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figured for use with bones having periprosthetic fractures. For example, in
the event that a proximal femur is fractured in an area that is adjacent to a
prosthetic component, such as a femoral stem used in a hip replacement,
the periprosthetic bone plates of the present invention may be used. In one
exemplary embodiment, the periprosthetic bone plates include a peripros-
thetic zone having a plurality of central apertures and a plurality of outer
apertures that are offset from the central apertures. The periprosthetic zone
may further include a plurality of indentations, each indentation extending
longitudinally between adjacent outer apertures to narrow a width of the
bone plate.
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PERIPROSTHETIC BONE PLATES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Patent Application Serial No.
61/223,318, entitled "Periprosthetic Bone Plates," filed July 6, 2009, the disclosure of which is

hereby expressly incorporated by reference herein in its entirety.

BACKGROUND

1. Field of the Invention.

[0002] The present invention relates to bone plates, and more particularly, to periprosthetic

bone plates and methods for implanting the same.
2. Description of the Related Art.

[0003] Bone plates are commonly used to secure adjacent sections of a fractured bone together
and to facilitate healing of the fractured bone. Such bone plates may be attached to the fractured
bone using a plurality of bone screws. For example, a surgeon may position a bone plate to
extend across a fracture line, and then the surgeon may secure thé bone plate in place by
inserting a plurality of bone screws through apertures in the bone plate and into the patient's
bone. However, when fractures of the bone occur in areas adjacent to a prosthetic implant, such

as a femoral stem, the prosthetic implant may block areas of the patient's bone intended for the

bone screws.

[0004] Periprosthetic bone plates are available for stabilizing a fracture in an area adjacent to a
prosthetic implant. Such bone plates may include offset apertures for guiding bone screws into
the bone. However, known periprosthetic bone plates suffer from certain disadvantages. First,
known periprosthetic bone plates may be configured to direct unicortical bone screws into areas

of the bone adjacent to the prosthetic implant to avoid the prosthetic implant. Although
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unicortical bone screws may stop short of the prosthetic implant to avoid interfering with and/or
damaging the prosthetic implant, unicortical screw anchorage is not as strong as cancellous or
bicortical screw anchorage, for example. Also, to accomplish a sufficient offset, known
periprosthetic bone plates may include flanges that protrude from the bone plate, with the offset
apertures extending through these flanges. However, the flanges may catch onto and strip the

patient's muscle tissue while the bone plate is being implanted.
SUMMARY

[0005] The present invention provides bone plates that are configured for use with bones
having periprosthetic fractures. For example, in the event that a proximal femur is fractured in
an area that is adjacent to a prosthetic component, such as a femoral stem used in a hip
replacement, the periprosthetic bone plates of the present invention may be used to accommodate
the prosthetic component. In one exemplary embodiment, the periprosthetic bone plates include
a periprosthetic zone having a plurality of central apertures and a plurality of outer apertures that
are offset from the central apertures. The periprosthetic zone may further include a plurality of
indentations, each indentation extending longitudinally between adjacent outer apertures to

narrow a width of the bone plate.

[0006] According to an exemplary embodiment of the present invention, a bone plate is
provided for use with a bone having a periprosthetic fracture. The bone plate has a longitudinal
axis that extends from a first end to a second end of the bone plate. The bone plate includes: a
bottom surface configured to face the bone; a top surface opposite the bottom surface; a first side
wall and a second side wall joining the top and bottom surfaces; and a periprosthetic zone
located at the first end of the bone plate. The periprosthetic zone includes a plurality of outer
apertures that extend through the bone plate from the top surface to the bottom surface, the
plurality of outer apertures offset from the longitudinal axis in a direction perpendicular to the
longitudinal axis, the first and second side walls undulating in the periprosthetic zone such that,
along a first length of the bone plate and in a direction from the first end toward the second end
of the bone plate, the first side wall narrows inwardly toward the longitudinal axis as the second
side wall widens outwardly from the longitudinal axis, and along a second length of the bone

plate in the direction from the first end toward the second end of the bone plate, the first side
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wall widens outwardly from the longitudinal axis as the second side wall narrows inwardly

toward the longitudinal axis.

[0007] According to another exemplary embodiment of the present invention, a bone plate is
provided for use with a bone having a periprosthetic fracture. The bone plate has a longitudinal
axis that extends from a first end to a second end of the bone plate. The bone plate includes: a
planar bottom surface configured to face the bone; a top surface opposite the bottom surface; a
plurality of side walls joining the top and bottom surfaces; a plurality of outer apertures that
extend through the bone plate from the top surface to the bottom surface, the plurality of outer
apertures offset from the longitudinal axis in a direction perpendicular to the longitudinal axis;
and a plurality of indentations in the side walls, each indentation extending longitudinally
between adjacent outer apertures to narrow the bone plate in a direction perpendicular to the

longitudinal axis of the bone plate.

