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ORTHOPEDIC COMPRESSION IMPLANTS AND DEVICES FOR INSTALLING AND
RETAINING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. provisional patent application Serial No.
63/048,269 filed July 6, 2020, and entitled “Orthopedic Compression Implants,” which is

hereby incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0002] Not applicable.

BACKGROUND
[0003] Staple-style orthopedic implants are often used to provide fixation and stability at
a fracture, osteotomy or arthrodesis site to enable fusion. Some orthopedic implants are
shape memory compression implants that may change dimensions as a function of

temperature to offer greater fixation and stability to enable improved fusion.

BRIEF SUMMARY
[0004] Embodiments of orthopedic implants are disclosed herein. In one embodiment,
a shape-memory alloy orthopedic implant comprises a bridge having a curved
longitudinal axis, a first end, and a second end opposite the first end. The bridge has a
radially outer surface extending axially from the first end to the second end. In addition,
the shape-memory alloy orthopedic implant comprises a first leg extending from the first
end of the bridge, wherein the first leg has a central axis, a fixed end fixably attached to
the bridge, a free end distal the bridge, and a radially outer surface extending axially
from the fixed end of the first leg to the free end of the first leg. Further, the shape-
memory alloy orthopedic implant comprises a second leg extending from the second
end of the bridge. The second leg has a central axis, a fixed end fixably attached to the
bridge, a free end distal the bridge, and a radially outer surface extending axially from
the fixed end of the second leg to the free end of the second leg. The radially outer
surface of the bridge defines a first outer profile in a cross-section of the bridge taken in

a plane oriented perpendicular to the longitudinal axis of the bridge. The radially outer
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surface of the first leg defines a second outer profile in a cross-section of the first leg
taken in a plane oriented perpendicular to the central axis of the first leq. The first outer
profile has a different geometry than the second outer profile.

[0005] In another embodiment, a shape-memory alloy orthopedic implant comprises a
bridge having a curved longitudinal axis, a first end, a second end opposite the first end,
and a radially outer surface extending axially from the first end to the second end. The
radially outer surface of the bridge defines a first outer profile in a cross-section of the
bridge taken in a plane oriented perpendicular to the longitudinal axis of the bridge. The
first outer profile is non-rectangular. In addition, the shape-memory alloy orthopedic
implant comprises a plurality of legs extending from the bridge. Each leg has a central
axis disposed in a common reference plane as the curved longitudinal axis of the bridge.
The radially outer surface of the bridge comprises an upper surface and a lower surface.
The lower surface of the radially outer surface of the bridge is concave between the first
end of the bridge and the second end of the bridge in the common reference plane in
front view. The upper surface of the radially outer surface of the bridge is convex in the
cross-section of the bridge taken in a plane oriented perpendicular to the longitudinal
axis of the bridge.

[0006] Embodiments described herein comprise a combination of features and
characteristics intended to address various shortcomings associated with certain prior
devices, systems, and methods. The foregoing has outlined rather broadly the features
and technical characteristics of the disclosed embodiments in order that the detailed
description that follows may be better understood. The various characteristics and
features described above, as well as others, will be readily apparent to those skilled in
the art upon reading the following detailed description, and by referring to the
accompanying drawings. It should be appreciated that the conception and the specific
embodiments disclosed may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes as the disclosed embodiments. [t
should also be realized that such equivalent constructions do not depart from the spirit

and scope of the principles disclosed herein.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] For a detailed description of various exemplary embodiments, reference will
now be made to the accompanying drawings in which:
[0008] Figure 1 is an isometric view of an embodiment of an implant for compressing
two bone segments together in accordance with the principles described herein;
[0009] Figure 2 is an isometric view of the implant of Figure 1;
[0010] Figure 3 is a front view of the implant of Figure 2;
[0011] Figure 4 is an isometric view of an embodiment of an implant for compressing
two bone segments together in accordance with the principles described herein;
[0012] Figure 5 is a front view of the implant of Figure 4;
[0013] Figure 6 is a cross-sectional view of one of the legs of the implant of Figure 4
taken in section VI-VI of Figure 4;
[0014] Figure 7 is a front view of an embodiment of an implant for compressing two
bone segments together in accordance with the principles described herein;
[0015] Figure 8 is a front view of an embodiment of implant for compressing two bone
segments together in accordance with the principles described herein;
[0016] Figure 9 is an enlarged, partial isometric view of the implant of Figure 8;
[0017] Figure 10 is an enlarged, partial bottom view of an embodiment of an implant for
compressing two bone segments together in accordance with the principles described
herein;
[0018] Figure 11 is an isometric view of an embodiment of an insertion device for
installing embodiments of implants disclosed herein in accordance with the principles
described herein and with the jaws in the closed positions;
[0019] Figure 12 is a side view of the insertion device of Figure 11;
[0020] Figure 13 is an isometric view of the implant insertion device of Figure 11 with
the jaws in the open positions;
[0021] Figure 14 is a side view of the implant insertion device of Figure 13;
[0022] Figure 15 is an isometric view of an embodiment of an insertion for installing
embodiments of implants disclosed herein in accordance with the principles described
herein and with the jaws in the closed positions;

[0023] Figure 16 is a side view of the implant insertion device of Figure 15;
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[0024] Figure 17 is an isometric view of the implant insertion device of Figure 15 with
the jaws in the open positions;

[0025] Figure 18 is a side view of the implant insertion device of Figure 17,

[0026] Figure 19 is an isometric view of an embodiment of an insertion for installing
embodiments of implants disclosed herein in accordance with the principles described
herein and with the jaws in the closed positions;

[0027] Figure 20 is a side view of the implant insertion device of Figure 19;

[0028] Figure 21 is an isometric view of the implant insertion device of Figure 19 with
the jaws in the open positions;

[0029] Figure 22 is a side view of the implant insertion device of Figure 21;

[0030] Figure 23 is an isometric view of an embodiment of a retention device for holding
and manipulating embodiments of implants disclosed herein in accordance with the
principles described herein;

[0031] Figure 24 is a front view of the retention device of Figure 23;

[0032] Figure 25 is a side view of the retention device of Figure 23;

[0033] Figure 26 is an exploded isometric view of the retention device of Figure 23;
[0034] Figure 27 is an isometric view of the retention device of Figure 23 illustrating the
sliding engagement of the slide block and the implant engagement members;

[0035] Figure 28 is an isometric view of an embodiment of a retention device for holding
and manipulating embodiments of implants disclosed herein in accordance with the
principles described herein;

[0036] Figure 29 is a front view of the retention device of Figure 28;

[0037] Figure 30 is a side view of the retention device of Figure 28;

[0038] Figure 31 is an exploded isometric view of the retention device of Figure 28; and
[0039] Figure 32 is an isometric view bottom view of the locking nut of the retention
device of Figure 28.

[0040] Figure 33 is a cross-sectional front view of an embodiment of a transfer block in
accordance with the principles described herein for holding the legs of a staple-style
implant parallel to each other during shipping, handling, storage, and transfer to
another device; and

[0041] Figures 34 and 35 are perspective views illustrating the transfer of the implant of

Figure 2 from the transfer block of Figure 33 to the insertion device of Figure 11.
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DETAILED DESCRIPTION

[0042] The following discussion is directed to various exemplary embodiments.
However, one of ordinary skill in the art will understand that the examples disclosed
herein have broad application, and that the discussion of any embodiment is meant only
to be exemplary of that embodiment, and not intended to suggest that the scope of the
disclosure, including the claims, is limited to that embodiment.

[0043] The drawing figures are not necessarily to scale. Certain features and
components herein may be shown exaggerated in scale or in somewhat schematic form
and some details of conventional elements may not be shown in interest of clarity and
conciseness.

[0044] In the following discussion and in the claims, the terms “including” and
“‘comprising” are used in an open-ended fashion, and thus should be interpreted to mean
“‘including, but notlimited to... .” Also, the term “couple” or “couples” is intended to mean
either an indirect or direct connection. Thus, if a first device couples to a second device,
that connection may be through a direct connection of the two devices, or through an
indirect connection that is established via other devices, components, nodes, and
connections. In addition, as used herein, the terms “axial” and “axially” generally mean
along or parallel to a given axis (e.g., central axis of a body or a port), while the terms
“radial” and “radially” generally mean perpendicular to the given axis. For instance, an
axial distance refers to a distance measured along or parallel to the axis, and a radial

distance means a distance measured perpendicular to the axis. As used herein, the

» o » o

terms “approximately,” “about,” “substantially,” and the like mean within 10% (i.e., plus
or minus 10%) of the recited value. Thus, for example, a recited angle of “about 80
degrees” refers to an angle ranging from 72 degrees to 88 degrees.

[0045] Unless the context dictates the contrary, all ranges set forth herein should be
interpreted as being inclusive of their endpoints, and open-ended ranges should be
interpreted to include only commercially practical values. Similarly, all lists of values
should be considered as inclusive of intermediate values unless the context indicates
the contrary.

[0046] As previously described above, staple-style orthopedic implants are designed to

provide fixation and stability at a fracture, osteotomy, or arthrodesis site to enable fusion.
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Such implants may include 2, 3, 4 or more legs. The legs of the implant are connected
with a bridge that may come in various forms, sizes and shapes depending on the
particular application and anatomy. The implants are often part of system that includes
instruments for use with the implants and an associated surgical technique. The
instruments may include for example: sizing guides/templates, drill guides, drill or drilling
pins, locating pins/pull pins, tamps, insertion tools, removal tools, and possibly heat
source instruments for shape memory alloys.

[0047] There are generally three types of orthopedic staple-style implants: (1) static
staples, (2) mechanical compression staples, and (3) shape memory compression
staples. Static staples generally represent the first-generation orthopedic bone staples.
These basic, U-shaped staples are typically made from medical grade titanium or
stainless-steel materials suitable for medical device application. Traditional milling, wire-
EDM, or wire-bending methods are usually employed to manufacture static staples.
Static staples usually provide minimal to no compression to an osteotomy or arthrodesis
site, and provide minimal stability to promote fusion at the site. Mechanical compression
staples are typically manufactured from stainless steel materials. These staples rely on
the application of an external force to achieve compression between bone fragments at
an osteotomy or arthrodesis site. In particular, by physically bending the bridge with a
suitable instrument, the distance between the implant legs is shortened, thereby allowing
the legs to provide compression therebetween. Due to the limited elasticity of stainless
steel, the compression provided is relatively short-lived. In addition, the deformation of
the bridge may cause the tips of the implant legs to splay resulting in the distraction of
the bone segments. Shape memory compression staples are often made from medical
grade Nitinol suitable for medical device applications. Nitinol is a metal alloy made of
approximately half nickel and half titanium. Nitinol exhibits phase transformation
whereby the molecular arrangement of Nitinol can vary according to the temperatures to
which it is exposed. At lower temperatures, the crystalline architecture of Nitinol
resembles an accordion making it relatively unstable, malleable, and weak. This is
referred to as the martensitic phase of Nitinol (martensite). At higher temperatures, the
crystalline structure of Nitinol is rearranged into a cubic form making it contracted, rigid,
and strong. This is referred to as the austenitic phase of Nitinol (austenite). The

temperature range at which Nitinol transforms from the martensitic phase into austenitic
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phase can be adjusted and manipulated through manufacturing processes. During
manufacturing, a Nitinol device undergoes heat treatments that “program” the
temperature ranges that trigger the transition between the martensitic and austenitic
phases. For example, when a Nitinol device is heated, the programing dictates the
beginning of the phase transformation from martensite to austenite (Austenite Start
temperature or As) and the end of the transformation (Austenite Finish temperature or
As. In addition, when a Nitinol device is cooled, the programming dictates the beginning
of the phase transformation from austenite to martensite (Martensite Start temperature
or Ms) and the end of the transformation (Martensite Finish temperature or My). In
addition to the aforementioned phase transformation, Nitinol exhibits shape memory and
superelastic/pseudoelastic characteristics.

[0048] With regards to shape memory, a Nitinol device can be designed to transform
from one shape to another when exposed to heat. For example, prior to heat treating,
the Nitinol device may be cooled, and thus become malleable in the martensite material
phase and shaped into a particular form that imparts internal residual stresses. Heat
treatment can then be applied, which sets or “bakes” this established shape into the
memory of the implant. Then, when the Nitinol device is heated through its
transformation temperature range, the device will revert to its predetermined final shape
as it undergoes the phase transformation to Austenite.

[0049] Compared to most other metals, Nitinol can withstand a large amount of strain,
for example up to 8%, and still recover its original shape. The superelastic characteristic
is displayed when a Nitinol staple is warmed through its transformation temperature
range but is constrained and prevented from returning to its original shape. While
constrained in a deformed shape, as is the case when a Nitinol bone staple is in bone,
continuous exposure to sufficient heat allows the implant to behave like an elastic spring.
This superelastic effect thus may be used to maintaining a long-term compressive force
between bone segments over a large displacement range.

[0050] There are two varieties of staples are made from Nitinol: Thermally-activated and
Superelastic. The transition temperature ranges of these types of implants vary and can
be classified as either heat-activated or body temperature-activated. Heat-activated
Nitinol bone staples have an As and Ar above body temperature. These implants are

inserted into bone in the malleable martensitic phase and are exposed to an external
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heat via electrocautery or bi-polar electrical resistance to convert the implant from
martensite to austenite, and thus, promote shape change that creates initial compression
between joined bone segments. Compression is maintained through the superelastic
effect as the implant is constrained in an open position by the bone segments. Body
temperature-activated Nitinol bone staples have a transition temperature range that is
slightly lower than body temperature. Since their austenite start temperature (As) may
be at or below room temperature, these implants may utilize freezer storage to prevent
premature closure. These implants are placed into the osteotomy or arthrodesis site
while still in a frozen state, and then compress the joined bone segments through the
shape memory effect as they warm to body temperature. Compression is again
maintained through the superelastic effect as the implant is constrained in an open
position by the bone segments. Both types of thermally-activated Nitinol implants (e.g.,
heat- and body temperature-activated) have not, however, been widely accepted. Due
to manufacturing limitations of thermally-activated Nitinol, traditional machining methods
(milling, grinding, turning, etc.) have generally not been cost-effective. Thus, many
Nitinol staples are created using raw Nitinol wire material that is bent to the desired shape
and heat treated to set the shape. This has generally limited implant geometries to
simple U-shaped staples having two legs and a constant cross-section between the distal
ends of the implant legs.

[0051] Superelastic shape memory compression staples are the latest generation of
Nitinol bone implants. The austenite finish temperature (A for these implants is
significantly below room temperature, for example 10 to -20 degrees C, thus freezer
storage to maintain an initial shape in the martensite material phase may not be sufficient,
as implants may begin to deflect before being placed into the osteotomy or arthrodesis
site. Thus, in some instances, external constraint devices may be used to mechanically
open and constrain the legs of the implant prior to inserting them into pre-drilled holes in
bone. Upon release of the constraining tool, the superelastic effect is transferred from
the tool to the bone to achieve compression across the osteotomy or arthrodesis site.
[0052] Due to a relatively low As(e.g., 10 to -20 degrees C), superelastic Nitinol implants
may utilize different manufacturing approaches as compared to implants made from wire
raw material, and thus, may include more configurations and geometries, such as

additional staple legs. For example, starting with bulk raw material with low Ay, implants
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may be machined using wire Electrical Discharge Machining (EDM) to create the desired
shapes. The shapes of these implants are however limited to the shapes that may result
from the intersection of wire paths from two planes, and thus, such implants may not
conform to the complex anatomies of the body. Additionally, due to the EDM
manufacturing process, the leg features typically have square or rectangular cross-
sectional shapes that do not match the shape and size of the round drilled holes in which
the legs are installed. A result of this mismatch is that the implant leg strength may not
be maximized, and thus, the most common fracture location of a staple is in the leg
features. This typically limits the use of staples to applications in lower biomechanical
loading areas. However, as staples become more common practice for surgeons, there
is a continued desire to use staples in high biomechanical loading applications.

