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Description

Field of the Invention

[0001] The present invention generally relates to de-
vices for the fixation and stabilization of intertrochanteric
fractures. In particular, the present invention relates to a
telescoping multi-component bone fixation system hav-
ing an outer sleeve configured to receive a bone fixation
nail therethrough, the bone fixation nail being configured
for locking engagement with the bone. One or more lock-
ing screws and/or endcaps are provided to lock a position
of the bone fixation nail once the nail has been positioned
as desired relative to the outer sleeve.

Background

[0002] Fractures are often treated with screws or other
fixation devices inserted into or through a bone to stabi-
lize fractured portions thereof once they have been
brought into corrective alignment. Trochanteric bone fix-
ation treatments comprise the insertion of an intramed-
ullary nail into a medullary cavity of a bone and a subse-
quent insertion of a bone fixation nail into a condylar por-
tion of the bone at an angle relative to the intramedullary
nail (i.e., along an axis of the trochanter). Once implanted
conventional trochanteric bone fixation devices permit
medial and lateral migration of the bone fixation nail within
and sometimes out of an outer periphery of the bone.
Furthermore, conventional bone fixation devices com-
prise multiple elements that add to the complexity of bone
fixation procedures while minimizing the degree of ad-
justability of the components relative to one another. Ac-
cordingly, this prevents the tailoring of these bone fixation
devices to individual requirements of various patients.
Such systems therefore reduce the anchoring strength
of the bone fixation devices increasing the likelihood of
further fractures or other complications.

[0003] US2006/149247 A1 describes a device for
treating fractures of the femur and includes an intra-med-
ullary pin with a central longitudinal axis, a front piece,
which is introduced into the medullary channel of the fe-
mur, a rear piece and a hole going through the rear piece
at an angle to the longitudinal axis with a non-circular
cross-section. A sliding sleeve that is introduced through
the hole with non-circular cross-section, has a front end,
arear end, a central longitudinal drilling, an outer sleeve
surface, an inner sleeve surface and a longitudinal axis;
a longitudinal bone fixation element with a longitudinal
axis, a head piece with fixation element, which is brought
into engagement with the femur head on use and a shaft,
which is introduced co-axially into the sliding sleeve,
whereby the outer sleeve surface of the sliding sleeve
has a non-circular cross-section, at least in a partial re-
gion. The inner sleeve surface of the sliding sleeve has
around cross-section and fixation elements are provided
for the selective blocking of the rotation of the longitudinal
bone fixation element in the sliding sleeve.
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[0004] US6443954 (B1) discloses a bone fixation de-
vice according to the preamble of claim 1 and describes
an intramedullary system for securing portions of a bone
together having a lag screw assembly extending through
a radial bore in an intramedullary nail. The lag screw is
inserted into one portion of a bone and deployed to fix
the leading end. The intramedullary nail is placed in the
intramedullary canal of a portion of the bone and the trail-
ing end of the lag screw assembly is adjustably fixed in
the radial bore to provide compression between the lag
screw assembly and the intramedullary nail. The in-
tramedullary nail has a cap screw in the proximal end
holding the lag screw assembly and a tang in the distal
end. The tang has legs extending through the nail to fix
the distal end in the intramedullary canal.

Summary of the Invention

[0005] The presentinvention is directed to a device for
bone fixation, comprising a bone fixation nail extending
from a proximal end to a distal end, the distal end having
a helical structure configured to engage a bone, the prox-
imal end having an opening extending thereinto and a
first sleeve configured for insertion over a proximal por-
tion of the bone fixation nail and through an intramedul-
lary nail hole, the first sleeve permitting the bone fixation
nail to move axially therewithin within a predetermined
range of movementalong with alocking screw configured
to limit movement of the bone fixation nail relative to the
first sleeve, the locking screw configured to lockingly en-
gage the opening in the bone fixation nail and having a
head and a threaded shaft extending distally therefrom.

