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second leg members and connects the first and
second leg members from the respective first and
second originating ends. The lateral connecting
portion can extend along a lateral body portion
having a top portion that defines a lateral axis. At
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ORTHOPEDIC IMPLANT FOR BONE FIXATION

FIELD
[0001] The present disclosure relates generally to orthopedic implants and
techniques.
[0002] More particularly, the present disclosure relates to fixation devices

and techniques for correction, repair, reconstruction and/or fixation/fusion of bone

segments.

BACKGROUND
[0003] The background description provided herein is for the purpose of
generally presenting the context of the disclosure. Work of the presently named
inventors, to the extent it is described in this background section, as well as aspects
of the description that may not otherwise qualify as prior art at the time of filing, are
neither expressly nor impliedly admitted as prior art against the present disclosure.
[0004] Surgical procedures are often performed on a body, for example, a
human body or anatomy, to repair, reconstruct and/or replace various portions
thereof. For example, after trauma, there may be a need to fix bone segments
together to immobilize the segments and permit healing. There may also be a need
for fusion of bone segments or reconstruction of a bone or bone segments in
connection with an osteotomy. Conventional implants that can be utilized in
connection with such procedures do not provide optimal surfaces for bone in-growth
and/or require separate, additional fixation systems, which require additional
surgical instruments and procedures. Accordingly, there remains a need for

improvement in the relevant art.
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SUMMARY
{6095] This section provides a general summary of the disclosure, and is not
a comprehensive disclosure of its full scope or all of its features.
[6006] A bone fixation device for use in fixation of a first and a second bone
segment can include a first leg member, a second leg member and a lateral
connecting portion. The first leg member can extend from a first originating end to
a first distal end along a first longitudinal axis. The second leg member can extend
from a second originating end to a second distal end along a second longitudinal
axis. The lateral connecting portion can be integrally formed with the first and
second leg members and connects the first and second feg members from th
respective first and second originating ends. The lateral connecting portion can
extend along a lateral body portion having a top portion that defines a lateral axis.
At least one of the first and second longitudinal axes defines an obtuse angle with
the lateral axis. Advancement of the bone fixation device into respective first and
second bone segments urges the first and second bone segments toward each other
as a result of the respective first and second leg members advancing into the
respective first and second bone segments.
{6007] According to additional features, the first longitudinal axis and the
lateral axis are perpendicular to each other. The first and second originating ends
can be separated by an originating end distance. The {irst and second distal ends
can be separated by a distal end distance. The distal end distance can be greater
than the originating end distance. Both of the first and second longitudinal axes can
define obtuse angles with the Jateral axis.
[6008] According to other features, the bone fixation device can comprise &
sotid portion and a porous portion. The top surface portion can comprise the solid
portion and includes a substantially smooth outer top surtace. The first distal end
and the second distal end can be formed by the solid portion. The lateral connecting
portion can include a bottom surtace portion having an arcuate profile. The lateral
connecting portion, including the top surface portion, is configured to be implanted

]

to a recessed position within the first and second bone segments,

[6069] The bone fixation device can further comprise a jig assembly

b2
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configured to prepare the first and second bone segments for receipt of the bone
fixation device. The jig assembly can comprise a jig body, a first peg member and a
second peg member. The jig body can be configured to prepare a first hole in the
first bone segment and a second hole in the second boune segment. The jig body can
define first and second longitudinal openings connected by a connecting slot. The
first peg member can have a first locating post at a distal end and a first lateral
opening at a proximal end. The second peg member can have a second locating post
at a distal end and a second lateral opening at a proximal end. The first and second
fongitudinal openings can be configured to initially receive a drill bit for preparation
of respective holes in the first and second bone segments. Subsequently, the first
and second fongitudinal openings are configured to receive the first and second
locating posts of the first and second peg members such that the first and second
lateral openings align for receipt of a cutting tool for preparation of a lateral opening
configured for receipt of the lateral connecting portion.