[0053] Accordingly, embodiments disclosed herein include staple-style implants that may
be produced with more complex geometries than what is typically possible with EDM
machining. In particular, some embodiments disclosed herein may utilize advanced
milling techniques and or electrochemical machining (ECM) to produce implants having
rounded or partially rounded legs that maximize strength within a given drilled hole. In
addition, some embodiments disclosed herein may include implant bridges that have a
different cross-sectional shapes than the corresponding legs. In particular, the cross-
section of the bridge may include a partially rounded profile that provides a low implant
profile and establishes a more anatomically conforming fit Moreover, in some
embodiments, the cross-section of the bridge and/or the cross-section of the legs are
non-rectangular (e.q., elliptical, D-shaped, circular, semi-circular, or polygonal).

[0054] Referring now to Figure 1, an embodiment of a staple-style implant 100 is shown.
In this embodiment, implant 100 is a U-shaped staple used to fix, stabilize, and apply
compression (illustrated with arrows 18 in Figure 1) to a fracture 12 between a first bone
segment 2 and a second bone segment 4 of a broken bone. Each bone segment 2, 4
has a curved outer surface or profile 7, 9, respectively, proximal implant 100. Bone
segments 2, 4 represent an exemplary curved profile (e.g., round, elliptical, etc.) such
as that of a generally cylindrical long bone (e.g., femora, tibiae, humeri, ulnae,
metacarpals, clavicle, etc.), however, as will be described more fully below, implant 100
may be used with any classification of bone (e.g., short, flat, sutural, irregular, sesamoid,

or long), and in locations with or without a curved profile. Although break 12 is shown
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generally along a plane oriented perpendicular to curved profiles 7, 9, in general, break
12 may be positioned at any angle with respect to curved profiles 7, 9.

[0055] In this embodiment, implant 100 includes a bridge 110 and a plurality of legs 130
extending from bridge 110. When secured to bone segments 2, 4, bridge 110 extends
across or spans break 12, while legs 130 penetrate into corresponding bone segments
2, 4 via holes 14, 16, respectively. In particular, a first hole 14 is drilled into first bone
segment 2 and a second hold 16 is drilled into second bone segment 4. First hole 14
has a linear central or longitudinal axis 15 and second hole 16 has a linear central or
longitudinal axis 25 that is spaced apart from and oriented parallel to first axis 15. Legs
130 are pressed into and secured within holes 14, 16 via an interference fit, and maintain
static positions relative to bone segments 2, 4, as elastic energy stored within implant
100 applies compression 18 across the break 12.

[0056] Referring now to Figures 2 and 3, implant 100 has a central axis 105 passing
through the geometric center of bridge 110 and centered between legs 130 in front view
(Figure 3). In addition, bridge 110 has a curved central or longitudinal axis 115, a first
terminal end 110a, and a second terminal end 110b opposite end 110a. Each leg 130
extends from bridge 110, and in particular, extends from a corresponding end 110a,
110b of bridge 110. Each leg 130 has a central or longitudinal axis 135 laterally spaced
apart from central axis 105, a first or fixed end 130a fixably attached to and integral with
the corresponding end 110a, 110b of bridge 110, and a second or free end 130b distal
bridge 110. In this embodiment, each central axis 135 is linear, longitudinal axis 115 of
bridge 110 intersects axes 105, 135, and axes 105, 115, 135 lie in a common plane.
For purposes of clarity and further explanation, the common plane within which axes
105, 115, 135 are disposed may also be referred to herein as the “reference plane.” In
Figure 3, the reference plane is a plane oriented parallel to the sheet of paper on which
the drawing is shown.

[0057] As best shown in Figure 3, each leg 130 is oriented at a leg angle a measured
between the corresponding axis 135 and central axis 105 in the reference plane (in front
view of Figure 3). In embodiments described herein, leg angle a of each leg 130 ranges
from about 0 degrees to about 20 degrees, alternatively ranges from about O degrees
to about 15 degrees, and alternatively ranges from about 0 degrees to about 10

degrees. In embodiments where the leg angles a are greater than 0 degrees, such as

10
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that shown in Figures 2 and 3, second ends 130b of legs 130 are positioned closer to
central axis 105 than first ends 130a, the legs 130 may be referred to herein as “inwardly
biased.” Thus, in some embodiments, linear central axis 135 of the first leg 130 is not
parallel to linear central axis 135 of the second leg 130. In general, the leg angles a of
the legs 130 may be the same or different. In this embodiment, each leg angle ais an
acute angle between 0 degrees and 10 degrees, legs 130 are inwardly biased, and
each leg angle a is the same.

[0058] Referring now to Figure 3, as previously described, central axis 115 of bridge 110
is curved. In general, the central axis 115 may have a constant or variable radius of
curvature Rq115 measured in the reference plane in front view (Figure 3) from a point
along central axis 105 to central axis 115 of bridge 110. In embodiments described
herein, the radius of curvature R445 of central axis 115 at any point along central axis
115 can range from about 0 mm (i.e., linear) to about 200 mm, alternatively range from
about 15 mm to about 50 mm, and more alternatively range from about 20 mm to about
30 mm. It should be appreciated that the radius of curvature R115 of central axis 115
can vary along its length between ends 110a, 110b or be constant along its length
between ends 110a, 110b.

[0059] Referring again to Figures 2 and 3, each leg 130 has a radially outer surface
131 extending axially (relative to corresponding axis 135) between ends 130a, 130b,
a plurality of axially spaced serrations 138 disposed along outer surface 131, and a
bevel 140 disposed along outer surface 131 at end 130b.

[0060] As best shown in Figure 2, each leg 130 has a cross-section 134 taken in a
plane oriented perpendicular to the corresponding axis 135. In cross-section 134,
outer surface 131 defines a non-rectangular outer shape or profile 136. In this
embodiment, outer surface 131 of each leg 130 is a cylindrical surface extending
axially (relative to corresponding axis 135) from end 130a to end 130b, and thus,
profile 136 at cross-section 134 is circular (Figure 2). As described in more detail
below, in some applications, the cylindrical shapes of the legs of an implant (e.g.,
cylindrical radial outer surface 131 of legs 130) may be advantageous as the cylindrical
geometry can more fully fill the drilled hole (as shown in Figure 1 at holes 14, 16), as
compared to a rectangular prismatic geometry, and thus, offers the potential for

enhanced bending strength and fixation within the bone segments (e.g., bone
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segments 2, 4). More specifically, rectangular cross-sectional dimensions of legs
having a rectangular prismatic shape are limited as the sharp corners of the cross-
section contact the cylindrical inner surface of the bone defined by the drilled hole, and
any increases in one of the cross-sectional dimensions of the rectangular cross-
section may result in sufficient interference between the legs and bone segments to
restrict insertion of the legs into the bone segments.

[0061] Although legs 130 have cylindrical outer surfaces 131 defining circular profiles
136 in cross-sections 134 taken perpendicular to axes 135 in this embodiment, in other
embodiments, the legs (e.g., legs 130) may have outer surfaces with other geometries
that define other non-rectangular profiles (e.g., profiles 136) in cross-sections taken
perpendicular to the central axes of the legs (e.g., such as polygons, semi-circular,
elliptical, etc. along section 134).

[0062] In this embodiment, outer surface 131 of each leg 130 is cylindrical, and thus,
a leg taper angle 8 measured from central axis 135 to outer surface 131 of each leg
130 in the reference plane in front view (Figure 3) is zero at all points along the axis
135. However, in other embodiments, the outer surface of each leg (e.g., outer surface
131 of each leg 130) is frustoconical and characterized by a non-zero leg taper angle
8. In embodiments described herein, leg taper angle 6 ranges from 0 degrees to about
2.5 degrees, alternatively ranges from about 0.075 degrees to about 1.5 degrees, and
alternatively ranges from about 0.125 degrees to about 1.25 degrees. |n some
applications, a non-zero taper angle 6 may be advantageously facilitate a wedging fit
between the legs and a cylindrically shaped drilled hole, which may enhance the
retention of the implant with the bone segments. In addition, non-zero taper angles 6
may allow a narrower tip (e.g., tip 132), which may aid in insertion of the leg into holes
14, 16 (as shown in Figure 1), while allowing an increased diameter at the fixed ends
of the legs to increase the bending strength at the joints between the legs and the
bridge (e.g., bridge 110).

[0063] Referring still to Figures 2 and 3, serrations 138 are axially spaced (relative to
corresponding axis 135) between ends 130a, 130b and provided along outer surface
131 on the inside of each leg 130 (i.e., along the sides of legs 130 that face toward
each other and axis 105). In this embodiment, each serration 138 is defined by a

planar sloped surface 138a that slopes radially inward toward the corresponding axis
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135 moving axially toward end 130b of the corresponding leg 130, and an upward
facing planar shoulder 138b extending radially inward from the sloped surface toward
axis 135 of the corresponding leg 130. One bevel 140 is provided along outer surface
131 on the outside of each leg 130 (i.e., along the sides of legs 130 that face away
from each other and axis 105), and extends from end 130b of each leg 130. Bevel
140 is a planar surface. The planar sloped surface 138a on the inside of each leg 130
at end 130b and the bevel 140 on the outside of each leg 130 define tapered tips 132
at ends 130b of legs 130.

[0064] As best shown in Figure 2, bridge 110 has a radially outer surface 111
extending axially (relative to axis 115) from end 110a to end 110b. In addition, bridge
110 has a cross-section 116 taken in a plane oriented perpendicular to axis 115. In
cross-section 116, outer surface 111 of bridge 110 defines a non-rectangular outer
shape or profile 119. In this embodiment, profile 119 at cross-section 116 is generally
D-shaped. In particular, outer surface 111 includes a first or upper surface 112, a
second or lower surface 114, and a pair of fillet or lateral surfaces 118 extending from
upper surface 112 to lower surface 114. Upper surface 112 and lower surface 114
are oriented parallel to each other and central axis 115 in the front view (Figure 3). As
previously described, axis 115 is curved, and thus, upper surface 112 is a convex
surface, whereas lower surface 114 is a concave surface. In a cross-section of bridge
110 taken in a plane oriented perpendicular to axis 115 (e.g., section 116), bridge 110
has an outer profile defined by outer surface 111 that is flat along upper surface 112
and flat along lower surface 114. Fillets 118 are curved, convex surfaces extending
axially from end 110a to end 110b. Although the outer profile of bridge 110 defined by
outer surface 111 that is flat along upper surface 112 and flat along lower surface 114
in a cross-section taken in a plan oriented perpendicular to axis 115, in other
embodiments, the distinct upper surface (e.g., upper surface 112) is eliminated such
that the fillets (e.g., fillets 118) meet at the top of the bridge, and in yet other
embodiments, the lower surface (e.q., lower surface 114) may include a concavity,
fillet, or notch that extends inward towards the central axis of the bridge (e.g., towards
central axis 115).

[0065] Although bridge 110 has an outer surface 111 defining D-shaped profiles 119

in cross-sections 116 taken perpendicular to axis 115 in this embodiment, in other
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embodiments, the bridge (e.g., bridge 110) may have an outer surface with a geometry
that defines other non-rectangular profiles (e.g., profiles 119) in cross-sections taken
perpendicular to the central axes of the bridge (e.g., such as polygonal, semi-circular,
elliptical, circular, etc.). In addition, the non-rectangular profile of the legs (e.g., legs
130) in cross-sections taken perpendicular to the central axes of the legs may be the
same or different from the non-rectangular profile of the bridge in cross-sections taken
perpendicular to the central axis of the bridge. For example, as previously described,
in this embodiment, each leg 130 has a circular profile 136 in cross-sections 134 taken
in planes oriented perpendicular to axes 135 and bridge 110 has a D-shaped profile
119 in cross-sections 116 taken in a plane perpendicular to axis 115.

[0066] In this embodiment, the cross-sectional area of the bridge 110 in any plane
oriented perpendicular to axis 115 (e.g., section 116) is equal to or greater than the
cross-sectional area of each leg 130 taken in any plane oriented perpendicular to axis
135 (e.g., section 134). In embodiments described herein, the ratio of (i) the cross-
sectional area of the bridge (e.g., bridge 110) in any plane oriented perpendicular to
the central axis of the bridge (e.g., axis 115) to (ii) the cross-sectional area of each leg
(e.q., leg 130) in any plane oriented perpendicular to the central axis of the leg (e.g.,
axis 135) is 1.0 to 10.0, alternatively about 1.5 to 3.0, and alternatively about 1.5 to
2.0.

[0067] As described further below, in some applications, the D-shaped cross-section
of bridge 110 and the radius of curvature R115 between ends 110a, 110b in the
reference plane provide a conforming fit along the generally convex, cylindrical outer
surface of a bone (as shown in Figure 1). Without being limited to this or any other
theory, the lower surface 114 defining a generally flat profile in cross-sectional view in
a plane oriented perpendicular to axis 115 may reduce the height to which the implant
100 extends from the bone segments 2, 4, while the upper surface 112 having a
generally curved convex profile in cross-sectional view in a plane oriented
perpendicular to axis 115 may provide a smooth, gradual transition to minimizes
irritation of soft tissue adjacent the bone.

[0068] Referring again to Figures 2 and 3, as described above, legs 130 and bridge
110 have different cross-sectional geometries. To smoothly blend legs 130 and bridge

110 where fixed ends 130a of legs 130 meet lower surface 114 of bridge 110, in this
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embodiment, implant 100 includes smoothly curved concave transition surfaces 144
between fixed ends 130a and lower surface 114. Adjacent transition surfaces 144 and
proximal ends 130a of legs 130, the portion of each end 110a, 110b of bridge 110 that
extends laterally (relative to the reference plane) beyond legs 130 along lower surface
114 includes a pair of laterally opposed, downward facing planar shoulders 142 and a
pair of laterally opposed, downward facing concave cavities or recesses 146. In this
embodiment, shoulders 142 are oriented perpendicular to the reference plane and
recesses 146 have semi-cylindrical geometries. As will be described in more detalil
below, shoulders 142 and/or recesses 146 are sized and positioned to mate and
engage with a device for manipulating, inserting, or positioning implant 100.
Accordingly, shoulders 142 and recesses 146 may also be described as tool
engagement shoulders 142 and tool engagement recesses 146, respectively.

[0069] Ateach end 110a, 110b, the pair of shoulders 142 and the pair of recesses 146
are disposed on opposite sides of axis 115 and the reference plane. Thus, it should
be appreciated that although only two shoulders 142 and two recesses 146 are shown
in the front view of Figure 3, four shoulders 142 and four recesses 146 are included
as implant 100 is symmetric about the reference plane, and thus, two additional
shoulders 142 and two additional recesses 146 are included along the opposite side
of implant 100. Shoulders 142 and recesses 146 may be useful in reducing bending
stress concentrations and may be used to grip implant 100 with a surgical insertion or
retaining tool. In particular, and as will be described in more detail below, forces may
be applied to implant 100 at shoulders 142 and/or recesses 146 to restrain or impart
bending moments into bridge 110.

[0070] In this embodiment, implant 100 is made of a Nitinol material, and thus, can be
heat treated and programed, as discussed above, to have shape memory and
superelastic/pseudoelastic characteristics such that implant 100 may be classified as a
superelastic shape memory implant, and may transform from one shape to another when
exposed to heat.