Brief Description of the Drawings

[0006]

Fig. 1 shows a perspective view of a bone fixation
system according to a first exemplary embodiment
of the present invention;

Fig. 2 shows afirst partial cross-sectional view of the
device of Fig. 1;

Fig. 3 shows a second partial cross-sectional view
of the device of Fig. 1;

Fig. 4 shows a zoomed partial cross-sectional view
of the device of Fig. 1;

Fig. 5 shows a perspective view of a bone fixation
system according to a second exemplary embodi-
ment of the present invention;

Fig. 6 shows a first perspective view of the system
of Fig. 5;

Fig. 7 shows a first partial cross-sectional view of the
device of Fig. 5;

Fig. 8 shows a second partial cross-sectional view
of the device of Fig. 5;

Fig. 9 shows a perspective view of a bone fixation
system according to a third exemplary embodiment
of the present invention;
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Fig. 10 shows a first partial cross-sectional view of
the system of Fig. 9;

Fig. 11 shows a second partial cross-sectional view
of the system of Fig. 9;

Fig. 12 shows a perspective view of the system of
Fig. 9 in a first insertion configuration;

Fig. 13 shows a perspective view of the system of
Fig. 9 in a second insertion configuration;

Fig. 14 shows a perspective view of the system of
Fig. 9 in a third insertion configuration;

Fig. 15 shows a perspective view of the system of
Fig. 9 in a fourth insertion configuration;

Fig. 16 shows a first partial cross-sectional view of
a bone fixation system according to a fourth example
not falling within the scope of the claims;

Fig. 17 shows a second partial cross-sectional view
of the bone fixation system of Fig. 16;

Fig. 18 shows a perspective view of a blocking device
for use with the bone fixation system of Fig. 16;
Fig. 19 shows a perspective view of an assembled
inner and outer sleeve according to the bone fixation
system of Fig. 16.

Fig. 20 shows a perspective view of a bone fixation
system according to a fifth example not falling within
the scope of the claims;

Fig. 21 shows a first partial cross-sectional view of
the system of Fig. 20;

Fig. 22 shows a second partial cross-sectional view
of the system of Fig. 20;

Fig. 23 shows a third partial cross-sectional view of
the system of Fig. 20;

Fig. 24 shows a fourth partial cross-sectional view
of the system of Fig. 20;

Fig. 25 shows a perspective view of an insertion tool
according to a sixth example not falling within the
scope of the claims, which may be used for insertion
of the bone fixation system of Fig. 20;

Fig. 26 shows a first partial cross-sectional view of
the tool of Fig. 25 with the system of Fig. 19;

Fig. 27 shows a second partial cross-sectional view
of the tool of Fig. 25 with the system of Fig. 19;

Fig. 28 shows a third partial cross-sectional view of
the tool of Fig. 25 with the system of Fig. 19;

Fig. 29 shows a perspective view of a bone fixation
system according to a seventh example not falling
within the scope of the claims;

Fig. 30 shows a first partial cross-sectional view of
the system of Fig. 29;

Fig. 31 shows a second partial cross-sectional view
of the system of Fig. 29;

Fig. 32 shows a third partial cross-sectional view of
the system of Fig. 29;

Fig. 33 shows a perspective view of an insertion tool
according to an eighth example not falling within the
scope of the claims, which may be used for insertion
of the bone fixation system of Fig. 29;

Fig. 34 shows a first partial cross-sectional view of
the tool of Fig. 33 with the system of Fig. 28;
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Fig. 35 shows a second partial cross-sectional view
of the tool of Fig. 33 with the system of Fig. 28;

Fig. 36 shows a third partial cross-sectional view of
the tool of Fig. 33 with the system of Fig. 28;

Fig. 37 shows a fourth partial cross-sectional view
of the tool of Fig. 33 with the system of Fig. 28;

Fig. 38 shows a perspective view of a bone fixation
systemaccording to a ninth example notfalling within
the scope of the claims;

Fig. 39 shows a first partial cross-sectional view of
the system of Fig. 38;

Fig. 40 shows a second partial cross-sectional view
of the system of Fig. 38;

Fig. 41 shows a third partial cross-sectional view of
the system of Fig. 38;

Fig. 42 shows a first perspective view of a bone fix-
ation device according to a tenth example not falling
within the scope of the claims;

