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INTRAMEDULLARY NAIL HAVING SELF-RETAINING COMPRESSION SLOT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This claims the benefit of U.S. Patent Application Serial No. 61/442,397 filed
on February 14, 2011, the disclosure of which is hereby incorporated by reference as if set forth

in its entirety herein.

BACKGROUND

[0002] Conventional intramedullary nails are configured to be inserted into the
medullary canal of a long bone that has been fractured so as to define a proximal bone segment
and a distal bone segment that is separated from the proximal bone segment by a bone gap.
Conventional intramedullary nails are elongate along a substantially central longitudinal axis,
and include a plurality of bone anchor holes that extend through the nail along respective axes
that are angularly offset, for instance perpendicular, with respect to the longitudinal axis of the
intramedullary nail, and configured to receive bone anchors. For instance, the bone anchor holes
can be substantially smooth and configured to receive screws, or can be threaded so as to mate
with screws to increase axial stability. The bone anchor holes can be divided into a first plurality
of proximal bone anchor holes that extend through the proximal portion of the intramedullary
nail and a second plurality of distal bone anchor holes that extend through the distal portion of
the intramedullary nail. Thus, the intramedullary nail can be inserted into the medullary canal of
the fractured long bone such that the proximal bone anchor holes are aligned with the proximal
bone segment and the distal bone anchor holes are aligned with the distal bone segment on
opposite sides of the bone gap. The bone screws can be driven into the bone segments and the
corresponding bone anchor holes so as to fasten the intramedullary nail to the fractured long
bone and stabilize the proximal and distal bone segments relative to each other, thereby
promoting healing.

[0003] Certain conventional intramedullary nails include compression features that
cause the proximal and distal bone segments to compress toward each other, thereby
approximating the bone gap. For instance, screws can be inserted into the distal bone segment
and the distal bone anchor holes of the intramedullary nail so as to fix the distal bone segment to
the distal intramedullary nail, and the compression feature can be actuated to cause the proximal
bone segment to translate relative to the intramedullary nail toward the distal bone segment.

However, certain conventional compression features, while facilitating the approximation of the
-1-
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bone gap, are not self-retaining. Accordingly, compression is maintained manually while fixing
the distal bone segment to the distal portion of the intramedullary nail. Other compression
features are self-retaining so as to maintain approximation of the bone gap while the distal bone
segment is fixed to the distal portion of the intramedullary nail. However, conventional self-
retaining compression features typically add movable components in the intramedullary nail and

are time consuming and complex to use.

SUMMARY

[0004] In accordance with one aspect, an intramedullary nail includes a nail body that
defines a first portion that is positioned to attach to a first bone segment and a second portion that
is spaced from the first portion substantially along a longitudinal direction and positioned to
attach to a second bone segment that is separated from the first bone segment by a bone gap.
The nail body defines a scalloped slot that extends into the first portion of the nail body, the slot
defining at least a pair of longitudinally spaced pockets and an intersection between the pockets.
The compression slot defines a first width substantially perpendicular to the longitudinal
direction between opposed ones of the intersections, and the compression defines a second width
between opposed ones of the pockets along a direction substantially parallel to the first width,

such that the second width is greater than the first width.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The foregoing summary, as well as the following detailed description of the
preferred embodiments of the application, will be better understood when read in conjunction
with the appended drawings. For the purposes of illustrating the present disclosure, there is
shown in the drawings preferred embodiments. It should be understood, however, that the
application is not limited to the specific embodiments and methods disclosed, and reference is
made to the claims for that purpose. In the drawings:

[0006] Fig. 1 is a perspective view of a fractured long bone that defines a proximal
bone segment and a distal bone segment separated from the proximal bone segment by a bone
gap;

[0007] Fig. 2A is a side elevation view of an intramedullary nail having a proximal
portion, a distal portion, a plurality of proximal bone anchor holes extending through the
proximal portion, a plurality of distal bone anchor holes extending through the distal portion, and

a self-retaining compression slot extending along the proximal bone segment;
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[0008] Fig. 2B is another side elevation view of the intramedullary nail illustrated in
Fig. 2A;

[0009] Fig. 2C is an enlarged side elevation view of the compression slot illustrated in
Fig. 2A;

[0010] Fig. 2D is a sectional side elevation view of a proximal portion of the
intramedullary nail illustrated in Fig. 2A;

[0011] Fig. 2E is a perspective view of the proximal portion of the nail body illustrated
in Fig. 2A, but constructed in accordance with an alternative embodiment, showing the nail body
including an insert that is attachable to the proximal portion;

[0012] Fig. 2F is a perspective view of the proximal portion of the nail body illustrated
in Fig. 2A, showing the insert attached to the proximal portion;

[0013] Fig. 2G is a perspective view of a portion of the intramedullary nail similar to
the intramedullary nail illustrated in Fig. 2A, but wherein the compression slot as illustrated in
Fig. 2A is partially defined by intersections constructed in accordance with an alternative
embodiment;

[0014] Fig. 2H is a top plan view the portion of the intramedullary nail illustrated in
Fig. 2G;

[0015] Fig. 3 is a side elevation view of a compression member configured to extend
into the compression slot of the intramedullary nail illustrated in Fig. 2A;

[0016] Fig. 4A is a perspective view of a fixation system including an implantation
assembly that includes a support frame and a brace member, and a bone fixation assembly that
includes the intramedullary nail illustrated in Fig. 2A, showing the brace member coupled to the
intramedullary nail;

[0017] Fig. 4B is a sectional side elevation view of the fixation system illustrated in
Fig. 4A, with a portion cut away;

[0018] Fig. 5 is a perspective view of the fixation system illustrated in Fig. 4, showing
the intramedullary nail implanted in the medullary canal of the fractured long bone illustrated in
Fig. 1;

[0019] Fig. 6 is a perspective view of the fixation system as illustrated in Fig. 5, but
showing the bone fixation assembly including a plurality of bone fixation screws inserted into
the distal bone segment and respective distal bone anchor holes of the intramedullary nail so as

to fix the distal portion of the intramedullary nail to the distal bone segment;
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[0020] Fig. 7A is a perspective view of the fixation system illustrated in Fig. 6, but
showing the implantation assembly including an aiming sleeve coupled to the support frame and
operatively aligned with the compression slot of the intramedullary nail;

[0021] Fig. 7B is a perspective view of the fixation system illustrated in Fig. 7A, but
showing the bone fixation assembly including a compression member configured as a bone
screw inserted into the proximal bone segment and into the compression slot;

[0022] Fig. 7C is a perspective view of the fixation system illustrated in Fig. 7B, but
showing the aiming sleeve removed;

[0023] Fig. 8A is a perspective view of the fixation system illustrated in Fig. 7C, but
showing the implantation assembly including a compression actuator aligned with the
compression member;

[0024] Fig. 8B is a perspective view of the fixation system illustrated in Fig. 8A, but
showing the compression actuator operatively coupled to the support frame;

[0025] Fig. 8C is a perspective view of the fixation system illustrated in Fig. 8B,
showing portions in cross-section;

[0026] Fig. 8D is a perspective view of the fixation system illustrated in Fig. 8C, but
showing the compression actuator in a compressed position that moves the compression member
along the compression slot so as to approximate the bone gap;

[0027] Fig. 8E is a perspective view of the fixation system illustrated in Fig. 8D;

[0028] Fig. 8F is a perspective view of the fixation system illustrated in Fig. 8E, but
showing the compression actuator removed such that the bone gap remains approximated;

[0029] Fig. 9A is a perspective view of the fixation system illustrated in Fig. 8E,
showing the aiming sleeve aligned with one of the proximal bone anchor holes;

[0030] Fig. 9B is a perspective view of the fixation system illustrated in Fig. 9A, but
showing a bone screw inserted into the proximal bone segment and one of the proximal bone
anchor holes;

[0031] Fig. 9C is a perspective view of the fixation system illustrated in Fig. 9B, but
showing a second bone screw inserted into the proximal bone segment and one of the proximal
bone anchor holes;

[0032] Fig. 10 is a perspective view of the fractured bone illustrated in Fig. 1, but
approximated and fixed to the intramedullary nail illustrated in Figs. 2A and 2B after the

implantation assembly illustrated in Fig. 9C has been removed from the intramedullary nail;
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[0033] Fig. 11A is a side elevation view of an intramedullary nail similar to the
intramedullary nail illustrated in Fig. 2A, but including a relief slot in accordance with another
embodiment;

[0034] Fig. 11B is a sectional side elevation view of a proximal portion of the
intramedullary nail illustrated in Fig. 11A;

[0035] Fig. 11C is an enlarged side elevation view of a portion of the intramedullary

nail illustrated in Fig. 11A.

DETAILED DESCRIPTION

[0036] Referring to Fig. 1, a long bone 20 that is elongate substantially along a
longitudinal direction is fractured so as to define a first or proximal bone segment 22 and a
second distal bone segment 24 that is separated from the proximal bone segment 22 by a
longitudinal bone gap 26 at a fracture location 28. It should be appreciated that the fractured
long bone 20 can define a single fracture location 28 as illustrated, or can define multiple
fracture locations that separate additional bone segments from each other at respective bone
gaps. While the long bone 20 is a humerus in accordance with the illustrated embodiment, the
long bone 20 can be any long bone in the body that defines a medullary canal 23 suitable to
receive an intramedullary nail so as to fix the proximal bone segment 22 to the distal bone
segment 24. However, because the bone gap 26 defines a bone gap distance D1 that extends
along a longitudinal direction L and is greater than a desired distance suitable for reliable
fixation of the proximal bone segment 22 to the distal bone segment 24, it is desirable for the
intramedullary nail to include a compression feature that is configured to approximate the bone
gap 26 to a distance that allows for reliable fixation of the bone segments 22 and 24 across the
bone gap 26 during healing.

[0037] Referring now to Figs. 1-2D, an intramedullary nail 30 constructed in
accordance with one embodiment includes a nail body 32 that is elongate substantially along a
longitudinal axis 31 that extends substantially along the longitudinal direction L. For instance, it
should be appreciated that the nail body 32 extend straight along the longitudinal direction L or
can be slightly curved along the longitudinal direction. The intramedullary nail 30 can be
inserted into the medullary canal 23 of the long bone such that the longitudinal axis 31 extends
along the medullary canal 23. In accordance with one embodiment, the longitudinal axis 31 can
define a central axis of the nail body 32. The nail body 32 can define any suitable shape as
desired, and is substantially cylindrical in cross section along a plane that is substantially

perpendicular to the longitudinal axis 31 in accordance with the illustrated embodiment. The
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nail body 32 defines a proximal portion 34 and an opposed distal portion 36 that is spaced
distally with respect to the proximal portion 34 along the longitudinal axis 31, and an
intermediate portion 38 disposed between the proximal portion 34 and the distal portion 36.