[0071] Referring now to Figures 1- 3, the surgical use of implant 100 may utilize the
shape memory characteristics of Nitinol to impart compressive loads across a fracture,
osteotomy, or arthrodesis site (e.g., compression 18 across break 12 as shown in Figure

1) to enable fusion. In the manner previously described, implant 100 can be made of

15



WO 2022/010920 PCT/US2021/040544

Nitinol and programed though deformation and heat treatment, such that the shape
memory of the Nitinol material increases leg angle a (e.g. ends 130b move inward
toward axis 105) and/or translates ends 110a, 110b of bridge 110 towards central axis
105 in response to heating of implant 100. Such heating of implant 100 may be
accomplished with an external source (e.g., heat-activated), or as implant 100 is brought
to room temperature or body temperature (e.g., body temperature-activated). In
addition, in some embodiments, the shape transformation may have already occurred
and an external tool may be used to restrain the deformation of implant 100. For
example, in some embodiments, the external tool may engage with a plurality of
shoulders 142 and/or with a plurality of recesses 146, and apply forces to bridge 110 to
elastically flex bridge 110 at ends 110a, 110b to bring axes 135 into parallel with central
axis 105 to reduce each leg angle a. Thus, in some embodiments, legs 130 may be
constrained with axes 135 oriented parallel and coaxially aligned with central axes 15,
25 of holes 14, 16 in bone segments 2, 4, respectively (as shown in Figure 1), and then
inserted into corresponding holes 14, 16. Legs 130 are advanced into holes 14, 16 until
lower surface 114 of bridge 110 is pressed into contact (or approximate contact) with
bone segments 2, 4, as the curvature of bridge 110 may be specifically designed and
selected to accommodate the underlying curved profiles 7, 9 of bone segments 2, 4 to
allow a low implant profile and establish an anatomically conforming fit. Next, the
external tool may be removed, to release the strain energy of the elastically deformed
implant 100 and allow legs 130 to apply compression across break 12 as the free ends
130b of legs and/or ends 110a, 110b of bridge 110 are biased inward toward central
axis 105.

[0072] Referring now to Figures 4 and 5, an embodiment of a staple-style implant 200
is shown. In general, implant 200 can be used in place of implant 100 previously
described and shown in Figure 1. Implant 200 is substantially the same as implant
100 previously described above, and thus, features of implant 200 that are the same
as and shared with implant 100 are identified with the same reference numerals, and
the discussion below will focus on the features of implant 200 that are different from
implant 100.

[0073] Similar to implant 100 previously described, implant 200 is a U-shaped staple
including a bridge 210 and a plurality of legs 230 extending from bridge 210. Implant
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200 has a central axis 205 passing through the geometric center of bridge 210 and
centered between legs 230 in front view (Figure 5). In addition, bridge 210 has a curved
central or longitudinal axis 215, a first terminal end 210a, and a second terminal end
210b opposite end 210a. Each leg 230 extends from bridge 210, and in particular,
extends from a corresponding end 210a, 210b of bridge 210. Each leg 230 has a central
or longitudinal axis 235 laterally spaced apart from central axis 205, a first or fixed end
230a fixably attached to and integral with the corresponding end 210a, 210b of bridge
210, and a second or free end 230b distal bridge 210. In this embodiment, each central
axis 235 is linear, longitudinal axis 215 of bridge 210 intersects axes 205, 235, and axes
205, 215, 235 lie in a common plane. For purposes of clarity and further explanation,
the common plane within which axes 205, 215, 235 are disposed may also be referred
to herein as the “reference plane.” In Figure 5, the reference plane is a plane oriented
parallel to the sheet of paper on which the drawing is shown.

[0074] As best shown in Figure 5, each leg 230 is oriented at a leg angle a measured
between the corresponding axis 235 and central axis 205 in the reference plane (in front
view of Figure 5). Leg angles a may be the same as previously described with respect
to implant 100. In this embodiment, each leg angle a is the same.

[0075] Referring still to Figure 5, as previously described, central axis 215 of bridge 210
is curved. Similar to central axis 115 of bridge 110 previously described, the central axis
215 may have a constant or variable radius of curvature Rz15 measured in the reference
plane in front view (Figure 5) from a point along central axis 205 to central axis 215 of
bridge 210. The radius of curvature Rz15 may be the same as previously described with
respect to radius of curvature R115 of central axis 115.

[0076] Referring again to Figures 4 and 5, each leg 230 has a radially outer surface
231 extending axially (relative to corresponding axis 235) between ends 230a, 230b,
a plurality of axially spaced serrations 138 disposed along outer surface 231, and a
bevel 140 disposed along outer surface 231 at end 230b. Serrations 138 and bevel
140 are as previously described with respect to implant 100. The planar sloped
surface 138a on the inside of each leg 230 at end 230b and the bevel 140 on the
outside of each leg 230 define tapered tips 132 at ends 230b of legs 230.

[0077]1 Unlike legs 130 previously described, which have a cylindrical outer surface

131, in this embodiment, outer surface 231 of each leg 230 includes a semi-cylindrical
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surface disposed about axis 235 and extending axially from end 230a to end 230b. In
particular, as illustrated by the D-shaped profile 260 of a cross-section of one leg 230
taken in a plane oriented perpendicular to axis 235, outer surface 231 includes a semi-
cylindrical surface 262, a planar flat 266, and a pair of planar side surfaces 264 extend
from surface 262 to flat 266. Semi-cylindrical surfaces 262 are provided along outer
surface 231 on the outside of legs 230 (i.e., along the sides of legs 230 that face away
from each other and axis 205), while planar flats 266 are provided along outer surface
231 on the inside of legs 230 (i.e., along the sides of legs 230 that face each other and
axis 205). Semi-cylindrical surfaces 262 and side surfaces 264 extends axially from
corresponding end 230a to corresponding end 230b, however, in D-shaped profile
260, flat 266 is defined by one of the serrations 138.

[0078] For similar reasons as previously described, in some surgical applications, the
semi-cylindrical shape and geometry of legs 230 may be advantageous, as it may
enable close mating and conforming contact with a substantial portion of the inner
cylindrical surface of a drilled hole (e.g., as shown in Figure 1 at holes 14, 16), as
compared to a rectangular prismatic shape. In addition, non-cylindrical features of
profile 260 (e.g., flat 266 and side surfaces 264) may be configured to provide an
interference fit along portions of serrations 238, which may increase the retention
(herein also referred to as “bite”) with portions of the bone engaged by serrations 238.
Accordingly, an increased thickness of legs 230 may be achieved, which offers the
potential to increase the bending strength and stiffness of legs 230 as compared to a
rectangular cross-section and increase the loads during deformation without damaging
legs 230 at the connections with bridge 210. The angle between edges 264 and inner
flat 266 may be varied to increase or decrease the interference fit or bite with a
cylindrically drilled hole (as shown in Figure 1 at holes 14, 16), and in some
embodiments (such as the embodiment of Figure 6), side surfaces 264 may be parallel
to one another, and thus, may intersect inner flat 266 at approximately ninety degrees.
[0079] Referring again to Figures 4 and 5, bridge 210 may have the same or similar
geometry as bridge 110 previously described. For example, as shown at section 216
of Figure 4, bridge 210 has a D-shaped cross-section in a plane oriented perpendicular
to axis 215, which may again provide a conforming fit along the convex cylindrical

outer surface of a bone (as shown in Figure 1). Similar to implant 100, to smoothly
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blend legs 230 and bridge 210 where fixed ends 230a of legs 230 meet lower surface
114 of bridge 210, in this embodiment, implant 200 includes smoothly curved concave
transition surfaces 244 between fixed ends 230a and lower surface 114. Adjacent
transition surfaces 244 and proximal ends 230a of legs 230, the portion of each end
210a, 210b of bridge 210 that extends laterally (relative to the reference plane) beyond
legs 230 along lower surface 114 includes a pair of laterally opposed, downward facing
planar shoulders 242 and a pair of laterally opposed, downward facing concave
cavities or recesses 246. In this embodiment, shoulders 242 are oriented
perpendicular to the reference plane and recesses 246 have triangular geometries.
Shoulders 242 and/or recesses 246 are sized and positioned to mate and engage with
a device for manipulating, inserting, or positioning implant 200. Accordingly, shoulders
242 and recesses 246 may also be described as tool engagement shoulders 242 and
tool engagement recesses 246, respectively.

[0080] Ateach end 210a, 210b, the pair of shoulders 242 and the pair of recesses 246
are disposed on opposite sides of axis 215 and the reference plane. Thus, it should
be appreciated that although only two shoulders 242 and two recesses 246 are shown
in the front view of Figure 5, four shoulders 242 and four recesses 246 are included
as implant 200 is symmetric about the reference plane, and thus, two additional
shoulders 242 and two additional recesses 246 are included along the opposite side
of implant 200. Shoulders 242 and recesses 246 may be useful in reducing bending
stress concentrations and may be used to grip implant 200 with a surgical insertion or
retaining tool. In particular, forces may be applied to implant 200 at shoulders 242
and/or recesses 246 to restrain or impart bending moments into bridge 210.

[0081] In this embodiment, implant 200 is made of a Nitinol material, and thus, can be
heat treated and programed, as discussed above, to have shape memory and
superelastic/pseudoelastic characteristics such that implant 200 may be classified as a
superelastic shape memory implant, and may transform from one shape to another when
exposed to heat.

[0082] Referring now to Figure 7, an embodiment of a staple-style implant 300 is
shown. In general, implant 300 can be used in place of implant 100 previously
described and shown in Figure 1. Implant 300 is generally the same as implants 100,

200 previously described above, and thus, features of implant 300 that are the same
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as and shared with implants 100, 200 are identified with the same reference numerals,
and the discussion below will focus on the features of implant 300 that are different
from implants 100, 200.

[0083] Similar to implant 100 previously described, implant 300 is a U-shaped staple
including a bridge 310 and a plurality of legs 330 extending from bridge 310. Implant
300 has a central axis 305 passing through the geometric center of bridge 310 and
centered between legs 330 in front view (Figure 7). In addition, bridge 310 has a curved
central or longitudinal axis 315, a first terminal end 310a, and a second terminal end
310b opposite end 310a. Each leg 330 extends from bridge 310, and in particular,
extends from a corresponding end 310a, 310b of bridge 310. Eachleg 330 has a central
or longitudinal axis 335 laterally spaced apart from central axis 305, a first or fixed end
330a fixably attached to and integral with the corresponding end 310a, 310b of bridge
310, and a second or free end 330b distal bridge 310. In this embodiment, each central
axis 335 is linear, longitudinal axis 315 of bridge 310 intersects axes 305, 335, and axes
305, 315, 335 lie in a common plane. For purposes of clarity and further explanation,
the common plane within which axes 305, 315, 335 are disposed may also be referred
to herein as the “reference plane.” In Figure 7, the reference plane is a plane oriented
parallel to the sheet of paper on which the drawing is shown.

[0084] Each leg 330 is oriented at a leg angle a measured between the corresponding
axis 335 and central axis 305 in the reference plane (in the front view of Figure 7). In
this embodiment, each leg angle a is the same. Leg angles a may be the same as
previously described with respect to implant 100. In some embodiments, the leg angle
a of each leg 330 ranges from about O degrees to about 15 degrees, alternatively
ranges from about 0 degrees to about 10 degrees, and alternatively ranges from about
0 degrees to about 5 degrees.

[0085] Referring still to Figure 7, as previously described, central axis 315 of bridge 310
is curved. Similar to central axis 115 of bridge 110 previously described, the central axis
315 may have a constant or variable radius of curvature Rz1s measured in the reference
plane in front view (Figure 7) from a point along central axis 305 to central axis 315 of
bridge 310. The radius of curvature Rzs may be the same as previously described with

respect to radius of curvature R115 of central axis 115.
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[0086] Unlike implants 100, 200 previously described, in this embodiment, implant 300
includes a pair of additional legs 370 that extend from bridge 310 between legs 330,
and in particular, each leg 370 extends from bridge 310 at a position between central
axis 305 and one of legs 330. As legs 330 are positioned at the ends 310a, 310b of
implant 300, and hence, distal from central axis 305 whereas legs 370 are positioned
between axis 305 and legs 330, legs 330 may also be referred to herein as “outer legs”
and legs 370 may also be referred to herein as “inner legs.” Each innerleg 370 has a
central or longitudinal axis 375 laterally spaced from central axis 305, a first or fixed end
370a fixably attached to and integral with bridge 310, and a second or free end 370b
distal bridge 310. In this embodiment, each central axis 375 is linear, longitudinal axis
315 of bridge 310 intersects axes 375, and axes 375 lie in the reference plane.

[0087] Referring still to Figure 7, each inner leg 370 is oriented at a leg angle B
measured between the corresponding central axis 375 and central axis 305 in the
reference plane. In this embodiment, each leg angle B is the same. Leg angles  may
be the same as leg angles a previously described with respect to implant 100. Similar
to implants 100, 200, outer legs 330 and inner legs 370 may be angled inwards toward
central axis 305 such that second ends 330b, 370b of legs 330, 370, respectively, are
positioned closer to central axis 305 than first ends 330a, 370a, respectively.

[0088] Each outer leg 330 has a length L1 measured axially (relative to axis 335) from
first end 330a to second end 330b, and each inner leg 370 has a length L, measured
axially (relative to axis 375) from first end 370a to second end 370b. Lengths L of
legs 330 may be the same or different, lengths L2 of legs 370 may be the same or
different, and lengths L1 and L, of legs 330, 370 may be the same or different. In this
embodiment, the length of L1 of each leg 330 and the length L, of each leg 370 is the
same.

[0089] Each leg 330 has a radially outer surface 331 extending axially (relative to
corresponding axis 335) between ends 330a, 330b, a plurality of axially spaced
serrations 138 disposed along outer surface 331, and a bevel 140 disposed along
outer surface 331 at end 330b. Serrations 138 are disposed along the inside of each
leg 330 (relative to central axis 305), and bevel 140 is disposed on the outside of each
leg 330 (relative to central axis 305). Serrations 138 and bevel 140 are as previously

described with respect to implant 100. The planar sloped surface 138a on the inside
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of each leg 330 at end 330b and the bevel 140 on the outside of each leg 330 define
tapered tips 132 at ends 330b of legs 330.

[0090] Each leg 370 has a radially outer surface 371 extending axially (relative to
corresponding axis 375) between ends 370a, 370b, a plurality of axially spaced
serrations 138 disposed along outer surface 371, and a bevel 140 disposed along
outer surface 331 at end 370b. Serrations 138 are disposed along the inside of each
leg 370 (relative to central axis 305), and bevel 140 is disposed on the outside of each
leg 370 (relative to central axis 305). Serrations 138 and bevel 140 are as previously
described with respect to implant 100. The planar sloped surface 138a on the inside
of each leg 370 at end 370b and the bevel 140 on the outside of each leg 370 define
tapered tips 132 at ends 370b of legs 370.

[0091] The shape and geometry of outer surfaces 331, 371 of legs 330, 370,
respectively, may be different to accommodate the particular surgical implementation.
In the embodiment of Figure 7, outer surface 331 of each outer leg 330 is cylindrical,
and thus, each outer leg 330 has a circular cross-section (e.g., similar to profile 136 of
section 134 in Figure 2), while outer surface 371 of each inner leg 370 has a D-shaped
cross-section including a semi-cylindrical portion and a planar portion (e.g., as
illustrated by profile 260 of section 6 in Figures 4 and 6).