[0008] According to yet another exemplary embodiment of the present invention, a method is
provided for repairing a bone having a periprosthetic fracture, the bone including a prosthetic
component implanted therein. The method includes the step of providing a bone plate having a
longitudinal axis that extends from a first end to a second end, the bone plate including a
periprosthetic zone located at the first end of the bone plate, the periprosthetic zone including a
plurality of outer apertures offset from the longitudinal axis in a direction perpendicular to the
longitudinal axis, the plurality of outer apertures extending through the- bone platé sﬁbstantially
in parallel, the bone plate narrowing inwardly toward the longitudinal axis between adjacent
outer apertures. The method also includes the step of securing the bone plate onto the bone by

inserting a bone screw into one of the plurality of outer apertures while avoiding the prosthetic

component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned and other features and advantages of this invention, and the
manner of attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of embodiments of the invention taken in

conjunction with the accompanying drawings, wherein:
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[0010] Figure 1 is an elevational view of a portion of an exemplary bone plate of the present

invention secured onto a fractured proximal femur, the femur having a femoral hip stem

implanted therein;

[0011] Figure 2 is a perspective view of the bone plate of Figure 1;
[0012] Figure 3 is a top plan view of the bone plate of Figure 1;
[0013] Figure 4 is an elevational view of the bone plate of Figure 1;

[0014] Figure S is an elevational view of a portion of the bone plate of Figure 1 secured onto

the femur, the bone plate spaced apart from the femur with a spacer;
[0015] Figure 5A is a cross-sectional view of the encircled portion of Figure 5;

[0016] Figure 6 is a cross-sectional view of a portion of the bone plate of Figure 1 showing an

aperture in the bone plate;

[0017] Figure 7 is a view similar to Figure 6 showing a bone screw in the aperture of the bone

plate and a locking cap;

[0018] Figure 8 is a view similar to Figure 7 showing the locking cap in the aperture of the

bone plate, the locking cap securing the bone screw in an angled arrangement;
[0019] Figure 8A is a cross-sectional view of the encircled portion of F igure §;

[0020] Figure 9 is a view similar to Figure 8 showing the locking cap in the aperture of the

bone plate, the locking cap securing the bone screw in a perpendicular arrangement;
[0021] Figure 9A is a cross-sectional view of the encircled portion of Figure 9;

[0022] Figure 10 is a perspective view of another exemplary bone plate of the present

invention;

[0023] Figure 11 is a top plan view of the bone plate of Figure 10;
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[0024] Figure 12 is an elevational view of the bone plate of Figure 10;

[0025]) Figure 13 is a top plan view of yet another exemplary bone plate of the present

invention;

[0026] Figure 14 is a top plan view of still yet another exemplary bone plate of the present

invention;

[0027] Figure 15 is a perspective view of a portion of still yet another exemplary bone plate of

the present invention having a modular trochanteric zone detached from the bone plate; and

[0028] Figure 16 is a perspective view of a portion of the bone plate of Figure 15, showing the

modular trochanteric zone attached to the bone plate.

[0029] Corresponding reference characters indicate corresponding parts throughout the several
views. The exemplifications set out herein illustrate exemplary embodiments of the invention

and such exemplifications are not to be construed as limiting the scope of the invention in any

manner.

DETAILED DESCRIPTION

[0030] Figure 1 depicts a patient's proximal femur 50 having proximal end 52, a distal end
(not shown), and shaft 54 extending therebetween. Shaft 54 of femur 50 includes fracture 56. In
the illustrated embodiment, a prosthetic component, specifically femoral stem 60 of a hip
replacement system, is implanted into the patient's proximal femur 50. As shown in F iguré 1,

fracture 56 in femur 50 is located adjacent to femoral stem 60.

[0031] As shown in Figure 1, bone plate 100 is secured onto shaft 54 of femur 50 to extend
across fracture 56. Although bone plate 100 is described and depicted herein as being secured
onto a patient's femur 50, bone plate 100 may be sized for securement onto a patient's tibia,

fibula, humerus, radius, ulna, or another long bone.

[0032] Referring to Figures 2-4, bone plate 100 of the present invention is provided for use on
proximal end 52 of femur 50. Bone plate 100 is configured for use on a patient's left leg,
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although a mirror image plate may be provided for use on a patient's right leg. Bone plate 100
includes proximal end 102 and distal end 104. Proximal end 102 of bone plate 100 is configured
to rest against proximal end 52 of femur 50, with bone plate 100 extending distally along shaft
54 of femur 50 and across fracture 56 (Figure 1). Bone plate 100 also includes longitudinal axis
106 and side walls 108, 110, that extend from proximal end 102 to distal end 104 of bope plate
100. Rather than being a straight line, longitudinal axis 106 of bone plate 100 may have a slight

bend to accommodate the shape of the patient's bone.

[0033] Bone plate 100 further includes a first, exposed surface 112 and a second, bone-facing
surface 114 that span between side walls 108, 110. According to an exemplary embodiment of
the present invention, and as shown in Figures 2 and 4, surfaces 112, 114, of bone plate 100 are
generally planar to facilitate smooth insertion of the bone plate 100 beneath muscle tissue of the
patient. For example, as disclosed in co-pending U.S. Patent Application Serial No. 12/683,962,
entitled "A Plate for the Treatment of Bone Fractures," filed January 7, 2010, the disclosure of
which is expressly incorporated by reference herein in its entirety, exposed surface 112 of bone
plate 100 may have a central planar region near longitudinal axis 106 in a cross-section
perpendicular to longitudinal axis 106, and bone-facing surface 114 of bone plate 100 may have
outer planar regions near side walls 108, 110, in the same cross-section perpendicular to
longitudinal axis 106. It is within the scope of the present invention that surfaces 112, 114, of
bone plate 100 may be contoured to the shape of femur 50 (Figure 1). For example, as disclosed
in the above-incorporated U.S. Patent Applicati.bn Serial No. 12/683,962, bone-facing surface
114 of bone plate 100 may include a concave region between the outer planar regions that is

configured to wrap around femur 50.

[0034] To accommodate bones of different sizes, bone plate 100 may be provided in various
sizes. For example, bone plate 100 may vary in length L along longitudinal axis 106 from

approximately 245 mm to approximately 401 mm. According to an exemplary embodiment of
the present invention, a set of bone plates 100 may be provided in lengths of 245 mm, 285 mm,

324 mm, 363 mm, and 401 mm, for example.