[0038] The nail body 32 further defines a first portion 33 that is positioned to attach to
the first or proximal bone segment 22, and an opposed second portion 35 that is spaced from the
first portion 33 along the longitudinal direction and positioned to attach to the second or distal
bone segment 24, such that the intermediate portion 38 extends between the first and second
portions 33 and 35. In accordance with the illustrated embodiment, the first portion 33 defines
the proximal portion 34 of the nail body 32 and the second portion 35 is defines the distal portion
36 of the nail body 32. Alternatively, as will be described in more detail below, the first portion
33 can define the distal portion 36 of the nail body 32 and the second portion 35 can define the
proximal portion 34 of the nail body 32.

[0039] The intramedullary nail 30 further defines a plurality of bone anchor holes 40
that extend into, and can further extend through, the nail body 32, for instance along a direction
that is angularly offset, such as substantially perpendicular, with respect to the longitudinal axis
31. The bone anchor holes 40 can be sized to receive complementary bone anchors that are
configured to secure the intramedullary nail 30 to the long bone 20. For instance, the bone
anchor holes 40 can receive any suitable respective bone anchors such as nails or screws that
fasten the intramedullary nail 30 to the long bone 20. At least a portion of the bone anchor holes
40 can be threaded so as to threadedly mate with complementary threaded portions of certain
select ones up to all of the bone screws. Thus, the bone anchor holes 40 can be threaded,
unthreaded, or threaded along a portion of their length along the transverse direction T. The
bone anchor holes 40 can include at least one such as a plurality of first bone anchor holes 40a
disposed at the first portion 33 of the nail body 32, and at least one such as a plurality of second
bone anchor holes 40b disposed at the second portion 35 of the nail body 32.

[0040] The intramedullary nail 30 is configured to be initially inserted into the
medullary canal 23 of the long bone 20 such that the first portion 33 is disposed in the medullary
canal 23 of the proximal bone segment 22, the second portion 35 is disposed in the medullary
canal 23 of the distal bone segment 24, and the intermediate portion 38 extends across the bone
gap 26, when the first portion 33 defines the proximal portion 34 of the nail body 32 and the
second portion 35 defines the distal portion 36 of the nail body 32. Alternatively, the
intramedullary nail 30 is configured to be initially inserted into the medullary canal 23 of the
long bone 20 such that the first portion 33 is disposed in the medullary canal 23 of the distal

bone segment 24, the second portion 35 is disposed in the medullary canal 23 of the proximal
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bone segment 22, and the intermediate portion 38 extends across the bone gap 26, when the first
portion 33 defines the distal portion 36 of the nail body 32 and the second portion 35 defines the
proximal portion 34 of the nail body 32. Thus, the intermediate portion 38 can be sized so as to
define a length in the longitudinal direction L that is greater than the bone gap distance D1. Of
course, it should be appreciated that the proximal portion 34 or the distal portion 36 can extend
across the bone gap 26 so long as the bone gap 26 is disposed longitudinally between at least one
of the first bone anchor holes 40a and at least one of the second bone anchor holes 40b.

[0041] The nail body 32 defines first and second internal surfaces 37a and 37b that are
spaced along a lateral direction A that extends substantially perpendicular to the longitudinal
direction L. The first and second internal surfaces 37a and 37b can be spaced substantially
equidistantly from the longitudinal axis 31, or can be spaced such that one of the first and second
internal surfaces 37a and 37b is spaced closer to or further from the longitudinal axis 31 than the
other of the first and second internal surfaces 37a and 37b. The first and second internal surfaces
37a and 37b define a compression slot 39 that extends into, and can further extend through, the
first portion 33 of the nail body 32 along a transverse direction T that is substantially
perpendicular to the longitudinal direction L and the lateral direction A.

[0042] The compression slot 39 can be elongate along the longitudinal direction L. The
first portion 33 of the nail body 32 can define a cannulation 51 that extends at least from a
corresponding longitudinally outer terminal end of the first portion 33 of the nail body 32
through the compression slot 39. It should be appreciated that the second portion 35 can also
define a second compression slot constructed as described herein with respect to the compression
slot 39 so as to provide positional flexibility when the intramedullary nail 30 is inserted into the
medullary canal of the fractured long bone 20. Thus, description herein of the first portion 33 as
including the compression slot 39 can apply equally to the second portion 35 when the second
portion 35 defines the compression slot 39 or a second compression slot. For instance, the nail
body 32 can define a cannulation that extends from a corresponding longitudinally outer terminal
end of the second portion 35 of the nail body 32 through the compression slot disposed in the
second portion 35.

[0043] As is described in more detail below, the compression slot 39 is a self-retaining
compression slot that is configured to at least temporarily retain a compression member 53 (see
Fig. 3) that extends into the compression slot 39 in a desired longitudinal position that reduces
the bone gap 26. In accordance with the illustrated embodiment, the compression slot 39 extends
into the proximal portion 34 of the nail body 32, though it should be appreciated that the

compression slot 39 can alternatively extend into the distal portion 36 of the nail body 32. The
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first portion 33 of the nail body 32 can define a cross-sectional distance, such as a diameter, that
is greater than that of one or both of the second portion 35 and the intermediate portion 38 of the
nail body 32. Otherwise stated, the portion of the intramedullary nail 30 that defines the
compression slot 39, such as the proximal portion 34, can define a cross-sectional distance, such
as a diameter, that is greater than that of one or both of the other portions of the intramedullary
nail 30.

[0044] As described above, the intramedullary nail 30 defines a plurality of bone
anchor holes 40 that extend into, and can further extend through, the nail body 32. The plurality
of bone anchor holes 40 can include at least one first bone anchor hole 40a such as a plurality of
first bone anchor holes 40a that are disposed adjacent the compression slot 39 in first portion 33
of the intramedullary nail 30 that defines the compression slot 39, and at least one second bone
anchor hole 40b such as a plurality of second bone anchor holes 40b that are disposed in the
second portion 35 of the intramedullary nail 30. In accordance with the illustrated embodiment,
the plurality of first bone anchor holes 40a are configured as proximal bone anchor holes that
extend into the proximal portion 34 of the intramedullary nail 30, and the plurality of second
bone anchor holes 40b are configured as distal bone anchor holes that extend into the distal
portion 36 of the intramedullary nail 30. One or more up to all of the plurality of first bone
anchor holes 40a can be disposed longitudinally outward with respect to the compression slot 39,
such that the compression slot 39 is disposed longitudinally between the first bone anchor holes
40a and the second end 35. Alternatively or additionally, one or more up to all of the plurality of
first bone anchor holes 40a can alternatively or additionally be disposed longitudinally inward
with respect to the compression slot 39, such that the first bone anchor holes 40a are disposed
longitudinally between the compression slot 39 and the second end 35. For instance, in
accordance with the illustrated embodiment, the plurality of first bone anchor holes 40a can
include bone anchor holes 40a that are disposed proximal of the compression slot 39, though the
plurality of first 42 bone anchor holes 40a can alternatively or additionally include bone anchor
holes 40a that are disposed distal of the compression slot 39. If the compression slot 39 is
disposed in the distal portion 36 of the nail body 32, the plurality of first bone anchor holes 40a
can include bone anchor holes 40a that are disposed distal of the compression slot 39, though the
plurality of first bone anchor holes 40a can alternatively or additionally include bone anchor
holes 40a that are disposed proximal of the compression slot 39.

[0045] At least some up to all of the first and second pluralities 42 and 44 of bone
anchor holes 40 can be longitudinally spaced from each other, and can alternatively or

additionally be radially offset with respect to each other. Furthermore, the bone anchor holes 40
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can extend along respective central axes that are angularly offset with respect to the longitudinal
axis 31. In accordance with the illustrated embodiment, at least one up to all of the bone anchor
holes 40 can extend along respective central axes that are substantially perpendicular to the
longitudinal axis 31. The central axes of one or more up to all of the bone anchor holes 40 can
be substantially parallel with respect to each other, and alternatively or additionally, the central
axes of one or more up to all of the bone anchor holes 40 can be substantially angularly offset
with respect to each other.

[0046] Referring now to Figs. 2C-D in particular, the internal surfaces 37a and 37b can
be elongate substantially in the longitudinal direction L. The internal surfaces 37a and 37b can
be spaced from each other along the lateral direction A. At least one or both of the internal
surfaces 37a and 37b can be scalloped along the longitudinal direction L such that the
compression slot 39 can also be referred to as a scalloped compression slot. For instance, at least
one or both of the internal surfaces 37a and 37b can define a series of first and second regions
43a and 43Db, respectively, that are concave with respect to the compression slot 39 so as to
define a respective plurality of pockets 45 in the compression slot 39. In accordance with the
illustrated embodiment, each of the internal surfaces 37a and 37b defines four pockets 45, though
it should be appreciated that the internal surfaces 37a and 37b can define any number of pockets
45 including two or more. In accordance with one embodiment, at least one of the internal
surfaces 37a and 37b can define at least three pockets 45 that are spaced along the longitudinal
direction L so as to provide for fine increments of compression. The first regions 43a are spaced
from each other along the longitudinal direction L and the second regions 43b are spaced from
each other along the longitudinal direction L. The first regions 43a are spaced from the second
regions 43b along the lateral direction A.