{8010} A bone fixation device constructed in accordance to additional
features of the present disclosure used for fixation of a first and second bong
segment can include a first ieg member, a second leg member and a lateral
connecting portion. The first leg member can extend from a first originating end to
a first distal end along a first longitudinal axis. The first leg member can have a first
cross-sectional profile. The second leg member can extend {rom a second
originating end to a second distal end along a second longitudinal axis. The second
teg member can have a second cross-sectional profile. The lateral connecting
portion can be integrally formed by the first and second leg members and connects
the first and second leg members from the respective first and second originating
ends. The lateral connecting portion can extend along a lateral body portion having
a top surface portion that defines a lateral axis. At least one of the first and second
feg members tapers from the respective originating end to the respective distal end.
Advancement of the bone fixation device into respective first and second bone
segments urges the first and second bone segments toward each other as a result of
the respective first and second leg members advancing into the respective first and

second bone segments.
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{0011} According to other features, the bone fixation device comprises a
solid portion and a porous portion. The top surface portion can comprise the solid
portion and includes a substantially smooth outer surface. The first distal end and
the second distal end are tormed by the solid portion. The lateral connecting portion
can include a bottom surface poriion having an arcuale profile.

80612} A method for fixing a first bone segment relative to a second bone
segment according to the present disclosure includes preparing a first opening in the
first bone segment. A second opening can be prepared in the second bone segment.
A bone fixation device can be inserted inio the first and second bone segments. The
bone fixation device can include (i) a first leg member that extends from a first
originating end to a first distal end along a first longitadinal axis, (i1} a second leg
member that extends from a first originating end to a second distal end along a
second longitudinal axis, and (iit} a lateral connecting portion that is integrally
formed with the first and second leg members and connects the first and second leg
members from the respective first and second originating ends. The lateral
connecting portion can extend along a lateral body portion having a top surface that
defines a lateral axis. At least one of the first and second longitudinal axes defines
an obtuse angle with the lateral axis. The first leg member is further advanced into
the first opening and the second leg member is further advanced into the second
opening. Advancement of the bone fixation device into the respective first and
second bone segments urges the first and second bone segments toward each other
as a result of the respective first and second leg members advancing into the
respective first and second openings.

[60613] According to additional features, the method can further include
locating a jig body relative to the first and second bone segments. The jig body can
define first and second iongitudinal openings connected by a connecting slot. The
jig body can be contigured to guide a drill bit during preparation of the first opening
in the first bone segment and the second opening in the second bone segment. The
drill bit can be advanced through the first longitudinal opening creating the first
opening in the first bone segment. The drill bit can be further advanced through the

second longitudinal opening creating the second opening in the second bone
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can include locating a first Jocating post on a first peg member into the first
fongitudinal opening. A second locating post on a second peg member can be
located into the second longitudinal opening. A first lateral opening on the first peg
member can be aligned with a second lateral opening on the second peg member. A
lateral cutting member can be guided through the connecting slot, the first lateral
opening and the second lateral opening while creating a connecting slot in the first
and second bone segments for receipt of the lateral connecting portion of the bone
fixation device.

{8014} Further areas of applicability of the present disclosure will become
apparent from the description provided hereinafter. The description and specific
examples in this summary are intended for purposes of illustration only and are not

intended to limit the scope of the present disclosure,

DRAWINGS
{6015] The present teachings will become more fully understood from the
detailed description, the appended claims and the tollowing drawings. The
drawings are for illustrative purposes only and are not intended to limit the scope of
the present disclosure.
{8016] Figure 1 is a {ront view of an exemplary bone fixation device in
accordance with various aspects of the present disclosure;
{60171 Figure 2 is a perspective view of an exemplary core portion of the
bone fixation device of Figure 1 in accordance with various aspects of the present
disclosure;
{601 8] Figure 3 is g perspective view of an exemplary porous metal portion
or construct of the bone fixation device of Figure 1 in accordance with various
aspects of the present disclosure;
16619 Figure 4 15 a front view of an exemplary bone fixation device

constructed in accordance with another example of the present disclosure;

W
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[8620] Figure 5 is a perspective view of an exemplary core portion of the
bone fixation device of Figure 4 in accordance with various aspects of the present
disclosure;

{6021} Figure 6 1s a perspective view of an exemplary porous metal portion
or construct of the bone fixation device of Figure 4 in accordance with various
aspects of the present disclosure;

j6022] Figure 7 is a perspective view of another bone fixation device
constructed in accordance to additional features of the present disclosure;

{6023} Figure 8 1s a perspective view of yet another bone fixation device
constructed in accordance to other features of the present disclosure;

[8024] Figures 9 and 10 are exemplary sequence views of the bone fixation
device of FIG. 1 being implanted into a first and second bone segment according to
one example of the present disclosure;

[0625] Figure 11 is a perspective view of an exemplary bone fixation device
constructed in accordance to additional features of the present disclosure,

