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TIBIAL PLATEAU LEVELING OSTEOTOMY PLATE

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Application Serial No.
11/361,245, filed February 24, 2006, the disclosure of which is incorporated herein by

reference in its entirety.

TECHNOLOGY FIELD
[0002] The present invention relates to surgical plates for fixing two separate
bone segments and methods for using the plates. More specifically, the plates can be used

for tibial plateau leveling osteotomy procedures, particularly for use with canines.

BACKGROUND OF THE INVENTION
[0003] Tibial plateau leveling osteotomy (TPLO) procedures are well known in

the veterinary art. Tibial plateau leveling osteotomy procedures are used to correct
ruptured cranial cruciate ligaments for various animals, primarily for canines. These

procedures provide an alternative therapy to ligament repair procedures. Today, tibial
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plateau leveling osteotomy procedures have become the standard of care for medium and
' large canines.

[0004] By way of backgron'md, the cranial cruciate ligament stabilizes the
canine’s stifle joint (called the knee for humans). One of the important functions for the
ligament is to control the sliding of the upper femur bone on the lower tibia bone.
Unfortunately, however, for many canines the ligament partially or fully ruptures. The
tibial plateau leveling osteotomy procedure provides a way to correct this problem.

[0005] The tibial plateau leveling osteotomy procedure is well documented in the
art. For example, the procedure is described in U.S. Patent 4,677,973 and 5,304,180, both
of which are incorporated herein in their entirety. The procedure is also described at the

web site www.vetsurgerycentral.com/tplo. Basically, a curvilinear cut is made to the

upper portion of the tibia. This cut portion of the tibia is then rotated on the order of about
20-30 degrees thereby creating a more level plane or surface on the top of the tibia upon
which the femur can rest. The cut and repositioned portion of the tibia is then secured to
the lower portion of the tibia.

[0006] Various means have been used to fix and secure the cut portion of the
tibia to the remaining poftion of the tibia. Initially, screws and wire were used for this
purpose. Later, those in the art used metal plates that were anchored into the tibia in both
the bottom portion and upper, cut portion by way of bone screws. The problem with many
plates currently in use is that they require the surgeon to manipulate the plate to conform
to the tibia during the surgical procedure. This is often difficult because the plates are
relatively thick and rigid, and thus are not easily bent into an acceptable shape.
Furthermore, bending of the plate during the procedure can result in the screw holes

becoming deformed.
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[0007] Another drawback with the TPLO plates currently available is that the
screw holes in the plate for use with the upper, cut portion of the tibia are not designed for
optimum fixation. Improved designs for screw placement into the tibia are needed to
avoid the screws from being located near a cut portion of the tibia or near the articular

surface of the tibia and the femur.

SUMMARY OF THE INVENTION

[0008] The present invention provides a bone plate designed to secure two tibial
bone segments of an animal as part of a tibial leveling osteotomy procedure for an animal.
The invention also provides for methods of using the bone plate during such procedures
and for kits containing the bone plate and associated materials.

[0009] In one embodiment, the bone plate has a distal portion comprising an
elongated shaft having disposed therein a plurality of distal portion screw holes each
designed to accept a screw. The screws can be of any type used in the art, such as locking
screws, cortex screws, and cancellous screws. The bone plate has a proximal portion
having an upper surface and a bone-contacting surface opposite the upper surface. The
bone-contacting surface is pre-contoured to be configured and dimensioned to conform to
a tibial bone segment and is partially defined by a cylinder. The arched surface of the
cylinder that defines at least a part of the bone-contacting surface for the proximal portion
of the plate can have varying dimensions depending on the anatomy in which it is to be
used. The proximal portion contains a plurality of proximal portion screw holes that are
machined through the pre-contoured bone-contacting surface and that are designed to
accept a locking screw. By machining these screw holes through the pre-contoured bone-
contacting surface, the screw holes define a pre-determined and targeted screw path

through the tibial bone segment.
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[0010] The targeted screw path for the proximal portion screw holes provides
various advantages for the bone plate. The screws can have screw paths that are targeted
' to avoid the articular surface between the tibia and the femur, to avoid the osteotomy
surface of the tibia, and to avoid the outer surface of the tibia, and thus to enter into the
tibia through the area of relatively more bone mass.

[0011] In one embodiment, the proximal portion has at least three locking screw
holes arranged such that there is a superior, proximal screw hole and a cranial and a calilda]
screw hole that are both distal from the superior screw hole. Preferably, the superior screw
hole is designed such that the superior screw will be angled distally from the bone-
contacting surface and also preferably caudally. Preferably, the cranial screw hole is
designed such that the cranial screw will be angled caudally from the bone-contacting
surface. Also preferably, the caudal screw hole is designed such that the caudal screw will

be angled cranially from the bone-contacting surface.