Fig. 43 shows a second perspective view of the el-
ement of Fig. 42;

Fig. 44 shows a third perspective view of the element
of Fig. 42;

Fig. 45 shows a longitudinal cross-sectional view of
an intramedullary nail to be utilized with the bone
fixation element of Fig. 42

Fig. 46 shows a first perspective view of a bone fix-
ation device according to an eleventh example not
falling within the scope of the claims;

Fig. 47 shows a partial cross-sectional view of the
element of Fig. 46;

Fig. 48 shows a third perspective view of the element
of Fig. 46; and

Fig. 49 shows a fourth perspective view of the ele-
ment of Fig. 46.

Detailed Description

[0007] The present invention may be further under-
stood with reference to the following description and the
appended drawings. The present invention relates gen-
erally to devices for the fixation and stabilization of inter-
trochanteric fractures. It is noted that although embodi-
ments of the present invention have been described with
respect to particular bones, the present invention may
also be employed in any other bone fixation procedures
including, but not limited to, the fixation of femoral frac-
tures and fractures of other long bones. The present in-
vention relates to a telescoping multi-component bone
fixation system having an outer sleeve configured to re-
ceive a bone fixation nail therethrough, the bone fixation
nail being configured for locking engagement with the
bone. One or more locking screws and/or endcaps are
provided to lock a position of the bone fixation nail once
the nail has been positioned as desired relative to the
outer sleeve. Specifically, an exemplary outer sleeve ac-
cording to the invention comprises a locking element con-
figured to lockingly engage anintramedullary nail through
which itisinserted to limita lateral migration thereof within
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a desired range when implanted in the bone. The exem-
plary bone fixation nail according to the invention is con-
figured for rotatable insertion through the outer sleeve
and into the bone. The bone fixation nail and outer sleeve
ofthe invention are configured so that a lateral and medial
movement thereof after implantation remains within a
predetermined desired range. The term proximal, as
used herein, refers to adirection approaching a physician
or other user while the term distal refers to a direction
approaching a target portion of a fractured or otherwise
damaged bone.

[0008] As shown in Figs. 1-4, a bone fixation system
100 according to the invention comprises an outer sleeve
102, a bone fixation element 104 configured for insertion
through the outer sleeve 102 and a locking screw 106
configured for insertion into the bone fixation element
104. The outer sleeve 102 comprises alongitudinal chan-
nel 108 extending therethrough along a longitudinal axis
138 from a proximal end 110 to a distal end 112 and may
be shaped as, for example, an elliptical (e.g., oblong)
cylinder to prevent rotation of the outer sleeve 102 rela-
tive to an intramedullary nail 10 through which the outer
sleeve 102 may beinserted. Itwill be understood by those
of skill in the art, however, that the outer sleeve 102 may
be any of a variety of shapes so long as the outer sleeve
102 is prevented from rotating relative to the intramed-
ullary nail 10. The outer sleeve 102 may be configured
so that a first longitudinal side wall 114 has a first length
and a second longitudinal side wall 116 has a second
length greater than the first length such that the proximal
end 110 is substantially oblique. This reduces possible
harm to the patient’s soft tissue and prevents the proximal
end 110 of the outer sleeve 102 from extending too far
from a lateral cortex of a bone through which it is inserted.
In an exemplary embodiment, a difference in length be-
tween the opposing first and second side walls 114, 116
may be approximately equivalent to a length of a head
107 of the locking screw 106 so that the locking screw
106 may be seated at least partially within the outer
sleeve 102 in an operative configuration to reduce a de-
gree of external stresses applied thereto after implanta-
tion. The second side wall 116 further comprises a first
barb 118 located adjacent the distal end 112 of the outer
sleeve 102. The first barb 118 protrudes from the outer
sleeve 102 by a length sufficient to permit engagement
thereof with a peripheral wall of an intramedullary nail
hole 12, as will be described in greater detail hereinafter.
A distal face of the first barb 118 has an angled wall 120
tapering toward a distal direction so that a radially com-
pressive force applied to the angled wall 120 (e.g. during
distal advancement into an intramedullary nail 10) com-
presses the first barb 118 radially inward until it lies sub-
stantially flush with the outer wall of the outer sleeve 102.
A proximalface of the first barb 118 comprises a proximal
wall 122 extending substantially perpendicularly from the
outer sleeve 102. Accordingly, once the first barb 118
has been advanced through the intramedullary nail 10,
the barb 118 springs radially outward under its natural
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bias to engage the proximal wall 122 with the peripheral
wall of the intramedullary nail hole 12 thereby preventing
proximal retraction of the outer sleeve 102 from the in-
tramedullary nail 10. Thus, the bone fixation element 104
is also prevented from migrating proximally once inserted
through the sleeve 102, thereby preventing a loss of fix-
ation. The outer sleeve 102 further comprises a second
barb 124 adjacent the proximal end 110 of the outer
sleeve 102 and aligned with the second side wall 116.
The second barb 124 extends from the outer sleeve 102
substantially perpendicular thereto and is configured to
limit a depth of insertion of the outer sleeve 102 into the
intramedullary nail hole 12.