{6026} Figures 12 and 13 are exemplary sequence views of an exemplary jig
assembly being used to prepare the first and second bone segments for receipt of the
bone fixation device of Figure 1;

8027} Figure 14A is a side view of yet another bone fixation device

constructed in accordance to other features of the present disclosure;

{6028] Figure 14B is a top view of the bone fixation device of Figure 144
{6029} Figure 15A is a side view of another bone fixation device constructed

in accordance to other features of the present disclosure;

[60630] Figure 15B is a top view of the bone fixation device of Figure 15A;
[6031] Figure 16A is a side view of another bone fixation device constructed

in accordance to other features of the present disclosure; and

{6032} Figure 16B is a top view of the bone fixation device of Figure 16A.
DETAILED DESCRIPTION
{6033] The following description is merely exemplary in nature and is not

intended to limit the present disclosure, its application, or uses. Examples are



CA 02973260 2017-07-06

WO 2016/112173 PCT/US2016/012452

10

15

20

25

30

provided so that this disclosure will be thorough, and will fully convey the scope to
those who are skilled in the art. Numerous specific detatls are set forth such as
examples of specific components, devices, systems and/or methods, to provide a
thorough understanding of the present disclosure. It will be apparent to those skilled
in the art that specific details need not be employed, that examples shown herein
may be embodied in many different forms and that neither should be construed to
Himit the scope of the disclosure.

{06034} The present teachings provide bone fixation devices and methods for
using the same to facilitate bone fixation and healing. In an exemplary aspect, the
bone fixation devices can be utilized for fracture fixation, fusion of two adjacent
bone segments {e.g., joint fusion), and/or for stabilization/reconstruction of a bone
or bone segments, including in connection with an osteotomy or the like. In this
regard, the devices discussed herein will be referred to as fixation devices and it will
be understood that such fixation devices can perform a stabilization function as well
as a fixation function between bone segments, a fusion function between bone
segments and/or reconstruction of a bone or bone segmenis. As used herein, “bong
segments” can refer to two segments ot the same bone (e.g., relative to a fracture
line or ostectomy) or adjacent bones {e.g., of a joint). Further, the discussion herein
can be utilized for fixation, fusion and/or reconstruction/repair of various different
small bones and/or joiuts, such as in the hand or foot or elsewhere in the anatomy.
{B035] With 1nitial reference to Figures 1-3, an exemplary boue fixation
device according to various aspects of the present teachings is shown and generally
identified at reference numeral 10. As will be discussed in greater detail below, the
bone fixation device 10 can, in one exemplary implementation, provide for
stabilization of bone segments, such as the Talus and Navicular bones of the Talo-
Navicular joint, as well as fixation of the bones with a single, unitary structure. In
one exemplary aspect, the bone fixation device 10 can include a pair of legs 1n
spaced relation to each other that are integrally formed with and connected by a
lateral connecting portion. As will also be discussed in greater detail below, the
bone fixation device 10 is in the general shape of a staple and can include a solid

metal portion and a porous metal portion or region.

i
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{0036} The bone fixation device 10 can include a first leg member 12, a
second leg member 14 and a lateral connecting portion 20. The lateral connecting
portion 20 can be integrally formed with the first and second leg members 12 and
14, As will become appreciated from the following discussion one or both of the
feg members 12 and 14 can extend at an obtuse angle relative to the {ateral
connecting portion 20, The resulting geometry can urge respective first and second
bone segments toward each other as a result of the respective first and second leg
members 12 and 14 advancing into the respective first and second bone segments as
will be described in detail with respect to Figures 9 and 10,

18637} The first leg member 12 can extend from a first originating end 22 to
a first distal end 24 along a first longitudinal axis 26, The second leg member 14
can extend from a second originating end 32 to a second distal end 34 along a
second longitudinal axis 36, The first and second originating ends 22 and 32 can be
separated by an originating end distance 40. The first and second distal ends 24, 34
can be separated by a distal end distance 42, The distal end distance 42 is greater
than the originating end distance 40,