[0035] Bone plate 100 includes periprosthetic zone 120, non-periprosthetic zone 122, and

transition zone 124 located between periprosthetic zone 120 and non-periprosthetic zone 122.
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As shown in Figure 3, periprosthetic zone 120 is located near proximal end 102 of bone plate

100 and non-periprosthetic zone 122 is located near distal end 104 of bone plate 100.

[0036] Bone plate 100 may progressively decrease in width W (between side walls 108, 110)
from periprosthetic zone 120, to transition zone 124, to non-periprosthetic zone 122, as shown in
Figure 3. For example, bone plate 100 may be about 25 mm wide in periprosthetic zone 120,

about 16 mm wide in transition zone 124, and about 14.5 mm wide in non-periprosthetic zone

122.

[0037] Also, bone plate 100 may vary in thickness T (between exposed surface 112 and bone-
facing surface 114) across periprosthetic zone 120, transition zone 124, and non-periprosthetic
zone 122, as shown in Figure 4. In an exemplary embodiment, the thickness T of bone plate 100
may be greatest in transition zone 124, with the thickness T of bone plate 100 decreasing in both
periprosthetic zone 120 and non-periprosthetic zone 122. For example, bone plate 100 may be
about 5 mm thick in periprosthetic zone 120, about 5.7 mm thick in transition zone 124, and
about 4.8 mm thick in non-periprosthetic zone 122. Due to the varied thickness T of bone plate
100, the strength of bone plate 100 may vary across its length L. For example, transition zone
124 of bone plate 100 may be stronger than periprosthetic zone 120 and/or non-periprosthetic

zone 122 of bone plate 100.

[0038] As shown in Figure 3, exposed surface 112 of bone plate 100 includes a plurality of
concave scallops 126.,. 127, 128, of various sizes. Scalldps 126, 127, 128, are arrangéd along side
walls 108, 110, of bone plate 100 to narrow the thickness T (Figure 4) of bone plate 100 and to '
control the mechanical resistance of bone plate 100. For example, bone plate 100 may be
configured to bend along large scallops 128 to a greater extent than along small scallops 126.
Each scallop 126, 127, 128, may have a maximum depth along its corresponding side wall 108,
110, of bone plate 100, with each scallop 126, 127, 128, gradually decreasing in depth inwardly
toward longitudinal axis 106 of bone plate 100, as shown in Figure 2.

[0039] Within periprosthetic zone 120, bone plate 100 includes a plurality of central apertures
130 that are generally aligned along longitudinal axis 106 of bone plate 100, as shown in Figure
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3. Bone plate 100 also includes a plurality of outer apertures 132, 134, positioned alongside

central apertures 130.

[0040] As shown in Figure 3, outer apertures 132, 134, are horizontally offset (e.g.,
medially/laterally offset, anteriorly/posteriorly offset) from central apertures 130. For example,
in the illustrated embodiment of Figure 3, outer apertures 132 are horizontally offset from
adjacent central apertures 130 in the direction of arrow A, and outer apertures 134 are
horizontally offset from adjacent central apertures 130 in the direction of arrow B. The center of
each outer aperture 132, 134, may be horizontally offset from the center of the adjacent central
aperture 130 by approximately 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, or more. In an
exemplary embodiment, the center of each outer aperture 132, 134, is horizontally offset from
the center of the adjacent central aperture 130 by approximately 7.5 mm, such that the centers of
outer apertures 132, 134, are horizontally offset from one another by approximately 13 mm. In
certain embodiments, outer apertures 132 may be arranged in a first row that is generally parallel
to central apertures 130, and outer apertures 134 may be arranged in a second row that is also

generally parallel to central apertures 130.

[0041] Also, as shown in Figure 3, outer apertures 132, 134 are vertically offset (e.g.,
proximally/distally offset) from central apertures 130 and each other. For example, in the
illustrated embodiment of Figure 3, outer apertures 132 are vertically offset from adjacent central
apertures 130 in the direction of arrow C, and outer apertures 134 are vertically offset from
adjacent central apertures 130 in the direction of arrow D. The center of each outer aperture 132,
134, may be vertically offset from the center of the adjacent central aperture 130 by
approximately 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, or more. By vertically offsetting outer
apertures 132, 134, from central apertures 130 along arrows C, D, the width W of bone plate 100
may be reduced. If central apertures 130 and outer apertures 132, 134, were all aligned ina
direction perpendicular to longitudinal axis 106, on the other hand, bone plate 100 would have to
be sufficiently wide in this perpendicular direction to accommodate all three apertures 130, 132,

134.

[0042] According to an exemplary embodiment of the present invention, three apertures 130,
132, 134, may be organized in a subset 136 that extends diagonally across bone plate 100, as
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shown in Figure 3. Bone plate 100 may include a plurality of spaced-apart subsets 136 across its
length. In certain embodiments, the entire subset 136 of apertures 130, 132, 134, is vertically
offset (e.g., proximally/distally offset) from the adjacent subset 136. Large scallops 128 may
extend between adjacent subsets 136, with small scallops 126 and medium scallops 127

extending into each subset 136, as shown in Figure 3.

[0043] In certain embodiments, outer apertures 132, 134, may extend inwardly toward
longitudinal axis 106 from exposed surface 112 to bone-facing surface 114 of bone plate 100,
such that bone screws 150 (Figure 1) located in outer apeitures 132, 134, will point toward one
another beneath bone-facing surface 114 of bone plate 100. In other embodiments, outer
apertures 132, 134, may extend substantially parallel to central apertures 130, or even slightly
outwardly from longitudinal axis 106, from exposed surface 112 to bone-facing surface 114 of
bone plate 100. With central apertures 130 and outer apertures 132, 134, extending in parallel,
bone screws 150 may be able to extend around even a large implant, like hip stem 60, as shown
in Figure 1. Thus, bone plate 100 may be secured in place using bicortical or cancellous bone

screws 150 that extend around and beyond hip stem 60.