[0009] The bone fixation system 100 further comprises
the bone fixation element 104 configured and dimen-
sioned for insertion through the channel 108 of the outer
sleeve 102. The bone fixation element 104 extends from
a proximal end 126 to a distal end 128 and comprises a
proximal threaded portion 130, a middle substantially cy-
lindrical portion 132 and a distal blade 134 (in this exem-
plary embodiment the blade 134 is helical). A proximal
portion of the blade 134 has an increased outer diameter
135 greater than an inner diameter of the outer sleeve
102 to prevent proximal retraction of the blade 134 into
theoutersleeve 102 beyond the extentdefined by contact
between the proximal end of the blade 134 and the outer
sleeve 102. Itis further noted that although the blade 134
of Figs. 1-3 is depicted with notches 136 extending hel-
ically along the bone fixation element 104, any other type
of blades and/or threading may be used without deviating
from the scope of the invention. For example, the blade
134 may comprise threads or notches that extend sub-
stantially helically over the distal portion of the element
104 at any angle relative to the longitudinal axis 138, as
shown, for example, in Figs 9-15.

[0010] The proximal threaded portion 130 has a first
diameter smaller than a second diameter of the cylindri-
cal portion 132 and is configured to be at least partially
inserted into an opening 140 extending into the cylindrical
portion 132. Specifically, a distal end of the threaded por-
tion 130 comprises a lip 142 configured and dimensioned
to lockingly engage a groove 141 in the opening 140 of
the cylindrical portion 132. The threaded portion 130 may
be rotatable relative to the cylindrical portion 132. In an
exemplary embodiment, the proximal threaded portion
130 may be fitted within the opening 140 during manu-
facturing so that a central longitudinal channel 144 ex-
tending through the proximal threaded portion 130 is
open to and aligned with a central longitudinal channel
146 extending through the cylindrical portion 132 and the
blade 134. In an exemplary embodiment, the channels
144, 146 are open at the proximal and distal ends 126,
128 to permit insertion of a medical tool or injectable ma-
terial (e.g., a bone strengthening material) therethrough.
Alternatively, the channels 144, 146 may receive a guide
wire therethrough such that the bone fixation element
104 may be slid over the guide wire and into the bone.
A predetermined length of a proximal portion of the chan-
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nel 144 may be provided with threading 148 configured
to permit threaded engagement with the locking screw
106, as will be described in greater detail below. The
threading 148 may also permit compression of a fracture
of the bone and/or removal of the bone fixation element
104.