[60G38] The lateral connecting portion 20 can connect the tirst and second leg
members 12 and 14 from the respective first and second originating ends 22 and 32
The lateral connecting portion 20 can extend along a lateral body portion 46 having
a top surface portion 48 that defines a lateral axis S0, The lateral connecting portion
20 can further include a bottom surface portion 532 having an arcuate profile. The
lateral connecting portion 20 is configured to be inserted into the bone. In the
example shown in Figure 1, the first axis 26 and the lateral axis 50 defive an angle
54 The angle 54 is a right angle. In this regard, the first axis 26 and the lateral axis
50 are perpendicular relative to each other. The second axis 36 and the lateral axis
50 define an angle 56. The angle 50 is an obtuse angle. The angle 56 can generally
define any angle greater than 90 degrees. It is contemplated that a kit of bone
fixation devices 10 may be provided having leg members that include various angles
wherein a surgeon may select an appropriate bone fixation device for a given

patient.
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formed using an additive manufacturing process with a titantum alloy core portion
60 (Figure 2) and a porous metal titanium alloy portion 62 (Figure 3). It will be
appreciated that while the titanium alloy core portion 60 and the porous metal
titanium alloy portion 62 are shown tn Figures 2 and 3 as distinct constructs, they
are formed as a unitary piece. In this regard, they are shown as stand-alone
constructs merely for illustrative purposes.

{0046} In one configuration, the distal ends 24 and 34 of the first and second
feg members 12 and 14, and the upper surface portion 48 of the lateral body portion
46 can be formed of the titanium allow core portion 60. In this way the distal ends
24 and 34 and the upper surface portion 48 can have a smooth or substantially
smooth outer surface. Outer surfaces 70 of the first and second leg members 12 and
14 and outer surfaces 72 of the lateral body portion 46 can be formed as a porous
metal construct or structure.

{0041} I another exemplary implementation, the top surtace portion 48 and
bottom surface portion 52 can be formed of solid or substantially solid titanium
alloy having a smooth or substantially smooth outer surface, as shown for example
in Figure 1. Additionally, the leading edge of the bone fixation device 10, namely
the bottom surface portion 52, can be formed from the solid metal alloy with a
smooth outer surface to aid with 1nsertion into bone.

{6042} In this exemplary implementation, the porous metal portion 62 can
be formed from a fitanium alloy using an additive manufacturing process, such as

N

"M which is commercially available from Biomet Manufacturing, LLC

with Ossed
{(Warsaw, Indiana, USA). Briefly, however, OsseoTt s highly biocompatible, has
high corrosion resistance and 1ncludes a highly intercounected porous architecture
that mimics the porous structure of human cancellous bone, which can enhance
bone integration and w~growth. In one exemplary implementation, the OsseoTs
porous metal construct can include a porosity of approximately 70%.

{0043} With particular reference to Figures 2 and 3, in one exemplary
implementation, the solid portion 60 can be formed with the additive manufacturing

process from the same titanium alloy as the OsseoT1 porous metal construct that

o)
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forms the above-discussed porous metal portion 62, In the exemplary
implementation iltustrated, the solid portion 60 can tnclude the top surface 48, distal
ends 24 and 34 as well as a first leg core 73, a second leg core 74 and a connecting
portion core 76 formed as a continuous structure. Figure 3 llustrates the porous
metal portion 62 that surrounds the solid portion 60 except for at the areas identified
above. The porous metal portion 62 can facilitate boney ingrowth of the
surrounding bone of the firat and second bone segments as will become appreciated
herein.

{0044} With reference now to Figures 4-6, an exernplary bone fixation
device according to additional aspects of the present teachings is shown and
generally identified at reference numeral 110. In one exemplary aspect, the bone
fixation device 110 can include a pair of legs in spaced relation to each other that
are integrally formed with and connected by a lateral connecting portion. The bone
fixation device 110 is similar to the bone fixation device 10 however the bone
fixation device 110 has legs that both extend at obtuse angles relative to the lateral
connecting device. As will also be discussed in greater detail below, the bone
fixation device 10 is in the general shape of a staple and can include a solid metal
portion and a porous metal portion or region.

804 5] The bone fixation device 110 can include a first leg member 112, a
second leg member 114 and a lateral convecting portion 120, The lateral connecting
portion 120 can be integrally formed with the first and second leg members 112 and
114, Both of the leg members 112 and 114 can extend at an obtuse angle relative to
the lateral connecting portion 120, The resulting geometry can urge respective first
and second bone segments toward each other as a result of the respective first and
second leg members 112 and 114 advancing into the respective first and second
bone segments.