[0044]  As shown in Figure 3, side walls 108, 110, may undulate within periprosthetic zone
120. For example, side walls 108, 110 of bone plate 100 may include concave indentations 140,
with adjacent indentations 140 forming apex 142 therebetween. Each indentation 140 may
follow an arcuate path between each apex 142, reaching a maximum depth in bone plate 100 at
base 144. The undulating pattern may increase in intensity toward proximal end 102 of bone
plate 100, with indentations 140 increasing in length and/or depth toward proximal end 102 of
bone plate 100.

[0045]  Along side wall 108 of bone plate 100, indentations 140 may extend between adjacent
outer apertures 132, such that bone plate 100 widens enough at apex 142 to accommodate outer
apertures 132 but narrows between adjacent outer apertures 132. Similarly, along side wall 110
of bone plate 100, indentations 140 may extend between adjacent outer apertures 134, such that
bone plate 100 widens enough at apex 142 to accommodate outer apertures 134 but narrows

between adjacent outer apertures 134.
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[0046] By vertically offsetting outer apertures 132, 134, from central apertures 130, as
discussed above, the width W of bone plate 100 may be reduced, because outer apertures 132,
134, may be bordered by at least one indentation on the opposite side wall 108, 110 (e.g., side
wall 108, 110, opposite from apex 142). In an exemplary embodiment, the overall width W of
bone plate 100 in periprosthetic zone 120, measured between apex 142 on side wall 108 and
apex 142 on side wall 110, is about 25 mm. However, at any one point along longitudinal axis
106, such as between apex 142 on side wall 108 and base 144 on side wall 110, the width W of
bone plate 100 in periprosthetic zone 120 may be about 3 mm, 4 mm, or 5 mm less, such as
about 21 mm. The width W of bone plate 100 within periprosthetic zone 120 may reach a
minimum along central apertures 130, because central apertures 130 may be bordered by
indentations 140 along both side walls 108, 110. The smooth shape of side walls 108, 110, and
the narrow width W of bone plate 100 within periprosthetic zone 120 facilitate smooth insertion

of bone plate 100 beneath the muscle tissue of the patient.

[0047] According to an exemplary embodiment of the present invention, in a direction
perpendicular to longitudinal axis 106, each apex 142 is aligned with an opposing base 144, as
shown in Figure 3. Therefore, when one side wall 108 of bone plate 100 reaches a maximum
width at apex 142, the other side wall 110 of bone plate 100 reaches a minimum width at base
144. In this embodiment, indentations 140 on opposing side walls 108, 110, may cooperate to
maintain a substantially constant width W of bone plate 100 within. periprosthetic zone 120. This
simultaneous, opposite behavior of side walls 108., 110, further facilitates smooth insertion of | |
bone plate 100 beneath the muscle tissue of the patient. When bone plate 100 is implanted, side
walls 108, 110, will slide across the patient's muscle tissue. As side wall 108 gradually widens
toward apex 142, side wall 108 will extend deeper and deeper into the muscle tissue along side
wall 108. At the same time, side wall 110 will gradually narrow toward base 144 and gradually -
free itself from the muscle tissue along side wall 110. Resistance from muscle tissue along side
wall 108 may force bone plate 100 back toward the muscle tissue along side wall 110, thereby
reducing the risk of shredding the muscle tissue along side wall 108. This cooperation between
side walls 108, 110, continues along the length of periprosthetic zone 120.

10



WO 2011/003494 PCT/EP2010/003433

[0048]  Like periprosthetic zone 120, non-periprosthetic zone 122 and transition zone 124 of
bone plate 100 may include a plurality of central apertures 130 that are generally aligned along
longitudinal axis 106 of bone plate 100. However, unlike periprosthetic zone 120, non-
periprosthetic zone 122 and transition zone 124 may not require outer apertures 132, 134. For
this reason, bone plate 100 may be narrower in non-periprosthetic zone 122 and transition zone

124 than in periprosthetic zone 120, as shown in Figure 3.

[0049] In operation, and as shown in Figures 1 and 2, a surgeon may secure bone plate 100
onto the patient's femur 50 using bone screws 150 without interfering with and/or damaging hip
stem 60. In proximal end 52 of femur 50 adjacent to hip stem 60, the surgeon may offset bone
screws 150 from hip stem 60 by inserting bone screws 150 into outer apertures 132, 134, rather
than central apertures 130, in periprosthetic zone 120 of bone plate 100. For example, in the
illustrated embodiment of Figure 1, bone screws 150 may be anteriorly and/or posteriorly offset
from hip stem 60. Because bone screws 150 may be entirely offset from hip stem 60, bone plate
100 may be secured in place using bicortical or cancellous bone screws 150, as shown in Figure
1. Bicortical or cancellous bone screws 150 may strengthen the fixation between femur 50 and
bone plate 100, while still avoiding hip stem 60. Rather than avoiding central apertures 130 in
periprosthetic zone 120 of bone plate 100, it is also within the scope of the present invention that
the surgeon may insert unicortical screws into those central apertures 130 that stop short of hip
stem 60. In the distal end (not shown) of femur 50 beneath hip stem 60, the surgeon may insert
bicortical, cancellous, or unicortical bone screws 150 centrally into femur 50 by inserting bone
screws 150 into central apertures 130 in non-periprosthetic zone 122 and transition zone 124 of
bone plate 100. In this distal region of femur 50, the surgeon will not risk interfering with and/or
damaging hip stem 60. Suitable cancellous bone screws may be about 4 mm in length, and

suitable bicortical bone screws may be about 5 mm in length.