[0011] The proximalthreaded portion 130is configured
to threadedly receive a connector 150 thereover. The
connector 150 has an outer diameter substantially equiv-
alent to an outer diameter of the cylindrical portion 132
and an inner diameter of the outer sleeve 102. In an ex-
emplary embodiment, the connector 150 is threadedly
attached to the bone fixation element 104 prior to inser-
tion thereof through the outer sleeve 102. The connector
150 is substantially cylindrical and extends from a prox-
imal end 152 to a distal end 154. For example, the con-
nector 150 may include a flat surface extending along a
length thereof and corresponding to a flat surface of the
channel 108. As shown in Fig. 4, a distal portion of the
connector 150 comprises at least one tab 156 defined
by first and second slots 158 extending proximally from
the distal end 154. A distal end of the tab 156 comprises
a notch 160 extending radially outward from the connec-
tor 150 by a predetermined distance. The notch 160 may
engage a portion of an insertion instrument to prevent
the system 100 from being disassembled therefrom. Itis
noted that although the present embodiment has been
described with one tab 156, any number of tabs 156 may
be provided over the connector 150 in any arrangement
without deviating from the scope of the invention. The
distal end 154 of the connector 150 may also be provided
with a serrated, notched, or otherwise treated surface
162 configured and dimensioned to engage a respec-
tively formed surface 164 on a proximal end of the cylin-
drical portion 132. As those skilled in the art will under-
stand, engagement of the treated surfaces 162, 164 pre-
vents rotation of the connector 150 relative to the cylin-
drical portion 132 which, in turn, prevents rotation of the
proximal threaded portion 130 relative to the cylindrical
portion 132. The connector 150 may also be keyed to an
inner surface of the channel 108 of the outer sleeve 102
such that when combined with the engagement of the
treated surfaces 162, 164, the bone fixation element 104
is prevented from rotating relative to the opening 12 of
the intramedullary nail 10.

[0012] The exemplary locking screw 106 of the inven-
tion has a head 107 having an outer diameter greater
than an inner diameter of the outer sleeve 102 and a
threaded shaft portion 109 extending distally therefrom,
wherein one of a predetermined portion and an entire
length of the shaft 109 is threaded. The locking screw
106 is configured to control a depth of lateral movement
of bone fixation element 104 within the bone after im-
plantation. Specifically, a depth of insertion of the locking
screw 106 within the proximal threaded portion 130,
along with an axially slidable movement of the bone fix-
ation screw 106 within the outer sleeve 102 permits a
physician or other user to control a range of movement
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of the bone fixation element 104 within the bone. One
such embodiment is depicted in Figs. 2 and 3, wherein
the locking screw 106 is inserted to a first target depth
to permit a lateral movement of the bone fixation element
104 withinthe outer sleeve 102 by = 10 mm. Specifically,
inFig. 2, the shaft 109 is screwed into the proximalthread-
ed portion 130 by a first depth selected so that when the
head 107 contacts the proximal end 110 of the outer
sleeve 102, the increased diameter portion 135 is sepa-
rated from the distal end 112 of the outer sleeve 102 by
approximately 10 mm. It is noted however that this range
may be increased or decreased as desired by the sur-
geon by changing a depth of insertion of the shaft 109
within the proximal threaded portion 130. Fig. 3 depicts
the system of Fig. 2 when the fixation element 104 has
been retracted proximally within the outer sleeve 102
(e.g., under normal force exertion during/after implanta-
tion). Proximal movement of the bone fixation element
104 within the outer sleeve 102 is limited by engagement
of the increased diameter portion 135 with the distal end
112 of the outer sleeve 102.