BRIEF DESCRIPTION OF THE DRAWINGS .
[0012] The foregoing summary, as well as the following detailed description of

the preferred embodiments, is better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the invention, there is shown in the
drawings embodiments that are pre;ently preferred, it being understood, however, that the
invention is not limited to the specific methods and instrumentalities disclosed. In the
drawings:

[0013] Fig. 1is atop view of an exemplary bone plate;

[0014] Fig. 1A is a side, cross sectional view of an exemplary bone plate;

[0015] Fig. 1B is a side, cross sectional view of an exemplary bone plate and

screw;
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[0016]
[0017]
bone plate;
[0018]
bone plate;
[0019]
[0020]
[0021]
[0022]
[0023]

[0024]

PCT/US2007/004078

Fig. 2 is a side view of an exemplary bone plate;

Fig. 2A is a cross sectional view along the distal portion of an exemplary

Fig

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

exemplary plate;

[0025]
head SCcrews;
[0026]
SCIEWS;
[0027]
SCIEWS;
[0028]
[0029]
[0030]

[0031]

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig

s. 2B-2D are end, side, and top views, respectively of an exemplary

3 is a proximal end view of an exemplary bone plate;
4 is a rotated proximal end view of an exemplary bone plate;
4Aisa _to.p view reflecting the rotation axis of Fig. 4;
5 is a rotated proximal end view of an exemplary bone plate;
SAisa ’top view reflecting the rotation axis of Fig. 5;

6 depicts the cylindrical surface of the bone-contacting surface of an
7 is a perspective view of an exemplary bone plate with proximal

8 is an end view of an exemplary bone plate with proximal head

9 is a side view of an exemplary bone plate with proximal head

10 is a top view of an exemplary bone plate;

11 is a top view of a relatively larger exemplary bone plate;

12 is a top view of a relatively larger exemplary bone plate;

. 13 is a top perspective view of the top of the articular surface

between the tibia and the femur with an exemplary bone plate affixed to the tibia; and
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[0032] Fig. 14 is a side perspective view of an exemplary bone plate affixed to

the tibia.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0033] The various features of the tibial plateau leveling osteotomy plates

disclosed herein can be described by reference to the drawings. For example, Fig. 1
depicts an exemplary embodiment of the present invention. The plate 10 has two distinct
portions — a lower or distal portion 12 and an upper or proximal portion 14. These two
portions are preferably formed integral to one another, but could be made of two separate
portions attached by conventional means. It is most preferred that these two portions be
made from the same piece of metal, preferably surgical grade stainless steel, such as 316L
implant grade stainless steel.

[0034] The plate 10 is designed for attachment to the tibia of an animal, such as:a
canine, feline, bovine, equine, but more particularly for canines, during a tibial plateau
leveling osteotomy procedure. The lower or distal portion 12 is designed to bé affixed to
the lower or distal portion of the tibia. The upper or proximal portion 14 is designed to be
affixed to the upper or proximal portion of the tibia that has been cut and repositioned
during the procedure. The plate 10 thus fixes the relative positions of the substantially
curvilinear cut and rotated tibial bone segments.

[0035] The plate 10 is secured to the tibial bone segments by screws. As
depicted in Fig. 1, the distal portion 12 for this example can be described basically as an
elongated shaft, that as shown in Fig. 2, has a length, L, substantially greater than its
depth, D, and its width, W. As shown, the lower portion has three screw holes 16 for
fixing the plate 10 to the tibia, however more or less screw holes can be used. The screw

holes 16 can be of any design used in the field for fixing plates to bones in animals.
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Examples of screw hole 16 designs are set forth in U.S. Patents 5,002,544; 5,70-9,686;
6,669,701; 6,719,759; and Re 31,628, each of which is incorporated herein in its entirety
by reference. For example, as shown in Fig. 1, the holes 16 are designed as elongated
slots, with the longer axis being parallel to the longitudinal axis of the plate 10. As
depicted for this particular embodiment, the two outer holes 16 define first and second
dimensions on bone-contacting surface 22. First dimension, D (parallel to plate
longitudinal axis) is longer than second dimension Dq (perpendicular to longitudinal plate
axis).