[0092] Bridge 310 has the same or similar geometry as bridge 110 previously
described. For example, bridge 310 has a D-shaped cross-section in a plane oriented
perpendicular to axis 315, which provides a conforming fit along the cylindrical outer
surface of a bone (e.g., as shown in Figure 1). Similar to implant 100, implant 300
includes smooth concave transition surfaces 344, 374 that blend ends 3303, 370a of
legs 330, 370, respectively, and lower surface 114 of bridge 310. Adjacent transition
surfaces 344 and proximal ends 330a of legs 330, the portions of bridge 310 at ends
310a, 310b that extend laterally (relative to the reference plane) beyond legs 330 along
lower surface 114 include a pair of laterally opposed, downward facing planar
shoulders 342 and a pair of laterally opposed, downward facing concave cavities or
recesses 346. In addition, adjacent transition surfaces 347 and proximal ends 370a
of legs 370, the portions of bridge 310 that extends laterally (relative to the reference
plane) beyond legs 370 include a pair of laterally opposed, downward facing concave

cavities or recesses 346. In this embodiment, shoulders 342 are oriented
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perpendicular to the reference plane and recesses 346 have triangular geometries.
Shoulders 342 and/or recesses 346 are sized and positioned to mate and engage with
a device for manipulating, inserting, or positioning implant 300. Accordingly, shoulders
342 and recesses 346 may also be described as tool engagement shoulders 342 and
tool engagement recesses 346, respectively.

[0093] Ateach end 310a, 310b, the pair of shoulders 342 and the pair of recesses 346
are disposed on opposite sides of axis 315 and the reference plane; and proximal
transition surfaces 374, the pair of recesses 346 are disposed on opposite sides of
axis 315 and the reference plane. Thus, it should be appreciated that although only
two shoulders 342 and four recesses 346 are shown in the front view of Figure 7, four
shoulders 342 and eight recesses 346 are included as implant 300 is symmetric about
the reference plane, and thus, two additional shoulders 342 and four additional
recesses 346 are included along the opposite side of implant 300. Shoulders 342 and
recesses 346 may be useful in reducing bending stress concentrations and may be
used to grip implant 300 with a surgical insertion or retaining tool. In particular, forces
may be applied to implant 300 at shoulders 342 and/or recesses 346 to restrain or
impart bending moments into bridge 310.

[0094] In this embodiment, implant 300 is made of a Nitinol material, and thus, can be
heat treated and programed, as discussed above, to have shape memory and
superelastic/pseudoelastic characteristics such that implant 300 may be classified as a
superelastic shape memory implant, and may transform from one shape to another when
exposed to heat.

[0095] Referring now to Figure 8, an embodiment of a staple-style implant 400 is
shown. In general, implant 400 can be used in place of implant 100 previously
described and shown in Figure 1. Implant 400 is similar to implant 300 previously
described, and thus, features of implant 400 that are the same as and shared with
implant 300 are identified with the same reference numerals, and the discussion below
will focus on the features of implant 400 that are different from implant 300.

[0096] Similar to implant 300 previously described, implant 400 is a U-shaped staple
including a bridge 410 and a plurality of legs 430, 470, 480, 490 extending from bridge
410. Implant 400 has a central axis 405 passing through the geometric center of bridge

410 and centered between legs 430, 490 in front view (Figure 8). In addition, bridge
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410 has a curved central or longitudinal axis 415, a first terminal end 410a, and a second
terminal end 410b opposite end 410a. Each leg 430, 470, 480, 490 extends from bridge
410, and in particular, each leg 430, 490 extends from a corresponding end 410a, 410b
of bridge 410, leg 470 extends from bridge 410 between central axis 405 and leg 430,
and leg 480 extends from bridge 410 between central axis 504 and leg 490. Thus, legs
470, 480 are axially positioned (relative to longitudinal axis 415) between legs 430, 490.
Accordingly, legs 470, 480 may also be referred to herein as “inner legs” and legs 430,
490 may also be referred to herein as “outer legs.” Each leg 430, 470, 480, 490 has a
central or longitudinal axis 435, 475, 485, 495, respectively, laterally spaced apart from
central axis 305, a first or fixed end 430a, 470a, 480a, 490a, respectively, fixably
attached to and integral with bridge 410, and a second or free end 430b, 470b, 480b,
490b, respectively, distal bridge 410. In this embodiment, each central axis 435, 475,
485, 495 is linear, longitudinal axis 415 of bridge 410 intersects axes 405, 435, 475,
485, 495, and axes 405, 415, 435, 475, 485, 495 lie in a common plane. For purposes
of clarity and further explanation, the common plane within which axes 405, 415, 435,
475, 485, 495 are disposed may also be referred to herein as the “reference plane.” In
this embodiment, each axis 435, 475, 485, 495 is oriented parallel to central axis 405,
however, in other embodiments, the central axis of one or more of the legs (e.g., central
axis 435, 475, 485, 495) be oriented at an acute leg angle (e.g., leg angles q, B) relative
to the central axis of the implant (e.g., central axis 405) as previously described with
respect to implant 300.

[0097] Referring still to Figure 8, each leg 430, 470, 480, 490 has a length Ls, L4, Ls,
Le, respectively, measured axially (relative to axis 435, 475, 485, 495, respectively)
from first end 430a, 470a, 480a, 490a, respectively, to second end 430b, 470b, 480D,
490Db, respectively. In general, the lengths Lz L4 Ls, Le Of legs 430, 470, 480, 490 may
be the same or the lengths Ls, L4, Ls, Le, Of two or more legs 430, 470, 480, 490 may
be different. In this embodiment, the length Ls, L4, Ls, Le Of each leg 430, 470, 480,
490 is different.

[0098] Each leg 430, 470, 480, 490 has a radially outer surface 431, 471, 481, 491,
respectively, extending axially (relative to the corresponding central axis 435, 475,
485, 495) between first end 430a, 470a, 480a, 490a, respectively, and second end
430b, 470b, 480b, 490b, respectively; a plurality of axially spaced serrations 138
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disposed along outer surface 431, 471, 481, 491, respectively, and a bevel 140
disposed along outer surface 431, 471, 481, 491 at end 430b, 470b, 480b, 490b,
respectively. Serrations 138 are disposed along the inside of each leg 430, 470, 480,
490 (relative to central axis 405), and bevel 140 is disposed on the outside of each leg
430, 470, 480, 490 (relative to central axis 405). Serrations 138 and bevel 140 are as
previously described with respect to implant 100. The geometry of outer surfaces 431,
471, 481, 4910f legs 430, 470, 480, 490 may be different to accommodate the
particular surgical implementation. In the embodiment shown in Figure 8, outer
surface 431, 471, 481, 491 of each leg 430, 470, 480, 490 includes a cylindrical portion
and a planar portion such that each leg 430, 470, 480, 490 has a D-shaped cross-
section (e.g., similar to profile 260 of section 6 in Figures 4 and 6).

[0099] Referring still to Figure 8, as previously described, central axis 415 of bridge 410
is curved. Similar to central axis 115 of bridge 110 previously described, the central axis
415 may have a constant or variable radius of curvature R415 measured in the reference
plane in front view (Figure 8) from a point along central axis 405 to central axis 415 of
bridge 310. In this embodiment, the radius of curvature Ra1s of central axis 415 of bridge
410 varies continuously along its length between ends 410a, 410b. In particular, the
radius of curvature Ra1s of central axis 415 of bridge 410 is greatest at end 410a and
gradually decreases moving toward end 410b. Such a variable radius of curvature may
be advantageous to tailor the shape of bridge 410 to match a particular anatomical
surgical site. Therefore, in other embodiments, the radius of curvature Ra1s of central
axis 415 of bridge 410 may increase, decrease, or sequentially increase and decrease
between ends 410a, 410b of bridge 410.

[00100] Similar to implant 100, implant 400 includes smooth concave transitions 444
that blend ends 430a, 470a, 480a, 490a of legs 430, 470, 480, 490, respectively, and
lower surface 114 of bridge 410. Adjacent transition surfaces 444 and proximal ends
430a, 490a of outer legs 430, 490, the portions of bridge 410 at ends 410a, 410b that
extend laterally (relative to the reference plane) beyond legs 430, 490 along lower
surface 114 include a pair of laterally opposed, downward facing planar shoulders 442
and a pair of laterally opposed, downward facing concave cavities or recesses 446. In
addition, adjacent transition surfaces 444 and proximal ends 470a, 480a of inner legs

470, 480, the portions of bridge 410 that extends laterally (relative to the reference
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plane) beyond legs 470, 480 include a pair of laterally opposed, downward facing
concave cavities or recesses 446. In this embodiment, shoulders 442 are oriented
perpendicular to the reference plane and recesses 446 have semi-cylindrical
geometries. Shoulders 442 and/or recesses 446 are sized and positioned to mate and
engage with a device for manipulating, inserting, or positioning implant 400.
Accordingly, shoulders 442 and recesses 446 may also be described as tool
engagement shoulders 442 and tool engagement recesses 446, respectively.
[00101] At each end 410a, 410b of bridge 410, the pair of shoulders 442 and the pair of
recesses 446 are disposed on opposite sides of axis 415 and the reference plane; and
proximal transition surfaces 444 of inner legs 470, 480, the pair of recesses 446 are
disposed on opposite sides of axis 415 and the reference plane. Thus, it should be
appreciated that although only two shoulders 442 and four recesses 446 are shown in
the front view of Figure 8, four shoulders 442 and eight recesses 446 are included as
implant 400 is symmetric about the reference plane, and thus, two additional shoulders
442 and four additional recesses 446 are included along the opposite side of implant
400. Shoulders 442 and recesses 446 may be useful in reducing bending stress
concentrations and may be used to grip implant 400 with a surgical insertion or
retaining tool. In particular, forces may be applied to implant 400 at shoulders 442
and/or recesses 446 to restrain or impart bending moments into bridge 410.

[00102] Referring to Figures 8 and 9, in this embodiment, each leg 430, 470, 480, 490
also includes a conical tip 432 at second end 430b, 470b, 480b, 490b, respectively,
which may be used to guide implant 400 as it is inserted into a drilled hole (e.g., as
shown in Figure 1 at holes 14, 16).

[00103] In this embodiment, implant 400 is made of a Nitinol material, and thus, can be
heat treated and programed, as discussed above, to have shape memory and
superelastic/pseudoelastic characteristics such that implant 400 may be classified as a
superelastic shape memory implant, and may transform from one shape to another when
exposed to heat.

[00104] Referring now to Figure 10, a partial bottom view of an embodiment of a staple-
style implant 480 is shown. In general, implant 480 can be used in place of implant
100 previously described and shown in Figure 1. The legs of each implant 100, 200,

300, 400, 480 previously described may include any cross-sectional shape. As shown

26



WO 2022/010920 PCT/US2021/040544

in Figure 10, implant 480 includes a leg 490 having polygonal cross-sectional shape

including an outer flat 491, an inner flat 492, and a plurality of chamfers or facets 493

extending therebetween.
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[00108] In general, embodiments of staple-style implants disclosed herein (e.g., implants
100, 200, 300, 400, 480) can be held, retained, manipulated, and installed in bone or
other anatomical site using any suitable and compatible devices or instruments.
Exemplary embodiments of devices that can be used to hold, retain, manipulate, or install
embodiments of implants disclosed herein will now be described. Such exemplary
embodiments will be shown and described in connection with implant 100 previously
described, however, it should be appreciated that the exemplary embodiments can be
used with other embodiments of staple-style implants such as implants 200, 300, 400.
[00109] Referring now to Figures 11-14, an embodiment of an insertion device 500 for
holding, manipulating, and installing staple-style implant 100 is shown. As will be
described in more detail below, device 500 can be operated by a surgeon or other user
to securely hold implant 100 such as during installation in bone segments 2, 4, and
selectively release implant 100 after installation in bone segments 2, 4. Thus, insertion
device 500 may be described has having a first or closed configuration for securely
gripping and holding implant 100 (e.qg., for and during installation), and a second or open
configuration for disengaging and releasing implant 100 (e.g. following installation). In
Figures 11 and 12, insertion device 500 is shown in the first configuration securely holding
implant 100, and in Figures 13 and 14, insertion device 500 is shown in the second
configuration decoupled from implant 100.

[00110] In this embodiment, insertion device 500 includes a base 510, a plurality of resilient
arms 530 flexibly and pivotally coupled to base 510, and a sleeve 550 slidably disposed
about base 510 and arms 530. Base 510 is a rigid body having a central or longitudinal
axis 515, a first end 510a, a second end 510b opposite end 510a, a front side 511
extending axially from end 510a to end 510b, a rear side 512 extending axially from end
510a to end 510b, and a pair of lateral sides 513, 514 extending axially from end 510a to
end 510b. Each lateral side 513, 514 extends between sides 511, 512, and each side
511, 512 extend laterally between sides 513, 512.

[00111]In this embodiment, front side 511 comprises a planar face or surface 521
extending axially between ends 510a, 510b and rear side 512 comprises a planar face or

surface 522 extending axially between ends 510a, 510b. Surfaces 521, 522 are oriented
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parallel to each other and axis 515. In addition, in this embodiment, each lateral side 513,
514 includes a planar surface 523 extending axially from end 510a, a planar surface 524
extending axially from end 510b, and a planar surface 525 extending between surfaces
523, 524. Surfaces 523, 524 are oriented parallel to axis 515 and oriented perpendicular
to surfaces 521, 522. In addition, surfaces 523 are laterally opposite each other across
axis 515, and surfaces 524 are laterally opposite each other across axis 515. Surfaces
525 are also oriented perpendicular to surfaces 521, 522, but are oriented at acute angles
relative to axis 515. In particular, surfaces 525 taper inward toward axis 515 and slope
toward each other moving axially from surface 523 to surface 524. Further, surfaces 525
are laterally opposite each other across axis 515. In this embodiment, each side 511,
512 includes a pair of elongate recesses 526, 527 in planar surface 521, 522,
respectively. Recesses 526 extend axially from end 510a to end 510b along surfaces
521, 522 and are positioned adjacent lateral side 513, and recesses 527 extend axially
from end 510a to end 510b along surfaces 521, 522 and are positioned adjacent lateral
side 514.

[00112]Base 510 has a length measured axially from end 510a to end 510b, a width
measured laterally and perpendicular to axis 515 from side 513 to side 514, and a
thickness measured perpendicular to axis 515 (and surfaces 521, 522) from front side
511 torear side 512. Front surface 521 and rear surface 522 are oriented parallel to each
other, and thus, the thickness of base 510 is uniform and constant moving axially between
ends 510a, 510b. Surfaces 523 are oriented parallel to each other and laterally opposed,
and thus, the width of base is uniform and constant moving axially along surfaces 523
from end 510a; surfaces 524 are oriented parallel to each other and laterally opposed,
and thus, the width of base is uniform and constant moving axially along surfaces 524
from end 510b; and surfaces 525 taper inward moving from surfaces 523 to surfaces 524,
and thus, the width decreases moving axially along surfaces 525 from surfaces 524 to
surfaces 525. Therefore, the width of base 510 is greatest along surfaces 523 extending
from end 510a, and least along surfaces 524. Accordingly, body 510 may be described
as having a first or wide section 516 extending from end 510a, a second or narrow section

517 extending from end 510b, and a transition section 518 extending between sections
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516, 517. As will be described in more detail below, during use, insertion device 500 is
physically held by the user along wide section 516, while sleeve 550 can be slid axially
along narrow section 517 between end 510b and transition section 518. Consequently,
wide section 516 may also be referred to herein as a handle.