[0047] The first and second internal surfaces 37a and 37b can define respective necked
portions that can be defined by intersections 48 connected between adjacent ones of the first
regions 43a, and necked portions that can be defined by respective intersections 48 that are
connected between adjacent ones of the second regions 43b. Opposite ones of the first regions
43a and second regions 43b along the lateral direction A can be aligned such that straight lines
extending perpendicular to the longitudinal axis 31, for instance along the lateral direction A,
intersect, for instance bisect, pairs of opposed pockets 45, and straight lines extending
perpendicular to the longitudinal axis 31, for instance along the lateral direction A intersect, for
instance bisect, opposed intersections 48 of the opposed internal surfaces 37a and 37b. Thus, it
can be said that the compression slot 39 can define a plurality of holes 47 that overlap each other

along the longitudinal direction L. The holes 47 can be cylindrical, such that the first and second
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regions 43a and 43b can be arc-shaped as they extend along the longitudinal direction L. Each of
the first and second regions 43a and 43b can be curved about a respective axis that extends along
the transverse direction T, such that each of the first and second regions 43a and 43b define a
curvature that is equal to the others of the first and second regions 43a and 43b, or can be
different from one or more up to all of the others of the first and second regions 43a and 43b.

[0048] The nail body 32 further defines longitudinally opposed internal first and second
end surfaces 49a and 49b, respectively, that are connected between the opposed longitudinal
ends of the first and second internal surfaces 37a and 37b. Accordingly, the first and second
internal surfaces 37a-b extend between the end surfaces 49a and 49b. The end surfaces 49a-b
can each be curved about a respective axis that extends along the transverse direction T, such
that the end surfaces 49a-b each define a curvature that can be the same as or different than the
curvature of one or more up to all of the first and second regions 43a and 43b, respectively. The
end surfaces 49a-b and the longitudinally outermost ones of the first and second internal surfaces
37a and 37b can cooperate so as to define a pair of longitudinal end pockets of the pockets 45,
such as a longitudinally outermost pocket 52a of the pockets 45, and a longitudinally innermost
pocket 52b of the pockets 45. The first and second regions 43a and 43b of the first and second
internal surfaces 37a and 37b, respectively, define at least one longitudinally intermediate
pockets 46 of the pockets 45 such as a plurality of longitudinally intermediate pockets 46, the
intermediate pockets 46 disposed between the end pockets. Thus, at least one or both of the first
and second internal surfaces 37a and 37b can define at least one intermediate pocket 46 such as a
plurality of intermediate pockets 46 disposed between the end pockets along the longitudinal
direction L.

[0049] The first and second internal surfaces 37a and 37b, and thus the compression
slot 39, define a first width W1 that is measured along the lateral direction A. For instance, at
least one of the first and second internal surfaces 37a and 37b defines at least one intersection 48
as described above, and the compression slot defines the first width W1 between the intersection
48 and the opposed one of the first and second internal surfaces. In accordance with one
embodiment, the first and second internal surfaces can define opposed intersections 48, such that
the first width A1 is defined between opposed ones of the intersections 48 along the lateral
direction A along a direction substantially perpendicular to the longitudinal axis 31. For
instance, the opposed intersections 48 can be disposed adjacent or between intermediate pockets
46, and can further be disposed between one of the intermediate pockets 46 and one of the end
pockets as defined by the longitudinally outermost pocket 52a and the longitudinally innermost

pocket 52b. The first and second internal surfaces 37a and 37b, and thus the compression slot
- 10 -
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39, define a second width W2 that is measured along the lateral direction A (and is thus
substantially parallel to the first widths W1) between opposed ones of the pockets 45, and
intersects opposed ones of the first and second regions 43a and 43b at a location spaced from the
respective intersections 48 along the longitudinal direction L. The second width W2 can thus
extend along a direction parallel to the first width W1. In accordance with the illustrated
embodiment, the first width W1 is less than the second width W2. In accordance with the
illustrated embodiment, the first and second regions 43a and 43b are round and, for instance, arc-
shaped, such that the second width W2 defines a diameter of a circle. The second width W2 can
be equal to, less than, or greater than the respective diameters of the bone anchor holes 40.

[0050] While both internal surfaces 37a and 37b can define respective ones of the
pockets 45 and intersections 48 in accordance with the illustrated embodiment, it should be
appreciated in accordance with an alternative embodiment that only one of the surfaces 37a and
37b define the pockets 45 and intersections 48, while the other of the surfaces 37a and 37b can
be devoid of pockets and intersections, and can extend substantially straight along the
longitudinal direction or define any shape as desired. Therefore, the compression slot 39 can
define the first width W1 that extends between the opposed surfaces 37a and 37b through at least
one intersection 48, and can further define the second width W2 that extends between the
opposed surfaces 37a and 37b through at least one pocket 45 along a direction parallel to the first
width, such that the pockets 45 and intersections 48 are alternatingly arranged along the
longitudinal direction L.

[0051] While the intersections 48 are positioned such that the first width W1 is
substantially constant along the length of the compression slot 39 in accordance with the
illustrated embodiment, it should be appreciated that the first width W1 can vary along the
longitudinal direction L along the compression slot 39. Furthermore, when the second width W2
is define at a location of maximum lateral depth of the respective pockets 45, the second width
W2 is substantially constant along the length of the compression slot 39 in accordance with the
illustrated embodiment, though it should be appreciated that the second width W2 can
alternatively vary along the longitudinal direction L along the compression slot 39. Varying one
or both of the widths W1 and W2 along the compression slot 39 can produce increasing or
decreasing biasing compression forces that are suitable to drive the compression member 53
along the compression slot 39, for instance when compressing the first and second bone
segments 22 and 24 relative to each other so as to approximate the bone gap 26 as described in
more detail below. In accordance with one embodiment, the difference between W2 and W1 can

be within any range as desired, such as between and including a lower end of approximately 0.2
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mm and an upper end of approximately 2.0 mm. For instance, the second width W2 can be sized
as desired, and can be within the range between and including approximately 1.5 mm and
approximately 10 mm. Furthermore, the first width W1 can be sized as desired, and can be
within the range of approximately 1.3 mm and 9.8mm. For example, when W2 is 1.5mm, W1
may be 1.3mm. In another example, when W2 is 10mm, W1 may be 8mm. In accordance with
the illustrated embodiment, the length of each of the inner pockets 45 along the longitudinal
direction can be defined as 2 * [(W2/2)* — (W1/2)2]1/ 2, In accordance with the illustrated
embodiment, the Iength of each of the outermost pockets 52a and 52b can be defined as [W2/2 —
((W2/2)2 - (W1/2)2)1/2]. The intramedullary nail 30 can define any suitable outer diameter along
a direction substantially perpendicular to the longitudinal direction L as desired, such as less than
17.5 mm.

[0052] As described above, the compression slot 39 is defined by the nail body 32. For
instance, in the embodiment illustrated in Figs. 2A-D, the first and second internal surfaces 37a
and 37b of the nail body 32 and first and second end surfaces 49a and 49b of the nail body 32
can be integral and monolithic with the nail body 32. Accordingly, the compression slot 39 can
be defined by surfaces of the nail body 32 that are integral and monolithic with the nail body 32.
Alternatively, referring now to Figs. 2E-F, the nail body 32 can include an insert 61 that is
removably attachable to one or both of the proximal and distal potions 34 and 36, respectively, of
the nail body 32. The insert 61 can define at least one or more, such as all of, the first and
second internal surfaces 37a and 37b and the first and second end surfaces 49a and 49b.
Accordingly, the compression slot 39 can be carried by the insert 61. The nail body 32 can
define an aperture 63 that extends at least into or through at least one or both of the first and
second portions 33 and 35, respectively, of the nail body 32. The aperture 63 is sized to receive
the insert 61 such that the compression slot 39 is carried by the respective one or both of the first
and second portions 33 and 35 of the nail body 32. The insert 61 can be inserted into the
corresponding aperture 63 so as to attach the insert 61 to the respective one or both of the first
and second portions 33 and 35, respectively. Accordingly, the nail body 32 can include a pair of
the inserts 61 that are carried by one or both of the proximal and distal portions 34 and 36,
respectively, of the nail body 32.

[0053] Referring also to Fig. 3, the compression member 53 can be configured as an
unthreaded nail or a threaded screw that can be configured as a bone anchor having a head 54
and a shaft 56 extending out from the head 54 along a central axis A. The shaft 56 can include
threads 56a in accordance with the illustrated embodiment, or can alternatively be unthreaded,

and can be shaped as desired, for instance cylindrical, and can be smooth and configured to move
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from and between the intermediate pockets 46 and the outer pockets 52a and 52b. The
compression member 53 can be sized and shaped substantially identically with respect to a
plurality of bone anchors 86 (see Fig. 10) that are sized to extend through the bone anchor holes
40 so as to fix the intramedullary nail 30 to the long bone 20. For instance, the compression
member 53 can be selected from the plurality of bone anchors 86 so as to define a select one of
the bone anchors 86. In accordance with the illustrated embodiment, the shaft 56 defines a
maximum cross-sectional outer dimension D (which can be a diameter). For instance, the
maximum cross-sectional outer dimension D can be measured along the lateral direction A
between the internal surfaces 37a and 37b when the shaft 56 is disposed in the compression slot
39, such that the maximum cross-sectional outer dimension D is greater than the first width W1
of the compression slot 39. Accordingly, the intersection 48 disposed between first and second
adjacent ones of the pockets 45 interferes with, and provides a resistance against, movement of
the shaft 56 from the first one of the pockets 45 to the second one of the pockets 45. The
resistance increases as the difference between the maximum cross-sectional outer dimension D
and the first width W1 increases. As will be appreciated from the description below, an
approximation force applied to the compression member 53 along the longitudinal direction L
can be sufficient to overcome the resistance defined by interference between the intersections 48
and the shaft 56 so as to allow the compression member 53 to travel to adjacent pockets 45 of the
compression slot 39. The maximum cross-sectional outer dimension D of the shaft 56 can be
smaller or substantially equal to the second width W2 defined by the at least one pocket 45, such
that the shaft 56 is sized to nest within the pockets 45. Alternatively, the cross-sectional distance
D of the shaft 56 can be greater than the second width W2, but greater than W2 an amount that is
less than the amount that the maximum cross-sectional outer dimension D of the shaft 56 is
greater than the first width W1.