[0036] The holes 16 are preferably dynamic compression screw holes, which
promote healing of the bone. These holes can be shaped to have a concave and preferably
partially spherical recess 19 defined by first outer periphery 17 defining the cut into the
upper surface 20 of the plate 10, and a second inner periphery 18 that is narrower than the
outer periphery 17 in both the parallel and perpendicular directions from the longitudinal
plate axis. As seen in Figs. 1A-1B, it is preferred that hole 16 be designed sﬁch that it
provides for compression in the direction toward the osteotomy by having an inclined
surface 13 at the distal end of the hole 16 such that a bone screw can be positioned to
compress the bone toward the osteotomy site when the screw is advanced and makes
contact with the inclined surface. The hole 16 also has a substantially spherical surface 15
opposite the inclined surface 13. The recess 19 is dimensioned to receive a bone screw
having an underside head portion that is spherical-shaped, or substantially spherical-
shaped and where the underside of the screw head is designed to rest upon the recess 19.
Thus, screws placed in the distal portion of hole 16 will have a compression force and

screws placed in the middle or proximal portions of the hole 16 will have a neutral
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compression force. Screws such as cortex and cancellous screws can be used with the
holes 16.

[0037] The distal portion 12 of the plate 10 can also contain one or more holes
16a that is a combination hole defined by walls having a threaded and a non-threaded
portion. The combination hole 16a has a threaded portion 21 that extends over a first
angle 23 with respect to at or near the upper surface 20 and a second angle 24 with respect
to at or near the bone-contacting surface 22. The first angle preferably extends between
about 170° and 230° and the second angle preferably extends between about 225° and
275°. The screw to be used with cémbination hole 16a can be a locking or bone, such as a
cortex, screw. A locking screw has threads on the underneath side of the head that engage
in mating threads in the wall of the hole to lock the screw into place in the plate. Use of a
locking screw secures the head of the screw to the plate 10 for maintaining a fixed angular
relationship between the locking screw and the plate. Cortex screws are designed to go
through relatively harder bone mass and have relatively tighter thread patterns. Use of
both locking screws and nbn-locking screws provides stability between both the screw and
the bone plate and between the bone plate and the bone as described in U.S. Patent
6,623,486, which is hereby incorporated in its entirety by reference.

[0038]) As depicted in Fig. 1, the plate 10 contains screw holes in the proximal
portion 14 to secure the plate 10 to the cut and rotated portion of the tibia. As shown,
there are preferably three holes in the proximal portion 14 — a superior hole 30, a cranial
hole 31, and a caudal hole 32 located near the edge 36 of the proximal portion. These
holes are preferably conical shaped holes that are threaded to receive threaded, locking
bone screws. Preferably, at least one, and more preferably all, of these holes are designed

such that the threads 33 engage threads located on the underneath of the head of the screw,
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which threads are of a different dimension than those along the shaft of the screw. Thus,
the holes 30, 31, 32 are preferably designed to be used with locking screws. Although it is
preferred that the holes 30, 31, 32 be designed to be used with locking screws, these holes
can also be designed to be used with any conventional bone screw such as cortex and
cancellous screws with any known screw hole design.

[0039] The types of screw holes are shown in cross-section in Figs. 1A-1B. As
shown in Fig. 1A, hole 16a can be a combination hole as described above having threads
along a partial portion of the hole wall. Representative hole 30 is shown as having threads
preferably around the 360° circumference of the hole at its lower portion to engage the
underside of the head portion 38 of superior screw 30a.

'[0040] As shown in side view Fig. 2, the proximal portion 14 is pre-bent such
that it is contoured to at least partially conform to the anatomy of the tibial bone segment
that has been repositioned during the TPLO procedure. Thus, the proximal portion 14 is in
a different plane than the distal portion 12. It is preferred that the proximal portion 14 be
pre-bent or manufactured to fit or contour to the .bone anatomy prior to having the screw
holes (for example, holes 30, 31, 32) in the proximal portion 14 machined therein. In this
way, as seen below, the screw holes can be made to receive locking screws that when
screwed into place have a fixed path through the bone structure. The present invention
provides for optimized screw paths for the screws in the proximal portion 14 so that the
screws avoid the articular-surface and the osteotomy surface.

[0041] As also shown in Fig. 2, the distal portion 12 preferably contains recesses
26 defined by walls 26a so that when the plate is implanted there is a space between the
tibia and the plate 10. Such recesses are disclosed in U.S. Patent 5,002,544, which is

\
hereby incorporated in its entirety by reference for this feature. The recesses 26 can take
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various dimensions but are essentially designed to provide a rélative]y small space
between the bone-contacting surface 22 and the bone. Preferably, the recesses are formed
by cutting a conical shape into the underside of the plate. As shown in Fig. 2a, the
recesses can be described as forming an angle a between the bone-contacting surface 22.
The angle can be defined by the beginning point of the recess 27 and its ending point 28
and the plane defined by the bone-contacting surface 22. The angle can be between about
10° and about 30°. Preferably the recesses 26 are off-set distally from the center of the
holes 16 and are preferably located in parallel on both sides of the plate 10 as shown in
Fig. 2a.