[0050] According to an exemplary embodiment of the present invention, bone plate 100, and
specifically periprosthetic zone 120 of bone plate 100, may be spaced apart from femur 50. For
example, as shown in Figures 5 and 5A, the surgeon may insert spacers 160 into unoccupied

central apertures 130 of bone plate 100 to elevate bone-facing surface 114 of bone plate 100 off

of femur 50. Spacers 160 may be provided in various sizes, such as 1 mm, 2 mm, and 3 mm in

11
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length, to alter the spacing between bone plate 100 and femur 50. Advantageously, spacing bone
plate 100 apart from femur 50 may allow adequate blood flow to the periosteum of femur 50,

thereby facilitating healing of femur 50.

[0051] According to another exemplary embodiment of the present invention, bone plate 100
may accommodate polyaxial bone screws 150 in central apertures 130, as well as in outer
apertures 132, 134. Apertures 130, 132, 134, may be sized to receive bone screws 150ina
perpendicular arrangement, as shown in Figures 9 and 9A, or in an angled arrangement, as
shown in Figures 8 and 8A. In the angled arrangement of Figure 8, bone screw 150 may be
offset up to 15 degrees in any direction from the perpendicular arrangement of Figure 9. To
maintain bone screw 150 in the desired position, the surgeon may insert locking cap 152 into the
corresponding aperture 130, 132, 134, and onto bone screw 150. Advantageously, polyaxial
bone screws 150 enable the surgeon to manipulate and position bone screws 150 in the desired

portion of femur 50 while avoiding hip stem 60 (Figure 1), if necessary.

[0052] As shown in Figures 1 and 2, bone plate 100 may include wire apertures 164 that are
sized for receipt of cerclage wire 162 therethrough. In operation, before inserting bone screws
150 into femur 50, the surgeon may initially secure bone plate 100 onto femur 50 by wrapping
wire 162 through apertures 164 of bone plate 100 and around femur 50. Alternatively, if the

surgeon determines that femur 50 is not in the proper condition to receive bone screws 150, the

surgeon may secure bone plate‘lOO‘onto femur 50 using wire 162 instead of bone screws 150.

[0053] Referring next to Figures 10-12, bone plate 200 of the present invention is provided for
use on a distal femur (not shown). Bone plate 200 is configured for use on a patient's right leg,
although a mirror image plate may be provided for use on a patient's left leg. Bone plate 200 is

similar to bone plate 100, with like reference numerals indicating like elements.

[0054] Bone plate 200 includes periprosthetic zone 220, non-periprosthetic zone 222, and
transition zone 224 located between periprosthetic zone 220 and non-periprosthetic zone 222.
As shown in Figure 11, periprosthetic zone 220 is located near distal end 204 of bone plate 200
and non-periprosthetic zone 222 is located near proximal end 202 of bone plate 200. Bone plate

200 also includes longitudinal axis 206 and side walls 208, 210, that extend from proximal end

12
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202 to distal end 204 of bone plate 100. Rather than being a straight line, longitudinal axis 206

of bone plate 200 may have a slight bend to accommodate the shape of the patient's bone.

[0055] In operation, distal end 204 of bone plate 200 is configured to rest against the distal end
(not shown) of femur 50, with bone plate 200 extending proximally along shaft 54 of femur 50
and across fracture 56 (Figure 1). With periprosthetic zone 220 of bone plate 200 located at
distal end 204 of bone plate 200, the surgeon may avoid interfering with and/or damaging a

prosthetic component implanted in the patient's distal femur, such as a femoral stem of a knee

replacement system (not shown).

[0056] Bone plate 200 further includes a first, exposed surface 212 and a second, bone-facing
surface 214 that span between side walls 208, 210. According to an exemplary embodiment of
the present invention, and as shown in Figure 10, surfaces 212, 214, of bone plate 200 are
generally planar to facilitate smooth insertion of the bone plate 200 beneath muscle tissue of the
patient. For example, as disclosed in the above-incorporated U.S. Patent Application Serial No.
12/683,962, exposed surface 212 of bone plate 200 may have a central planar region near
longitudinal axis 206 in a cross-section perpendicular to longitudinal axis 206, and bone-facing
surface 214 of bone plate 200 may have outer planar regions near side walls 208, 210, in the
same cross-section perpendicular to longitudinal axis 206. It is within the scope of the present
invention that surfaces 212, 214, of bone plate 200 may be contoured to the shape of femur 50
(Figure 1). For example as disclosed in the above-incorporated U.S. Patent Apphcatlon Serial
No. 12/683,962, bone-facing surface 214 of bone plate 200 may include a concave region

between the outer planar regions that is configured to wrap around femur 50.

[0057] To accommodate bones of different sizes, bone plate 200 may be provided in various
sizes. For example, bone plate 200 may vary in length L along longitudinal axis 206 from

approximately 238 mm to approximately 393 mm. According to an exemplary embodiment of
the present invention, a set of bone plates 200 may be provided in lengths of 238 mm, 278 mm,

316 mm, 355 mm, and 393 mm, for example.

[0058] As shown in Figure 11, exposed surface 212 of bone plate 200 includes a plurality of
concave scallops 226, 227, 228, of various sizes. Scallops 226, 227, 228, are arranged along side
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walls 208, 210, of bone plate 100 to narrow the thickness T (Figure 12) of bone plate 200 and to
control the mechanical resistance of bone plate 200. For example, bone plate 200 may be
configured to bend along large scallops 228 to a greater extent than along small scallops 226.
Each scallop 226, 227, 228, may have a maximum depth along its corresponding side wall 208,
210, of bone plate 200, with each scallop 226, 227, 228, gradually decreasing in depth inwardly

toward longitudinal axis 206 of bone plate 200, as shown in Figure 10.