[0054] At least one or both of the shaft 56 and the internal surfaces 37a and 37b can be
elastomeric, and thus temporarily elastically flexible so that the first width W1 is substantially
equal to the cross-sectional dimension (e.g., diameter) of the shaft 56 so that the shaft 56 can
translate from a first one of the pockets 45, past a corresponding intersection disposed between
the first one of the pockets 45 and an adjacent second one of the pockets 45, and into the second
one of the pockets 45. Furthermore, the internal surfaces 37a and 37b can be sloped (for instance
curvilinearly as described above or substantially linearly), as they extend along the longitudinal
directions so as to define the respective first and second regions 43a and 43b, respectively, so as
to define a depth along the lateral direction as measured from an adjacent intersection 48. The

depth of the first and second regions 43a-b can be at a maximum at their respective longitudinal
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midpoints, which can bisect the respective pockets 45. Thus, the pockets 45 can be deepest
substantially at their longitudinal midpoints. Thus, the resistance of the first and second regions
43a and 43b against the compression member 53 can increase as the compression member 53
travels from one of the pockets 45 toward a corresponding intersection 48. The resistance can be
at a maximum as the compression member 53 travels over the intersection, and can decrease (and
can be negative so as to assist movement) as the compression member 53 travels from the
intersection 48 into an adjacent pocket 45. In accordance with the illustrated embodiment, the
internal surfaces 37a and 37b are resilient and elastically flexible away from each other, and the
shaft 56 is substantially rigid. For instance, the compression member 53, and thus the shaft 56,
can be made of any substantially rigid material as desired, including Titanium or other suitable
stiff metals.

[0055] As illustrated in Figs. 2A-D, the internal surfaces 37a and 37b can converge at
the intersections 48 such that the intersections define an edge 27 that is elongate along the
transverse direction T. Thus, the intersections 48 can be substantially V-shaped. It should be
appreciated, however, that the intersections 48 can define any suitable size and shape as desired.
For instance, as illustrated in Figs. 2G-H, the intersections 48 can define surfaces 29 that are
clongate along the transverse direction T, and further extends along a length of the respective
internal surfaces 37a-b along the longitudinal direction L. The surfaces 29 can be substantially
straight along the longitudinal direction L, or can be curved as they extend along the longitudinal
direction L. It should be appreciated that one or more of the intersections 48 can define edges
27, and alternatively or additionally one or more of the intersections 48 can define surfaces 29.

[0056] Referring again to Figs. 2A-D and Fig. 4B, the nail body 32 can further include
an engagement member 58 that is configured to removably attach to a complementary
engagement member 82 of a brace member 78 (see Fig. 7A) that is configured to support the
intramedullary nail 30, such that a compression actuator 92 (see Fig. 8A) that is movable relative
to the brace member 78 is configured to apply the approximation force to the compression
member 53 that causes the compression member 53 to translate along the compression slot 39.
In accordance with the illustrated embodiment, the engagement member 58 can be configured as
a bore 57 that is defined by the intramedullary nail 30 and extends along the longitudinal
direction L into the longitudinally outer terminal end of the first portion 33 of the nail body 32.
Accordingly, in accordance with the illustrated embodiment, the engagement member 58 defines
a bore 57 that extends distally into the outer terminal end (e.g., the proximal end) of the proximal
portion 34 of the nail body 32. In accordance with an alternative embodiment, the compression

slot 39 can be defined in the distal portion 36 of the nail body 32, and the bore 57 can extend
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proximally into the longitudinally outer end (e.g., the distal end) of the distal portion 36. The
nail body can define internal threads 59 that circumscribe the bore 57 can be threaded so as to
mate with the threads of the complementary engagement member of the brace member 78.

[0057] Referring also to Figs. 4A-B, a bone fixation system 60 can include an
implantation assembly 62 and a bone fixation assembly 64. The bone fixation assembly 64 can
include the intramedullary nail 30, the compression member 53 (see Fig. 3), and a plurality of
bone anchors 86 (see Fig. 10) that are configured to extend through the bone anchor holes 40 so
as to fix the intramedullary nail 30 to the fractured long bone 20. The implantation assembly 62
can include a support frame 76, one or more aiming sleeves 90 (see Fig. 7A), the brace member
78, and can further include the compression actuator 92 (see Fig. 8A). A kit can thus be
provided that includes at least one such as a plurality of any one up to all of the components of
the bone fixation system 60, such that the kit can include components of the bone fixation system
60, such as the intramedullary nail 30, constructed of different sizes and shapes.

[0058] With continuing reference to Figs. 4A-B, the support frame 76 includes an
alignment body 66 that is elongate along the longitudinal direction L, a handle 68 that extends
out from the alignment body 66 along a first direction that can be angularly offset, for instance,
perpendicular to, the longitudinal direction, and a support arm 70 that extends out from the
alignment body 66 along a direction angularly offset, for instance substantially perpendicular, to
the longitudinal direction. The support arm 70 can extend from the alignment body 66 along an
opposite direction with respect to the direction that the handle 68 extends from the alignment
body 66. The alignment body 66 includes at least one, such as a plurality of attachment locations
72 that are longitudinally spaced from each other and each configured to attach to the support
arm 70, for instance at a proximal end 71a of the support arm 70, such that the support arm 70
can be attached to the alignment body 66 at a select one of a plurality of longitudinally spaced
attachment locations 72. For instance, the attachment locations 72 can be configured as
apertures that extend into or through the alignment body 66 and are sized to receive a coupler 73,
such as a knob, that is configured to selectively extends into or through the attachment locations
and secure to the proximal end 71a of the support arm to thereby fix the support arm 70 to the
alignment body 66 at one of the attachment locations 72. Because the attachment locations 72
are spaced from each other in the longitudinal direction, and because the support arm 70 is
configured to support the intramedullary nail 30 at its distal end 71b, the attachment location 72
to which the support arm 70 is mounted can at least partially determine a longitudinal position of

the intramedullary nail relative to the support frame 76.
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[0059] In accordance with the illustrated embodiment, the support arm 70 includes an
engagement member that is configured to support the brace member 78 so as to retain the
intramedullary nail 30 at a predetermined location relative to the alignment body 66. For
instance, the engagement member of the support arm 70 can be configured as an aperture 74 that
extends longitudinally through the distal end 71b of the support arm 70 and is sized so as to
receive the brace member 78. The support arm 70 can define a shoulder 75 that defines the
aperture 74 and provides a seat configured to support the brace member 78.

[0060] With continuing reference to Figs. 4A-B, the brace member 78 includes a
longitudinally elongate shaft 80 that extends through the distal end 71b of the support arm 70,
and defines a first proximal end 81a and an opposed second distal end 81b that is distally spaced
from the first proximal end §1a substantially along the longitudinal direction L. The brace
member 78 can include an engagement member at its distal end 81b that is configured to be
secured to the engagement member 58 of the intramedullary nail 30. In particular, the brace
member 78 includes, for instance at the distal 81b end of the brace member 78, an engagement
member &2 that can be configured as external threads 89 that mate with the internal threads 59 of
the bore 57 of the intramedullary nail 30 so as to removably attach the intramedullary nail 30 to
the brace member 78. The brace member 78 is thus configured to removably secure the
intramedullary nail 30 to the support frame 76 by mating the threads 89 of the engagement
member 82 with the threads 59 of the intramedullary nail 30.

[0061] The brace member 78 can include a knob 84 at that is attached to the proximal
end 81a of the shaft 80. For instance, the knob 84 can be integral and monolithic with the shaft
80, or can be discreetly attached to the shaft 80, such that the knob 84 is rotatably coupled to the
shaft 80 about an axis that extends in the longitudinal direction L. For instance, as the knob 84,
and thus the shaft 80, are rotated along a first direction relative to the intramedullary nail 30, the
threads 89 of the brace member 78 purchase with the threads 59 of the nail body 32 so as to
secure the brace member 78 to the intramedullary nail 30. As the knob 84, and thus the shaft 80,
are rotated along a second direction opposite the first direction relative to the intramedullary nail
30, the threads 89 of the brace member 78 purchase with the threads 59 of the nail body 32 so as
to remove the brace member 78 from the intramedullary nail 30.

[0062] The brace member 78 further includes a second engagement member that is
configured to attach to the engagement member of the support arm 70. The knob 84 of the brace
member 78 can define an internal shoulder 83 that is configured to rest against the shoulder 75 of
the support arm 70 so as to secure the brace member 78 to the support frame 76 with respect to

distal movement along the longitudinal direction L relative to the support frame 76. It should be
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appreciated that the brace member 78 can be coupled to the support frame 67 using any suitable
alternative connection as desired.

[0063] The intramedullary nail 30 can define a terminal end that defines a tip 41 at one
or both of the longitudinally outer ends of the first and second portions 33 and 35 of the nail
body 32. In accordance with the illustrated embodiment, the tip 41 extends from the outer end of
the second portion 35 of the nail body 32. For instance, in accordance with the illustrated
embodiment, the tip 41 is disposed at the longitudinally distal end of the distal portion 36 of the
nail body 32 when the proximal portion 34 of the nail body 32 defines the compression slot 39.
The tip 41 is configured to be driven into the long bone 20 substantially along the longitudinal
direction L. In accordance with the illustrated embodiment, the tip 41, and thus the
intramedullary nail, can be driven into the proximal bone segment 22, for instance through the
head of the long bone 20, and into the medullary canal 23 of the long bone (see Fig. 1) such that
the proximal portion 34 of the nail body 32 is disposed in the medullary canal 23 of the proximal
bone segment 22, the distal portion 36 of the nail body 32 is disposed in the medullary canal 23
of the distal bone segment 24, and the intermediate portion 38 extends across the bone gap 26.
The support arm 70 can define a plurality of visualization windows that extend into or through
the distal end 71b so as to aid so as allow a visual determination of the depth of the
intramedullary nail 30 in the long bone 20.

[0064] Referring to Figs. 2A-B and Fig. 6, the second portion 35 of the nail body 32
can be fixed to the respective bone segment of the fractured long bone 20. In accordance with
the illustrated embodiment, the proximal portion 34 of the nail body 32 defines the compression
slot 39 and the distal portion 36 of the nail body 32 is fixed to the distal bone segment 34. For
instance, at least one bone anchor 86, such as a plurality of bone anchors 86, can be inserted into
the distal bone segment 24 and into or through respective ones of the plurality of second bone
anchor holes 40b so as to fix the distal bone segment 24 to the second 35 of the nail body 32 with
respect to relative motion, and in particular with respect to relative translation along the
longitudinal direction L. In accordance with the illustrated embodiment, a pair of bone anchors
86, which can be configured as bone screws, can be inserted into or through a respective pair of
the plurality of second bone anchor holes 40b. The bone anchors 86 can be inserted through any
suitable aiming sleeve aligned with the second bone anchor holes 40b using an aiming arm or
any suitable system configured to align the bone anchors 86 with the second bone anchor holes
40b and drive the bone anchors 86 into the fractured long bone 20 and into the second bone
anchor holes 40b. It should be appreciated that once the second bone anchor holes have been

driven into the distal bone segment 24 and into respective ones of the second bone anchor holes
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40b, the distal bone segment 24, the intramedullary nail 30, and the brace member 78 are all
fixed to each other with respect to relative translation along the longitudinal direction.