{9646} The first leg member 112 can extend from a first originating end 122
to a first distal end 124 along a first longitudinal axis 126. The second leg member
114 can extend from a second originating end 132 to a second distal end 134 along a
second longitudinal axis 136, The first and second originating ends 122 and 132

can be separated by an originating end distance 140, The first and second distal

10
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ends 124, 134 can be separated by a distal end distance 142, The distal end distance
142 is greater than the originating end distance 140

{6047} The lateral connecting portion 120 can connect the first and second
teg roembers 112 and 114 from the respective first and second originating ends 122
and 132. The lateral connecting portion 120 can extend along a lateral body portion
146 having a top surface portion 148 that defines a lateral axis 150, The lateral
connecting portion 120 can further include a bottom surface portion 152 having an
arcuate profile. In the example shown in Figure 4, the first axis 126 and the lateral
axis 1530 define an angle 154, The angle 154 is an obtuse angle. The second axis
136 and the lateral axis 150 define an angle 1536, The angle 156 is an obtuse angle.
The angles 154 and 156 can both generally define any angle greater than 90 degrees.
The angles 154 and 156 can be equivalent or distinct to each other. Ik is
contemplated that a kit of bone fixation devices 110 may be provided having leg
members that include various angles wherein a surgeon may select an appropriate
bone fixation device for a given patient. Moreover, a kit having varieties of both of
the bone fixation devices 10 and 110 s contemplated.

{6048} In one exemplary implementation, the bone fixation device 110 can
be formed using an additive manufacturing process with a titanium alioy core
portion 160 (Figure 5) and & porous metal titanium alioy portion 162 (Figure 6). It
will be appreciated that while the titanium alloy core portion 160 and the porous
metal titanium alloy portion 162 are shown in Figures 5 and 6 as distinct constructs,
they are formed as a unitary piece. In this regard, they are shown as stand-alone
constructs merely for iliustrative purposes.

[0049] In one configuration, the distal ends 124 and 134 of the first and
second leg members 112 and 114, and the upper surface portion 1438 of the lateral
body portion 146 can be formed of the titanium allow core portion 160, In this way
the distal ends 124 and 134 and the upper surface portion 148 can have a smooth or
substantially smoaoth outer surface. Outer surfaces 170 of the first and second ieg
members 112 and 114 and outer surfaces 172 of the lateral body portion 146 can be

formed as a porous metal construct or structure.

11
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{00630} i another exemplary implementation, the top surface portion 148
and bottow surface portion 132 can be formed of solid or substantially solid
titanium alloy having a smooth or substantially smooth outer surface, as shown for
example in Figure 4. Additionally, the leading edge of the bone fixation device 110,
nanely the bottom surface portion 152, can be formed from the solid metal alloy
with a smooth outer surface to aid with insertion into bone. In this exemplary
implementation, the porous metal portion 162 can be a formed from a titanium alloy
using an additive manufacturing process such as described above. In addition, the
solid portion 160 can also be formed with the additive manufacturing process
described above. In the exemplary implementation illustrated, the solid portion 160
can include the top surface 148, distal ends 124 and 134 as well a3 a first leg core
173, a second leg core 174 and a connecting portion core 17¢ formed as a
continuous structure. Figure 6 illustrates the porous metal portion 162 that
surrounds the solid portion 160 except for at the areas identitied above. The porous
metal portion 162 can facilitate boney ingrowth of the surrounding bone of the first
and second bone segments as will become appreciated herein.

LT Tuming now to Figures 7 and 8 additional examples of the present
disclosure are shown. A bone fixation device 210 1s shown in Figure 7 having a
first leg member 212, a second leg member 214 and a lateral connecting portion
220, The lateral connecting portion 220 can be integrally formed with the first and
second leg members 212 and 214, In the example shown, the first and second leg
members 212, 214 can define conical portions 216 and 218 that define respective
axes 226 and 228 The axis 220 can define an angle 254 relative 1o a lateral axis
250 extending along the lateral connecting portion 220, The angle 254 can be
obtuse. The axis 228 cau define an angle 256 relative to the lateral axis 250, The
angle 256 can be obtuse. The geometry of the first and second leg members 212,
214 can urge respective bone mernbers toward cach other during fixation similar to
the other bone fixation devices described herein. The bone fixation device 210 has
portions formed of solid material and portions formed of porous material.

Specifically, the bone fixation device 210 includes a solid upper surface portion
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248, & will be appreciated that the solid and porous material may be arranged
differenily.