[00113]Referring still to Figures 11-14, arms 530 are flexibly coupled to base 510. In
particular, each arm 530 is an elongate resilient structure having a central or longitudinal
axis 535, afirst end 530a coupled to base 510, and a second or free end 530b distal base
510. Each arm 530 is at least partially seated in one of the recesses 526, 527. In
particular, a portion of each arm 530 is disposed in a corresponding recess 526, 527 and
a portion of each arm 530 extends axially from the corresponding recess 526, 527 at end
510b of base 510. Arms 530 and recesses 526, 527 are sized and shaped to mate with
each other such that the portions of arms 530 disposed in recesses 526, 527 of front side
511 do not extend beyond surface 521 or extend beyond surfaces 524 when fully seated
in recesses 526, 527 of front side 511, and such that the portions of arms 530 disposed
inrecesses 526, 527 of rear side 512 do not extend beyond surface 522 or extend beyond
surfaces 524 when fully seated in recesses 526, 527 of rear side 512.

[00114] Each end 530b includes a claw 540 for releasably engaging implant 100, and in
particular, for releasably engaging bridge 110 of implant 100. Each claw 540 has a shape
and geometry to conform and mate with an end 110a, 110b of bridge 110. More
specifically, each claw 540 is generally C-shaped in side view (Figures 12 and 14)
including a tip 541 and a pocket 544 axially adjacent tip 541. Each tip 541 is sized and
shaped to mate and engage a corresponding recess 146 and shoulder 142 of bridge 110,
and each pocket 544 sized to receive a corresponding lateral side of bridge 110 adjacent
and above the recess 146. As will be described in more detail below, insertion device
500 is used to manipulate and install staple-style implant 100 in bone segments 2, 4.
Each tip 541 is sized such that it does not interfere with axial advancement of legs 130
(relative to axes 130, 105) into holes 14, 16 or the placement of lower surface 114 of
implant immediately adjacent or in direct contact with bone segments 2, 4 when implant
100 is installed in bone segments 2, 4 and tips 541 are seated in recesses 146 and

engaging shoulders 142.
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[00115] Referring still to Figures 11-14, each claw 540 faces and is opposed one other
claw 540 to receive one end 110a, 110b of bridge 110 therebetween. Each pair of
opposed claws 540 define a jaw 546 that releasably engages one end 110a, 110b of
bridge 110 with tips 541 seated in the corresponding recesses 146 and engaging the
corresponding shoulders 142. As will be described in more detail below, each jaw 546
has a closed position with the corresponding tips 541 seated in the corresponding
recesses 146 and engaging the corresponding shoulder 142 when the corresponding end
110a, 110b of bridge 110 is disposed between the tips 541, and an open position with the
corresponding tips 541 withdrawn and spaced from the corresponding recesses 146 and
shoulders 142 when the corresponding end 110a, 110b of bridge 110 is disposed
between the tips 541. When jaws 546 are in the open positions, bridge 110 is released
by jaws 546 and is free to pass between tips 541 so as to allow decoupling and physical
separation of insertion device 500 and implant 100. It is to be understood that insertion
device 500 is in the first configuration for securely gripping and holding implant 100 when
jaws 546 are in the closed positions shown in Figures 11 and 12, and insertion device
500 is in the second configuration for disengaging and releasing implant 100 when jaws
546 are in the open positions shown in Figures 13 and 14.

[00116]As previously described, legs 130 of implant 100 are inwardly biased and/or
manufactured such that leg angles a increase and ends 130b move toward each other
upon the application of heat. Arms 530 are sized and claws 540 are axially positioned
relative to base 510 such that upper surface 112 of bridge 110 contacts end 510b of base
510 and ends 110a, 110b of bridge 110 are held in position by claws 540 with central
axes 135 of legs 130 oriented parallel to central axes 105, 515 (i.e., leg angles a are 0°)
when jaws 546 are in the closed positions and tips 541 are fully seated in mating recesses
146 and engaging the corresponding shoulders 142. As shown in Figure 11, in
embodiments described herein, end 510b of base 510 comprises a concave surface 519
extending between lateral sides 513, 514. Concave surface 519 has an apex or peak at
central axis 515, thereby facilitating the lateral centering of implant 100 relative to end

510b (between arms 530) as convex upper surface 112 of bridge 110 engages end 510b.
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[00117]1As noted above, arms 530 are flexibly and pivotally coupled to base 510. In
particular, each arm 530 includes a first section 531 that extends axially from end 510a
and is fixably secured to base 510 such it cannot move translationally or rotationally
relative to base 510, and a second section 532 that extends axially from first section 531
to end 510b and is free to resiliently pivot about the intersection of the second section
532 and the corresponding first section 531. First sections 531 are fully seated in the
corresponding recess 526, 527, whereas second sections 532 can pivot in and out the
corresponding recesses 526, 527 as jaws 546 transition between the closed and open
positions, respectively. In this embodiment, second sections 532 are biased to pivot
outwardly from the corresponding recesses 526, 527 and away from base 510 (generally
in planes oriented parallel to axis 515 and perpendicular to surfaces 521, 522), but can
be urged and elastically flex to pivot inwardly into the corresponding recesses 526, 527
and toward from base 510 (generally in planes oriented parallel to axis 515 and
perpendicular to surfaces 521, 522) as schematically illustrated by arrows 590, 591 in
Figure 14. For example, arms 530 may be made of a generally rigid metal (e.g., stainless
steel) that is linear along first section 531 between end 530a and second section 532 and
linear along section 532 between end 530b and first section 531, but bent at the
intersection of sections 531, 532 such that in the relaxed state second section 532 is
oriented at an angle relative to first section 531. However, when an external force is
applied to second section 532 with first section 531 held stationary, second section 532
can be elastically flexed into linear alignment with first section; and when the external
force is subsequently remove, second section 532 resiliently rebounds from the flexed
position to the relaxed position. In general, jaws 546 transition to the open positions when
section sections 532 and associated ends 530b pivot outwardly away from base 510
(generally perpendicular to front and rear surfaces 521, 522), and jaws 546 transition to
the closed positions when sections 532 and associated ends 530b pivot inwardly toward
base 510 (generally perpendicular to front and rear surfaces 521, 522).

[00118]In this embodiment, the axial movement of sleeve 550 relative to base 510 and
arms 530 selectively controls the transition of jaws 546 between the open and closed

positions. In particular, sleeve 550 is slidably mounted to base 510 and disposed about
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base 510 and arms 530. Sleeve 550 has a central or longitudinal axis 555 coaxially
aligned with axis 515, a first end 550a, a second end 550b opposite end 550a, and a
through bore or passage 551 extending axially from end 550a to end 550b. The radially
inner surface of sleeve 550 that defines passage 551 has a rectangular cross-sectional
shape sized to conform with and slidingly engage narrow section 517. In other words,
passage 551 is sized and shaped so that sleeve 550 slidingly engages planar surfaces
521, 522 of front and rear sides 511, 512, respectively, and planar surfaces 524 of lateral
sides 513. Sleeve 550 has a length measured axially (relative to axes 515, 555) between
ends 550a, 550b that is less than a length of narrow section 517 measured axially (relative
to axes 515, 555) between end 550a and transition section 518. Thus, sleeve 550 can
be moved axially (relative to axes 515, 555) along narrow section 517 away from end
510b and toward end 510a in a first axial direction 552, and moved axially (relative to
axes 515, 555) along narrow section 517 away from end 510a and toward end 510b in a
second axial direction 553 that is opposite first axial direction 552. As previously
described, second sections 532 are biased outwardly, and thus, as sleeve 550 moves
axially away from end 510b in first axial direction 552, second sections 532 are permitted
to resiliently pivot outwardly, thereby allowing jaws 546 to transition to the open positions;
and as sleeve 550 moves axially toward end 510b in second axial direction 553, sleeve
550 bears against second sections 532 and urges second sections 532 into recesses
526, 527, thereby transitioning jaws 546 to the closed position. As the axial movement
of sleeve 550 in axial directions 531, 532 transitions jaws 546 between the closed and
open positions, respectively, sleeve 550 may also be referred to herein as an actuator.

[00119] As previously described, insertion device 500 can releasably hold implant 100, and
be used to position and install implant 100 in bone segments 2, 4 to enable to application
of compression 18 across break 12. The installation of implant using insertion device 500
will now be described. Referring first to Figures 11 and 12, insertion device 500 is in the
first configuration with jaws 546 in the closed positions securely holding and gripping
implant 100 with mating tips 541. As previously described, with jaws 546 in the closed
positions, upper surface 112 of bridge 110 bears against end 510b of base 510 and ends
110a, 110b of bridge 110 are held in position by jaws 546 with legs 130 oriented parallel
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to central axes 105, 515. Thus, in Figures 11 and 12, legs 130 are oriented parallel to
central axes 105, 515. As best shown in Figure 1, holes 14, 16 are drilled parallel to each
other in bone segments 2, 4, respectively, and positioned and spaced to receive legs 130.
While maintaining insertion device 500 in the first configuration with jaws 546 in the closed
positions, insertion device 500 is used to position each end 130a, 130b adjacent a
corresponding hole 14, 16 with each leg 130 coaxially aligned with a corresponding hole
14, 16. Next, insertion device 500 is used to insert legs 130 into holes 14, 16 and advance
legs 130 through holes 14, 16. Due to engagement of outer surfaces 131 of legs 130 with
bone segments 2, 4 and the interference fit therebetween, the user may use a mallet or
other device to tap end 510a of base 510 and drive legs 130 into holes 14, 16 until legs
130 are sufficiently set in holes 14, 16 and bridge 110, and more specifically lower surface
114 of bridge 110, engages or is in immediately adjacent bone segments 2, 4. With
implant 100 sufficiently seated in holes 14, 16, the user of insertion device 500 transitions
insertion device 500 to the second configuration with jaws 546 in the open positions by
sliding sleeve 550 axially along narrow portion away from end 510b and toward end 510a.
As jaws 546 transition from the closed positions to the open positions, bridge 110 of
implant is released by jaws 546. Once released, insertion device 500 is no longer
applying forces to bridge 110 to maintain legs 130 in parallel orientations. Consequently,
inwardly biased legs 130 generate and apply compressive loads 18 to break 12 and/or
heat may be applied to implant 100 (body heat or external heat) to phase change implant
100 to enable legs 130 to apply or increase the application of compressive loads 18 to
break 12.

[00120] Referring now to Figures 15-18, an embodiment of an insertion device 600 for
holding, manipulating, and installing staple-style implant 100 is shown. Device 600 is
operated in the same manner as device 500 previously described, and thus, device 600
can be operated by a surgeon or other user to securely hold implant 100 such as during
installation in bone segments 2, 4, and selectively release implant 100 after installation in
bone segments 2, 4. Thus, insertion device 600 may also be described has having a first
or closed configuration for securely gripping and holding implant 100 (e.g., for and during

installation), and a second or open configuration for disengaging and releasing implant
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100 (e.g. following installation). In Figures 15 and 16, insertion device 600 is shown in
the first configuration securely holding implant 100, and in Figures 17 and 18, insertion
device 600 is shown in the second configuration decoupled from implant 100.

[00121] Insertion device 600 is substantially the same as insertion device 500 previously
described. In particular, insertion device 600 includes a base 510, a plurality of resilient
arms 630 flexibly and pivotally coupled to base 510, and a sleeve 550 slidably disposed
about base 510 and arms 630. Base 510 and sleeve 550 are both as previously described
with respect to insertion device 500. In Figures 15 and 17, sleeve 550 is shown in
phantom so that the portions of arms 630 disposed within sleeve 550 can be seen.
[00122] Arms 630 are similar to arms 530. In particular, arms 630 are flexibly coupled to
base 510. Each arm 630 is an elongate resilient structure having a central or longitudinal
axis 635, a first end 630a coupled to base 510, and a second or free end 630b distal base
510. Each arm 630 is at least partially seated in one of the recesses 526, 527 in base
510. In particular, a portion of each arm 630 is disposed in a corresponding recess 526,
527 and a portion of each arm 630 extends axially from the corresponding recess 526,
527 at end 510b of base 510. Arms 630 and recesses 526, 527 are sized and shaped to
mate with each other such that the portions of arms 630 disposed in recesses 526, 527
of front side 511 do not extend beyond surface 521, and such that the portions of arms
530 disposed in recesses 526, 527 of rear side 512 do not extend beyond surface 522.
However, in this embodiment, each arm 630 extends laterally from narrow section 517 of
base 510 beyond the corresponding surface 524 when fully seated in the corresponding
recess 526, 527.

[00123]1Ends 630b of arms 630 are the same as ends 530b of arms 530 previously
described. Namely, each end 630b includes a claw 540 as previously described. In
addition, each claw 540 faces and is opposed one other claw 540 to receive one end
110a, 110b of bridge 110 therebetween. Each pair of opposed claws 540 define a jaw
546 as previously described for releasably engaging one end 110a, 110b of bridge 110
with tips 541 seated in the corresponding recesses 146 and engaging the corresponding

shoulders 142. However, unlike arms 530 previously described, in this embodiment,

37



WO 2022/010920 PCT/US2021/040544

upper ends 630a of arms 630 are coupled along narrow section 517, and thus, arms 630
do not extend axially into transition section 518 or wide section 516 of base 510.

[00124] Similar to arms 530 previously described, arms 630 are flexibly and pivotally
coupled to base 510. In particular, each arm 630 includes a first section 631 that extends
axially from end 630a and is fixably secured to base 510 such it cannot move
translationally or rotationally relative to base 510, and a second section 632 that extends
axially from first section 631 to end 630b and is free to resiliently pivot about the
intersection of the second section 632 and the corresponding first section 631. First
sections 631 are fully seated in the corresponding recess 526, 527, whereas second
sections 632 can pivot in and out the corresponding recesses 526, 527 as jaws 546
transition between the closed and open positions, respectively. In this embodiment,
second sections 632 are biased to pivot outwardly from the corresponding recesses 526,
527 and away from base 510 (generally in planes oriented parallel to axis 515 and
perpendicular to surfaces 521, 522), but can be urged and elastically flex to pivot inwardly
into the corresponding recesses 526, 527 and toward from base 510 (generally in planes
oriented parallel to axis 515 and perpendicular to surfaces 521, 522) as schematically
illustrated by arrows 690, 691 in Figure 18. For example, arms 630 may be made of a
generally rigid metal (e.g., stainless steel) that is linear along first section 631 between
end 630a and second section 632 and linear along section 632 between end 630b and
first section 631, but bent at the intersection of sections 631, 632 such that in the relaxed
state second section 632 is oriented at an angle relative to first section 631. However,
when an external force is applied to second section 632 with first section 631 held
stationary, second section 632 can be elastically flexed into linear alignment with first
section; and when the external force is subsequently remove, second section 632
resiliently rebounds from the flexed position to the relaxed position. In general, jaws 546
transition to the open positions when section sections 632 and associated ends 630b
pivot outwardly away from base 510 (generally perpendicular to front and rear surfaces
521, 522), and jaws 546 transition to the closed positions when sections 632 and
associated ends 630b pivot inwardly toward base 510 (generally perpendicular to front

and rear surfaces 521, 522). In the same manner as previously described with respect
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to insertion device 500, in this embodiment, the axial movement of sleeve 550 relative to
base 510 and arms 630 selectively controls the transition of jaws 546 between the open
and closed positions.

[00125] Arms 630 are sized and claws 540 are axially positioned relative to base 510 such
that upper surface 112 of bridge 110 contacts end 510b of base 510 and ends 110a, 110b
of bridge 110 are held in position by claws 540 with central axes 135 of legs 130 oriented
parallel to central axes 105, 515 (i.e., leg angles a are 0°) when jaws 546 are in the closed
positions, tips 541 are fully seated in mating recesses 146, and tips 541 engage shoulders
142. Insertion device 600 is operated in the same manner as insertion device 500
previously described to releasably hold implant 100, position implant 100, and install
implant 100 in bone segments 2, 4 to enable to application of compression 18 across
break 12.