[0065] Referring now to Figs. 2A-3, and Figs. 7A-C, once at least one of the bone
anchors 86 has attached the second portion 35 of the nail body 32 to a first one of the proximal
and distal bone segments 22 and 24, such as the distal bone segment 24 as illustrated, the
compression member 53 can be inserted into other of the first and second bone segments 22 and
24, such as the proximal bone segment 22, that is aligned with the compression slot 39, and
further inserted into or through the compression slot 39. It should be appreciated that the
compression member 53 can alternatively be driven into the long bone 20 and further inserted
into or through the compression slot 39 before the at least one bone anchor 86 has attached the
second portion 35 of the nail body 32 to the long bone 20. Accordingly, the compression
member 53 can initially be driven into the distal bone segment 24 and into a select pocket 45,
such that the compression slot 39 defines at least one other pocket 45 that is disposed distal of
the select pocket (e.g., along a direction from the first portion 33 of the nail body 32 toward the
second portion 35 of the nail body 32), and spaced from the select pocket any longitudinal
distance as desired, such as a distance at least substantially equal to the bone gap distance D1.

[0066] In accordance with the illustrated embodiment, the support frame 76 defines at
least one guide aperture 88 such as a plurality of guide apertures 88 that are spaced along the
alignment body 66 in the longitudinal direction L and sized to receive the aiming sleeve 90,
which can be cannulated and positioned in a desired guide aperture 88 so as to be operably
aligned with a select one of the pockets 45 of the compression slot 39, such that at least one
pocket 45 is disposed longitudinally inward of the select pocket 45. In accordance with the
illustrated embodiment, the select pocket 45 can be the longitudinally outermost pocket 52a or
any of the intermediate pockets 46 as desired. When the first portion 33 of the nail body 32 is
the proximal portion 34 as illustrated, the longitudinally outermost pocket 52a is a proximal-most
pocket. If the first portion 33 of the nail body 32 is the distal portion 36 in accordance with an
alternative embodiment, the longitudinally outermost pocket 52a is a distal-most pocket. In
accordance with one embodiment, the aiming sleeve 90 can be aligned with the select pocket 45
such that the distance between the select pocket 45 and the innermost pocket 52b along the
longitudinal direction is at least equal to the bone gap distance D1 (see Fig. 1), such that
movement of the compression member 53 in the compression slot 39 along the longitudinal
direction can reduce the bone gape distance D1 to approximately zero.

[0067] Referring also to Figs. 8A-C, once the aiming sleeve 90 is aligned with the

select pocket 45, the compression member 53 can be driven into the bone segment that is aligned
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with the first portion 33 of the nail body 32. In accordance with the illustrated embodiment, the
compression member 53 is driven into the proximal bone segment 22 and into or through the
select pocket 45, which can be the longitudinally outermost pocket 52a or one of the intermediate
pockets 46. The aiming sleeve 90 can then be removed from the support frame 76 such that the
compression member 53 is at least temporarily or permanently fixed to the proximal bone
segment 22 and inserted into the compression slot 39. Thus, the compression member 53 is fixed
to the proximal bone segment 22 with respect to translation in the longitudinal direction.

[0068] Once the compression member 53 has been inserted into the proximal bone
segment 22 and the compression slot 39, and the distal bone segment 24 has been fastened to the
distal portion 36 of the nail body 32 with respect to relative longitudinal movement, the
compression actuator 92 can be operatively engaged with the compression member 53 and
subsequently moved relative to the brace member 78, and thus the nail body 32 and distal bone
segment 24, from a first position to a compressed position. The compression actuator 92 is
configured to operatively engage the compression member 53 such that movement of the
compression actuator 92 along the longitudinal direction L, for instance toward the bone gap 26,
which can define the distal direction as illustrated, causes the compression member 53 to
likewise translate along with the proximal bone segment 22 toward the distal bone segment so as
to approximate the bone gap 26.

[0069] In accordance with the illustrated embodiment, the compression actuator 92 can
include a shaft 93 having a proximal end 94 and a distal end 95 that is spaced from the proximal
end 94 along the longitudinal direction L. The compression actuator 92 can include an
engagement member, for instance threads 96, that are carried by an external surface of the shaft
93. The brace member 78 can carry a complementary engagement member, such as threads 77
that mate with the threads 96 of the compression actuator 92 so as to removably attach the
compression actuator 92 to the brace member 78, and thus also to the support frame 76, such that
the compression actuator 92 is movable with respect to the intramedullary nail 30. For example,
the brace member 78 can define a cannulation 79 that can extend through one or both of the knob
84 and the shaft 80, and can present the internal threads 77 that are configured to mate with the
external threads 96 of the compression actuator 92. The shaft 93 of the compression actuator 92
can extend along the longitudinal direction L a distance that is greater than that of the shaft 80 of
the brace member 78 and the cannulation 79, such that the shaft 93 can be inserted through the
cannulation 79 so that at least the distal end 95 of the compression actuator 92 extends
longitudinally out the brace member 78. The compression actuator 92 can include a knob 98 that

extends proximally from the shaft 93. For instance the knob 98 can be integral and monolithic
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with the shaft 93, or can be discreetly attached to the shaft 93, such that the knob 98 is coupled to
the shaft 93 with respect to relative rotation about an axis that extends in the longitudinal
direction L.

[0070] Accordingly, rotation of the compression actuator 92 in a first direction, which
can also be referred to as an engagement direction, relative to the brace member 78 causes the
threads 96 to purchase with the threads 77 so as to secure the compression actuator 92 to the
brace member 78. Rotation of the compression actuator 92 in a second direction, which can be
referred to as a disengagement direction that is opposite the first direction, relative to the brace
member 78 causes the threads 96 to purchase with the threads 77 so as to remove the
compression actuator 92 from the brace member 78. It should be appreciated that rotation of the
compression actuator 92 in the first direction relative to the brace member 78 causes the
compression actuator 92 to advance relative to the nail body 32 along the longitudinal direction
L from the first portion 33 of the nail body 32 toward the second portion 35 of the nail body,
which defines a distal direction in accordance with the illustrated embodiment. Rotation of the
compression actuator 92 in the second direction relative to the brace member 78 causes the
compression actuator 92 to retract relative to the nail body 32 along the longitudinal direction L
from the second portion 35 of the nail body 32 toward the first portion 33 of the nail body, which
defines a proximal direction in accordance with the illustrated embodiment. Thus, the
compression actuator 92 can be removably coupled to the brace member 78, and can be
removably fixed to the compression member 53 with respect to distal translation in the
longitudinal direction L.

[0071] The compression actuator 92 is attached to the brace member 78 so as to be
movable longitudinally relative to the support frame 76, the intramedullary nail 30, and the distal
bone segment 24 that is fixed to the second portion 35 of the intramedullary nail 30. It should be
appreciated that the compression actuator 92 can be attached to the brace member 78 so as to
translate along the longitudinal direction L relative to the brace member 78, and thus the support
frame 67 and intramedullary nail 30, in any alternative manner as desired. For instance, in
accordance with one embodiment, the compression actuator 92 can be movably connected to the
brace member 78, and thus the support frame 76 and the intramedullary nail 30, by a rack-and-
pinion such that rotation about an axis substantially perpendicular to the longitudinal direction L
causes the compression actuator 92 to translate distally with respect to the brace member 78 and
the intramedullary nail 30. Alternatively still, a distal translation force applied to the
compression actuator 92 can cause the compression actuator 92 to translate distally relative to the

brace member 78 and the intramedullary nail 30.
-20 -



WO 2012/112495 PCT/US2012/024978

[0072] The distal end 95 of the compression actuator 92 defines an engagement
member that can be configured as an abutment surface 97 that is at least partially aligned with
the compression member 53 along the longitudinal direction L as the compression actuator 92 is
attached to the brace member 78 and moves distally with respect to the brace member 78. As a
result, distal translation of the compression actuator 92 relative to the brace member 78 causes
the abutment surface 97 of the distal end 95 of the compression actuator 92 to contact the
compression member 53, and further rotation of the compression actuator 92 relative to the brace
member 78 causes the abutment surface 97, and thus the distal end 95 of the compression
actuator 92, to apply a compressive biasing force to the compression member 53 that urges the
compression member 53 to translate along the compression slot 39 in a direction from the first
portion 33 of the nail body 32 toward the second portion 35 of the nail body 32, which can be
distally as illustrated, so as to compress the proximal and distal bone segments 22 and 24,
respectively, and approximate the bone gap 26.

[0073] The abutment surface 97 can integral and monolithic with respect to the shaft
93, or can be discretely attached to the shaft 93 or any other part of the compression actuator 92.
For instance, the abutment surface 97 can be rotatable with respect to one or both of the knob 98
and shaft 93, such that as the compression actuator 92 rotates, the abutment surface 97 can
remain stationary with respect to rotation as it applies the biasing force to the compression
member 53. For instance, the abutment surface can be rotatable with respect to the shaft 93.
Alternatively or additionally, the shaft 93 can be rotatable with respect to the knob 98.
Alternatively still, the abutment surface 97 can rotate along with the knob 98 as it applies the
biasing force to the compression member 53. Thus, the compression actuator 92 is configured to
apply a biasing force to the compression member 53 that is greater than a retention force applied
to the compression member 53 by the mechanical interference between the compression member
53 and the internal surfaces 37a and 37b, for instance at the intersections 48. Accordingly, the
biasing force can define an approximation force that causes the compression member 53 to travel
along the scalloped compression slot 39.

