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FIG. 1A

(57) Abstract: Variable angle holes in bone plates that are structured to facilitate the formation of axial compression or tension of a
bone, or which can assist in bone distraction. The variable angle hole can extend about a central axis and includes an inwardly ex -
tending wedge wall. The variable angle hole can be sized to receive insettion of a fixation element at a location at which a central
longitudinal axis of the fixation element is axially offset from the central axis of the variable angle hole by an offset distance at least
when the fixation element is initially driven into bone at least in a transverse direction. The wedge wall can be configured to be en-
gaged by a portion of the fixation element in a manner that axially displaces at least one of the bone plate, the fixation element,
and/or bone(s) in a direction that can generally reduce or increase the offset distance.
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BONE PLATE

BACKGROUND

[0001] Embodiments of the present invention generally relate to variable angle holes in
bone plates. More particularly, but not exclusively, embodiments of the present invention relate
to variable angle holes in bone plates that are structured to facilitate the formation of axial
compression or tension in a bone.

[0002] The treatment of at least certain types of bone fractures often includes securing a
bone plate against the bone and across at least a portion of the fracture. Such bone plates, which
can at least improve fracture stability, can be transversally compressed against the bone through
the use of one or more fixation elements such as, for example, screws, that enter into the bone at
relatively precise locations along the bone plate. Yet, axial compression or distraction of bones
typically requires an additional, separate plate that is also attached to the bone by fixation
elements. However, such an additional, separate plate is often generally bulky in size and
occupies additional space in the surgical tray. Further, the apertures in such additional plates are

often sized or structured in a manner that can compromise the strength of the bone plate.

BRIEF SUMMARY

[0003] Certain embodiments of the invention may include a bone plate configured to
receive the insertion of one or more fixation devices that secure the bone plate to one or more
bone segments. The bone plate includes a first end and a second end and axially extends
between the first and second ends along a central longitudinal axis of the bone plate and at least
one variable angle hole. The at least one variable angle hole includes a wedge wall and at least
one axial offset recess, the axial offset recess being elongated along at least the central
longitudinal axis and sized to receive insertion of at least a portion of one of the fixation
elements at a location in the at least one variable angle hole at which a central axis of the
received fixation element is at least axially offset by an offset distance from a central
longitudinal axis of the at least one variable angle hole. The wedge wall can have a shape that is
configured to be engaged by at least a portion of the fixation element to axially displace at least

one of the bone plate and the received bone segment in a direction that decreases the offset
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distance between the central axis of the received fixation element and the central longitudinal
axis of the at least one variable angle hole.

[0004] Additionally, certain embodiments of the invention may include an apparatus that
includes a bone plate having a top side and a bottom side and a variable angle hole positioned
along the bone plate. The variable angle hole can have a wedge wall that inwardly extends from
top side of the bone plate toward a central axis of the variable angle hole. The variable angle
hole can be sized to receive insertion of a fixation element at a location at which a central
longitudinal axis of the fixation element is axially offset from the central axis by an offset
distance at least when the fixation element is initially driven into a bone at least in a transverse
direction. Further, the wedge wall can be configured to be engaged by a portion of the fixation
element in a manner that axially displaces at least one of the bone plate and the fixation element
in a direction that reduces the offset distance.

[0005] Certain embodiments of the invention may also include a bone plate configured to
receive insertion of one or more fixation devices that secure the bone plate to one or more bone
segments. The bone plate includes a top surface and a bottom surface on opposing sides of the
bone plate, the bone plate axially extending between a first end and a second end of the bone
plate along a central longitudinal axis of the bone plate. The bone plate further includes at least
one fixed-variable angle hole that extends through the bone plate. The at least one fixed-variable
angle hole has an inner wall that defines an orifice. Additionally, the at least one fixed-variable
angle includes a plurality of recesses that are sized and shaped to receive insertion of at least a
portion of a fixation element of the one or more fixation elements into the at least one fixed-
variable angle hole in a plurality of orientations that are non-parallel to a central axis of the at
least one fixed-variable angle hole. Further, the at least one fixed-variable angle hole includes a
plurality of projections that inwardly extend from the inner wall that are structured to lockingly
engage a threaded portion of a head portion of the received fixation element when the received
fixation element is positioned in the fixed-variable angle hole at an orientation that is generally

parallel to the central axis of the at least one fixed-variable angle hole.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The description herein makes reference to the accompanying figures wherein like
reference numerals refer to like parts throughout the several views.

[0007] FIG. 1A illustrates a top view of a bone plate having variable angle locking holes
structured to at least assist in facilitating axial compression and/or distraction of a bone fracture
site.

[0008] FIG. 1B illustrates a cross sectional view of a variable angle locking hole taken
along line A-A of FIG. 1A.

[0009] FIG. 2 illustrates exemplary fixation of a bone plate to a fracture site along a bone
using a fixation element that is positioned at an offset location relative to a central axis of a
receiving variable angle locking hole of the bone plate.

[00010] FIG. 3 illustrates exemplary axial compression of a bone in which multiple
fixation elements are driven into the bone at offset locations in variable angle locking holes of a
bone plate.

[00011] FIGS. 4A-4C illustrate different stages of engagement between a fixation element
that is being driven into a bone and a variable angle locking hole of a bone plate that is
configured to at least assist in facilitating axial compression and/or distraction of a bone fracture
site.

[00012] FIG. 5 illustrates a top view of a bone plate having variable angle locking holes
structured to at least assist in facilitating axial compression and/or distraction of a bone fracture.
[00013] FIG. 6A illustrates a top view of an exemplary embodiment of a variable angle
locking hole for a bone plate that is structured to at least assist in facilitating axial compression
and/or distraction of a bone fracture site.

[00014] FIG. 6B illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 6A taken along line D-D and positioned within a bone plate.

[00015] FIG. 6C illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 6A taken along line E-E and positioned within a bone plate.

[00016] FIG. 6D illustrates a top side perspective view of the variable angle locking hole

shown in FIG. 6A positioned within a bone plate.
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[00017] FIGS. 7A and 7B illustrate top and bottom side views, respectively, of an
exemplary embodiment of a variable angle locking hole for a bone plate that is structured to at
least assist in facilitating axial compression and/or distraction of a bone fracture site.

[00018] FIG. 7C illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 7A taken along line D-D and positioned within a bone plate.

[00019] FIG. 7D illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 7A taken along line E-E and positioned within a bone plate.

[00020] FIG. 7E illustrates a top side perspective view of the variable angle locking hole
shown in FIG. 7A positioned within a bone plate.

