which the reminder
of the plate can be plotted using Cartesian coordinates. From here, the inferior
segment 28 of the body portion 12 of the plate curves slightly downward and inward (i.e
the plate follows an internal radius) in order to form a smooth area to avoid irritation to
the peroneal ligament. The plate 10 includes holes 32, 34 at the inferior ends of the
posterior and the anterior struts. The inferior hole 34 at the anterior 14 strut forms the
end of the body portion, and the tail portion 36 extends anteriorly with a triangular
fenestration 38 and a superior 42 and an inferior ear 44, each of which include a hole
43,45. The tail portion also includes a central hole 46 which allows for triangular points
of fixation and as the tail portion has its own radius, the plate allows for multi-planar
fixation of the anterior lateral segment close to the calcaneal cuboid joint.  Optionally,
various of the fixation holes within the plate are threaded with locking threads, including
for example, the first and Ist holes of the posterior facet segment, and the holes of the
tail portion. The plate further includes smaller holes 47 which allow the use of K wires
both for reduction of the fragments, and for further fixation.

[0012] The plate is a fully contoured plate in all three dimensions including, notably
the Z dimension and has substantially no planar surfaces. with the exception of a
manufactured flat at a pre-determined origin which permits the plate to be constructed
and measured. The plate has a bone facing side, wherein at least a substantial potion
of this surface is intended to be in direct contact with the lateral aspect of the calcaneus,
and a side which faces away from the bone, and is yet more lateral with respect to the
sagittal plane. In general, the plate has a substantially uniform thickness, so that the
two sides correspond in topography, with the exceptions of the posterior facet segment
which includes a boss, or a raised area around the screw holes and in the areas linking
the holes, and further in the area of the flat. The contoured plate includes radiused

sections in the Z direction, one 52 extending inferior to superior which is curved inferior
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to superior in a shape which is close to cylindrical and which approximates the shape of
the cuboid bone. More specifically, the bone facing side of the anterior tail portion is
radiused from the inferior to the superior direction to substantially correspond to the
curvature of a calcaneal cuboid joint, of which this radius is between about 5 to about
30mm, or more preferably between about 5 and about 20mm or about 15mm. or most
preferably equal to about 10mm pius or minus about 2mm. The second radiused section
54 is curved in the vicinity of the anterior strut, and in particular at the inferior portion of
the plate, to accommodate the peroneal tubercle. While the topography has two distant
curvatures, the areas flow into each other such that the surface of the plate undulates in
a complex topography. The plate could include additional incorporated undulations,
such as in the poéterior to anterior direction.

[0013] The posterior portion of the plate is formed to so as to try maximizing the
length and height in reconstruction or reduction of the bone using the plate of the
present invention. The anterior portion includes a double eared tab that has upper and
lower holes spaced from a central hole in the tab portion. The central portion of the
plate includes three fenestrations spanned by two struts extending from the inferior to
the superior portions of the plate. Figures 7 and 8 show the plate of the present
invention in two different views including a full set of screws engaging the holes of the
plate.

[0014] The screws used in the construct in accordance with the present invention are
shown In Figures 9 through 11. A compression screw 60 is shown in Figure 9 and
includes a head 62 having a rounded distal portion that seats in the screw hole in the
plate at a desired angle and having a top surface with a torque driving recess. The
shaft of the screw is not threaded for a first portion 64 to allow passage through a bone
fragment and to capture and draw in an opposing fragment with the distally threaded
portion 66. The tip is blunt to minimize soft tissue irritation at the distal end. Figure 10
lHlustrates a locking screw 70 that is used in the construct. The screw 70 also includes 3
head 72 including a torque driving recess and having a shaft with distal threads 76. The
screw includes locking threads 77 that mate with the internal threads in the locking hole
to lock the plate to the bone. Figure 11 shows a non-locking screw 80 including a head
82 having a torque driving recess and a rounded distal portion, and a shatft having
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cortical threads 86. The screws are provided in a variety of lengths in order to best

accommodate the area of attachment of the plate.