[0074] As described above, the internal surfaces 37a and 37b are sloped along a
direction from the pockets 45, for instance at the longitudinal the midpoint of the pockets 45,
toward the adjacent intersection 48. Furthermore, the width W1 between the adjacent internal
surfaces 37a and 37b is less than the cross-sectional distance of the shaft 56 of the compression
member 53. Accordingly, the internal surfaces 37a and 37b provides a reactive resistance force
to the compression member 53 that is opposite the compressive biasing force F of the

compression actuator 92 as the biasing force F urges the compression member 53 toward the
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intersection 48, for instance from the midpoint of the corresponding pocket 45. When the
biasing force F of the compression actuator 92 reaches an approximation force that is at level
greater than the resistance force of the compression member 53, for instance as the compression
actuator 92 is further rotated relative to the brace member 78, at least one or both of the shaft 56
of the compression member 53 and the internal surfaces 37a and 37b can deform, thereby
temporarily decreasing the maximum cross-sectional outer dimension D of the shaft 56 (Fig. 3)
and/or temporarily increasing the width W1 of the intersection 48 (Fig. 2C), until the maximum
outer cross-sectional dimension D of the shaft 56 is substantially equal to the width W1 of the
intersection 48. For instance, one or both the shaft 56 and the internal surfaces 37a and 37b can
elastically deform as the compression member 53 travels along the compression slot 39.
Alternatively, one or both of the shaft 56 and the internal surfaces 37a and 37b can plastically
deform as the compression member 53 travels along the compression slot 39. Accordingly, once
the compression actuator 92 translates along the longitudinal direction L and is brought into
engagement with the compression member, further translation of the compression actuator 92
with respect to the intramedullary nail 30 causes the abutment surface 97 apply the
approximation force F to the compression member 53 that causes the compression member 53 to
ratchet along sequential pockets 45 of the compression slot 39 against the resistive force, as
illustrated in Figs. 8C-D. In accordance with one embodiment, for instance when the long bone
20 is a humerus bone, the approximation force can be approximately 100N. When the long bone
20 is a femur, the compression force can go up to approximately SOON. When the long bone 20
is a tibia, the approximation force can be between approximately 100N and approximately SOON.
Thus, the approximation force can be within the range of approximately 100N and approximately
S00N.

[0075] In accordance with the illustrated embodiment, as the shaft 56 travels along the
intersections 48 from a first one of the holes 47 into a second one of the holes 47 that is adjacent
the first one of the holes 47, one or both of the internal surfaces 37a and 37b elastically deforms
from a neutral position to a deformed position with respect to the other of the internal surfaces
37a and 37b that is expanded along the lateral direction with respect to the neutral position, so
that the width W1 is substantially equal to the maximum cross-sectional dimension D of the shaft
56 along the lateral direction. As the shaft 56 travels into the second one of the holes 47, the
expanded one or both of the internal surfaces 37a and 37b returns to the neutral position,
whereby the first width W1 is less than the maximum cross-sectional dimension D of the shaft
56. Without being bound by theory, it is believed that in certain embodiments when the shaft 56

is threaded, the threads 56a (see Fig. 3) can cut into the internal surfaces 37a and 37b, for
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instance at the intersection 48, and thereby create deformation, for instance in the form of a
track, in the internal surfaces 37a and 37b as the shaft 56 travels from the first one of the pockets
45 into the second one of the pockets 45. However, once the shaft 56 is in the second one of the
pockets 45, the threads 56a do not naturally align with the track that was previously created in
the internal surfaces 37a and 37b. As a result, the threads 56a would create a new track in the
internal surfaces 37a and 37b in order for the shaft 56 to return to the first one of the pockets 45
in accordance with one embodiment. Because the creation of a new track would be associated
with a large amount of force along a direction from the second one of the pockets 45 toward the
first one of the pockets 45, interference between the threads 56a and the internal surfaces 37a and
37b assists in retention of the shaft in the second one of the pockets 45. As the shaft 56 further
travels along the intersections 48 from the second one of the holes 47 into a third one of the holes
47 that is adjacent the second one of the holes 47, one or both of the internal surfaces 37a and
37b elastically deforms from a neutral position to a deformed position with respect to the other of
the internal surfaces 37a and 37b that is expanded along the lateral direction with respect to the
neutral position, so that the width W1 is substantially equal to the maximum cross-sectional
dimension D of the shaft 56 along the lateral direction. As the shaft 56 travels into the third one
of the holes 47, the expanded one or both of the internal surfaces 37a and 37b returns to the
neutral position, whereby the first width W1 is less than the maximum cross-sectional dimension
D of the shaft 56.

[0076] Thus, referring to Figs. 8D-E, once the cross-sectional distance of the shaft 56 is
substantially equal to the width W1 of the intersection 48, the approximation force applied to the
compression member 53 by the compression actuator 92 causes the compression member 53 to
translate from a first pocket 45, past the adjacent distal intersection 48, and into a second pocket
45 that is adjacent the first pocket and spaced from the first pocket along a direction from the
first portion 33 of the nail body 32 toward the second portion 35 of the nail body 32. Because
the compression member 53, and in particular the shaft 56, is further fixed to the bone segment
that corresponds to the first portion 33 of the nail body 32 with respect to relative longitudinal
movement, movement of the compression member 53 causes the respective bone segment to
translate toward the opposed bone segment. In accordance with the illustrated embodiment, the
compression member 53 is fixed to the proximal bone segment 22 with respect to relative
longitudinal movement, and distal movement of the compression member 53 thereby causes the
proximal bone segment 22 translate distally toward the opposed distal bone segment 24, thereby
approximating the bone gap 26 to a second longitudinal gap distance that is less than the gap

distance D1. Continued translation of the compression member 53 within the compression slot
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39 can cause the compression member 53 to translate into sequentially distal pockets 45, thereby
resulting in a further reduction in the gap distance. The compression member 53 can be
translated to a final one of the pockets 45, for instance, until the first and second bone segments
22 and 24 abut each other and the bone gap 26 has been reduced to a desired longitudinal
distance less than the bone gap distance D1. Once the bone gap 26 has been reduced,
interference between one of the intersections 48 that is disposed immediately proximal with
respect to the compression member 53 provides a reactive resistive force to the compression
member 53 against forces that could tend to bias the proximal and distal bone segments 22 and
24 away from each other along the longitudinal direction L, which could increase the bone gap
26.

[0077] In accordance with an alternative embodiment, as described above, the first
portion 33 of the nail body can define the distal portion 36 of the nail body, such that the
compression slot 39 can be defined by, and thus disposed in, the distal portion 36 of the nail
body 32. Accordingly, the compression member 53 can initially be driven into the distal bone
segment 24 and into a select pocket 45, such that the compression slot 39 defines at least one
other pocket 45 that is disposed proximal of the select pocket (e.g., along a direction from the
first portion 33 of the nail body 32 toward the second portion 35 of the nail body 32) and spaced
from the select pocket any longitudinal distance as desired, such as a distance at least
substantially equal to the bone gap distance D1. The brace member 78 can be thus be secured to
the proximal 34 of the nail body 32 with respect to relative proximal movement along the
longitudinal direction L as described above, and the compression actuator 92 can be attached to
the brace member 78 and configured to bias the compression member 53 proximally along the
compression slot 39, thereby translating the distal bone segment 24 proximally toward to the
proximal bone segment 22 so as to approximate the bone gap 26.

[0078] Tt should be appreciated that the brace member 78, when connected to the
intramedullary nail 30, can stabilize the intramedullary nail 30 against movement due to the
biasing force F of the compression actuator 92 acting on the intramedullary nail 30 via the
compression member 53. While the brace member 78 is attached to the same end of the
intramedullary nail 30 that receives the compression actuator 92 in accordance with the
illustrated embodiment, the brace member 78 can be attached to the intramedullary nail 30 at any
location along the nail body 32, and can alternatively be attached to the bone segment that is
fixed to the intramedullary nail 30 with respect to relative longitudinal movement (the distal

bone segment 24 in accordance with the illustrated embodiment), such that the brace member 78,
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via the bone anchors 86 and the bone segment 24, stabilizes the intramedullary nail 30 against
movement in response to the biasing force applied by the compression actuator 92.

[0079] Alternatively still, the implantation assembly 62 can be devoid of the brace
member 78, such that the human anatomy resists the biasing force applied by the compression
actuator 92. For instance, in accordance with one illustrated embodiment, the anatomical joint
proximate to the distal bone segment 24 and adjacent anatomical structure can stabilize the
intramedullary nail 30 via the distal bone segment 24 that is attached to the intramedullary nail
30 by the bone anchors 86. If the implantation assembly 62 is devoid of the brace member 78,
the compression actuator 92 can be movably attached to the support frame 76 in the manner
described above with respect to the brace member 78 or any suitable alternative manner.

[0080] It should be appreciated that because certain ones of the first plurality of bone
anchor holes 40a of the first portion 33 of the nail body 32 can be disposed longitudinally
outward with respect to the compression slot 39 and aligned with the compression member 53
when the compression member 53 is inserted into the compression slot 39, the shaft 93 of the
compression actuator 92 can interfere with certain ones of the bone anchors 86 that might be
driven through the first plurality of bone anchor holes 40 before the compression actuator 92 is
disengaged from the compression member 53 and removed from the intramedullary nail 30.
Thus, the compression actuator 92 and the brace member 78 can Alternatively or additionally,
one or more of the first bone anchor holes 40a can be disposed at a location longitudinally
inward of the compression slot 39 if desired. Alternatively still, one or more of the first bone
anchor holes 40a can be offset with respect to the compression member 53 along a direction
substantially perpendicular to the longitudinal direction L, such that the shaft 93 is removed from
interference with bone anchors 86 that are driven through the first bone anchor holes 40a.

[0081] It should be further appreciated that while the compression actuator 92 applies
the biasing force F directly to the compression member 53 in accordance with the illustrated
embodiment, the abutment surface 97 of the compression actuator 92 can alternatively apply the
biasing force F to the compression member 53 indirectly, for instance by applying the biasing
force F to the bone segment that is aligned with the first portion 33 of the nail body (e.g., the
proximal bone segment 22 in accordance with the illustrated embodiment). The distal force
applied to the proximal bone segment 22 can be communicated to the compression member 53,
which biases the compression member 53 to translate along the compression slot 39 in the
manner described above so as to approximate the bone gap 26.