LHERY S Figure 8 illustrates a bone fixation device 310 having a first leg
member 312, a second leg member 314 and a lateral connecting portion 320. The
fateral connecting portion 320 can be integrally formed with the first and second leg

members 312 and 314, In the example shown, the first and second leg members

312, 314 can define conical portions 316 and 318 that define respective axes 320
and 328. The axis 326 can define an angle 354 relative to a lateral axis 350
extending along the lateral counecting portion 320, The angle 354 can be obtuse.
The axis 328 can define an angle 356 relative to the lateral axis 350, The angle 356
can be obtuse. The geometry of the first and second leg members 312, 314 canurge
respective bone members toward each other during fixation similar to the other bone
fixation devices described herein. While the bone fixation device 310 is shown
formed entirely of porous material, other configurations are contemplated. In this
regard, the bone fixation device 310 may additionally include a solid metal core or
other portions thereof.

{0053] The bone fixation devices 210 and 310 are shown in Figures 7 and 8
to illustrate that the constructs may be arranged in any manner having various solid
portions and porous portions. In this regard, the leg members may be arranged
having various heights and various angles relative to the connecting portion as
needed for a particular patient.

{0054} With reference now to Figure 11, a bone fixation device 410
coustructed in accordance to additional features will be described. The bone
fixation device 410 can include a first leg member 412, a second leg member 414
and a lateral connecting portion 420 The lateral conuecting portion 420 can be
integrally formed with the first and second leg members 412 and 414, As will
become appreciated from the following discussion, the second leg member 414
according to the example shown tapers toward a distal end. The tapered geometry
will urge respective bone segments toward each other as a result of the respective
first and second leg members 412 and 414 advancing 1nto respective bone segments.

The cross-section of the second leg member 414 can be partially or entirely conical
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and/or oblong. Other geometries are contemplated that result in a bone engaging
surface 438 that tapers toward the second distal end 434.

HHERKY The first leg member 412 can extend from a first originating end 422
to a first distal end 424, The second leg mersber 414 can extend from a second
originating end 432 to a second distal end 434, The second leg member 414 can
have a first width A-A at the second distal end 434 and 2 second width B-B at the
second originating end 432 The first width A-A can be smaller than the second
width B-B. In this regard, as a bone engaging surface 438 slidably negotiates along
a correspounding bone, the tapered nature will cause the bone segments to move
toward each other as the bone fixation device 410 is advanced into the bone.

{8636} With general reference now to Figures 9, 10, 12 and 13, an
exemplary surgical method for fixing two adjacent bone segments 502 and 504 will
be described according to one example of the present disclosure. The bone fixation
device 10 can be utilized in various surgical techniques, such as for fracture
fixation, fixation of two adiacent bone segments (e.g., joint fusion), and/or for
stabilization/reconstruction of a bone or bone segments, including 1n connection
with an asteotomy or the like.

{8057} With initial reference to Figures 9 and 10, the bone segments 502 and
504 can be prepped for implantation of the bone fixation device 10. A first bone
hole or opening 512 and a second bone hole or opening 514 can be creaied in the
respective first and second bone segments 502 and 504 for receipt of the first and
second leg members 12 and 14, In one exarmple, the second bone hole 514 can be
formed at an angle corresponding or substantially corresponding to the angle 36
defined between the second longitudinal axis 36 of the second leg 14 and the lateral
axis SO of the lateral connecting portion 20 {see also Figure 1), A portion of the
bone can also be removed for receipt of the lateral connecting portion 20, In the
implanted position (Figure 10), the lateral connecting portion 290, ncluding the top
surface portion 148, is configured to be implanted to a recessed position within the
first and second bone segments 502, 504.

{6058] As the first and second leg members 12 and 14 of the bone fixation

device 10 are advanced into the respective bone holes 512 and 514, the angled

14
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relationship of the second leg 14 (identified by a distance “X7) will draw the two
hone segments 502 and 304 toward each other {the same distance “X”} from a
position shown in Figure 9 to a position shown in Figure 10, In this regard, the
fracture that separates the boune segments 502 and 504 is forced together as the
angled leg member 14 advances along the bone hole 514, The bone fixation device
10 also creates compression across the joint/fracture as it 13 inserted which decreases
the amount of preparation work needed to “pre-compress” the joint/fracture before
implanting the bone fixation device 10, Moreover, micro-motion can be reduced
between the first and second bone segments 502 and 504 earlier than prior art
devices encouraging early bone in-growth to allow a patient to return to normal
activities in shorter recovery times. It will be appreciated that a similar result may
be realized using the bone fixation device 110 where angled bone holes are prepared
and the bone segments are drawn toward each other upon advancement of the boune
fixation device 110 into the bone segments.