[0042] The proximal portion 14 of the plate 10 is designed or configured in its
dimensions to advantageously contour to the tibial bone segment that has been cut and
rotated during the TPLO procedure. This feature can be more readily explained in the
preferred embodiment by first defining three orthogonal planes with respect to the plate 10
as shown in Figs. 2B-2D. In Fig. 2B, the plate 10 is viewed from the end of the distal
portion 12 longitudinally along its shaft. A base plane 42 is defined by the flat distal
portion 12 at the bone-contacting surface 22. A mid-plane 44 is defined 'as bisecting the
base plane in the distal portion 12 of the plate 10 and extending along the length of the
plate. A transverse plane 46 is defined as being orthogonal to the base plane 42 and the
mid-plane 44.

[0043] As shown in Fig. 3, the plate 10 is shown in view looking down its length
from the end of the proximal portion 14. Center lines 34 denote the center axis of the
holes 30, 31, and 32. These cénter lines 34 are preferably off-set from the mid-plane 44
for the proximal portion 14 as described below. The center lines 34 also depict the

targeted screw paths for the locking screws. The targeted screw paths are determined by
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the threads contained on the walls of the holes 30, 31, and 32 that are engaged by the
mating threads 38 on the underside of the head of the locking screws as depicted in Fig.
1B.

[0044] The contoured shape of the bone-contacting surface 22 of the proximal
portion 14 can be more readily viewed by rotating the plate 10. The preferred contour for
the bone-contacting surface 22 of the proximal portion 14 is that formed by an arc of a
cylinder. The centerline of the cs/linder can be viewed perpendicularly by rotating the
plate twice. First, the plate 10 can be rotated about 5-15°, preferably about 7-13°, more
preferably about 10° in a clock-wise fashion about a first rotation axis 48 that is defined by
the intersection of the mid-plane 44 and an off-set transverse plane 46. The result of the
first rotation is shown in Fig. 4 and the rotation axis 48 is shown in Fig. 4A. As shown in
Fig. 10, the off-set transverse plane 46 defining first rotation axis 48 is located about 18-30
mm, preferably about 21-27 mm, aﬁd more preferably about 24 mm distally from the
center axis of superior hole 30 and the distance is depicted by line 30, (where the center
axis for hole 30 is defined by the intersection of the hole axis with the top surface of the
plate). Next, the plate 10 is rotated about 15-30°, preferably about 20-25°, and more
preferably about 23.5° downward about a second rotation axis 49 defined by the
intersection of the off-set, rotated, transverse plane and the base plane 42. The result of
the second rotation is shown in Fig. 5 and the rotation axis 49 is shown in Fig. SA. This
rotation results, as shown in Fig. 6, with the bone-contacting surface 22 of proximal
portion 14 being defined by cylinder 29 that has its center axis 40 perpendicular to the
page after the rotations. The radius 42 of the cylinder 29 is about 18 to about 24,

preferably about 20 to about 22, and more preferably about 21 mm and thus defines the

-11-
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arched and contoured bone-contacting surface 22 for the proximal portion 14 of the plate
10.

[0045] The plate 10 is also preferably designed to have the screws for the
proximal portion 14 angle into the tibia so that the screws are directed away from the
articular surface between the tibia and the femur, away from the osteotomy surface of the
tibia, and away from the edges of the tibia and into the central mass of the tibia.
Preferably, the superior screw hole 30 is angled such that the superior screw 30 is angled
away from the articular surface where the femur and tibia contact. Also, preferably the
cranial and caudal screw holes are angled such that the corresponding screws are angled
away from the edges of the tibia and away from the cut portion of the tibia from the
osteotomy. Thus, the plate 10 is designed to have optimal screw paths for the screws used
with the superior 30, cranial 31, and caudal 32 screw holes. The optimal screw paths are
preferably achieved by first shaping or pre-contouring the proximal portion 14 of the plate
10 to substantially conform to the bone anatomy and then machining the screw holes
through the pre-contoured proximal portion 14. The use of a screw hole designed for use
with a locking screw results in the screw path taken by the locking screw being fixed so
that the resulting screw path is targeted through a desired section of the tibial bone
segment.