[0059] Within periprosthetic zone 220, bone plate 200 includes a plurality of central apertures
230 that are generally aligned along longitudinal axis 206 of bone plate 200, as shown in Figure
11. Bone plate 200 also includes a plurality of outer apertures 232, 234, positioned alongside

central apertures 230.

[0060] As shown in Figure 11, outer apertures 232, 234, are horizontally offset (e.g.,
medially/laterally offset, anteriorly/posteriorly offset) from central apertures 230. The center of
each outer aperture 232, 234, may be horizontally offset from the center of the adjacent central
aperture 230 by approximately 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, or more. In an
exemplary embodiment, the center of each outer aperture 232, 234, is horizontally offset from
the center of the adjacent central aperture 230 by approximately 7.5 mm, such that the centers of
outer apertures 232, 234, are horizontally offset from one another by approximately 13 mm. In
certain embodiments, outer apertures 232 may be arranged in a first row that is generally parallel
to central apertures 230, and outer apertures 234 may be arranged in a second row that is also

generally parallel to central apertures 230.

[0061] Also, as shown in Figure 11, outer apertures 232, 234 are vertically offset (e.g.,
proximally/distally offset) from central apertures 230 and each other. The center of each outer
aperture 232, 234, may be vertically offset from the center of the adjacent central aperture 230 by
approximately 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, or more. By vertically offsetting outer
apertures 232, 234, from central apertures 230, the width W of bone plate 200 may be reduced.

If central apertures 230 and outer apertures 232, 234, were all aligned in a direction
perpendicular to longitudinal axis 206, on the other hand, bone plate 200 would have to be
sufficiently wide in this perpendicular direction to accommodate all three apertures 230, 232,
234,
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[0062] According to an exemplary embodiment of the present invention, three apertures 230,
.232, 234, may be organized in a subset 236 that extends diagonally across bone plate 200, as
shown in Figure 11. Bone plate 200 may include a plurality of spaced-apart subsets 236 across
its length. In certain embodiments, the entire subset 236 of apertures 230, 232, 234, is vertically
offset (e.g., proximally/distally offset) from the adjacent subset 236. Large scallops 228 may
extend between adjacent subsets 236, with small scallops 226 and medium scallops 227

extending into each subset 236, as shown in Figure 11.

[0063] In certain embodiments, outer apertures 232, 234, may extend inwardly toward
longitudinal axis 206 from exposed surface 212 to bone-facing surface 214 of bone plate 200,
such that bone screws 150 (Figure 1) located in outer apertures 232, 234, will point toward one
another beneath bone-facing surface 214 of bone plate 200. In other embodiments, outer
apertures 232, 234, may extend substantially parallel to central apertures 230, or even slightly
outwardly from longitudinal axis 206, from exposed surface 212 to bone-facing surface 214 of
bone plate 200. With central apertures 230 and outer apertures 232, 234, extending in parallel,
bone screws 150 may be able to extend around and beyond the knee implant. Thus, bone plate

200 may be secured in place using bicortical or cancellous bone screws 150, while still avoiding

the knee implant.

[0064] As shown in Figure 11, side walls 208, 210, may undulate within periprosthetic zone
220. For example, side walls 208, 210 of bone plate 200 may include concave indentations 240, -
with adjacent indentations 240 forming apex 242 therebetween. Each indentation 240 may
follow an arcuate path between each apex 242, reaching a maximum depth in bone plate 200 at
base 244. The undulating pattern may increase in intensity toward proximal end 202 of bone

plate 200, with indentations 240 increasing in length and/or depth toward proximal end.202 of
bone plate 200.

[0065] Along side wall 208 of bone plate 200, indentations 240 may extend between adjacent
outer apertures 232, such that bone plate 200 widens enough at apex 242 to accommodate outer
apertures 232 but narrows between adjacent outer apertures 232. Similarly, along side wall 210
of bone plate 200, indentations 240 may extend between adjacent outer apertures 234, such that
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bone plate 200 widens enough at apex 242 to accommodate outer apertures 234 but narrows

between adjacent outer apertures 234.

[0066] By vertically offsetting outer apertures 232, 234, from central apertures 230, as
discussed above, the width W of bone plate 200 may be reduced, because outer apertures 232,
234, may be bordered by at least one indentation on the opposite side wall 208, 210 (e.g., side
wall 208, 210, opposite from apex 242). In an exemplary embodiment, the overall width W of
bone plate 200 in periprosthetic zone 220, measured between apex 242 on side wall 208 and
apex 242 on side wall 210, is about 28 mm. However, at any one point along longitudinal axis
206, such as between apex 242 on side wall 208 and base 244 on side wall 210, the width W of
bone plate 200 in periprosthetic zone 220 may be about 3 mm, 4 mm, or 5 mm less, such as
about 23 mm. The width W of bone plate 200 within periprosthetic zone 220 may reach a
minimum along central apertures 230, because central apertures 230 may be bordered by
indentations 240 along both side walls 208, 210. The smooth shape of side walls 208, 210, and
the narrow width W of bone plate 200 within periprosthetic zone 220 facilitate smooth insertion

of bone plate 200 beneath the muscle tissue of the patient.

[0067] According to an exemplary embodiment of the present invention, in a direction
perpendicular to longitudinal axis 206, each apex 242 is aligned with an opposing base 244, as
shown in Figure 11. Therefore, when one side wall 208 of bone plate 200 reaches a maximum
width at apex 242, the other side wall 210 of bone plate 200 reaches a minimum width at base
244. In this embodiment, indentations 240 on opposing side walls 208, 210, may cooperate to
maintain a substantially constant width W of bone plate 200 within periprosthetic zone 220. This
simultaneous, opposite behavior of side walls 208, 210, further facilitates smooth insertion of

bone plate 200 beneath the muscle tissue of the patient, as discussed above with respect to bone

plate 100 (Figures 2-4).