[0082] Referring now to Fig. 8E, once the bone gap 26 has been reduced, for instance

such that the bone segments 22 and 24 abut each other, the compression actuator 92 can be
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removed. In accordance with the illustrated embodiment, the compression actuator 92 can be
rotated in a disengagement direction that is opposite the engagement direction, which causes the
abutment surface 97 at the distal end of the shaft 93 to translate proximally along the longitudinal
direction L and retract away from the compression member 53. Continued rotation of the
compression actuator 92 in the disengagement direction causes the compression actuator 92 to
detach from the brace member 78, and thus the support frame 76 and the intramedullary nail 30.
Once the compression actuator 92 has been detached, the intersection 48 adjacent the
compression member 53 interferes with the compression member 53 and prevents the
compression member 53 from translating proximally out of the final one of the pockets 45,
thereby preventing anatomical distractive forces from increasing the bone gap 26. Accordingly,
the compression slot 39 retains the compression member 53 in the final one of the pockets 45,
thereby maintaining the first and second bone segments 22 and 24 in an abutting relationship.
[0083] Referring now to Figs. 9A-C, once the compression actuator 92 has been
removed from the intramedullary nail 30, the shaft 93 is also removed from interference with
respect to the first bone anchor holes 40a that are disposed longitudinally outward, or proximal,
with respect to of the compression slot 39. Accordingly, a plurality of bone anchors 86 can be
driven into the proximal bone segment 22 that corresponds to the first portion 33 of the nail body
32 and into the corresponding first bone anchor holes 40a that extend into or through the first
portion 33 of the nail body 32. Because bone anchors 86 had previously fastened the distal bone
segment 24 to the second portion 35 of the nail body 32 as illustrated in Fig. 6, attachment of the
proximal bone segment 22 to the first portion 33 of the intramedullary nail 30 secures the
intramedullary nail 30 to the proximal and distal bone segments 22 and 24 separated by the
previously-approximated bone gap 26. For instance, as illustrated in Fig. 9A, an aiming sleeve
90 can be inserted through one of a plurality of the guide apertures 88 that extend through the
frame member 87 so as to align the aiming sleeve 90 with one of the first plurality of bone
anchor holes 40 that extend into or through the first portion 33 of the nail body 32. Accordingly,
a bone anchor 86 can be inserted into a cannulation of the aiming sleeve 90 and driven into the
proximal bone segment 22 and subsequently into or through bone anchor hole 40 so as to fix the
first portion 33 of the nail body 32 to the bone segment 22. As many bone anchors 86 can be
attached to the bone segment 22 and the intramedullary nail 30 as desired until the
intramedullary nail 30 is suitably fastened to the first or proximal bone segment 22. The support
frame 76 and the brace member 78 can then be removed from the intramedullary nail 30 as

illustrated in Fig. 10. The compression member 53 can remain implanted in the long bone 20
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and the compression slot 39 as illustrated in Fig. 10, or can be removed from the compression
slot 39 prior to completing the surgical procedure.

[0084] In accordance with one embodiment, and referring to Figs. 1-10 in general, a
method 33 can be provided for reducing the bone gap 26 of the long bone 20, the bone gap 26
separating the first bone segment 22 from the second bone segment 24 hat is spaced from the
first bone segment 22 along the longitudinal direction L. The method includes the step of
inserting the intramedullary nail 30 into the medullary canal 23 of the long bone 20 such that a
portion, such as the intermediate portion 38, of the intramedullary nail 30 extends across the
bone gap 26. The method can further include the step of fixing the intramedullary nail 30 to one
of the first and second bone segments 22 and 24, respectively, with respect to longitudinal
movement relative to the fixed one of the first and second bone segments 22 and 24,
respectively. The method can further include the step of inserting the compression member 53 at
least into the other of the first and second bone segments 22 and 24 and further at least into a first
pocket 45 of the scalloped compression slot 39 that is defined by the intramedullary nail 30. The
method can further include the step of applying a distal approximation force to the compression
member 53 while bracing the intramedullary nail 30 so as to cause the compression member 53
to travel from the first pocket 45, across a necked portion, which can be defined by one of the
intersections 48 as described above, the necked portion having a cross sectional dimension less
than a corresponding cross-sectional dimension of the compression member 53, for instance
along the lateral direction A, and into a second pocket 45 that is spaced from the first pocket 45
along the longitudinal direction L so as to reduce the bone gap 26. The method can include any
additional steps as described herein.

[0085] Tt should be appreciated that that the intramedullary nail 30 can be constructed
in accordance with any suitable alternative embodiment as desired. For instance, referring to
Figs. 11A-C, the intramedullary nail 30 includes least one relief slot that extends out from the
compression slot 39 and terminates in the nail body 32. In accordance with the illustrated
embodiment, the intramedullary nail 30 can include at least one relief slot, such as a first or
proximal relief slot 99a and a second or distal relief slot 99b that extend into or through the nail
body 32 along the transverse direction T. The first relief slot 99a is open to the compression slot
39, and is open to the outermost pocket 52a in accordance with the illustrated embodiment. The
second relief slot 99b is open to the compression slot 39, and is open to the innermost pocket 52b
in accordance with the illustrated embodiment. The first relief slot 99a can define a main portion
100a that extends proximally from the compression slot 39, and a terminates at a terminal end

101a that extends proximally from the main portion 100a and is proximally spaced with respect
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to the compression slot 39, and distally spaced from at least one or more up to all of the first
holes 40a. The second relief slot 99b can define a main portion 100b that extends distally from
the compression slot 39, and terminates at a terminal end 101b that is distally spaced with respect
to the compression slot 39.

[0086] The first and second relief slots 99a and 99b define respective widths W3 and
W4 along the lateral direction A, and thus substantially parallel to the first and second widths
W1 and W2, respectively, for instance at their respective main portions 100a and 100b. The
widths W3 and W4 can be substantially equal to each other or different. For instance, the width
W3 of the main portion 100a can be greater or less than the width W4 of the main portion 100b.
Furthermore, the widths W3 and W4 can be substantially constant along the length of the first
and second main portions 100a and 100b, respectively. Alternatively, the width W3 can increase
or decrease along the proximal direction away from the compression slot 39. Similarly, the
width W4 can alternatively increase or decrease along the distal direction away from the
compression slot 39. The respective terminal ends 101a and 101b can define cylindrical holes
that overlap the proximal and distal ends, respectively, of the main portions 100a and 100b, and
can alternatively define any suitable shape.

[0087] The first and second relief slots 99a and 99b can reduce the rigidity of the nail
body 32 immediately adjacent the outermost and innermost pockets 52a and 52b along the
longitudinal direction L. For instance, the first and second relief slots 99a and 99b can define
respective hinges at the corresponding terminal ends 101a and 101b. In response to an applied
force to the compression member 53 that biases the internal surfaces 37a and 37b away from
each other, the hinges defined by the first and second relief slots 99a and 99b can expand along
the lateral direction A, thereby increasing the third and fourth widths W3 and W4, which in turn
reduces the force required to be applied to the compression member 53 so as to overcome the
retention force and expand one or both of the first and second internal surfaces 37a and 37b with
respect to the other of the first and second internal surfaces 37a and 37b a distance that increases
the first width W1 to a distance substantially equal to the maximum cross-sectional dimension D
(see Fig. 3) of the compression member shaft 56, as compared to the force required to be applied
to the compression member 53 so as to expand one or both of the first and second internal
surfaces 37a and 37b with respect to the other of the first and second internal surfaces 37a and
37b a distance that increases the first width W1 to a distance substantially equal to the maximum
cross-sectional dimension D (see Fig. 3) of the compression member shaft 56 when the
intramedullary nail 30 does not include the first and second relief slots 99a and 99b. It should be

appreciated that the first and second internal surfaces 37a and 37b can reduce both the
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approximation force and the retention force, and can also reduce debris that might be created due
to translation of the shaft 56 along the first and second internal surfaces 37a and 37b. The first
and second relief slots 99a and 99b can be dimensioned, for instance at the third and fourth
widths W3 and W4, so as to determine a predictable approximation force, while providing a
sufficiently high retention force with a minimal amount of debris during operation.

[0088] Although the disclosure has been described in detail, it should be understood
that various changes, substitutions, and alterations can be made herein without departing from
the spirit and scope of the invention as defined by the appended claims. Moreover, the scope of
the present disclosure is not intended to be limited to the particular embodiments described in the
specification. Furthermore, structure, features, and methods described in combination with one
embodiment as described herein can be applicable to any other embodiment described herein
absent a statement to the contrary. As one of ordinary skill in the art will readily appreciate from
the disclosure of the present invention, processes, machines, manufacture, composition of matter,
means, methods, or steps, presently existing or later to be developed that perform substantially
the same function or achieve substantially the same result as the corresponding embodiments

described herein may be utilized according to the present disclosure.
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What is Claimed:

1. A bone fixation assembly comprising:

an intramedullary nail having a nail body that is elongate substantially along a
longitudinal axis that extends along a longitudinal direction, the nail body defining a first portion
positioned to attach to a first bone segment and a second portion that is spaced from the first
portion along the longitudinal direction and positioned to attach to a second bone segment that is
separated from the first bone segment by a bone gap, the nail body defining a compression slot
extending into the first portion of the nail body, the compression slot defining a plurality of
pockets including at least a pair of longitudinally spaced end pockets and an intermediate pocket
disposed between the end pockets, and an intersection between adjacent ones of the pockets ,

wherein the compression slot defines a first width substantially perpendicular to the
longitudinal direction at one of the intersections, and the compression slot defines a second width
at one of the pockets along a direction substantially parallel to the first width, such that the
second width is greater than the first width.

2. The bone fixation assembly as recited in claim 1, wherein the pockets further include at

least a pair of intermediate pockets disposed between the end pockets.

3. The bone fixation assembly as recited in claim 1, wherein the nail body defines a pair of
opposed internal surfaces that are elongate substantially longitudinally, and at least one of the

internal surfaces defines the pockets.

4. The bone fixation assembly as recited in claim 3, wherein each of the opposed internal

surfaces defines ones of the plurality of pockets.

5. The bone fixation assembly as recited in claim 3, wherein the at least one internal surface

is sloped along a direction from each of the pockets to a corresponding one of the intersections.

6. The bone fixation assembly as recited in claim 5, wherein the at least one internal

surfaces is curvilinearly sloped from the pockets to the corresponding intersections.

7. The bone fixation assembly as recited in claim 3, wherein the pair of opposed internal

surfaces are monolithic with the nail body.
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3. The bone fixation assembly as recited in claim 3, wherein the nail body further comprises
an insert that is attachable to at least one of the first and second portions, and the insert defines

the compression slot.