[00021] FIGS. 8A and 8B illustrate top and bottom side views, respectively, of an
exemplary embodiment of a variable angle locking hole for a bone plate that is structured to at
least assist in facilitating axial compression and/or distraction of a bone fracture site.

[00022] FIG. 8C illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 8A taken along line D-D and positioned within a bone plate.

[00023] FIG. 8D illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 8A taken along line E-E and positioned within a bone plate.

[00024] FIG. 8E illustrates a cross sectional view of the variable angle locking hole shown
in FIG. 8A taken along line G-G and positioned within a bone plate.

[00025] FIG. 8F illustrates a top side perspective view of the variable angle locking hole
shown in FIG. 8A positioned within a bone plate.

[00026] FIG. 9A illustrates a top side perspective view of a bone plate having both static
variable angle locking holes and a variable angle locking hole having a compression slot.

[00027] FIGS. 9B and 9C illustrate top side perspective and top side views, respectively,
of the variable angle locking hole having a compression slot, as shown in FIG. 9A, that includes
a pair of compression ramps.

[00028] FIG. 10A illustrates a top side perspective view of an exemplary embodiment of a
combination fixed-variable angle locking hole that is adapted for engagement with a locking
fixation element in connection with a bone plate that accommodates axial compression and/or
distraction of a bone fracture site.

[00029] FIG. 10B is a cross sectional view of a combination fixed-variable angle locking

hole taken along line A-A of FIG. 10A.
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[00030] The foregoing summary, as well as the following detailed description of certain
embodiments of the present invention, will be better understood when read in conjunction with
the appended drawings. For the purpose of illustrating the invention, there is shown in the
drawings, certain embodiments. It should be understood, however, that the present invention is

not limited to the arrangements and instrumentalities shown in the attached drawings.
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DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[00031] Certain terminology is used in the foregoing description for convenience and is

2%

not intended to be limiting. Words such as “upper,” “lower,” “top,” “bottom,” “first,” and
“second” designate directions in the drawings to which reference is made. This terminology
includes the words specifically noted above, derivatives thereof, and words of similar import.
Additionally, the words “a” and “one” are defined as including one or more of the referenced
item unless specifically noted. The phrase “at least one of” followed by a list of two or more
items, such as “A, B or C,” means any individual one of A, B or C, as well as any combination
thereof.

[00032] FIGS. 1A and 1B illustrate a top view and a cross sectional view, respectively, of
an exemplary bone plate 100 having a plurality of variable angle locking holes 102 that are
structured to at least assist in facilitating axial compression of a fracture site 104 (FIG. 2) and/or
distraction of a bone(s) 106a, 106b (FIG. 2). The bone plate 100 can include opposite top and
bottom sides 108, 110, as well as opposite first and second ends 112, 114. Further, the bone
plate 100 can have a variety of different shapes and sizes. For example, according to certain
embodiments, one or more sections of the bone plate 100 can have contours or curves that
generally correspond to similar contours or curves of a portion of the bone 106 against which the
bottom side 110 of the bone plate 100 can abut or otherwise be located at an adjacent position.
In the illustrated embodiment, the bone plate 100 can extend between the first and second ends
112, 114 along a central longitudinal axis 116 of the bone plate 100. Further, the bone plate 100
can be constructed from a variety of materials, including, for example, stainless steel, titanium,
polymers, and/or ceramics, among other materials.

[00033] The bone plate 100 can include one or more variable angle locking holes 102,
among other static locking or non-locking holes and/or apertures in the bone plate 100. At least
a portion of the variable angle locking holes 102 can extend from the top side 108 to the bottom
side 110 of the bone plate 100 along a central axis 118 of each of the variable angle locking
holes 102 as shown, for example, in FIG. 1B. As shown in FIGS. 1A and 1B, the variable angle
locking holes 102 can include one or more ramps or wedge walls 120 that extend around at least
a portion of an outer periphery of the variable angle locking hole 102 along the top side 108 of
and into the bone plate 100. As discussed below, the wedge wall 120 can be configured to

provide a wedge or ramp effect on at least the bone plate 100 when engaged by a fixation



WO 2017/048909 PCT/US2016/051864

element such as, for example, a screw that provides a force to axially displace, deform, and/or
compress the bone plate 100 at least in a direction that can be generally parallel to the central
longitudinal axis 116 of the bone plate 100 and/or the adjacent bone 106. Further, according to
certain embodiments, in addition to, or in lieu of, displacing, deforming, and/or compressing the
bone plate 100, the wedge wall 120 can be configured to, when operably engaged with a fixation
element, axially displace, influence an axial position and/or assist in providing an axial
compressive force against one or more bones 106 or bone segments 106a, 106b such as, for
example, in connection with bring/retaining bones to a particular location for fracture repair or
bone distraction.

[00034] According to the embodiment illustrated in FIGS. 1A and 1B, the variable angle
locking hole 102 can include an inner wall 122 that generally defines an orifice 124 of the
variable angle locking hole 102. At least a portion of the orifice 124 generally extends about the
central axis 118 of the variable angle locking hole 102 extending through the bone plate 100.
The orifice 124 can have a variety of shapes and sizes, and can be symmetrical or asymmetrical
about the central axis 118.

[00035] Referring to FIGS. 1A and 1B, the orifice 124 can include a first axial offset
recess 126a and a second axial offset recess 126b, the first and second axial offset recesses 126a,
126b being located on opposite sides of the orifice 124. Further, according to the illustrated
embodiment, the first and second axial offset recesses 126a, 126b can have elongated shapes that
extend axially generally along the central axis 118. Moreover, the inner wall 122 along both the
first and second axial offset recesses 126a, 126b can include a first wall segment 130a and an
opposing second wall segment 130b that are interconnected by an end wall segment 132.
Further, according to certain embodiments, the central longitudinal axis 116 of the bone plate
100 can extend through a portion of the end wall segment 132 such as, for example, through a
middle section or region of the end wall segment 132. Referring to FIG. 1A and FIG. 4A, in
some embodiments, the first and second wall segments 130a, 130b can be arranged generally
parallel to one another. Further, according to the illustrated embodiment, the first and second
wall segments 130a, 130b can be arranged generally parallel to the central longitudinal axis 116.
Additionally, the first and second wall segments 130a, 130b can be separated from one another

by a distance that is approximately equal to or larger than a corresponding size, such as a
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diameter, of at least a threaded or non-threaded shank portion 134 of the fixation element 128
that is positioned adjacent to a head portion 136 of the fixation element 128.