[0046] Figs. 7-9 depict one embodiment for the design of these screw paths. As
shown in Fig. 8, looking down the shaft from the proximal end the superior hole 30 is
designed such that the center axis 34 for the screw path is angled about 5° from the mid-
plane 44. The center axis 34 for the superior hole 30 for the superior screw 30a can be
angled between about 2° and about 10°, and preferably between about 3° and about 7°. As

shown, the cranial hole 31 is designed such that its center axis 34 for the cranial screw 31a

-12-
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is angled about 5° from the mid-plane 44. The center axis 34 for the cranial hole 31 for
the cranial screw 31a can be angled between about 2° and about 10°, and preferably
between about 3° and about 7°. As shown, the caudal hole 32 is designed such that its
center axis 34 for the caudal screw 32a is angled about 3° from the mid-plane 44. The
center axis 34 for the caudal hole 32 for the caudal screw 32a can be angled between about
1° and about 7°, and preferably between about 2° and about 5°.

[0047] The proximal portion 14 screw holes 30, 31, 32 can also be angled such
that the superior 30a, cranial 31a, and caudal 32a screws are not perpendicular to the base
plane 42. Again, the advantage for such a desi gn is to angle the screws so that they enter
an area of greater bone mass in the tibial bone segment that was cut and rotated during the
TPLO procedure. In the embodiment illustrated, as seen in Fig. 9, the superior hole 30 is
designed such that the center line 34 for the hole is at an angle of about 93° to the base
plane 42. This results in the superior screw 30a being angled distally or inwardly toward
the center of the proximal portion 14 of the plate 10. The superior hole 30 can be designed
such that its center line 34 is at an angle of between about 91° and about 97°, preferably
between about 92° and about 95° from the base plane 42, but it can also be at an angle of
90°. As illustrated, the cranial 31 and caudal 32 holes are at an angle of 90°, or
perpendicular, to the base plane 42, however either or both of these holes can be designed
such that their center lines 34 are at an angle between about 85° and about 89°.

[0048] As illustrated, the proximal portion 14 of the plate preferably contains
three screws, however the plate can be designed with more or less screws, such as 2-4
proximal-head screws. It is preferred that the cranial screw hole 31 and caudal screw hole
32 be positioned distally from the superior screw hole 30. All screw hole dimensions are

taken from the points defined by the intersection of the hole axis with the top surface of
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the plate as depicted by axis points 35 as shown in Fig. 10. Preferably the center of cranial
screw hole 31 will be positioned a distance of between about 3.5 mm and about 6 mm,
preferably about 4 mm to about 5.5 mm, and more preferably about 4.5-5 mm distally
from superior hole 30 and parallel to mid-plane 44 as shown by line 30-31,. Also
preferably, the center of cauddl screw hole 32 will be positioned a distance of between
about 6 mm to about 9 mm, preferably about 7 mm to about 8 mm, and more preferably
about 7.3-7.7 mm distally from the superior hole 30 and parallel to mid-plane 44 as shown
by line 30-32,.

[0049] The head portion 14 screw holes can also be positioned off of the mid-
plane 44. Superior screw hole 30 can have its center positioned either on the mid-plane
44, or preferably it is positioned between about 0.5 mm and about 3 mm, preferably about
1.2 to about 2.4 mm, and more preferably about 1.6-2 mm perpendicﬁlarly and cranially
from the mid-plane 44 as shown by line 30w. The cranial screw hole 31 is preferably
positioned such that its center is between about 4 mm and about 6.5 mm, preferably
between about 4.5 mm and about 6 mm, and more preferably about 5-5.5 mm
perpendicularly and cranially from the superior hole 30 as shown by line 30-31w. The
caudal screw hole 32 is preferébly positioned such that its center is between about 5 mm
and about 9 mm, preferably between about 6 and about 8 mm, and more preferably about
6.5-7.5 mm perpendicularly and caudally from the superior hole 30 as shown by line 30-
32w.