[00126] Referring now to Figures 19-22, an embodiment of an insertion device 700 for
holding, manipulating, and installing staple-style implant 100 is shown. Device 700 is
operated in the same manner as device 500 previously described, and thus, device 700
can be operated by a surgeon or other user to securely hold implant 100 such as during
installation in bone segments 2, 4, and selectively release implant 100 after installation in
bone segments 2, 4. Thus, insertion device 700 may also be described has having a first
or closed configuration for securely gripping and holding implant 100 (e.g., for and during
installation), and a second or open configuration for disengaging and releasing implant
100 (e.g. following installation). In Figures 19 and 20, insertion device 700 is shown in
the first configuration securely holding implant 100, and in Figures 21 and 22, insertion
device 700 is shown in the second configuration decoupled from implant 100. In Figures
19 and 21, sleeve 550 is shown in phantom so that structures within sleeve 550 can be
seen.

[00127]Insertion device 700 is substantially the same as insertion devices 500, 600
previously described. In particular, insertion device 700 includes a base 710, a plurality
of resilient arms 730 flexibly and pivotally coupled to base 710, and a sleeve 550 slidably
disposed about base 710 and arms 730. Sleeve 550 is as previously described with

respect to insertion device 500, and base 710 is substantially the same as base 510
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previously described with the exception that recesses 526, 527 in surfaces 521, 522,
respectively, are replaced with recesses 726, 727. More specifically, base 710 is a rigid
body having a central or longitudinal axis 715, a first end 710a, a second end 710b
opposite end 710a, a front side 711 extending axially from end 710a to end 710b, a rear
side 712 extending axially from end 710a to end 710b, and a pair of lateral sides 713, 714
extending axially from end 710a to end 710b. Each lateral side 713, 714 extends between
sides 711, 712, and each side 711, 712 extends laterally between sides 713, 712.
[00128]In this embodiment, front side 711 comprises a planar face or surface 721
extending axially from end 710a and rear side 712 comprises a planar face or surface
722 extending axially from end 710a. Surfaces 721, 722 are oriented parallel to each
other and axis 715. However, in this embodiment, planar surfaces 721, 722 do not extend
axially to end 710b, as base 710 includes recesses 726, 727 extending axially along sides
front and rear sides 711, 712, respectively, from end 710b to a shoulder 728 disposed
between ends 710a, 710b. Recesses 726, 727 extend laterally completely across base
710 from lateral side 713 to lateral side 714.

[00129] Each lateral side 713, 714 includes a planar surface 723 extending axially from
end 710a, a planar surface 724 extending axially from end 710b, and a planar surface
725 extending between surfaces 723, 724. Surfaces 723, 724 are oriented parallel to
axis 715 and oriented perpendicular to surfaces 721, 722. In addition, surfaces 723 are
laterally opposite each other across axis 715, and surfaces 724 are laterally opposite
each other across axis 715. Surfaces 725 are also oriented perpendicular to surfaces
721, 722, but are oriented at acute angles relative to axis 715. In particular, surfaces 725
taper inward toward axis 715 and slope toward each other moving axially from surface
723 to surface 724. Further, surfaces 725 are laterally opposite each other across axis
715.

[00130] Referring still to Figures 19-22, arms 730 are similar to arms 630. In particular,
arms 730 are flexibly coupled to base 710. However, in this embodiment, each arm 730
extends axially from a plate 731. More specifically, insertion device 700 includes two
plates 731, with one plate 731 being seated in each recess 726, 727 along side 711, 712,
respectively. Each plate 731 has first end 731a, a second end 731b opposite end 7313,

40



WO 2022/010920 PCT/US2021/040544

and lateral sides 733, 734 extending laterally beyond surfaces 724 of base 710. Ends
731b are axially spaced from end 710b of base 710, and thus, plates 731 extend axially
from shoulders 728 to locations between end 710b and shoulders 728. Plates 731
disposed along opposite sides 711, 712 are coupled together along lateral sides 733, 734
at first ends 731a. Sleeve 550 is disposed about base 710 and plates 731, and slidingly
engages plates 731. In particular, passage 551 of sleeve 550 is sized and shaped to
conform with plates 731, while allowing sleeve 550 to move axially relative to plates 731,
arms 730, and base 710 in directions 552, 553.

[00131]In this embodiment, each arm 730 is integral with and extends axially from end
731b of one of the plates 731. In particular, each arm 730 is an elongate resilient structure
having a central or longitudinal axis 735, a first end 730a fixably attached to and integral
with a corresponding plate 731, and a second end 730b distal the corresponding plate
731 and extending axially beyond end 710b of base 710. Each arm 730 is at least partially
seated in one of the recesses 726, 727 in base 710, and extends axially therefrom at end
710b. Ends 730b of arms 730 are the same as ends 530b of arms 530 previously
described. Namely, each end 730b includes a claw 540 as previously described. In
addition, each claw 540 faces and is opposed one other claw 540 to receive one end
110a, 110b of bridge 110 therebetween. Each pair of opposed claws 540 define a jaw
546 as previously described for releasably engaging one end 110a, 110b of bridge 110
with tips 541 seated in the corresponding recesses 146 and engaging corresponding
shoulders 142.

[00132]Arms 730 are flexibly and pivotally coupled to base 710 via plates 731. In
particular, each plate 731 includes a first section 732 extends axially from end 731a and
is fixably secured to base 710 such it cannot move translationally or rotationally relative
to base 710, and a second section 733 that extends axially from first section 732 to end
731b and is free to resiliently pivot about the intersection of the second section 733 and
the corresponding first section 732. First sections 732 of plates 731 are fully seated in
the corresponding recess 526, 527, whereas second sections 532 and arms 730
extending axially therefrom can pivot in and out the corresponding recesses 726, 727 as

jaws 546 transition between the closed and open positions, respectively. In this
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embodiment, second sections 733 and arms 730 extending therefrom are biased to pivot
outwardly from the corresponding recesses 726, 727 and away from base 710 (generally
in planes oriented parallel to axis 715 and perpendicular to surfaces 721, 722), but can
be urged and elastically flex to pivot inwardly into the corresponding recesses 726, 727
and toward from base 510 (generally in planes oriented parallel to axis 715 and
perpendicular to surfaces 721, 722) as schematically illustrated by arrows 790, 791 in
Figure 22. For example, plates 731 may be made of a generally rigid metal (e.g., stainless
steel) that is linear along first section 732 between end 731a and second section 733 and
linear along second section 733 between end 731b and first section 732, but bent at the
intersection of sections 732, 733 such that in the relaxed state second section 733 is
oriented at an angle relative to first section 732. However, when an external force is
applied to second section 733 with first section 732 held stationary, second section 733
can be elastically flexed into linear alignment with first section; and when the external
force is subsequently remove, second section 733 resiliently rebounds from the flexed
position to the relaxed position. In general, jaws 546 transition to the open positions when
section sections 733 and associated ends 731b pivot outwardly away from base 510, and
jaws 546 transition to the closed positions when sections 733 and associated ends 731b
pivot inwardly toward base 510. In the same manner as previously described with respect
to insertion device 500, in this embodiment, the axial movement of sleeve 550 relative to
base 710, arms 730, and plates 731 selectively controls the transition of jaws 546
between the open and closed positions.

[00133]Arms 730 are sized and claws 540 are axially positioned relative to base 710 such
that upper surface 112 of bridge 110 contacts end 710b of base 710 and ends 110a, 110b
of bridge 110 are held in position by claws 540 with central axes 135 of legs 130 oriented
parallel to central axes 105, 715 (i.e., leg angles a are 0°) when jaws 546 are in the closed
positions and tips 541 are fully seated in mating recesses 146 and engage corresponding
shoulders 142. Insertion device 700 is operated in the same manner as insertion device
500 previously described to releasably hold implant 100, position implant 100, and install
implant 100 in bone segments 2, 4 to enable to application of compression 18 across

break 12. Similar to base 510 previously described, in this embodiment, end 710b of
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base 710 comprises a concave surface 719 extending between lateral sides 713, 714.
Concave surface 719 has an apex or peak at central axis 715, thereby facilitating the
lateral centering of implant 100 relative to end 710b (between arms 730) as convex upper
surface 112 of bridge 110 engages end 710b.

[00134] In the embodiments of insertion devices 500, 600, 700 described above, tips 541
and jaws 546 are sized and shaped to mate and engage with both a corresponding recess
146 and planar shoulder 142 of bridge 110. However, in other embodiments, the tips and
jaws (e.g., tips 541 and jaws 546) at the ends of the legs (e.g., ends 530b of legs 530)
that grasp the bridge (e.g., bridge 110) may be sized and shaped to mate and engage a
planar shoulder (e.g., shoulder 142) at each end of the bridge but not a recess (e.g.,
recess 146) at each end of the bridge, or sized and shaped to mate and engage a
corresponding recess (e.g., recess 146) at each end of the bridge but not a planar
shoulder (e.g., shoulder 142) at each end of the bridge.

[00135]As previously described, insertion devices 500, 600, 700 can be used to hold,
position, and install a staple-style implant such as implant 100 described herein with the
legs of the implant (e.g., legs 130) maintained in a parallel orientation. Other devices that
can also be used to hold and position embodiments of staple-style implants will now be
described. Such exemplary embodiments will be shown and described in connection with
implant 100 previously described, however, it should be appreciated that the exemplary
embodiments can be used with other embodiments of staple-style implants such as
implants 200, 300, 400.

[00136] Referring now to Figures 23-27, an embodiment of a retention device 800 for
holding and positioning staple-style implant 100 is shown. As will be described in more
detail below, device 800 can be operated by a surgeon or other user to securely hold
implant 100.

[00137]1In this embodiment, retention device 800 has a central or longitudinal axis 805,
and includes a pair of implant engagement members 810 and a slide block 840 releasably
coupled to engagement members 810 with a dovetail joint 850. Engagement members
810 define a male portion 851 of dovetail joint 850, while slide block 840 defines a female

portion 852 of dovetail joint 850 that receives male portion 851. As will be described in
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more detail below, when slide block 840 is mounted to engagement member 810 as
shown in Figures 23-25, engagement members 810 are static relative to each other for
securing implant 100 therebetween, and when slide block 840 is slidably decoupled (e.g.,
slid off) engagement members 810 as shown in Figure 26, engagement members 810
are free to move relative to each other and release implant 100. Thus, retention device
800 and engagement members 810 may be described has having a first or closed
configuration for securely gripping and holding implant 100, and a second or open
configuration for disengaging and releasing implant 100. In Figures 23-25, retention
device 800 and engagement members 810 are shown in the first configuration securely
holding implant 100; in Figure 26, retention device 800 and engagement members 810
are shown in the second configuration decoupled from implant 100; and in Figure 27,
retention device 800 and engagement members 810 are shown being transitioned
between the first and second configurations by moving slide block 840 axially relative to
engagement members 810.

[00138] Each engagement member 810 is the same, and thus, only one engagement
member 810 will be described it being understood the other engagement member 810 is
the same. Engagement member 810 is a rigid single-piece, monolithic, elongate structure
having a central or longitudinal axis 815 oriented parallel to axis 805 in the closed
configuration, a first end 810a, and a second end 810b opposite end 810a. As shown in
Figures 23-24, when retention device 800 and engagement members 810 are in the first
or closed position, one lateral side of each engagement member 810 faces the other
engagement member 810, and the opposite lateral side of each engagement member
810 faces away from the other engagement member 810. Accordingly, engagement
member 810 may be described as having an inner side 812 extending between ends
810a, 810b and an outer side 813 extending between ends 810a, 810b; with the
understanding inner side 812 faces the other engagement member 810 when retention
device 800 and engagement members 810 are in the closed position and outer side 813
faces away from the other engagement member 810 when retention device 800 and

engagement members 810 are in the closed position.
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[00139] As best shown in Figure 26, engagement member 810 includes an elongate body
820 extending axially from end 810a to end 810b and a pair of arms 830 extending
downward from body 820. One arm 830 extends downward from body 820 at each end
810a, 810b. Body 820 has a first end 820a defining end 810a of engagement member
810, a second end 820b defining end 810b of engagement member 810, a planar top
surface 821 extending axially from end 820a to end 820b, a planar lower surface 822
extending axially from end 820a to end 820b, a planar inner surface 823 extending axially
from end 820a to end 820b along inner side 812, and a planar outer surface 824 extending
axially from end 820a to end 820b along outer side 813. Top surface 821 and lower
surface 822 are oriented parallel to each other. Inner surface 823 extends
perpendicularly from top surface 821 to lower surface 822, and planar outer surface 824
slopes laterally inward as it extends downward from top surface 821. Thus, in the end
view of Figure 25, planar outer surface 824 is oriented at an acute angle 0 relative to top
surface 821. As will be described in more detail below, in the closed configuration of
retention device 800, planar inner surfaces 823 of engagement members 810 abut and
slidingly engage each other, and surfaces 821, 824 of engagement members 810 define
the outer profile of male portion 851 of the dovetail joint 850.

[00140] As previously described, arms 830 extends downward from body 820 at each end
820a, 820b. Thus, each arm 830 has a first or fixed end 830a fixably secured to and
integral with body 820 and a second or free end 830b distal body 811. In addition, each
arm 830 has a planar surface 831 disposed along inner side 812 and a projection or tip
832 that extends laterally inward from planar surface 831 at free end 830. Planar surface
831 of each arm 830 extends perpendicularly downward from lower surface 822 of body
820. Accordingly, surfaces 822, 831 and tip 832 generally define a C-shaped pocket or
recess 833 along inner side 812 at each arm 830.

[00141] Similar to tips 541 and pockets 544 of insertion device 500 previously described,
each tip 832 is sized and shaped to mate and conform with a corresponding recess 146
of bridge 110 and each pocket 833 is sized to receive a corresponding lateral side of

bridge 110 adjacent and above the recess 146.
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[00142]As previously described, legs 130 of implant 100 are inwardly biased and/or
manufactured such that leg angles a increase and ends 130b move toward each other
upon the application of heat. As best shown in Figure 25, arms 830 are sized and tips
832 are positioned relative to body 820 such that upper surface 112 of bridge 110 contacts
lower surface 822 of body 820 and ends 110a, 110b of bridge 110 are held in position by
tips 832 with central axes 135 of legs 130 oriented parallel to central axes 105 (i.e., leg
angles a are 0°) when retention device 800 in the closed configuration and tips 832 are
fully seated in mating recesses 146. To provide additional stability, in this embodiment,
the lateral sides of bridge 110 contact planar surfaces 831 of arms 830 when retention
device 800 in the closed configuration and tips 832 are fully seated in mating recesses
146.

[00143] Referring now to Figures 25-27, slide block 840 is a rigid single-piece, monolithic,
elongate structure having a central axis 845 oriented parallel to axes 805, 815, a first end
840a, and a second end 840b opposite end 840a. In addition, slide block 840 includes a
recess 841 extending axially from first end 840a to second end 840b along the bottom of
slide block 840 and a handle 847 on the top of slide block 840. Recess 841 is defined by
a planar top surface 843 and lateral planar surfaces 844, 846 extending downward from
top planar surface 843. Recess 841 defines the profile of female portion 852 of dovetail
joint 850. In end view of Figure 25, each lateral planar surface 844, 846 is disposed at
an acute angle o relative to top planar surface 843. To ensure a mating, sliding fit
between male portion 851 and female portion 852 of dovetail joint 850, each acute angle
B, o is the same, thereby allowing planar surface 843 to slidingly engages planar surfaces
821 of both engagement members 820, while each planar surface 844, 846 slidingly
engages planar surface 824 of one engagement member 820.