9. The bone fixation assembly as recited in claim 1, wherein at least one of the internal

surfaces includes regions that are substantially arc-shaped so as to define the pockets.

10.  The bone fixation assembly as recited in claim 3, wherein the compression slot defines a
first width that extends perpendicular to the longitudinal direction and is defined by the internal
surfaces at one of the intersections, and a second width that extends parallel to the first width and
is defined by the internal surfaces at one of the pockets, such that the second width is greater

than the first width.

11.  The bone fixation assembly as recited in claim 10, further comprising a compression

member having a cross-sectional dimension that is greater than the first width.

12.  The bone fixation assembly as recited in claim 11, wherein at least one of the
compression member or one of the first and second the internal surfaces is compressible such
that the compression member can travel from one of the pockets, past the intersection, and into

another of the pockets.

13.  The bone fixation assembly as recited in claim 12, wherein the cross-sectional dimension

of the compression member is less than the second width.

14.  The bone fixation assembly as recited in claim 12, wherein the cross-sectional dimension

of the compression member is substantially equal to the second width.

15.  The bone fixation assembly as recited in claim 12, wherein the intramedullary nail further
defines a plurality of bone anchor holes configured to receive respective bone anchors so as to

fix the intramedullary nail to bone.

16.  The bone fixation assembly as recited in claim 15, wherein the plurality of bone anchor
holes includes at least a first bone anchor hole extending into the first portion of the nail body

and at least a second bone anchor extending into the second portion of the nail body.

17.  The bone fixation assembly as recited in claim 16, wherein the first bone anchor hole is

disposed longitudinally outward of the compression slot.
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18.  The bone fixation assembly as recited in claim 16, wherein the intramedullary nail is
sized to be inserted into a medullary canal of a fractured bone that defines the first bone segment
and the second bone segment, such that the compression slot and the first bone anchor hole are
aligned with the first bone segment and the second bone anchor hole is aligned with the second

bone segment.

19.  The bone fixation assembly as recited in claim 15, further comprising a plurality of bone
anchors configured to extend into the bone anchor holes so as to fix the intramedullary nail to the

first and second bone segments with respect to relative longitudinal movement.

20.  The bone fixation assembly as recited in claim 12, wherein the intramedullary nail is
configured to be inserted distally into a proximal one of the first and second bone segments that
is spaced from a distal other of the first and second bone segments by a bone gap, and the first
portion of the nail body is a proximal portion such that the compression slot is aligned with the
proximal bone segment and the compression member is configured to travel distally from the one

of the pockets into the other of the pockets.

21.  The bone fixation assembly as recited in claim 10, further comprising at least one relief

slot that extends out from the compression slot and terminates in the nail body.

22.  The bone fixation assembly as recited in claim 21, wherein the relief slot defines a width
parallel to the first and second widths, wherein the width of the relief slot is less than the first

width.

23. The bone fixation assembly as recited in claim 1, further comprising at least one relief

slot that extends out from the compression slot and terminates in the nail body.

24, The bone fixation assembly as recited in claim 23, wherein the relief slot is a first relief
slot, further comprising a second relief slot that extends out from the compression slot and
terminates in the nail body, such that the first relief slot extends proximally from the

compression slot and the second relief slot extends distally from the compression slot.

25.  The bone fixation assembly as recited in claim 1, wherein the intramedullary nail further
defines a plurality of bone anchor holes configured to receive respective bone anchors so as to

fix the intramedullary nail to bone.
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26.  The bone fixation assembly as recited in claim 25, wherein the plurality of bone anchor
holes includes at least a first bone anchor hole extending into the first portion of the nail body

and at least a second bone anchor extending into the second portion of the nail body.

27.  The bone fixation assembly as recited in claim 26, wherein the first bone anchor hole is

disposed longitudinally outward of the compression slot.

28.  The bone fixation assembly as recited in claim 27, wherein the intramedullary nail is
sized to be inserted into a medullary canal of a fractured bone that defines the first bone segment
and the second bone segment, such that the compression slot and the first bone anchor hole are
aligned with the first bone segment and the second bone anchor hole is aligned with the second

bone segment.

29.  The bone fixation assembly as recited in claim 1, wherein the intersections define an edge

that extends along a direction substantially perpendicular to the longitudinal direction

30. The bone fixation assembly as recited in claim 1, wherein the intersections define a
surface that is elongate along a direction substantially perpendicular to the longitudinal direction,

and the surface extends along the longitudinal direction.

31.  The bone fixation assembly as recited in claim 1, wherein the compression slot defines a

first width perpendicular to the longitudinal direcetion

32. A bone fixation system comprising:

(1) a bone fixation assembly including:

an intramedullary nail having a nail body that extends substantially along a
longitudinal axis, the nail body defining a first portion and a second portion that is spaced
substantially longitudinally from the first portion, the nail body defining a compression
slot extending into the first portion of the nail body, the compression slot defining at least
a pair of longitudinally spaced pockets and an intersection between the pockets, and

a compression member configured to be moved from one of the pockets across
the intersection and to the other of the pockets, the compression member defining a cross-
sectional dimension;

wherein the intersection has a width along a direction substantially perpendicular
to the longitudinal direction that is greater than a cross-sectional dimension of the

compression member along the direction that is substantially perpendicular to the
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longitudinal direction when the compression member is received by the compression slot,

and the pockets have respective widths substantially perpendicular to the longitudinal

direction that are greater than the width of the intersection; and

(ii) an implant assembly including a compression actuator configured to apply a force to
the compression member that biases the compression member along the longitudinal direction

from one of the pockets across the intersection to the other of the pockets.

33.  The bone fixation system as recited in claim 32, wherein the implant assembly further
comprises a support frame and a brace member configured to be coupled to the support frame to

the intramedullary nail; and

34. The bone fixation system as recited in claim 32, wherein the compression actuator is

movably connected to the brace member.

35. The bone fixation system as recited in claim 34, wherein the brace member is cannulated

and the compression actuator extends through the cannulation of the brace member.

36. The bone fixation system as recited in claim 35, wherein rotation of the compression
actuator relative to the brace member causes the compression actuator to translate with respect to

the brace member.

37.  The bone fixation system as recited in claim 36, wherein the compression actuator is

threadedly connected to the brace member.

38. The bone fixation system as recited in claim 32, wherein the nail body defines a pair of
opposed internal surfaces that are elongate substantially longitudinally, and at least one of the

internal surfaces defines the pair of pockets.

39. The bone fixation system as recited in claim 38, wherein at least one of the compression
member and the at least one of the internal surfaces is compressible such that the compression

member can translate across the intersection between the pockets.

40. The bone fixation system as recited in claim 32, wherein the intramedullary nail further
defines a plurality of bone anchor holes configured to receive respective bone anchors so as to

fix the intramedullary nail to bone.
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41. The bone fixation system as recited in claim 40, wherein the plurality of bone anchor
holes includes at least a first bone anchor hole extending into the first portion of the nail body

and at least a second bone anchor extending into the second portion of the nail body.

42. The bone fixation system as recited in claim 41, wherein the first bone anchor hole is

disposed longitudinally outward of the compression slot.

43. The bone fixation system as recited in claim 40, wherein the bone fixation assembly
further comprises a plurality of bone anchors configured to extend into the bone anchor holes so
as to fix the intramedullary nail to a corresponding bone segment with respect to relative

longitudinal movement.

44. A bone fixation assembly comprising:

an intramedullary nail having a nail body that is elongate substantially along a
longitudinal axis that extends along a longitudinal direction, the nail body defining a first portion
positioned to attach to a first bone segment and a second portion that is spaced from the first
portion along the longitudinal direction and positioned to attach to a second bone segment that is
separated from the first bone segment by a bone gap, the nail body defining a compression slot
extending into the first portion of the nail body, the compression slot defined by a first and
second opposed internal surfaces, each of the first and second opposed surfaces defining at least
a first and second pocket that are spaced along a longitudinal direction, and an intersection
disposed between the first and second pockets along the longitudinal direction,

wherein the compression slot defines a first width substantially perpendicular to the
longitudinal direction between the intersection of the first internal surface and the intersection of
the second internal surface, and the compression slot defines a second width defined by the first
and second internal surfaces at one of the pockets along a direction substantially parallel to the

first width, such that the second width is greater than the first width.

45. A method of reducing a bone gap of a long bone, the bone gap separating a first bone
segment from a second bone segment that is spaced from the first bone segment along a
longitudinal direction, the method comprising the steps of:

inserting an intramedullary nail into a medullary canal of the long bone such that a
portion of the intramedullary nail extends across the bone gap;

fixing the intramedullary nail to one of the first and second bone segments with respect to

longitudinal movement relative to the fixed one of the first and second bone segments;
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inserting a compression member at least into the other of the first and second bone
segments and at least into a first pocket of a scalloped compression slot defined by the
intramedullary nail,

applying a distal force to the compression member while bracing the intramedullary nail
s0 as to cause the compression member to travel from the first pocket, across a necked portion
that has a cross sectional dimension less than a corresponding cross-sectional dimension of the
compression member, and into a second pocket that is spaced from the first pocket along the

longitudinal direction so as to reduce the bone gap.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/024978

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/92 A61B17/72 A61B17/17
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 299 23 467 Ul (SCHOLZ WERNER [DE]) 1-7,
5 October 2000 (2000-10-05) 9-11,21,
23-32,
38-44
A figures 1-5 22
X DE 20 2004 014288 Ul (STRYKER TRAUMA GMBH 1
[DE]) 18 November 2004 (2004-11-18)
figure 6
X EP 1 557 131 Al (DEPUY ORTHOPAEDICS INC 1
[US]) 27 July 2005 (2005-07-27)
figure 13
X US 2008/294164 Al (FRANK PHILIP H [US] ET 1-21,
AL) 27 November 2008 (2008-11-27) 23-44
A figures 20-28 22
D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international nyw
filing date

invention

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

“{ggh is citetﬁ to estal_alilsh the publication_ga:je of another "Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
17 April 2012 25/04/2012
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, 2 -
Fax: (+31-70) 340-3016 Fernandez Arillo, J
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INTERNATIONAL SEARCH REPORT PLT/US2012/024978
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Pursuant to Rule 39.1(iv) PCT, the subject-matter of claim 45 has not been
searched, since it is directed to a method for treatment of the human body by
surgery.

2. |:| Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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