[0050] The plate 10 has been described in its preferred embodiment as sized to be
used with medium to large canines. In that embodiment, the plate is designed to be
preferably used with 3.5 mm bone screws and has a distal portion 12 width W of between

about 9-14 mm, preferably about 10-13 mm. more preferably 11-12 mm.
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[0051] The plate 10, however, can be adjusted to fit various anatomies. For
example, the plate can be downsized to fit smaller animals, such as smaller canines. In
such a smaller version, the plate can be designed for its screw holes 16 to accommodate
2.7 mm bone screws. The width of such a plate can be between about 5-10 mm,
preferably 6-9 mm, and more preferably 7-8 mm. For this sized plate, the radius 42 for the
cylinder 29 defining the bone-contacting surface 22 for the proximal portion 14 of the
plate is between about 13.5 and about 18 mm, preferably 14.5 and 17 mm, and more
preferably 15.5 and 16 mm. The first rotation axis 48 for this sized plate can be located
about 13 to about 21 mm, preferably between about 15 to about 19 mm, more preferably
about 17 mm distally from the center axis of the superior hole 30. The angles for rotation
for viewing the center axis of cylinder 29 perpendicular to the page are the same for the
first rotation as described above, but for the second rotation the angle is between about 18-
26°, preferably between about 20-24°, and more preferably about 22°,

[0052] The smaller 2.7 mm plate can be designed to have its proximal portion 14
screw holes located in a similar pattern as with the 3.5 mm plate. As before, all screw hole
dimensions are taken from the points defined by the intersection of hole axis with the top
surface of the plate as depicted by axis points 35. As shown in Fig. 10, preferably the
center of cranial screw hole 31 will be positioned a distance of between about 2 mm and
about 4 mm, preferably about 2.5 mm to about 3.5 mm, and more preferably about 3 mm
distally from superior hole 30 and parallel to mid-plane 44 as shown by line 30-31,. Also
preferably, the center of caudal screw hole 32 will be positioned a distance of between
about 4 mm to about 7 mm, preferably about 5.5 mm to about 6.5 mm, and more
preferably about 5-6 mm distally from superior hole 30 and parallel to mid-plane 44 as

shown by line 30-32,. The head portion 14 screw holes can also be positioned off-set
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from the mid-plane 44. Superior screw hole 30 can have its center positioned either on the
mid-plane 44, or preferably it is positioned between about 0 mm and about 2.5 mm,
preferably about 0 and about 1.5 mm, and more preferably about 0.5 mm perpendicularly
and cranially from the mid-plane 44 as shown by line 30w. The cranial screw hole 31 is
preferably positioned such that its center is between about 2.5 mm and about 5.5 mm,
preferably between about 3.5 mm and about 4.5 mm, and more preferably about 3.7-4.3
mm perpendicularly and cranially from the superior hole 30 as shown by line 30-31w. The
caudal screw hole 32 is preferably positioned such that its center is between about 3 mm
and about 6 mm, preferably between about 4.5 ar)xd about 5.5 mm, and more preferably
about 4-5 mm perpendicularly and caudally from the superior hole 30 as shown by line 30-
32w,

[0053] In another embodiment, as shown in Figs. 11-12, the plate 10 has a design
to accommodate a larger plate structure for use with larger animals. The plate 10 has a
distal portion 12 that is slightly wider, having a width between about 12 and about 15 mm,
preferably between about 12 and about 13.5 mm wide. The distal portion 12 can have
more than three screw holes and is shown here with four screw holes 16, two of which are
combination screw holes 16a, however all of these holes 16 can be either combination
screw holes, oblong screw holes 16, conical screw holes, or ;my combination of conical,
oblong or combination holes. The screw holes can be aligned with the mid-plane 44 of the
plate 10 or some or all can be off-set as depicted.

[0054] As shown in Figs. 11-12, the proximal portion 14 can be designed to
accommodate various screw holes, here depicted as four screw holes. These screw holes
can be for locking screws as described above. Again, the proximal portion 14 can be pre-

bent to contour to the tibial bone segment cut and rotated during the TPLO procedure. The
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location of the cylindrical surface defining the bone contacting surface 22 for the proximal
portion 14 can be defined as above through the two angles of rotation. The starting axis 48
for the rotation for this size plate can be as described above, but located between about 25
and 38 mm, preferably between about 28 and about 35 mm, more preferably about 31-32
mm distally from the center axis of the superior hole 50. The first rotation can be in the
same amount as described above, and the second rotation can be between about 10-25°,
preferably between about 15-20°, and more preferably about 18°. The radius 40 of the
cylinder 29 can be ﬁom about 20-32 mm, preferably about 23-29 mm, more preferably
about 25-27 mm.