8059} With reference now to Figures 12 and 13, a jig assembly 600
construcied in accordance to the present disclosure and configured to prepare the
first and second bone segments 502 and 504 will be described. The jig assembly
600 generally includes a jig body 602, a first peg member 604 and a second peg
member 606. The jig body 602 can be configured to guide a cutting tool or drill bit
612 through a first opening 624 and a second openiug 626. A connecting slot 628
can be formed through the jig body 602 and connects the first and second openings
624 and 626. An anti-rotation slot 629 can be defined in the jig body 602, The jig
body 602 can include a pair of cutwardly exiending grasping portions 630,

1806606} The first peg member 604 can have a first locating post 634 at a
distal end 036 and a first lateral opening 640 at a proximal end 642, The tirst lateral
opening 640 can also extend along a portion of the first locating post 634. The
lateral opening 640 can be tapered or straight. An anti-rotation peg 643 can extend
from the proximal end 642 The anti-rotation peg 643 can be configured to be
recetved by the anti-rotation slot 629 The anti-rotation peg 643 and anti-rotation

slot 629 cooperate to inhibit rotation of the first peg member 604 around its
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longitudinal axis. The second peg member 606 can have a second locating post 644
at a distal end 646 and a second lateral opening 650 at a proximal end 632,

{061} Once the drill bit 612 has created the first and second bone holes 512
and 514, the first locating post 634 can be inserted into the first bone hole 512 and
the second iocating post 644 can be inserted into the second bone hole 514, It will
he appreciated that subsequent to one of the hone holes 512 or 514 being prepared,
the corresponding first and second peg member 604 or 606 may be inserted to
further secure the jig body 602 relative to the bone segments 502, 504, Additionally
or alternatively, the jig body 602 may be pinned to the first and second boue

segments 502 and 504 prior to driliing with the drill bit 612, In some examples, the

fig body 602 may be pinned through the grasping portions 630, The first and second

peg members 604 and 6006 can be rotated such that the first and second lateral
openings 640 and 650 align for receipt of a lateral cutting tool 670 for preparation of
a lateral opening or connecting slot 672 configured for receipt of the lateral
connecting portion 20,

{8062} With reference now to Figures 14A-168, additional bone fixation
devices constructed in accordance to other features of the present exampie will be
described. With initial reference to Figures 14A and 14B, a bone fixation device
710 includes a first leg member 712, a second leg member 714 and a lateral
connecting portion 720, The lateral connecting portion 720 can be ntegrally
formed with the first and second leg members 712 and 714. The lateral conuecting
portion 720 can extend a distance 720A between the first and second leg members
712 and 714, In the example shown, the first and second feg members 712 and 714
can be cylindrical portions 716 and 718 that define respective axes 726 and 728,
The axis 726 can define an angle 754 relative to a lateral axis 750 extending along
the lateral connecting portion 720, The angle 754 can be a right angle. The axis
728 can define an angle 756 relative to the lateral axis 750. The angle 756 can be
obtuse. In other examples, both of the angles 754 and 756 can be obtuse.

{0063} With reference now to Figures 15A and 158, a bone fixation device
&10 inchudes a first leg member 812, a second leg member 814 and a lateral

connecting portion 820, The lateral connecting portion 820 can be integrally

16
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formed with the first and second leg members 8§12 and 814, The lateral connecting
portion 820 can extend a distance 820A between the first and second leg members
%12 and 814. In the example shown, the first and second leg members 8§12 and 814
can be cylindrical, oblong or oval portions 816 and 818 that define respective axes
826 and 828, The axis 826 can define an angle 854 relative o a lateral axis 850
extending along the lateral connecting portion 820 The angle 834 can be a right
angle. The axis 828 can define an angle &56 relative to the lateral axis 850. The
angle 856 can be obtuse. In other examples, both of the angles 854 and 856 can be
obtuse.