[00144] To securely grab and hold implant 100 within retention device 800, axes 135 of
legs 130 are held in parallel orientation while each engagement member 810 is disposed
along a corresponding lateral side of bridge 110 with inner side 812 facing bridge 110 and
tips 832 aligned with recesses 146. Next, while axes 135 of legs 130 are maintained in
parallel orientation, engagement members 810 are pushed together to seat tips 832 in

recesses 146, bring inner planar surfaces 823 into flush engagement, and bring planar
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surfaces 831 of arms 830 into engagement with bridge 110. With engagement members
810 held together, recess 841 of slide block 840 is axially aligned with bodies 820 so that
female portion 852 defined by recess 841 is positioned to receive male portion 851, and
then slide block 840 is moved axially relative to engagement members 810 as shown in
Figure 27 to fully receive male portion 851 into female portion 852 and form dovetail joint
850 and transition retention device 800 to the closed configuration. Once dovetail joint
850 is formed, sliding engagement of planar surfaces 843, 821 and sliding engagement
of planar surfaces 844, 846 and planar surfaces 824 prevents engagement members 810
from moving laterally apart and disengaging implant 100. With implant 100 securely held
between engagement members 810 with axes 135 of legs 130 oriented parallel to each
other and retention device 800 in the closed configuration, a surgeon or user can hold
and manipulate handle 847 of retention device 800 to move and position implant 100. In
general, the foregoing steps can be performed in reverse to decouple dovetail joint 850
and transition retention device 800 to the open configuration, thereby allowing
engagement members 810 to be pulled laterally apart to disengage and release implant
100.

[00145] Referring now to Figures 28-31, an embodiment of a retention device 900 for
holding and positioning staple-style implant 100 is shown. As will be described in more
detail below, device 900 can be operated by a surgeon or other user to securely hold
implant 100.

[00146] Retention device 900 is substantially the same as retention device 800 previously
described with the exception that slide block 840 is replaced with a locking nut 940. More
specifically, in this embodiment, retention device 900 has a central or longitudinal axis
905, and includes a pair of implant engagement members 910 and locking nut 940
releasably coupled to engagement members 910 via mating threads. When locking nut
940 is mounted to engagement member 910 as shown in Figures 28-30, engagement
members 910 are static relative to each other for securing implant 100 therebetween, and
when locking nut 940 is decoupled from engagement members 910 as shown in Figure
31, engagement members 810 are free to move relative to each other and release implant

100. Thus, retention device 900 and engagement members 910 may be described has
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having a first or closed configuration for securely gripping and holding implant 100, and a
second or open configuration for disengaging and releasing implant 100. In Figures 28-
30, retention device 900 and engagement members 910 are shown in the first
configuration securely holding implant 100; and in Figure 31, retention device 900 and
engagement members 910 are shown in the second configuration decoupled from implant
100.

[00147] As best shown in Figure 31, each engagement member 910 is the same, and thus,
only one engagement member 910 will be described it being understood the other
engagement member 910 is the same. Engagement member 910 is substantially the
same as engagement member 810 previously described. In particular, engagement
member 910 is a rigid single-piece, monolithic, elongate structure having a central or
longitudinal axis 915 oriented parallel to axis 905, a first end 910a, and a second end
910b opposite end 910a. In addition, engagement member 910 includes an elongate
body 820 extending axially from end 910a to end 910b and a pair of arms 830 extending
downward from body 820. Body 820 and arms 830 are as previously described with
respect to retention device 800. However, in this embodiment, a semi-cylindrical shaft
950 extends upward from planar top surface 821. Shafts 950 are centered along the
length of body 820 such that when engagement members 910 are pushed together as
shown in Figures 28-30, semi-cylindrical shafts 950 come together to form an externally
threaded cylindrical shaft 951.

[00148] Referring now to Figures 31 and 32, locking nut 940 has a central axis 945, a first
or upper end 940a, a second or lower end 940b, an internally threaded bore 941
extending axially from lower end 940b, and a keyed recess 942 extending axially from
upper end 940a. In this embodiment, keyed recess 942 has a hexagonal cross-sectional
geometry in a plane oriented perpendicular to axis 945, and thus, is configured to receive
a mating hexagonal shaped key. Internally threaded bore 941 is configured to mate and
threadably engage externally threaded shaft 951. It should be appreciated that when
locking nut 940 is threaded onto shaft 951, engagement members 910 are fixably coupled

such that members 910 cannot move translationally or rotationally relative to each other,
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whereas when locking nut 940 is unthreaded from shaft 951, engagement members 910
are decoupled and can move relative to each other.

[00149] Referring again to Figures 28-30, similar to retention device 800 previously
described, retention device 900 is configured to receive implant 100 with central axes 135
of legs 130 oriented parallel to each other, and to hold implant 100 with central axes 135
of legs 130 oriented parallel to each other. More specifically, to securely grab and hold
implant 100 within retention device 900, axes 135 of legs 130 are held in parallel
orientation while each engagement member 910 is disposed along a corresponding
lateral side of bridge 110 with inner side 812 facing bridge 110 and tips 832 aligned with
recesses 146. Next, while axes 135 of legs 130 are maintained in parallel orientation,
engagement members 910 are pushed together to seat tips 832 in recesses 146, bring
inner planar surfaces 823 into flush engagement, bring planar surfaces 831 of arms 830
into engagement with bridge 110, and bring semi-cylindrical shafts 950 together to form
cylindrical shaft 951. With engagement members 910 held together, retention nut 940 is
positioned above and coaxially aligned with shaft 951 with bore 941 positioned to receive
shaft 951, and then retention nut 940 is lowered to receive shaft 951 into bore 941 while
retention nut 940 is rotated to thread nut 940 onto shaft 951. Nut 940 can be rotated by
hand or with a tool having a key that mates with keyed recess 942 such as an Allen
wrench.

[00150] With implant 100 securely held between engagement members 910 with axes 135
of legs 130 oriented parallel to each other and retention device 900 in the closed
configuration, a surgeon or user can hold and manipulate retention nut 940 of retention
device 900 to move and position implant 100. The surgeon or user can also employ other
tools such as a tamp for use with retention device 900 via mating engagement with keyed
recess 942 of retention nut 940. In general, the foregoing steps can be performed in
reverse to decouple retention nut 940 and transition retention device 900 to the open
configuration, thereby allowing engagement members 910 to be pulled laterally apart to
disengage and release implant 100.

[00151]As previously described, embodiments of insertion devices 500, 600, 700 and

retention devices 800, 900 are configured to receive and securely hold staple-style
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implants (e.g., implant 100) with the legs of the implant (e.g., legs 130) oriented parallel
to each other. In other words, devices 500, 600, 700, 800, 900 may not be configured to
transition the legs of the implant from an inwardly biased orientation to a parallel
orientation, but rather are configured to maintain and hold the legs of the implant in the
parallel orientation. Accordingly, in embodiments where the legs of the implant are
inwardly biased, the implant is preferably transferred to the insertion device or the
retention device with the legs already oriented parallel to each other. An exemplary
embodiment of a device that can hold the legs of a staple-style implant in parallel
orientation and transfer the implant to an insertion device or retention device with the legs
in parallel orientation will now be described. The exemplary embodiment will be shown
and described in connection with implant 100 and insertion device 500 as previously
described, however, it should be appreciated that the exemplary embodiments can be
used with other embodiments of staple-style implants such as implants 200, 300, 400,
480 and/or other embodiments of insertion or retention devices such as devices 600, 700,
800, 900.

[00152] Referring now to Figure 33, an embodiment of a transfer block assembly 1000 for
holding the inwardly biased legs 130 of implant 100 in parallel and transferring the implant
100 to insertion device 500 with the legs 130 in parallel is shown. In general, transfer
block assembly 1000 can be used to support and maintain legs 130 in parallel during
shipping, handling, storage, and transfer to another device such as insertion device 500,
which will be described in more detail below. Inthis embodiment, transfer block assembly
1000 is a two-component structure including a rigid base or key block 1010 and a hinged
block 1030 slidably and releasably coupled to base block 1010. Key block 1010 has a
central axis 1015, a first or upper end 1010a, and a second or lower end 1010b. In
addition, key block 1010 includes a body 1011 and a projection or key 1012 extending
axially from body 1011. Body 1011 defines lower end 1010b, and key 1012 extends
axially from body 1011 to upper end 1010a. In this embodiment, key 1012 is laterally
centered on body 1011 (i.e., key 1012 has a central axis coaxially aligned with central
axis 1015). Key 1012 is fixably secured and/or integral with body 1011 such that key

1012 and body 1011 cannot move translationally or rotationally relative to each other. In
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addition, base 1011 is a solid, rigid, rectangular prismatic structure; and key 1012 is a
solid, rigid, rectangular prismatic structure.

[00153] Referring still to Figure 33, hinged block 1030 has a central axis 1035, a first or
upper end 1030a, and a second or lower end 1030b. In addition, hinged block 1030
includes a recess 1031 extending axially from lower end 1030b toward upper end 1030a.
In this embodiment, recess 1031 is laterally centered (i.e., recess 1031 has a central axis
coaxially aligned with central axis 1035). Recess 1031 generally divides hinged block
1030 into a first leg receiving block 1032 and a second leg receiving block 1033 laterally
spaced from block 1032 in front view. Recess 1031 extends axially to a position proximal
upper end 1030a, thereby defining a relatively thin flexible joint 1034 disposed between
leg receiving blocks 1032, 1033 in front view. Joint 1034 extends laterally from first
receiving block 1032 to second receiving block 1033 and allows leg receiving blocks
1032, 1033 to pivot relative to each other about an axis the extends through joint 1034,
and is oriented orthogonal to axis 1035 and perpendicular to a plane that bisects hinged
block 1030 in top view (i.e., the plane in which the cross-section in Figure 33 is shown).
Each leg receiving block 1032, 1033 includes a bore 1036 extending axially from upper
end 1030a to lower end 1030b. Bores 1036 are sized, spaced, and positioned to receive
the legs of a staple-style implant (e.g., legs 130 of implant 100). As shown in Figure 33,
in this embodiment, each bore 1036 is cylindrical and has a width or diameter that is
slightly greater than the maximum width of the corresponding leg measured perpendicular
to the central axis of the leg (e.g., the maximum width of leg 130 measured perpendicular
to central axis 135). In embodiments, described herein, the diameter of each bore 1036
is equal to or less than 5% greater than the maximum width of the corresponding leg,
alternatively equal to or less than 3% greater than the maximum width of the
corresponding leg, and alternatively equal to or less than 1% greater than the maximum
width of the corresponding leg 130. As will be described in more detail, by slightly
oversizing bores 1036 relative to legs 130, some minor flexing of legs 130 can be
accommodated without serrations 138 digging into leg receiving blocks 1032, 1033.
[00154] Recess 1031 is sized and shaped to receive and mate with key 1012 of key block

1010. Thus, in this embodiment, recess 1031 has a rectangular prismatic shape with
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dimensions that are substantially the same as the dimensions of key 1012 to facilitate
sliding engagement of key 1012 with leg receiving blocks 1032, 1033. In particular, key
1012 includes planar lateral surfaces 1012a, 1012b and leg receiving blocks 1032, 1033
include opposed planar lateral surfaces 1032a, 1033a, respectively, that face each other
and slidingly engage planar surfaces 1012a, 1012b, respectively. As previously
described, key 1012 is a solid rigid structure, and thus, when key 1012 is seated in mating
recess 1031 with surfaces 1012a, 1012b slidingly engaging surfaces 1032a, 1033a,
respectively, leg receiving blocks 1032, 1033 are prevented from pivoting laterally inward
toward each other. However, when key 1012 is removed from recess 1031, leg receiving
blocks 1032, 1033 can pivot laterally inward toward each other as joint 1034 flexes.
Accordingly, transfer block assembly 1000, key 1012, and hinged block 1030 may be
described as having a first or locked position with key 1012 seated in mating recess 1031
and leg receiving blocks 1032, 1033 prevented from pivoting laterally inward toward each
other; and a second or unlocked position with key 1012 removed from recess 1031 and
leg receiving blocks 1032, 1033 allowed to pivot laterally inward toward each other. As
shown in Figure 33, when transfer block assembly 1000, key 1012, and hinged block
1030 are in the locked position(s), bores 1036 are oriented parallel to each other and
axes 1015, 1035, and thus, are positioned and oriented to receive and maintain legs 130
of implant 100 oriented parallel to each other.

[00155] As previously described, transfer block assembly 1000 can be used to support and
maintain legs 130 in parallel during shipping, handling, storage, and transfer to another
device. More specifically, transfer block assembly 1000 is arranged in the locked position
with legs 130 of implant 100 seated in recesses 1036. As long as transfer block assembly
1000 remains in the locked position, the otherwise inwardly biased legs 130 of implant
100 remain oriented parallel to each other.

[00156] Referring now to Figures 34 and 35, transfer block assembly 1000 is shown
transferring implant 100 to insertion device 500 with legs 130 oriented parallel to each
other. Starting at Figure 34, implant 100 is mounted to transfer block assembly 1000 with
legs 130 seated in bores 1036 and transfer block assembly 1000 in the locked position

as shown in Figure 33. Thus, bores 1036 and legs 130 are oriented parallel to each other.
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Next, insertion device 500 securely engages bridge 110 of implant 100 by transitioning
jaws 546 to the open positions (sliding sleeve 550 axially upward away from end 510b),
receiving ends 110a, 110b in jaws 546, and then transitioning jaws 546 to the closed
positions (sliding sleeve 550 axially downward toward end 510b) with tips 541 seated in
mating recesses 146 and engaging shoulders 142. Transfer block assembly 1000 is in
the locked position, and thus, insertion device 500 securely engages bridge 110 of implant
100 with legs 130 oriented parallel to each other.

[001571Moving now to Figure 35, after insertion device 500 securely engages bridge 110
of implant 100 with legs 130 oriented parallel to each other, transfer block assembly 1000
is transitioned to the unlocked position by moving key block 1010 and hinged block 1030
axially apart to remove key 1012 from recess 1031. When transfer block assembly 1000
is in the locked position, key 1012 bears the compressive forces exerted by inwardly
biased legs 130 and prevents leg receiving blocks 1032, 1033, and hence prevents legs
130, from pivoting laterally inward toward each other about joint 1034. Thus, when
transfer block assembly 1000 is transitioned to the unlocked position by removal of key
1012 from recess 1031, key 1012 not longer bears the compressive forces exerted by
inwardly biased legs 130. However, as previously described, with jaws 546 of insertion
device 500 securing engaging ends 110a, 110b of bridge 110 in the closed positions,
insertion device 500 can effectively bear the compressive forces exerted by inwardly
biased legs 130 by applying loads to ends 110a, 110b of bridge 110 to maintain legs 130
in parallel orientation relative to each other. It should be appreciated that hinged block
1030 alone (without the aid of insertion device 500) cannot bear the compressive forces
exerted by inwardly biased legs 130 as once key 1012 is removed from recess 1031,
flexion at joint 1034 allows leg receiving blocks 1032, 1033 to pivot inwardly toward each
other. Therefore, as transfer block assembly 1000 is transitioned from the locked position
to the unlocked position as shown in Figures 34 and 35, the compressive loads exerted
by inwardly biased legs 130 are transferred from transfer block assembly 1000 to insertion
device 500.