[00036] Referring to FIG. 1A, according to certain embodiments, the orifice 124 can also
include one or more angular positioning recesses138a, 138b, or static angular positioning
recesses, that is/are positioned about the orifice 124 between the first and second axial offset
recesses 126a, 126b. For example, according to the embodiment illustrated in FIG. 1A, the
orifice 124 can include a first angular positioning recess 138a and a second angular positioning
recess 138b, the first and second angular positioning recesses138a, 138b being positioned at or
around a mid-section of the inner wall 122 between the first and second axial offset recesses
126a, 126b and on opposite sides of the central longitudinal axis 116. The angular positioning
recesses138a, 138b can be configured to accommodate insertion of the fixation element 128 into
the orifice 124 at certain angles relative to the central axis 118 of the orifice 124. Thus, the
angular positioning recesses138a, 138b can extend the width or size of the orifice 124 in at least
certain directions so that a fixation element 128 can be inserted into the variable angle locking
hole 102 from the top side of the bone plate 100 and through the variable angle locking hole 102
at the bottom side 110 of the bone plate 100 at certain angles that are non-parallel to the central
axis 118 of the variable angle locking hole 102.

[00037] As shown in FIG. 1A, according to certain embodiments, the angular positioning
recesses 138a, 138b can include a pair of converging sidewalls 140a, 140b. Further, the width of
the distance between the sidewalls 140a, 140b of the angular positioning recesses138a, 138b can
generally be less than the distance between the first and second wall segments 130a, 130b of
each of the first and second axial offset recesses 126a, 126b. For example, according to the
illustrated embodiment, the largest distance between the sidewalls 140a, 140b of the angular
positioning recesses138a, 138b such as, for example, at a mouth portion 142 of the angular
positioning recesses138a, 138b at which the sidewalls 140a, 140b can begin to extend in
converging directions, can be smaller than the distance between opposing first and second wall
segments 130a, 130b of the orifice 124.

[00038] The first and second axial offset recesses 126a, 126b can be separated from
adjacent angular positioning recesses138a, 138b by one or more tabs 144. According to the
illustrated embodiment, a side 146a of one or more of the tabs 144 can be generally defined by

either the first or second wall segment 130a, 130b, and another side 146b of the one or more tabs
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144 can be defined by one of the sidewalls 140a, 140b of the adjacent angular positioning recess
138. The tabs 144 can be sized such that, at least when a portion of the fixation element 128
extends into the variable angle locking hole 102, a portion of the fixation element 128 lockingly
engages one or more of the tabs 144. For example, according to certain embodiments, a head
portion 136 of the fixation element 128, or another portion of the fixation element 128 that is in
proximity to the head portion 136, can be threadingly engaged with or mate with corresponding
portions of one or more sides 146a, 146b of one or more of the tabs 144, including, but not
limited to, threads or protrusions that can be positioned along one or more sides of sides 146a,
146b of the tabs 144. Further, the tabs 144 can be sized to provide interference that prevents at
least a portion of the fixation element 128 such as, for example, the head portion 136, from being
pulled entirely through the orifice 124.

[00039] According to certain embodiments, at least a portion of the wedge wall 120 that
can engage the fixation element 128 can have a shape and/or orientation that is arranged non-
parallel and non-perpendicular to the central axis 118 of the variable angle locking hole 102. For
example, referring to FIG. 1B, according to certain embodiments, the wedge wall 120 can
include an outer end 121 that extends inwardly toward a second, inner end 123, the outer end 121
being in closer proximity than the inner end 123 to the top side 108 of the bone plate 100, and
the inner end 123 being in closer proximity than the outer end 121 to the central longitudinal axis
116 of the bone plate 100. For example, according to certain embodiments, the wedge wall 120
can be one or more of an angled, tapered, inclined and/or curved surface that extends generally
inwardly and/or downwardly into the bone plate 100 from or around the top side 108 of the bone
plate 100. According to certain embodiments, an additional first secondary wedge wall 120' can
be provided by a chamfer or transition surface between the top side 108 of the bone plate 100
and the wedge wall 120, and/or a second secondary wedge wall 120" that extends as a transition
between the wedge wall 120 and the inner wall 122 of the bone plate 100.

[00040] FIGS. 2 and 4A illustrate an example of a first fixation element 128a being driven
generally in at least a transverse direction (as indicated by the “T” direction in FIG. 4A) through
a first axial offset recess 126a of a variable angle locking hole 102a of a bone plate 100 and into
a bone 106 such as, for example, a bone 106 having a fracture site 104 between a first bone
segment 106a and a second bone segment 106b. For purposes of illustrating the examples

depicted in FIGS. 2-4C, at least a portion of the bone plate 100 can already be secured to the first
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and second bone segments 106a, 106b via the implantation of other fixation elements (not
shown) through other holes and/or other apertures in the bone plate 100. For example, according
to certain embodiments, fixation elements can have previously been at least partially driven into
the first and second bone segments 106a, 106b through other holes and/or apertures at or around
opposing first and second ends 112, 114 of the bone plate 100 prior to the implantation of the
first and second fixation elements 128a, 128b (FIGS. 2-4C) into the bone 106.

[00041] As illustrated in FIGS. 2-4B, and as discussed above, according to the illustrated
embodiment, the first and second axial offset recesses 126a, 126b are sized to accommodate
insertion of at least a portion of the first fixation element 128a at locations that are offset from
the central axis 118a of the variable angle locking hole 102a. For example, referring to FIGS. 2
and 4A, in the illustrated embodiment, the first fixation element 128a can, as the fixation element
128a is at least initially being driven into the first bone segment 106a, be positioned at a location
relative to the first axial offset recess 126a such that the central longitudinal axis 148a of the first
fixation element 128a is at least initially offset from and non-intersecting with the central axis
118a of the variable angle locking hole 102a. Further, in the illustrated embodiment, in at least
certain embodiments, at least the first axial offset recess 126a can be sized and shaped such that
the central longitudinal axis 148a of the first fixation element 128a that extends into the first
axial offset recess 126a can be arranged generally parallel to the central axis 118a of the variable
angle locking hole 102. However, according to other implantations or embodiments, the central
longitudinal axis 148a of the first fixation element 128a can be arranged non-parallel to the
central longitudinal axis 148a as the first fixation element 128a is at least initially driven into the
first bone segment 106a.