0064} With reference now to Figures 16A and 168, a bone fixation device
910 includes a first leg member 912, a second leg member 914 and a lateral
connecting portion 920. The lateral connecting portion 920 can be integrally
formed with the first and second leg members 912 and 914, The lateral connecting
portion 920 can extend a distance 920A between the {irst and second leg members
912 and 914, In the example shown, the first and second leg members 912 and 914
can be triangular cross-sectional portions 916 and 218 that define respective axes
92¢ and 928 The axis 926 can define an angle 954 relative to a lateral axis 950
extending along the lateral connecting portion 920. The angle 954 can be a right
angle. The axis 928 can define an angle 956 relative to the lateral axis 950, The
angle 956 can be obtuse. In other exarples, both of the angles 954 and 956 can be
obtuse.

{0065} While one or more specific examples or aspects have been described
and iHustrated, it will be understood by those skilled in the art that various changes
may be made and equivalence may be substituted for elements thereof without
departing from the scope of the present teachings as defined in the claims.
Furthermore, the mixing and matching of features, elements and/or functions
between various examples may be expressly contemnplated herein so that one skilled
in the art would appreciate from the present teachings that features, elements and/or
functions of one example may be incorporated into another example as appropriate,

unless described otherwise above. Moreover, many modifications may be made to

[y
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adapt a particular situation or material to the present teachings without departing
from the essential scope thereof.

[6066] The terminclogy used herein is for the purpose of describing
particular example implementations only and is not intended to be himiting. As used

L]

herein, the singular forms "a," "an,” and "the" may be intended to include the plural
forms as well, unless the context clearly indicates otherwise. The term "and/or"

includes any and all combinations of one or more of the associated listed items. The

LI 0oy

terms "comprises,” "comprising, " "including,” and "having " are inclusive and
therefore specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or
more other features, integers, sieps, operations, elements, coroponents, and/or
groups thereof. The method steps, processes, and operations described herein are
not to be construed as necessarily requiring their performance in the particular order
discussed or illustrated, uniess specifically identified as an order of performance. It

is also to be understood that additional or alternative steps may be emploved.
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CLAIMS :

1. A bone fixation system comprising:

a bone fixation device for use in fixation of a first and a second bone segment, the
bone fixation device including:

a first leg member that extends from a first originating end to a first distal end
along a first longitudinal axis;

a second leg member that extends from a second originating end to a second distal
end along a second longitudinal axis;

a lateral connecting portion that is integrally formed with the first and second leg
members and connects the first and second leg members from the respective first and
second originating ends, the lateral connecting portion extending along a lateral body
portion having a top surface portion that defines a lateral axis; and

wherein at least one of the first and second longitudinal axes defines an obtuse
angle with the lateral axis and wherein advancement of the bone fixation device into
respective first and second bone segments urges the first and second bone segments
toward each other as a result of the respective first and second leg members advancing
into the respective first and second bone segments; and

a jig assembly configured to prepare the first and second bone segments for
receipt of the bone fixation device, the jig assembly comprising:

a jig body configured to prepare a first hole in the first bone segment and a second
hole in the second bone segment, the jig body defining first and second longitudinal
openings connected by a connecting slot;

a first peg member having a first locating post at a distal end and a first lateral
opening at a proximal end;

a second peg member having a second locating post at a distal end and a second
lateral opening at a proximal end; and

wherein the first and second longitudinal openings are configured to initially

receive a drill bit for preparation of respective holes in the first and second bone segments
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and subsequently receive the first and second locating posts of the first and second peg
members such that the first and second lateral openings align for receipt of a cutting tool
for preparation of a lateral opening configured for receipt of the lateral connecting

portion.

2. The bone fixation system of claim 1, wherein the other one of the first longitudinal axis

or the second longitudinal axis is perpendicular to the lateral axis.

3. The bone fixation system of claim 1 or 2, wherein the first and second originating ends
are separated by an originating end distance and wherein the first and second distal ends
are separated by a distal end distance, wherein the distal end distance is greater than the

originating end distance.

4. The bone fixation system of any one of claims 1 to 3, wherein the bone fixation device

comprises a solid portion and a porous portion.

5. The bone fixation system of claim 4 wherein the top surface portion comprises the

solid portion and includes a smooth outer surface.

6. The bone fixation system of claim 5 wherein the first and second distal ends are

formed by the solid portion.

7. The bone fixation system of claim 6 wherein the lateral connecting portion includes a

bottom surface portion having an arcuate profile.
8. The bone fixation system of claim 7 wherein the lateral connecting portion, including

the top surface portion, is configured to be implanted to a recessed position within the

first and second bone segments.

CA 2973260 2019-08-164 20
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