[0055] The four screw holes in the proximal portion 12 can be defined as a
superior hole 50, a cranial hole 51, a caudal hole 52, and a distal hole 53. These holes can
also be located off of the plate mid-plane 44 and preferably the superior hole 50 is located
between 0 and 5 mm, preferably 1.5-4 mm, and more preferably 2-3 mm cranially from
the mid-plane 44 . The cranial hole 51 can be located between about 3.5-11.5 mm,
preferably about 5.5-9.5 mm, and more preferably about 7-8 mm distally from the superior
hole 50 as shown by line 50-51,.. The caudal hole 52 can be located between about 5.5-
13.5 mm, preferably about 7.5-11.5 mm, and more preferably about 9-10 mm distally from
the superior hole 50 as shown by line 50-52,. The distal hole 53 can be located between
about 5.5-13.5 mm, preferably about 7.5-11.5 mm, and more preferably about 9-10 mm
distally from the superior hole 50 as shown by line 50-53.. The cranial hole 51 can be
located between about 2-10 mm, preferably about 4-8 mm, and more preferably about 5-7
mm cranially from the superior hole 50 as shown by line 50-51w. The caudal hole 52 can
be located between about 5.5-15.5 mm, preferably about 8-12 mm, and more preferably

about 10-11 mm caudally from the superior hole 50 as shown by line 50-52w. The distal
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hole 53 can be located between about 0-4 mm, preferably about 1-3 mm, and more
preferably about 1.5-2 mm caudally from the superior hole 50 as shown by line 50-53w.

[0056] The bone plate 10 can be used in a TPLO procedure as well known in the
art. Generally, the tibia will be cut in a curved fashion and rotated. The cut and rotated
portion can then be joined to the lower or distal portion of the tibia by.use of the bone plate
10. The plate 10 can be secured to the distal and cut/rotated segments of the tibia by
securing bone screws to the bone segments through the screw holes on the plate. The bone
;‘)late can be supplied with the mating screws in the form of a kit.

[0057] The pre-contoured plate of the present invention provides various
benefits. The plate is designed to be pre-fitted or contoured to the specific bone anatomy.
The plate is also designed such that after the proximal portion is pre-contoured, the screw
holes for the proximal portion are machined through the plate. These screw holes are
preferably designed for use with locking screws. When the locking screws are secured
through the plate and into the tibial bone segment, their screw path is pre-targeted to
advantageously avoid the articular surface between the tibia and the femur, to avoid the
osteotomy surface, and to avoid the outer edge or surface of the tibia.

[0058] The targeted nature of the screw paths for the screws in the proximal
portion 14 of the plate 10 is depicted in Figs. 13-14. As shown in Fig. 13, the superior
screw 30a is designed to have a targeted screw path that is angled downward slightly,
distally, away from the articular surface 60 between the proximal, cut segment 66 of the
tibia 64 and the femur 68. The superior screw 30a is also shown as being angled slightly
caudally to avoid the outer edge 70 of the tibia. The cranial screw 31a is shown as being
angled slightly caudally toward the center of the tibia and away from the osteotomy edge

62 of the tibia. The caudal screw 32a is shown as being angled slightly cranially toward
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the center of the tibia and away from the outer edge 70 of the tibia. As shown in Fig. 14,
the plate 10 is secured to the distal portion of the tibia 64 and to the osteotomy cut segment

66 of the tibia.
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What is Claimed:

1. A bone plate dimensioned for securing two tibial bone segments of an
animal as part of a tibial leveling osteotomy procedure for an animal, the bone plate
comprising;:

a distal portion comprising an elongated shaft having disposed therein a plurality of
distal portion screw holes each designed to accept a screw;

a proximal portion having an upper surface and a bone-contacting surface opposite
the upper surface, the bone-contacting surface being pre-contoured to be configured and
dimensioned to conform to a tibial bone segment and being partially defined by a cylinder;

a plurality of proximal portion screw holes located in the proximal portion that
were machined through the pre-contoured bone-contacting surface, the proximal portion
screw holes being designed to accept a locking screw, whereby locking screws anchored
through the proximal portion screw holes will have a targeted screw path through the tibial
bone segment.

2. The bone plate of claim 1 wherein the proximal portion has a first screw
hole that is designed to accept a first locking screw that has a targeted screw path that
angles away from the bone-contacting surface of the proximal portion in a distal direction.

3. The bone plate of claim 2 wherein the screw path for the first locking screw
also angles caudally away from the bone-contacting surface.

4, The bone plate of claim 2 wherein the proximal portion has a second screw
hole that is located distally and cranially from the first screw hole and is designed to
accept a second locking screw that has a targeted screw path that angles caudally away

from the bone-contacting surface
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5. The bone plate of claim 2 Wherein the proximal portion has a second screw
hole that is located distally and caudally from the first screw hole and is designed to accept
a second locking screw that has a targeted screw path that angles cranially away from the
bone-contacting surface.