[00042] As the first fixation element 128a in the illustrated embodiment proceeds to be
driven into the first bone segment 106a, at least a portion of the head portion 136 of the first
fixation element 128a can come into contact with the wedge wall 120 of the variable angle
locking hole 102a, as illustrated in FIGS. 2 and 4B. According to certain embodiments, a bottom
surface 150 and/or edge surface 152 of the head portion 136 of the first fixation element 128a
can have a shape that facilitates axial displacement, such as sliding, and/or deformation of at
least a portion of the bone plate 100 in an axial direction (as indicated by the “A” direction in
FIG. 4B) and/or facilitate axial displacement, positioning, and/or assist in providing an axial

compressive force against the bone 106 or bone segment(s) 106a, 106b as the first fixation

10
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element 128a continues to be driven at least in a transverse direction into the first bone segment
106a. For example, according to certain embodiments, the bottom and/or edge surfaces 150, 152
of the head portion 136 can have a tapered or inclined shape that can generally mate with the
shape of at least a portion of the wedge wall 120 of the variable angle locking hole 102a so as to
facilitate, for example, axial displacement of the bone plate 100 and/or bone segment 106a,
and/or facilitate a compressive force against the fracture site 104.

[00043] According to such an embodiment, as the first fixation element 128a, and more
specifically the head portion 136 of the first fixation element 128a engages the wedge wall 120
of the variable angle locking hole 102a, the interaction between the first fixation element 128a
and the wedge wall 120 can result in a pulling or pushing force being exerted on the bone plate
100 and/or bone 106 or bone segment(s) 106a, 106b that seeks to axially displace the bone plate
100 and/or bone 106 or bone segment(s) 106a, 106b in a manner that at least attempts to bring
the central axis 118 of the variable angle locking hole 102a into closer proximity to or alignment
with the central longitudinal axis 148a of the first fixation element 128a. For example, according
to the embodiment illustrated in FIG. 2, the first fixation element 128a can be at least initially
positioned in the first axial offset recess 126a of the variable angle locking hole 102a such that
the head portion 136 of the first fixation element 128a can contact a portion of the wedge wall
120 that is in closer proximity to the first end 112 of the bone plate 100 than other portions of the
wedge wall 120. Accordingly, as the first fixation element 128a continues to be driven into the
first bone segment 106a, engagement between the head portion 136 of the first fixation element
128a and the wedge wall 120 can result in a force that attempts to at least axially displace the
bone plate 100 generally in the direction of the first end 112 of the bone plate 100. Further, such
engagement between the first fixation element 128a and the wedge wall 120 can seek to pull the
first fixation element 128a and the attached first bone segment 106a in an opposite direction, and
more specifically in a direction toward the second bone segment 106b, the fracture site 104,
and/or the second end 114 of the bone plate 100.

[00044] In at least some embodiments, as the first fixation element 128a continues to be at
least transversally driven toward a seated position in the variable angle locking hole 102a, as
illustrated in FIGS. 3 and 4C, the axial force generated by engagement between the head portion
136 of the first fixation element 128a and the wedge wall 120 can continue to axially displace at

least the bone plate 100 and/or the first bone segment 106a in opposite directions until the central
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longitudinal axis 148 of the fixation element 128 is generally aligned with the central axis 118 of
the variable angle locking hole 102a. Thus, in the present embodiment, as the bone plate 100
and/or the first bone segment 106a is/are axially displaced by engagement between the head
portion 136 of the first fixation element 128a and the wedge wall 120, the first axial offset recess
126a can be displaced relative to at least a portion of the first fixation element 128a, such as the
shank portion 134 and/or the head portion 136 of the first fixation element 128a, such that the
central longitudinal axis 148a of the first fixation element 128a is generally aligned with the
central axis 118a of the variable angle locking hole 102a.

[00045] As illustrated in at least FIG. 4C, according to certain embodiments, the variable
angle locking hole 102a and/or the first fixation element 128a can be structured such that, at least
when the first fixation element 128a approaches and/or reaches the seated position, the head
portion 136 of the first fixation element 128a is generally recessed below or positioned relatively
flush with the top side 108 of the bone plate 100. For example, according to certain
embodiments, the wedge wall 120 can extend to a depth within the bone plate 100 beneath the
top side 108 of the bone plate 100 that is sized to accommodate placement of the head portion
136 of the first fixation element 128a such that the first fixation element 128a minimally extends,
if at all, beyond the top side 108 of the bone plate 100 when the first fixation element 128a is at
the seated position.

[000406] FIG. 3 depicts an example of a second fixation element 128b being driven into the
second bone segment 106b following the at least partial implantation of the first fixation element
128a in the first bone segment 106a. While, in the present example, the first fixation element
128a was at least initially positioned in at least a portion of the first axial offset recess 126a, the
second fixation element 128b is shown as being at least initially positioned within at least a
portion of the second axial offset recess 126b of another variable angle locking hole 102b.
Accordingly, during at least initial implantation, the central longitudinal axis 148b of second
fixation element 128b in the present example is offset to a side of the central axis 118b of the
variable angle locking hole 102b that is generally opposite the side to which the central
longitudinal axis 148a of the first fixation element 128a had been offset relative to the central
axis 118a of the corresponding variable angle locking hole 102a, as illustrated in at least FIGS. 2,
4A and 4B. Thus, as the second fixation element 128b is driven into the second bone segment

106b, engagement between the head portion 136 of the second fixation element 128b and the
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adjacent portion of the wedge wall 120 can generate a force(s) that seeks to displace the bone
plate 100 and/or the second bone segment 106b in opposite directions that are generally opposite
to the directions at which the engagement of the first fixation element 128a and the wedge wall
120 sought to displace the bone plate 100 and/or the first bone segment 106a. For example,
engagement between the head portion 136 of the second fixation element 128b and the wedge
wall 120 can generate a force(s) that seeks to displace the bone plate 100 generally in the
direction of the second end 114 of the bone plate 100. Further, such forces generated by
engagement between the head portion 136 of the second fixation element 128b and the wedge
wall 120 can seek to displace the second bone segment 106b generally in a direction toward the
first end 112 of the bone plate 100, toward the fracture site 104, and/or toward the first bone
segment 106a.