[0015] When used in surgery, the patient is placed in a lateral decubitus position. An
extensile right-angled incision is made, that begins posteriorly, just anterior to the heel
cord which moves below the sural nerve and continues forward and slightly upward
toward the calcaneocuboid joint. The resulting flap is elevated to expose the posterior
subtalar joint. The fracture is reduced and an appropriate plate is selected since the
plate of the present invention include right and left versions and further may include
plates having a variety of sizes and shapes to accommodate variations in the
population. The plate is placed at the appropriate position on the lateral calcaneal wall.
The plate is contoured to accommodate most calcaneal surfaces, however, the plate
can further be contoured by a surgeon if he or she deems it necessary. Guides wires
can be inserted through the guide wire holes to hold the plate temporarily. A bicortical
hole is drilled using a drill guide in the center of the translation slot and the depth of the
hole is measured. The correct size non-locking screw is chosen and inserted into the
slot, but not fully tightened. The position of the plate is confirmed and then the siot
screw is tightened. The drill guide is used to drill a bicortical hole In the intermediate
hole opening between the two threaded locking holes in the posterior facet segment. A
partially threaded compression screw is inserted into this hole. A hole is drilled for the
first locking screw in the posterior facet segment and a locking screw is inserted and the
second locking screw is likewise inserted in the second locking hole. Screws are driven
into the other holes using a similar technique until all of the holes have screws. Guide
wires are removed and the incision is closed.

[0016] While in accordance with the patent statutes, the best mode and preferred
embodiment have been set forth, the scope of the invention is not limited thereto, but
rather by the scope of the attached claims.
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CLAIMS:

1. A calcaneal plate comprising an ovoid body portion having a
superior plate segment, an anterior plate segment and an inferior plate segment,
all adjacent and adjoining and defining an interior portion having at least one
fénestration, the plate including a plurality of screw holes which accept screws for
attachment of the plate to a bone, the plate further includihg an anterior tall
portion extehding inferiorly to superiorly which has a bone facing surface and the
bone facing side of the anterior tail portion including a curve from the inferior to
the superior directién, the curve having a radius between about 5 and about

30mm.

2. A calcaneal plate as set forth in claim 1 wherein the anterior tail
portion includes a superior ear and an inferior ear and wherein each of the
superior ear and the inferior ear includes a hole for a fixation member and the

anterior tail portion includes a third hole to allow for triangular multiplanar fixation.

3. A calcaneal plate as set forth in claim 1 wherein the body portion
has a generally uniform thickness 6 and the body portion includes a posterior

facet segment which has a thickness greater than & to accommodate weight

transfer from the tibia to the talus to the calcaneus.

4. A calcaneal plate as set forth in claim 3 wherein the posterior facet

segment includes at least one hole for a fixation member.

5. A calcaneal plate as set forth in claim 1 wherein the body portion

includes a translation slot.

0. A calcaneal plate has set forth in claim 1 further incliuding a
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posterior strut and wherein the body portion Includes two fenestrations with the

posterior strut forming the anterior boundary of the posterior‘fenestration.-

7. A calcaneal plate as set forth in claim 6 wherein the anterior tail

portion includes a triangular fenestration.

8. A calcaneal plate as set for in claim 1 wherein the plate is fully
contoured in three dimensions and has a surface that is capable of facing a
calcaneus and which has two distinct radiused areas which flow into one another

so as to correspond to the lateral aspect of the calcaneus around its perimeter.

0. A calcaneal plate as set forth in claim 8 wherein the plate includes
a posterior facet segment and the posterior facet segment includes at least two
holes for fixation members, and wherein at least one of the posterior facet holes

IS a locking hole.

10. A calcaneal plate as set forth in claim 9 wherein at least two of the
holes of the posterior facet segment are locking holes and in which the angle of

the thread holes are capable of forming a scaffold for a sub-chondral support.

11. A calcaneal plate as set forth in claim 10 wherein the posterior facet

segment includes at least three holes.

12. A calcaneal plate as set forth in claim 9 further including a
compression screw and wherein the one of the holes of the posterior facet

segment does not include threads and accepts a compression screw.

13. A calcaneal plate as set forth in claim 8 wherein at least one of the
radiused areas curves in the direction anterior to posterior relative to a lateral
aspect of a calcaneus and the other is in the direction inferior to superior relative

to the lateral aspect of a calcaneus.
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14. A calcaneal plate as set forth in claim 1 having a posterior facet
portion which is contoured for placement in the vicinity of a posterior facet and
which provides support along the axis of loading of the ankle joint and includes at

least one threaded hole inferior to the posterior facet to inhibit subsidence of an

affected bone fragment after implantation of the plate.

15. A calcaneal plate as set forth in claim 14 wherein the posterior facet

portion includes at least two threaded holes and the posterior facet portion
iIncludes at least one non-threaded hole.

RIDOUT & MAYBEE LLP
Toronto, Canada
Patent Agents
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