[0068] Like periprosthetic zone 220, non-periprosthetic zone 222 and transition zone 224 of
bone plate 200 may include a plurality of central apertures 230 that are generally aligned along
longitudinal axis 206 of bone plate 200. However, unlike periprosthetic zone 220, non-

periprosthetic zone 222 and transition zone 224 may not require outer apertures 232, 234. For
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this reason, bone plate 200 may be narrower in non-periprosthetic zone 222 and transition zone

224 than in periprosthetic zone 220, as shown in Figure 11.

[0069] In operation, and as shown in Figure 11, a surgeon may secure bone plate 200 onto the
patient's distal femur (not shown) using bone screws 150 (Figure 1) without interfering with
and/or damaging a prosthetic component implanted in the patient's distal femur, such as a
femoral stem of a knee replacement system (not shown). In the distal end of femur 50 adjacent
to the knee implant, the surgeon may offset bone screws 150 from the knee implant by inserting
bone screws 150 into outer apertures 232, 234, rather than central apertures 230, in periprosthetic
zone 220 of bone plate 200. Because bone screws 150 may be entirely offset from the knee
implant, bone plate 200 may be secured in place using bicortical or cancellous bone screws 150.
Bicortical or cancellous bone screws 150 may strengthen the fixation between femur 50 and bone
plate 200, while still avoiding the knee implant. Rather than avoiding central apertures 230 in
periprosthetic zone 220 of bone plate 200, it is also within the scope of the present invention that
the surgeon may insert unicortical screws into those central apertures 230 that stop short of the
knee implant. Toward proximal end 52 of femur 50 above the knee implant, the surgeon may
insert bicortical, cancellous, or unicortical bone screws 150 centrally into femur 50 by inserting
bone screws 150 into central apertures 230 in non-periprosthetic zone 222 and transition zone
224 of bone plate 200. In this proximal region of femur 50, the surgeon will not risk interfering

with and/or damaging the knee implant.

[0070] Like bone plate 100 (Figures 2-4), bone plate 200 may be configured to receive spacers
160 (Figures 5 and 5A), polyaxial bone screws 150 (Figures 6-9), and/or cerclage wire 162
(Figure 1) for securing bone plate 200 onto femur 50.

[0071] Referring next to Figures 13-16, bone plates 300, 400, 500, of the present invention are
provided for use on proximal end 52 of femur 50 (Figure 1), much like bone plate 100 described
above with reference to Figures 2-4. Bone plates 300, 400, 500, are similar to bone plate 100,

with like reference numerals indicating like elements.

[0072] Each bone plate 300, 400, 500, includes periprosthetic zone 320, 420, 520, non-
periprosthetic zone 322, 422, 522, and transition zone 324, 424, 524, located between
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periprosthetic zone 320, 420, 520, and non-periprosthetic zone 322, 422, 522. Unlike bone plate
100 (Figure 2), each bone plate 300, 400, 500, further includes trochanteric zone 370, 470, 570,
that extends proximally beyond periprosthetic zone 320, 420, 520. In operation, the surgeon is
able to secure trochanteric zone 370, 470, 570, of the corresponding bone plate 300, 400, 500,
onto greater trochanter 58 of femur 50 (Figure 1) for added stability. In the illustrated
embodiments of Figures 13-16, each bone plate 300, 400, 500, is ring-shaped in the
corresponding trochanteric zone 370, 470, 570, such that bone plate 300, 400, 500, is able to

| wrap around greater trochanter 58 of femur 50 with bone of femur 50 protruding therethrough, as

necessary.

[0073] Asshown in Figures 13 and 14, each trochanteric zone 370, 470, may be integrally
formed with periprosthetic zone 320, 420, of the corresponding bone plate 300, 400.
Alternatively, and as shown in Figures 15 and 16, trochanteric zone 570 may be removably
coupled to periprosthetic zone 520 of the corresponding bone plate 500 using suitable fasteners,
such as screws 572. In this modular embodiment of Figure 15 and 16, bone plate 500 may be

used with or without trochanteric zone 570 attached thereto.

[0074]) Additional information regarding the bone plates of the present invention may be found

in the above-incorporated U.S. Patent Application Serial No. 12/683,962.

[0075] Additional information regarding methods and tools for implanting the bone platés of
the present invention may be found in U.S. Patent Application Serial No. 12/683,953, entitled
"Bone Plate Fixation System," filed January 7, 2010, the disclosure of which is hereby expressly

incorporated by reference herein in its entirety.

[0076] While this invention has been described as having a preferred design, the present
invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.
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Claims

A bone plate for use with a bone having a periprosthetic fracture,
the bone plate having a longitudinal axis that extends from a first

end to a second end of the bone plate, the bone plate comprising:

a bottom surface configured to face the bone;

a top surface opposite the bottom surface;

a first side wall and a second side wall joining the top and bottom
surfaces; and

a periprosthetic zone located at the first end of the bone plate, the
periprosthetic zone comprising a plurality of outer apertures that ex-
tend through the bone plate from the top surface to the bottom sur-
face, the plurality of outer apertures offset from the longitudinal axis
in a direction perpendicular to the longitudinal axis, the first and
second side walls undulating in the periprosthetic zone such that,
along a first length of the bone plate and in a direction from the first
end toward the second end of the bone plate, the first side wall nar-
rows inwardly toward the longitudinal axis as the second side wall
widens outwardly from the longitudinal axis, and along a second
length of the bone plate in the direction from the first end toward
the second end of the bone plate, the first side wall widens out-
wardly from the longitudinal axis as the second side wall narrows

inwardly toward the longitudinal axis.
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The bone plate of claim 1, further comprising a plurality of central
apertures that extend through the bone plate from the top surface to
the bottom surface, the plurality of central apertures located along

the longitudinal axis of the bone plate.