[00047] In addition to forces that can generate displacement of the bone plate 100, bone
segments 106a, 106b, and/or bone 106, the forces generated by the engagement between the
wedge wall 120 and the fixation elements(s) 128a, 128b can be used to retain the relative axial
position(s) of bone segments 106a, 106b and/or the bone 106 and/or facilitate an axially
compressive force being exerted at least onto the bone 106 and/or bone segments 106a, 106b.
For example, in the examples illustrated in FIGS. 2-4C, besides providing forces that can
displace the bone segments 106a, 106b and/or bone plate 100, the forces generated by
engagement between the wedge wall 120 and the fixation elements(s) 128a, 128b can assist in
providing compression or tension to the fracture site 104. Further, while the preceding examples
were discussed with respect to bringing bone segments 106a, 106b together and/or providing
compression or tension forces to the fracture site 104, for other situations, the first and second
fixation elements 128a, 128b can be at least initially positioned on opposite sides of their
respective variable angle locking holes 102a, 102b so as to at least assist in generating
distraction, rather than compressive or tension forces. For example, the first fixation element
128a can be at least initially positioned in the second axial offset recess 126b of the associated
variable angle locking hole 102a, and the second fixation element 128b can be at least initially
positioned in the first axial offset recess 126a of the associated variable angle locking hole 102b
so that the central longitudinal axes 148a, 148b of the first and second fixation devices 128a,
128b are each at least initially positioned between the fracture site 104 and the associated central

axis 118 of their respective variable angle locking hole 102a, 102b. According to such an

13



WO 2017/048909 PCT/US2016/051864

embodiment, engagement of the head portion 136 of each of the first and second fixation
elements 128a, 128b with the adjacent portion of the wedge wall 120 can provide forces that at
least assist in attempting to axially inwardly displace the bone plate 100 toward the fracture site
104, and thereby displace the first and second bone segments 106a, 106b in opposite directions
and away from one another.

[00048] FIG. 5 illustrates another exemplary embodiment of a bone plate 160 having
variable angle locking holes 162. According to the depicted exemplary embodiment, the
variable angle locking holes 162 include a first axial offset recess 164a, a second axial offset
recess 164b, four angular positioning recesses 164, and a ramp or wedge wall 174. The first and
second axial offset recesses 164a, 164b are positioned on opposite sides of the orifice 168 and
generally extend in opposite directions along a central longitudinal axis 170 of the bone plate
160. Further, the first and second axial offset recesses 164a, 164b are sized to accommodate
placement of at least a portion of a fixation element 128 therein and at locations that are offset
from a central axis 172 of the variable angle locking hole 162. Thus, similar to the embodiments
and examples discussed above with respect to FIGS. 1-4C, engagement between a fixation
element 128 that is at an offset position relative to the central axis 172 of the variable angle
locking hole 162 and the adjacent portion of the wedge wall 174 can at least assist in providing a
force that axially displaces the bone plate 160 and/or the bone 106 or one or more bone segments
106a, 106b.

[00049] Compared to the embodiments discussed above with respect to FIGS. 1-4C, the
distance between the first and second wall segments 176a, 176b of the first and second axial
offset recesses 164a, 164b in the embodiment illustrated in FIG. 5 have been reduced, and the
first and second wall segments 176a, 176b are arranged non-parallel to one another such that the
first and second wall segments 176a, 176b each converge in a direction toward the end wall
segment 178. Such a configuration can increase the size of the tabs 180 that are positioned
between the first and second wall segments 176a, 176b and the angular positioning recesses166,
which can in turn increase the strength of the tabs 180. Moreover, by increasing the strength of
the tabs 180, the strength of the locking engagement between the tabs 180 and the fixation
element 128 can also be enhanced. Further, while the size of the first and second axial offset
recesses 164a, 164b can be decreased when compared to the first and second axial offset recesses

126a, 126b illustrated in at least FIG. 1, the first and second axial offset recesses 164a, 164b
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illustrated in FIG. 5 can remain larger than the angular positioning recesses166. For example,
the distance between the first and second wall segments 176a, 176b of the first and second axial
offset recesses 164a, 164b can be larger than a similar distance between opposing sidewalls
182a, 182b of the angular positioning recesses166.

[00050] FIGS. 6A-6D illustrate another exemplary embodiment of a bone plate 200
having variable angle locking holes 202. As shown, the variable angle locking holes 202 include
a first axial offset recess 204a and second axial offset recess 204b, a first and a second angular
positioning recess 206a, 206b, and a ramp or wedge wall 208. Again, the first and second axial
offset recesses 204a, 204b are positioned on opposing sides of the orifice 210 and generally
extend in opposite directions along a central longitudinal axis 212 of the bone plate 200. Further,
at least the first and second axial offset recesses 204a, 204b are sized to accommodate placement
of at least a portion of a fixation element 128 therein and at locations that are offset from a
central axis 214 of the variable angle locking hole 202. Thus, similar to the embodiments
discussed above with respect to FIGS. 1-5, engagement between a fixation element 128 that is at
an offset position relative to the central axis 214 of the variable angle locking hole 202 and the
adjacent portion of the wedge wall 208 can at least assist in providing a force that axially
displaces the bone plate 200, the bone 106, and/or or one or more bone segments 106a, 106b.
[00051] According to certain embodiments, the first and second angular positioning
recesses 206a, 206b can be positioned on opposite sides of the central longitudinal axis 212 of
the bone plate 200. Further, according to certain embodiments, the first and second angular
positioning recesses 206a, 206b can have a size similar to that of the first axial offset recess 204a
and second axial offset recess 204b. According to such an embodiment, the first and second
angular positioning recesses 206a, 206b can be sized and positioned such that at least a portion
of a fixation element can be positioned in the first and/or second angular positioning recesses
206a, 206b such that the central longitudinal axis 148 of the fixation element 128 is offset from
the central axis 214 of the variable angle locking hole 202. In such situations, engagement
between the fixation element 128 and the wedge wall 208 can at least linearly adjust the position
of the bone plate 200 and/or associated bone 106 or bone segment 106a, 106b in a direction
along the outer surface of the bone 106 that is generally perpendicular to the central axis 214 of
the variable angle locking hole 202 and which is also non-parallel to the central longitudinal axis

212 of the bone plate 200. For example, in the illustrated embodiment, as the first and second
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angular positioning recesses 206a, 206b generally extend in directions that are perpendicular to
the central longitudinal axis 212 of the bone plate 200, engagement of a fixation element 128
against a portion of the wedge wall 208 that is adjacent to either of the first or second angular
positioning recesses 206a, 206b can displace the bone plate 200, bone 106, or bone segment
106a, 106D in a direction that is generally perpendicular to the central longitudinal axis 212 of
the bone plate 200.