[00158] With key 1012 withdrawn from recess 1031 and transfer block assembly 1000 in

the unlocked position, implant 100 can be withdrawn from hinged block 1030 with
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insertion device 500 while insertion device 500 maintains legs 130 in the parallel
orientation. In particular, with jaws 546 securely engaging bridge 110 of implant, insertion
device 500 and hinged block 1030 are moved axially apart to pull legs 130 from bores
1036.

[00159] It should be appreciated that there may be some relatively minor flexing of legs
130 as key 1012 is withdrawn from recess 1031 and/or as legs 130 are pulled from bores
1036. For example, if compressive loads are applied to the outside of leg receiving blocks
1032, 1033 to grasp and hold hinged block 1030 as key 1012 withdrawn from recess 1031
or as legs 130 are pulled from bores 1036 after withdrawal of key 1012, legs 130 may flex
radially inward. Serrations 138 may undesirably cut or tear small pieces of hinged block
1030 if permitted to slidingly engagement hinged block 1030 within bores 1036 in
response to such flexing of legs 130. Any such small cuttings of hinged block 1030 should
preferably be avoided so as not to inadvertently be transferred to the patient. Accordingly,
small clearances are provided between hinged block 130 and legs 130 disposed in bores
1036 as previously described (i.e., bores 1036 may have diameters that are slightly larger
than the maximum widths of legs 130), and further, hinged block 1030 is permitted to flex
at joint 1034 in response to any flexing of legs 130. Such features reduce and/or avoid
compressive loads at the interfaces between legs 130 and hinged block 1030, thereby
offering the potential to reduce and/or eliminate cutting of hinged block 1030 with
serrations 138 of legs 130, as well as reduce the axial forces that must be applied to pull
implant 100 from hinged block 1030 with insertion device 500.

[00160] In the manner described, embodiments disclosed herein include staple-style
implants that may include rounded or partially rounded legs that maximize strength within a
given drilled hole. In addition, some embodiments disclosed herein include implant bridges
which have a different cross-sectional shape than the corresponding legs. In particular, the
cross-section of the bridge may include a partially rounded profile that provides a low implant
profile and establishes a more anatomically conforming fit. Embodiments of devices for
holding, positioning, and/or installing staple-style implants are also disclosed herein.
[00161]1While exemplary embodiments have been shown and described, modifications

thereof can be made by one skilled in the art without departing from the scope or

54



WO 2022/010920 PCT/US2021/040544

teachings herein. The embodiments described herein are exemplary only and are not
limiting. Many variations and modifications of the systems, apparatus, and processes
described herein are possible and are within the scope of the disclosure. Accordingly,
the scope of protection is not limited to the embodiments described herein, but is only
limited by the claims that follow, the scope of which shall include all equivalents of the
subject matter of the claims. Unless expressly stated otherwise, the steps in a method
claim may be performed in any order. The recitation of identifiers such as (a), (b), (c) or
(1), (2), (3) before steps in a method claim are not intended to and do not specify a
particular order to the steps, but rather are used to simplify subsequent reference to such

steps.
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CLAIMS

What is claimed is:

1. A shape-memory alloy orthopedic implant, comprising:

a bridge having a curved longitudinal axis, a first end, and a second end opposite
the first end, wherein the bridge has a radially outer surface extending axially from the first
end to the second end;

a first leg extending from the first end of the bridge, wherein the first leg has a central
axis, a fixed end fixably attached to the bridge, a free end distal the bridge, and a radially
outer surface extending axially from the fixed end of the first leg to the free end of the first
leg; and

a second leg extending from the second end of the bridge, wherein the second leg
has a central axis, a fixed end fixably attached to the bridge, a free end distal the bridge,
and a radially outer surface extending axially from the fixed end of the second leg to the
free end of the second leg;

wherein the radially outer surface of the bridge defines a first outer profile in a cross-
section of the bridge taken in a plane oriented perpendicular to the longitudinal axis of the
bridge, wherein the radially outer surface of the first leg defines a second outer profile in a
cross-section of the first leg taken in a plane oriented perpendicular to the central axis of
the first leg, and wherein the first outer profile has a different geometry than the second

outer profile.

2. The shape-memory alloy orthopedic implant of claim 1, wherein the first outer profile

IS non-rectangular.

3. The shape-memory alloy orthopedic implant of claim 2, wherein the first outer profile

is D-shaped.
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4. The shape-memory alloy orthopedic implant of claim 1, wherein the second outer

profile is non-rectangular.

. The shape-memory alloy orthopedic implant of claim 4, wherein the first outer profile

IS non-rectangular.

6. The shape-memory alloy orthopedic implant of claim 1, wherein the radially outer

surface of the first leg comprises a plurality of axially spaced serrations.

7. The shape-memory alloy orthopedic implant of claim 6, wherein the radially outer
surface of the second leg comprises a plurality of axially spaced serrations that face the

plurality of axially-spaced serrations of the first leg.

8. The shape-memory alloy orthopedic implant of claim 2, wherein the radially outer
surface of the bridge includes a plurality planar tool engagement shoulders at the first end
of the bridge and a plurality of planar tool engagement shoulders at the second end of the

bridge.
9. The shape-memory alloy orthopedic implant of claim 2, wherein the radially outer
surface of the bridge includes a plurality of tool engagement recesses at the first end of the

bridge and a plurality of tool engagement recesses at the second end of the bridge.

10. The shape-memory alloy orthopedic implant of claim 9, wherein each tool

engagement recess of the bridge is at least partially cylindrical.

11.  The shape-memory alloy orthopedic implant of claim 1, wherein the central axis of

the first leg is not parallel to the central axis of the second leg.
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12. The shape-memory alloy orthopedic implant of claim 10, wherein the curved
longitudinal axis of the bridge, the central axis of the first leg, and the central axis of the

second leg are disposed in a common reference plane.

13.  The shape-memory alloy orthopedic implant of claim 12, wherein the orthopedic
implant has a central axis disposed in the common reference plane, positioned between
the central axes of the first leg and the second leg, and intersecting the curved longitudinal
axis of the bridge, wherein the first leg is oriented at a leg angle a measured in the common
reference plane between the central axis of the first leg and the central axis of the
orthopedic implant, wherein the leg angle a is between approximately 0° and approximately
20°.

14. The shape-memory alloy orthopedic implant of claim 13, wherein the curved
longitudinal axis of the bridge has a radius of curvature that varies moving from the first end

of the bridge toward the second end of the bridge.

15. A shape-memory alloy orthopedic implant, comprising:

a bridge having a curved longitudinal axis, a first end, a second end opposite the
first end, and a radially outer surface extending axially from the first end to the second
end;

wherein the radially outer surface of the bridge defines a first outer profile in a cross-
section of the bridge taken in a plane oriented perpendicular to the longitudinal axis of the
bridge, wherein the first outer profile is non-rectangular;

a plurality of legs extending from the bridge, wherein each leg has a central axis
disposed in a common reference plane as the curved longitudinal axis of the bridge;

wherein the radially outer surface of the bridge comprises an upper surface and a
lower surface, wherein the lower surface of the radially outer surface of the bridge is
concave between the first end of the bridge and the second end of the bridge in the

common reference plane in front view; and
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wherein the upper surface of the radially outer surface of the bridge is convex in
the cross-section of the bridge taken in a plane oriented perpendicular to the longitudinal

axis of the bridge.

16.  The shape-memory alloy orthopedic implant of claim 15, wherein each leg has a
fixed end fixably attached to the bridge, a free end distal the bridge, and a radially outer
surface extending axially from the fixed end of the first leg to the free end of the first leg;
and

wherein the radially outer surface of each leg defines a second outer profile in a
cross-section of the leg taken in a plane oriented perpendicular to the central axis of the

leg, and wherein the second outer profile of each leg is non-rectangular.

17.  The shape-memory alloy orthopedic implant of claim 16, the second outer profile of

each leg is circular.

18. The shape-memory alloy orthopedic implant of claim 14, wherein each of the
plurality of legs includes a cylindrical surface proximate the fixed end, wherein and the
radially outer surface of the bridge comprises a plurality of downward facing planar

shoulders positioned between the cylindrical surface of each leg and the upper surface.

19.  The shape-memory alloy orthopedic implant of claim 18, wherein the radially outer
surface of the bridge includes a plurality of tool engagement recesses at the first end of

the bridge and the second end of the bridge.
20.  The shape-memory alloy orthopedic implant of claim 18, wherein the plurality of

planar shoulders are configured to receive loads that apply a bending moment to the

bridge that increases a radius of curvature of the curved central axis in front view.
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1. A shape-memory alloy orthopedic implant, comprising:

a bridge having a curved longitudinal axis, a first end, and a second end
opposite the first end, wherein the bridge has a radially outer surface extending axially
from the first end to the second end;

a first leg extending from the first end of the bridge, wherein the first leg has a
central axis, a fixed end fixably attached to the bridge, a free end distal the bridge, and
a radially outer surface extending axially from the fixed end of the first leg to the free
end of the first leg; and

a second leg extending from the second end of the bridge, wherein the second
leg has a central axis, a fixed end fixably attached to the bridge, a free end distal the
bridge, and a radially outer surface extending axially from the fixed end of the second
leg to the free end of the second leg;

wherein the radially outer surface of the bridge includes a lower surface that
extends axially from the first end of the bridge to the second end of the bridge,
intersects the fixed ends of the first leg and the second leg, and extends laterally
beyond the first leg and the second leg;

wherein the radially outer surface of the bridge defines a first outer profile in a
cross-section of the bridge taken in a plane oriented perpendicular to the longitudinal
axis of the bridge, wherein the radially outer surface of the first leg defines a second
outer profile in a cross-section of the first leg taken in a plane oriented perpendicular to
the central axis of the first leg, and wherein the first outer profile has a different

geometry than the second outer profile.

2. The shape-memory alloy orthopedic implant of claim 1, wherein the first outer

profile is non-rectangular.

3. The shape-memory alloy orthopedic implant of claim 2, wherein the first outer

profile is D-shaped.

4. The shape-memory alloy orthopedic implant of claim 1, wherein the second

outer profile is non-rectangular.
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5. The shape-memory alloy orthopedic implant of claim 4, wherein the first outer

profile is non-rectangular.

6. The shape-memory alloy orthopedic implant of claim 1, wherein the radially

outer surface of the first leg comprises a plurality of axially spaced serrations.

7. The shape-memory alloy orthopedic implant of claim 6, wherein the radially
outer surface of the second leg comprises a plurality of axially spaced serrations that

face the plurality of axially-spaced serrations of the first leg.

8. The shape-memory alloy orthopedic implant of claim 2, wherein the lower
surface of the radially outer surface of the bridge includes a plurality planar tool
engagement shoulders at the first end of the bridge and a plurality of planar tool

engagement shoulders at the second end of the bridge.

9. The shape-memory alloy orthopedic implant of claim 2, wherein the lower
surface of the radially outer surface of the bridge includes a plurality of tool
engagement recesses at the first end of the bridge and a plurality of tool engagement

recesses at the second end of the bridge.

10.  The shape-memory alloy orthopedic implant of claim 9, wherein each tool

engagement recess of the bridge is at least partially cylindrical.

11.  The shape-memory alloy orthopedic implant of claim 1, wherein the central axis

of the first leg is not parallel to the central axis of the second leg.

12.  The shape-memory alloy orthopedic implant of claim 10, wherein the curved
longitudinal axis of the bridge, the central axis of the first leg, and the central axis of

the second leg are disposed in a common reference plane.

13.  The shape-memory alloy orthopedic implant of claim 12, wherein the orthopedic
implant has a central axis disposed in the common reference plane, positioned

between the central axes of the first leg and the second leg, and intersecting the
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curved longitudinal axis of the bridge, wherein the first leg is oriented at a leg angle a
measured in the common reference plane between the central axis of the first leg and
the central axis of the orthopedic implant, wherein the leg angle a is between

approximately 0° and approximately 20°.

14.  The shape-memory alloy orthopedic implant of claim 13, wherein the curved
longitudinal axis of the bridge has a radius of curvature that varies moving from the

first end of the bridge toward the second end of the bridge.

15. A shape-memory alloy orthopedic implant, comprising:

a bridge having a curved longitudinal axis, a first end, a second end opposite
the first end, and a radially outer surface extending axially from the first end to the
second end:;

wherein the radially outer surface of the bridge defines a first outer profile in a
cross-section of the bridge taken in a plane oriented perpendicular to the longitudinal
axis of the bridge, wherein the first outer profile is non-rectangular;

a plurality of legs extending from the bridge, wherein each leg has a central
axis disposed in a common reference plane as the curved longitudinal axis of the
bridge, a fixed end fixably attached to the bridge, a free end distal the bridge, and a
radially outer surface extending axially from the fixed end of the first leg to the free end
of the first leg;

wherein the radially outer surface of the bridge comprises an upper surface
and a lower surface, wherein the lower surface of the radially outer surface of the
bridge is concave between the first end of the bridge and the second end of the
bridge in the common reference plane in front view;

wherein the lower surface of the radially outer surface of the bridge extends
axially from the first end of the bridge to the second end of the bridge, intersects the
fixed end of each of the plurality of legs, and extends laterally beyond each of the
plurality of legs; and

wherein the upper surface of the radially outer surface of the bridge is convex
in the cross-section of the bridge taken in a plane oriented perpendicular to the

longitudinal axis of the bridge.
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16.  The shape-memory alloy orthopedic implant of claim 15, wherein the radially
outer surface of each leg defines a second outer profile in a cross-section of the leg
taken in a plane oriented perpendicular to the central axis of the leg, and wherein the

second outer profile of each leg is non-rectangular.

17.  The shape-memory alloy orthopedic implant of claim 16, the second outer

profile of each leg is circular.

18.  The shape-memory alloy orthopedic implant of claim 15, wherein each of the
plurality of legs includes a cylindrical surface proximate the fixed end, wherein and
the lower surface of the radially outer surface of the bridge comprises a plurality of
downward facing planar shoulders positioned between the cylindrical surface of each

leg and the upper surface.

19.  The shape-memory alloy orthopedic implant of claim 18, wherein the lower
surface of the radially outer surface of the bridge includes a plurality of tool

engagement recesses at the first end of the bridge and the second end of the bridge.

20.  The shape-memory alloy orthopedic implant of claim 18, wherein the plurality
of planar shoulders are configured to receive loads that apply a bending moment to
the bridge that increases a radius of curvature of the curved central axis in front

view.

21.  The shape-memory alloy orthopedic implant of claim 1, wherein the lower
surface of the radially outer surface of the bridge includes a first plurality of tool
engagement recesses and a second plurality tool engagement recesses that are

axially spaced from the first plurality of tool engagement recesses.

22. The shape-memory alloy orthopedic implant of claim 21, wherein the first
plurality of tool engagement recesses are positioned proximal the fixed end of the first
leg and the second plurality tool engagement recesses are positioned proximal the

fixed end of the second leg.
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23.  The shape-memory alloy orthopedic implant of claim 21, wherein each tool

engagement recess of the bridge is at least partially cylindrical.

24.  The shape-memory alloy orthopedic implant of claim 15, wherein the lower
surface of the radially outer surface of the bridge includes a first plurality of tool
engagement recesses and a second plurality tool engagement recesses that are

axially spaced from the first plurality of tool engagement recesses.

25. The shape-memory alloy orthopedic implant of claim 24, wherein the first
plurality of tool engagement recesses are positioned proximal the fixed end of one of
the plurality of legs and the second plurality tool engagement recesses are positioned
proximal the fixed end of another one of the plurality of legs.

26. The shape-memory alloy orthopedic implant of claim 24, wherein each tool
engagement recess of the bridge is at least partially cylindrical.
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