The bone plate of claim 2, wherein the plurality of central apertures

continue to the second end of the bone plate.

The bone plate of claim 2 or 3, wherein the plurality of outer aper-
tures are offset from the central apertures in a direction parallel to

the longitudinal axis of the bone plate.

The bone plate of any of claims 2 to 4, wherein the plurality of outer
apertures are arranged in two longitudinal rows, a first longitudinal
row extending along a first side of the central apertures and a sec-
ond longitudinal row extending along a second side of the central

apertures opposite the first side.

The bone plate of any of the preceding claims, wherein each of the
first and second walls include a plurality of indentations in the pe-
riprosthetic zone, each indentation extending longitudinally between
adjacent outer apertures to narrow the bone plate in a direction

perpendicular to the longitudinal axis of the bone plate.

The bone plate of claim 6, further comprising an apex formed be-
tween adjacent indentations, the apex aligned with at least one of
the plurality of outer apertures in a direction perpendicular to the

longitudinal axis of the bone plate.
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The bone plate of claim 7, wherein each indentation extends in-
wardly toward the longitudinal axis of the bone plate until reaching
a maximum depth at a base, the base on a side of the bone plate
aligned with the apex on an opposing side of the bone plate in a di-

rection perpendicular to the longitudinal axis of the bone plate.

The bone plate of any of the preceding claims, wherein each of the
plurality of outer apertures is sized to receive a polyaxial bone
screw, the polyaxial bone screw adjustable between a perpendicular
arrangement and an angled arrangement in the each of the plurality

of outer apertures.

A bone plate for use with a bone having a periprosthetic fracture,
the bone plate having a longitudinal axis that extends from a first

end to a second end of the bone plate, the bone plate comprising:

a planar bottom surface configured to face the bone;

a top surface opposite the bottom surface;

a plurality of side walls joining the top and bottom surfaces;

a plurality of outer apertures that extend through the bone plate
from the top surface to the bottom surface, the plurality of outer ap-
ertures offset from the longitudinal axis in a direction perpendicular
to the longitudinal axis; and

a pluralify of indentations in the side walls, each indentation ex-
tending longitudinally between adjacent outer apertures to narrow
the bone plate in a direction perpendicular to the longitudinal axis

of the bone plate.
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The bone plate of claim 10, wherein a thickness of the bone plate
measured between the top and bottom surfaces decreases toward

the first end of the bone plate.

The bone plate of claim 10 or 11, further comprising a plurality of
central apertures that extend through the bone plate from the top
surface to the bottom surface, the plurality of central apertures lo-

cated along the longitudinal axis of the bone plate.

The bone plate of claim 12, wherein the plurality of central aper-

tures extend from the first end to the second end of the bone plate.

The bone plate of claim 12 or 13, wherein the plurality of outer aper-
tures are offset from the central apertures in a direction parallel to

the longitudinal axis of the bone plate.

The bone plate of any of claims 12 to 14, wherein the plurality of

outer apertures are arranged in two longitudinal rows, a first longi-
tudinal row extending along a first side of the central apertures and
a second longitudinal row extending along a second side of the cen-

trals apertures opposite the first side.

The bone plate of any of claims 10 to 15, further comprising an apex
formed between adjacent indentations, the apex aligned with at least
one of the plurality of outer apertures in a direction perpendicular to

the longitudinal axis of the bone plate.
The bone plate of claim 16, wherein each indentation extends in-

wardly toward the longitudinal axis of the bone plate until reaching

a maximum depth at a base, the base on a side of the bone plate
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aligned with the apex on an opposing side of the bone plate in a di-

rection perpendicular to the longitudinal axis of the bone plate.

The bone plate of any of claims 10 to 17, wherein each of the plural-
ity of outer apertures is sized to receive a polyaxial bone screw, the
polyaxial bone screw adjustable between a perpendicular arrange-
ment and an angled arrangement in the each of the plurality of

outer apertures.

A method of repairing a bone having a periprosthetic fracture, the
bone including a prosthetic component implanted therein, the

method comprising the steps of:

providing a bone plate having a longitudinal axis that extends from
a first end to a second end, the bone plate comprising a peripros-
thetic zone located at the first end of the bone plate, the peripros-
thetic zone comprising a plurality of outer apertures offset from the
longitudinal axis in a direction perpendicular to the longitudinal
axis, the plurality of outer apertures extending through the bone
plate substantially in parallel, the bone plate narrowing inwardly

toward the longitudinal axis between adjacent outer apertures; and

securing the bone plate onto the bone by inserting a bone screw into
one of the plurality of outer apertures while avoiding the prosthetic

component.
The method of claim 19, wherein the securing step comprises pivot-

ing the bone screw in the outer aperture and securing a locking cap

onto the bone screw to lock the bone screw in place.
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The method of claim 19 or 20, wherein the bone plate further com-
prises a plurality of central apertures located along the longitudinal
axis, the method further comprising the step of inserting a spacer

into one of the plurality of central apertures to space the bone plate

apart from the bone.

The method of claim 21, wherein the plurality of central apertures
extend through the bone plate substantially in parallel with the plu-

rality of outer apertures.

The method of any of claims 19 to 22, further comprising the step of
coupling a detachable portion to one of the first and second ends of

the bone plate to lengthen the bone plate.
The method of any of claims 19 to 23, wherein the securing step

comprises inserting one of a cancellous bone screw and a bicortical

bone screw around and beyond the prosthetic component.
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