[00052] The bone plate 200 illustrated in FIGS. 6A-6D further includes a plurality of
layers of tabs 216a, 216b. More specifically, the illustrated bone plate 200 includes a first layer
218a of one or more tabs 216a and a second layer 218b of one or more tabs 216b. As shown, the
first layer 218a of tabs 216a can be positioned closer than the second layer 218b of tabs 216b
relative to the top side 220 of the bone plate 200, and the second layer 218b of tabs 216b can be
positioned closer than the first layer 218a of tabs 216a relative to the bottom side 223 of the bone
plate 200. Additionally, according to certain embodiments, the first and second layers 218a,
218b of tabs 216a, 216b can be angularly offset from one another about the variable angle
locking hole 202. For example, in the illustrated embodiment, the first layer 218a of tabs 216a
can comprise tabs 216a that are positioned in a manner that separates the first and second axial
offset recesses 204a, 204b from the adjacent first and second angular positioning recesses206a,
206b. However, the second layer 218b of tabs 216b can comprise tabs 216b that each extend
into a least a portion of the space or area of the first and second axial offset recesses 204a, 204b
and/or the space or area of the first and second angular positioning recesses206a, 206b, and can
thus be located at positions that are angularly offset from the locations of the tabs 216a of the
first layer 218a. Inclusion of additional tabs 216a, 216b such as, for example, via the second
layer 218b of tabs 216b, can further enhance the strength of the locking engagement between the
fixation element 128 and the tabs 216a, 216b.

[00053] While the embodiments illustrated in FIGS. 6A-6D include four tabs 216a, 216b
in each of the first and second layers 218a, 218b, it should be understood that the number of tabs
216a, 216b for each layer 218a, 218b can vary. Further, the number of tabs 216a in the first
layer 218a can be different than the number of tabs 216b in the second layer 218b. For example,
FIGS. 7A-7E illustrate a bone plate 221 that includes variable angle locking holes 222 having a
first layer 218c¢ of tabs 216¢ that includes four tabs 216¢ that generally separate the first and

second axial offset recesses 204c, 204d from the first and second angular positioning
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recesses206¢, 206d, and a second, lower layer 218d that includes two tabs 216d, 216d". Further,
although one of each of the two tabs 216d, 216d" of the second layer 218d is illustrated as being
positioned in a space of the first and second angular positioning recesses 206¢, 206d,
respectively, according to other embodiments, at least one of the tabs 216d, 216d” can be
positioned in space of at least one of the first and/or second axial offset recesses 204c, 204d.
[00054] FIGS. 8A-8F illustrate another embodiment of a bone plate 250 having variable
angle locking holes 252 that include a ramp or wedge wall 254, opposite first and second axial
offset recesses 256a, 256b, opposite first and second angular positioning recesses 258a, 258b, a
first layer 260a of tabs 262a, and second layer 260b of tabs 262b. Further, the first layer 260a
has a number of tabs 262a that is different from the number of tabs 262b of the second layer
260b. More specifically, in the embodiment illustrated in FIGS. 8A-8F, the first layer 260a has
four tabs 262a, while the second layer 260bb has two tabs 262b.

[00055] Further, as illustrated in at least FIGS. 8A, 8C and 8D, the wedge wall 254
includes first and second compression ramps 264a, 264b that are positioned in a portion of the
wedge wall 254 that extends around the first axial offset recess 256a and the second axial offset
recess 256b, respectively. According to certain embodiments, the compression ramps 264a,
264b can be configured as a recess or groove in the wedge wall 254 that extends about at least a
portion of the associated first and second axial offset recess 256a, 256b. Further, according to
certain embodiments, the compression ramps 264a, 264b can have a shape or size that is
generally similar to at least a portion of the fixation element 128. For example, according to
certain embodiments, the compression ramps 264a, 264b can have a size that accommodates the
placement of a portion of the head portion 136 of the fixation element 128. Further, the
compression ramps 264a, 264b can be configured to further facilitate the linear compressive
force exerted by the fixation element 128 against the bone plate 250, and thereby further
facilitate axial displacement of the bone plate 250 relative to at least the fixation element 128
and/or axial displacement of the corresponding bone 106 relative to the bone plate 250 and/or the
formation of axially compressive or distraction forces.

[00056] The compression ramps 264a, 264b can include a wall portion 266 and a ramp
portion 268, with the wall portion 266 extending about at least a portion of the ramp portion 268
and positioned between the adjacent portion of the wedge wall 254 and the ramp portion 268.

According to certain embodiments, the wall portion 266 can extend in a generally vertical
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direction. However, according to other embodiments, the wall portion 266 can be angled or
sloped so as to provide a transition between the wedge wall 254 and the lower or recessed ramp
portion 268 of the compression ramps 264a, 264b. Further, according to certain embodiments,
the ramp portion 268 can extend along an incline or slope that is, or alternatively is not, similar
to the incline or slope of the adjacent portion of the wedge wall 254.

[00057] FIGS. 9A-9C illustrate a bone plate 300 having one or more static variable angle
locking holes 302 and at least one variable angle locking hole 304 that includes at least one
compression slot 306 that extends along the central longitudinal axis 308 of the bone plate 300.
The compression slot 306 can be generally defined by an inner wall 312 that extends through at
least a portion of the bone plate 300. Further, opposing sides of the inner wall 312 of the
compression slot 306 can each include a compression ramp 314. The compression ramps 314
can be inwardly sloped or inclined in a general direction away from the top side 108 of the bone
plate 300 as the compression ramps 314 extends away from an end portion 316 of the
compression slot 306.

[00058] As illustrated in FIG. 9C, a fixation element 128 (FIG. 4A) driven into a bone 106
can at least initially be positioned in the compression slot 306 such that the central longitudinal
axis 148 of the fixation element 128 is offset from the central axis 310 of the variable angle
locking hole 304. Similar to previously discussed embodiments, as the fixation element 128
proceeds to be driven into the bone 106, a portion of the fixation element 128, such as the head
portion 136 of the fixation element 128, can be at least transversally displaced toward the bone
plate 300 and come into contact with the compression ramps 314. Such contact of the fixation
element 128 with the inclined or sloped surface of the compression ramps 314 can facilitate axial
displacement such as, for example, sliding of the bone plate 300 in an axial direction (as
indicated by the “A” direction in FIG. 9C) toward the central longitudinal axis 148 of the
fixation element 128 and/or facilitate axial displacement the bone 106 generally in a direction
toward the central axis 310 of the variable angle locking hole 304. More specifically, such
engagement between the fixation element 128 and the bone plate 300 can facilitate axial
displacement of the bone plate 300 and/or bone 106 such that the central longitudinal axis 148 of
the fixation element 128 and the central axis 310 of the variable angle locking hole 304 are
generally aligned or in closer proximity to one another. Further, the extent to which the relative

axial displacement that can be attained to bring the central longitudinal axis 148 of the fixation
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element 128 and the central axis 310 of the variable angle locking hole 304 into alignment or in
closer proximity to one another can be influenced by the operable length of the compression slot
306, and by the possible initial distance (as indicated by “W” in FIG. 9C) between central
longitudinal axis 148 of the fixation element 128 and the central axis 310 of the variable angle
locking hole 304.