6. The bone plate of claim 1 wherein the first screw hole is a superior screw
hole and the proximal portion has a cranial screw hole that is located distally and cranially
from the first screw hole and is designed to accept a cranial locking screw that has a
targeted screw path that angles caudally away from the bone-contacting surface, and the
proximal portion has a caudal screw hole that is located distally and caudally from the first
.screw hole and is designed to accept a caudal locking screw that has a targeted screw path
that angles cranially away from the bone-contacting surface.

7. The bone plate of claim 6 wherein the screw path for the superior screw
hole also angles caudally away from the bone-contacting surface.

8. The bone plate of claim 7 wherein the bone-contacting surface is contoured
in the shape of a cylinder.

9. The bone plate of claim 8 wherein the radius of the cylinder that defines at
least part of the bone-contacting surface of the proximal portion of the plate is between
about 18 mm and about 24 mm.

10. The bone plate of claim 8 wherein the radius of the cylinder that defines at
least part of the bone-contacting surface of the proximal portion of the plate is between
about 22 mm and about 30 mm.

11. The bone plate of claim 8 wherein the radius of the cylinder that defines at
least part of the bone-contacting surface of the proximal portion of the plate is between

about 12 mm and about 20 mm.
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12. A bone plate for securing two tibial bone segments as part of a tibial
leveling osteotomy procedure for an animal, the bone plate comprising:

a distal portion comprising an elongated shaft having disposed therein a plurality of
screw holes each designed to accept a screw; and

a proximal portion comprising at least three screw holes each designed to accept a
screw wherein a first screw hole is a superior screw hole, a second screw hole is a cranial
screw hole located distally and cranially from the superior screw hole, and a third screw
hole is a caudal screw hole located distally and caudally from the superior screw hole.

13. The bone plate of claim 12 wherein the cranial screw hole is located
between about 3.5 mm and about 6 mm distally from the superior screw hole and the
caudal screw hole is located about 6 mm to about 9 mm distally from the superior screw
hole.

14. The bone plate of claim 13 wherein the superior screw hole, the cranial.
screw hole, and the caudal screw hole are each designed to accept a locking screw.

15. The bone plate of claim 12 whe_rein the cranial screw hole is located
between about 2 mm and about 4 mm distally from the superior screw hole and the caudal
screw hole is located about 4 mm to about 7 mm distally from the superior screw hole.

16. The bone plate of claim 15 wherein the superior screw hole, the cranial
screw hole, and the caudal screw hole are each designed to accept a locking screw.

17. The bone plate of claim 12 wherein the cranial screw hole is located
between about 5.5 mm and about 9.5 mm distally from the superior screw hole and the
caudal screw hole is located about 7.5 mm to about 11.5 mm distally from the superior

screw hole.
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18. The bone plate of claim 17 wherein the superior screw hole, the cranial
screw hole, and the caudal screw hole are each designed to accept a locking screw.

19. A method for performing a tibial plateau leveling osteotomy procedure,
comprising:

fixing a first tibial segment having an outer surface to a second tibial segment
having an outer éurface by securing a bone plate to the outer surface of the first and second
segments, wherein the bone plate comprises

a distal portion comprising an elongated shaft having disposed therein a
plurality of distal portion screw holes each designed to accept a screw;

a proximal portion having an upper surface and a bone-contacting surface
opposite the upper surface, the bone-contacting surface being pre-contoured to be
configured and dimensioned to conform to the outer surface of the first tibial bone
segment and being partially defined by a cylinder;

a plurality of proximal portion screw holes located in the proximal portion
that were machined through the pre-contoured bone-contacting surface, the proximal
portion screw holes being designed to accept a locking screw, whereby locking screws
anchored through the proximal portion screw holes will hgve a targeted screw path through
the first tibial bone segment.

20. A Kkit for a tibial plateau leveling osteotomy procedure comprising:

) a bone plate dimensioned for securing two tibial bone segments of an
animal as part of a tibial leveling osteotomy procedure for an animal, the bone plate
comprising:

a distal portion comprising an elongated shaft having disposed therein a plurality of

distal portion screw holes each designed to accept a screw;
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a proximal portion having an upper surface and a bone-contacting surface opposite
the upper surface, the bone-contacting surface being pre-contoured to be configured and
dimensioned to conform to a tibial bone segment and being partially deﬁned.by a cylinder;

a plurality of proximal portion screw holes located in the proximal portion that
were machined through the pre-contoured bone-contacting surface, the proximal portion
screw holes being designed to accept a locking screw, whereby locking screws anchored
through the proximal portion screw holes will have a targeted screw path through the tibial
bone segment; and

2) locking bone screws adapted to fit within the proximal portion screw holes.
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