[00059] FIGS. 10A and 10B illustrate another embodiment of a bone plate 400 having a
combination fixed-variable angle hole 402 that is adapted to engage a locking or non-locking
fixation element and assist in the formation of axial compression or tension along the bone plate
400 and/or bone 106. The bone plate 400 can be structured such that, in certain situations, at
least one of the variable angle holes 402 illustrated in FIGS. 10A and 10B can be positioned on
one side of a fracture site 104 to receive a locking screw such as, for example, a locking screw
that has a thread on an outer surface of the head portion 136 of the locking screw, while, on an
opposite side of the fracture site 104, at least one other combination fixed-variable angle hole
402 receives either a locking or non-locking screw and/or the previously discussed variable angle
holes 102, 162, 202, 222, 252, 304 receives a non-locking fixation element.

[00060] According to certain embodiments, the combination fixed-variable angle hole 402
of FIGS. 10A and 10B is structured to at least assist in the locking screw exerting a compressive
force against the bone 106, while, for example, also retaining the position of the locking screw in
the fixed-variable angle hole 402 as the engagement between the non-locking screw and the
associated variable angle hole 102, 162, 202, 222, 252, 304 facilitates the formation of axial
compressive or tensile forces about the bone plate 400 and/or the bone 106, as previously
discussed. For example, according to certain embodiments, the fixed-variable angle hole 402
can be structured such that the locking screw engages the combination fixed-variable angle hole
402 in a manner that prevents the locking screw from being pulled out of the bone 106 as a non-
locking screw on an opposite side of the fracture site 104 that is being driven into the bone 106
operably engages with a wedge wall 120, 174, 208, 254 or compression ramps 264a, 264b of the
variable angle hole 102, 162, 202, 222, 252, 304, as previously discussed. Moreover, the
combination fixed-variable angle hole 402 can be sized so as to prevent or limit movement of the
combination fixed-variable angle hole 402 relative to the locking screw as engagement of the

non-locking screw with the wedge wall 120, 174, 208, 254 or compression ramps 264a, 264b on

19



WO 2017/048909 PCT/US2016/051864

the opposite side of the fracture site 104 generates forces that can axially displace or deform the
bone plate 400 and/or bone 106.

[00061] According to the illustrated embodiment, the combination fixed-variable angle
hole 402 includes an inner wall 404 that generally defines an orifice 406 of the fixed-variable
angle hole 402. The orifice 406 can be sized to accommodate passage of a portion of the fixation
element such as, for example, a threaded or non-threaded shank portion 134, through the fixed-
variable angle hole 402. Further, the orifice 406 can be sized such that the fixation element
fixation generally does not extend beyond a top side 408 of the bone plate 400. For example,
referencing FIGS. 3, 10A, and 10B, the orifice 406 can be sized such that the head portion 136 of
the first fixation element 128a that can be positioned in the combination fixed-variable angle
hole 402 is generally recessed below, or relatively flush with, the top side 408 of the bone plate
400.

[00062] As illustrated in FIGS. 10A and 10B, the fixed-variable angle hole 402 can
include a plurality of tabs 410 that inwardly extend from the inner wall 404, and which are
separated from adjacent tabs 410 by a recess 412. The tabs 410 can be sized such that a portion
of the fixation element can, in at least certain embodiment, including but not limited to when the
fixation element is a non-locking screw, securely engage one or more of the tabs 410. Further,
the tabs 410 can be sized to provide interference that prevents at least a portion of the fixation
element such as, for example, a head portion 136, from being pulled through the entire orifice
406. Further, the recesses 412 can accommodate at least the angular positioning of the fixation
element into the variable angle holes 402 such as, for example, a locking or non-locking screw
passing into the fixed-variable angle hole 402 at an angle that is non-parallel to a central axis 414
of the fixed-variable angle hole 402. Further, according to certain embodiments, two or more of
the recesses 412, and thus two or more of the tabs 410, can have different sizes such as, for
example, different widths, than other tabs 410 and recesses 412. For example, according to the
some embodiments, the recesses 412 that are positioned generally along a longitudinal axis 415
of the bone plate 400 can provide a larger space between adjacent tabs 410 than is provided by
other recesses 412. Additionally, while the variable angle holes 402 can be structured to provide
a variety of different number tabs 410 and associated recesses 412, according to the illustrated

embodiment, the fixed-variable angle hole 402 has six recesses 412.
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[00063] The combination fixed-variable angle hole 402 further includes a plurality of
projections 416 that inwardly extend from the inner wall 404, and which are positioned between
the tabs 410 and a top side 408 of the bone plate 400. According to certain embodiments, the
plurality projections 416 can matingly engage the fixation element in a manner that can at least
assist in lockingly securing the fixation element to the bone plate 106 and/or compressing the
bone plate 400 against the bone 106. Additionally, according to certain embodiments, the
plurality of projections 416 can provide a thread that mates with a threaded portion of a head
portion 136 of the fixation element such as, for example, a threaded portion of the head portion
136 of a locking screw. For example, referring to FIGS. 3, 10A and 10B, in at least certain
embodiments, the fixation element can be a locking screw and can be operably secured in the
combination fixed-variable angle hole 402 such that the central longitudinal axis 148a of the
fixation element is generally aligned and/or parallel with the central axis 414 of the fixed-
variable angle hole 402. In such situations, threads on the outer surface of the head portion 138
of the locking screw can threadingly engage the thread provided by the plurality of projections
416 of the fixed-variable angle hole 402. Alternatively, as discussed above, the fixed-variable
angle hole 402, including the recesses 412 and tabs 410, can be configured such that a fixation
element, which can be a locking or non-locking screw, can be operably positioned in the fixed-
variable angle hole 402 at a variety of different angles that are not parallel to the central axis 414
of the fixed-variable angle hole 402. In such situations, the threads of the locking screw can still
engage or abut the projections 416 in a non-threaded manner without subsequent procedures to
build-up of the head portion 136 of the locking screw. Additionally, in at least certain
embodiments, such non-threaded engagement of the plurality of projections 416 with the locking
screw, or alternatively a non-locking screw, can assist in retaining the position of the fixation
element and/or the fixed-variable angle hole 402 while the bone plate 400 and/or bone 106 is
subjected to axial compression or distraction by engagement of another fixation device with a
wedge wall 120, 174, 208, 254 or compression ramps 264a, 264b of the variable angle hole 102,
162, 202, 222, 252, 304, as previously discussed.

[00064] While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood that the
invention is not to be limited to the disclosed embodiment(s), but on the contrary, is intended to

cover various modifications and equivalent arrangements included within the spirit and scope of
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the appended claims, which scope is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalent structures as permitted under the law.

[00065] It should be understood that while the use of the word preferable, preferably, or
preferred in the description above indicates that feature so described may be more desirable, it
nonetheless may not be necessary and any embodiment lacking the same may be contemplated as
within the scope of the invention, that scope being defined by the claims that follow. In reading
the claims it is intended that when words such as “a,” “an,” “at least one” and “at least a portion”
are used, there is no intention to limit the claim to only one item unless specifically stated to the

contrary in the claim. Further, when the language “at least a portion” and/or “a portion” is used

the item may include a portion and/or the entire item unless specifically stated to the contrary.
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CLAIMS

1. A bone plate configured to receive one or more fixation devices to secure the
bone plate to one or more bone segments, the bone plate comprising:

a first end and a second end, the bone plate extending axially between the first and
second ends along a central longitudinal axis of the bone plate; and

at least one variable angle hole having a wedge wall and at least one axial offset recess,
the axial offset recess being elongated along at least the central longitudinal axis and sized and
configured to receive insertion of at least a portion of one of the fixation elements at a location in
the at least one variable angle hole at which a central axis of the received fixation element is at
least axially offset by an offset distance from a central axis of the at least one variable angle hole,
the wedge wall having a shape sized and configured to be engaged by at least a portion of the
fixation element to axially displace at least one of the bone plate and the received fixation
element in a direction that decreases the offset distance between the central axis of the received

fixation element and the central axis of the at least one variable angle hole.

2. The bone plate of claim 1, wherein the at least one axial offset recess includes a
first axial offset recess and a second axial offset recess, the first and second axial offset recesses

extending in opposite directions along the central longitudinal axis of the bone plate.

3. The bone plate of claim 2, wherein the at least one variable angle hole further
includes one or more angular positioning recesses positioned between the first and second axial

offset recesses.

4. The bone plate of claim 3, further comprising a first layer of tabs, at least a
portion of the tabs of the first layer of tabs separates the first axial offset recess and the second

axial offset recess from the one or more angular positioning recesses.

5. The bone plate of claim 4, further comprising a second layer of tabs, the first layer
of tabs being positioned in closer proximity to a top surface of the bone plate than the second

layer of tabs.
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6. The bone plate of claim 5, wherein at least one tab of the second layer of tabs
extends into at least a portion of at least one of the first axial offset recess and the one or more

angular positioning recesses.

7. The bone plate of claim 5, wherein at least one tab of the first layer of tabs is

offset from the tabs of the second layer of tabs.

8. The bone plate of claim 3, wherein the wedge wall further includes a compression

ramp positioned about the at least one axial offset recess.

0. The bone plate of claim 8, wherein the compression ramp comprises a recess in
the wedge wall, the recess having a size structured to mate at least a portion of the received

fixation element.

10.  An apparatus, comprising:

a bone plate having a top side and a bottom side; and

a variable angle hole positioned along the bone plate, the variable angle hole having a
wedge wall that inwardly extends from the top side of the bone plate toward a central axis of the
variable angle hole, the variable angle hole sized to receive insertion of a fixation element at a
location at which a central axis of the fixation element is axially offset from the central axis of
the variable angle hole by an offset distance at least when the fixation element is initially driven
into bone at least in a transverse direction, the wedge wall configured to be engaged by a portion
of the fixation element in a manner that axially displaces at least one of the bone plate and the

fixation element in a direction that reduces the offset distance.

11.  The apparatus of claim 10, wherein the variable angle hole includes a
compression slot, and wherein the wedge wall includes at least one compression ramp positioned

about a portion of an inner wall of the compression slot.

12.  The apparatus of claim 11, wherein the at least one compression ramp includes a
first compression ramp and a second compression ramp, the first and second compression ramps

positioned at opposing sides of the inner wall.
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13.  The apparatus of claim 10, wherein the variable angle hole includes a first axial
offset recess and a second axial offset recess, the first and second axial offset recesses extending
in opposite directions along a central longitudinal axis of the bone plate and extending into at

least a portion of the wedge wall.

14. The apparatus of claim 13, further comprising a first layer of tabs and a second
layer of tabs, the first layer of tabs positioned in closer proximity to a top surface of the bone

plate than the second layer of tabs.

15.  The apparatus of claim 14, wherein at least a portion of the tabs of the first layer
of tabs separate the first axial offset recess and the second axial offset recess from one or more

angular positioning recesses.

16.  The apparatus of claim 15, wherein at least one of the tabs of the second layer of
tabs extends into at least a portion of at least one of the first axial offset recess and the one or

more angular positioning recesses.

17.  The apparatus of claim 16, wherein the wedge wall further includes a

compression ramp positioned about the at least one of first and second axial offset recesses.

18. The apparatus of claim 17, wherein the compression ramp comprises a recess in
the wedge wall, the recess having a size structured to mate at least a portion of the received

fixation element.

19. A bone plate configured to receive one or more fixation devices to secure the
bone plate to one or more bone segments, the bone plate comprising:

a top surface and a bottom surface located on opposite sides of the bone plate;

a first end and a second end, the bone plate axially extending between the first and
second ends along a central longitudinal axis of the bone plate; and

at least one fixed-variable angle hole extending through the bone plate and having an
inner wall that defines an orifice, the at least one fixed-variable angle hole including a plurality
of recesses sized to receive insertion of at least a portion of a fixation element of the one or more
fixation elements into the at least one fixed-variable angle hole in a plurality of orientations that

are arranged non-parallel to a central axis of the at least one fixed-variable angle hole, the at least
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one fixed-variable angle hole further comprising a plurality of projections that extend inwardly
from the inner wall, the plurality of projections sized and configured to lockingly engage a
threaded portion of a head portion of the received fixation element when the received fixation
element is positioned in the at least one fixed-variable angle hole at an orientation that is

arranged parallel to the central axis of the at least one fixed-variable angle hole.

20. The bone plate of claim 19, further comprising:

at least one variable angle hole having a wedge wall and at least one axial offset recess,
the at least one axial offset recess elongated along at least the central longitudinal axis of the
bone plate and sized to receive insertion of at least a portion of another one of the fixation
elements at a location in the at least one variable angle hole at which a central axis of the
received fixation element is at least axially offset by an offset distance from a central axis of the
at least one variable angle hole, the wedge wall having a shape sized and shaped to be engaged
by at least a portion of the received fixation element to axially displace at least one of the bone
plate and the received bone segment in a direction that decreases the offset distance between the
central axis of the received fixation element and the central axis of the at least one variable angle
hole, and wherein the plurality of projections of the at least one fixed-variable angle hole

comprises an internal thread.
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