[0013] In accordance with a method for the bone fixa-
tion system 100, a fractured or otherwise damaged bone
(not shown) is brought into corrective alignment and the
intramedullary nail 10 is inserted into a medullary cavity
thereof to a target position and orientation therein in any
known manner. The bone fixation element 104 is then
inserted through the intramedullary nail hole 12 to atarget
depth untilthe increased diameter portion 135 has moved
distally out of the intramedullary nail 12. The outer sleeve
102, the bone fixation element 104 and the connector
150 may be pre-assembled and inserted through the in-
tramedullary nail hole 12 to a target depth until the first
barb 118 has at least passed through the nail hole 12.
Once the outer sleeve 102, the bone fixation element 104
and the connector 106 are positioned within the hole 12,
as desired, the locking screw 106 may be inserted there-
in. As described in greater detail earlier, during insertion
through the nail hole 12, engagement of the angled wall
120 with an inner wall of the intramedullary nail hole 12
causes the first barb 118 to be radially compressed until
it lies substantially flush against the outer sleeve 102 as
it moves distally out of the intramedullary nail hole 12.
Once the radially compressive force is removed (i.e.,
when the first barb 118 moves distally out of the nail hole
12), the first barb 118 returns to a biased configuration
extending radially outward from the outer sleeve 102 by
a predetermined distance. In this configuration, the first
barb 118 is prevented from being retracted proximally
out of the intramedullary nail hole 12 due to engagement
of the proximal wall 122 with the outer periphery of the
intramedullary nail hole 12. Once the bone fixation sys-
tem 100 is properly seated within the bone, an intramed-
ullary nail locking screw (not shown) is inserted into a
locking screw hole 14 of the intramedullary nail 10 until
adistal end thereof contacts the outer sleeve 102 to apply
a compressive retaining force thereto, as those skilled in
the art will understand.
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[0014] Figs. 5-8 depict a bone fixation system 200 ac-
cording to a another embodiment of the invention. The
bone fixation system 200 is formed substantially similarly
to the bone fixation system 100 of Fig. 1, wherein like
elements have been referred to with like reference nu-
merals. Specifically, the system 200 comprises an outer
sleeve 202 formed substantially similarly to the outer
sleeve 102 and extending from a proximal end 210 to a
distal end 212. Similarly to the outer sleeve 102, the outer
sleeve 202 may be an elliptical cylinder. However, unlike
the outer sleeve 102, the outer sleeve 202 has a uniform
longitudinal length. The bone fixation system 200 further
comprises the protection cap 206 in lieu of the locking
screw 106. The protection cap 206 allows for a compres-
sion, as shown in Fig. 7, and comprises a head 207 hav-
ing an outer diameter greater than an inner diameter of
the outer sleeve 202 and a threaded shaft 209 extending
distally from the head 207. The bone fixation system 200
operates in substantially the same manner as the bone
fixation system 100 of Figs. 1-4, with the bone fixation
element 104 being axially movable relative to the outer
sleeve 202 by approximately = 10 mm. The bone fixation
element 104 of Figs. 5-8 is prevented from moving distally
relative to the outer sleeve 202 beyond a limit set by
engagement of the head 207 with the proximal end 210
of the outer sleeve 202 and is prevented from moving
proximally relative to the outer sleeve 202 due to engage-
ment ofthe increased diameter portion 135 with the distal
end 212 of the outer sleeve 202.

[0015] As shown in Figs. 9-15, a bone fixation system
300 according to a further embodiment of the invention
is substantially similar to the bone fixation system 100 of
Figs. 1-4, wherein like elements have been referenced
with like reference numerals. The bone fixation device
100 comprises an outer sleeve 302 extending from a
proximal end 310to adistalend 312 and having achannel
308 extending longitudinally therethrough. A predeter-
mined length of a proximal portion of the outer sleeve
302 is provided with internal threading 311 for engaging
an insertion tool which inserts the outer sleeve 302
through the nail 10 over the head element 304. The outer
sleeve 302 is configured and dimensioned to receive a
bonefixation element 304 therethrough, the bone fixation
element 304 having a threaded portion 334, cylindrical
body portion 332 and an opening 340 extending into a
proximal end of the cylindrical body portion 322. Howev-
er, whereas the opening 140 of the bone fixation system
100 is configured to lockingly engage the proximal
threaded portion 130, the exemplary opening 340 of Figs.
9-15 extends distally into a proximal end 339 of the cy-
lindrical body 322 by adepth sufficient to permit threaded
engagementdirectly with alocking screw 306. The open-
ing 340 may be open to the central longitudinal channel
146 extending through the cylindrical portion 332 and
threaded portion 304, as described in greater detail ear-
lier.

[0016] The exemplary locking screw 306 comprises an
elongated threaded shaft portion 309 and a head 307.
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The shaft portion 309 is configured and dimensioned to
threadedly engage threads of the opening 340. An outer
diameter of the head 307 is configured to permit insertion
thereof into the opening 304 while still permitting com-
plete insertion of the locking screw 306 into the channel
308 of the outer sleeve 302. In an exemplary embodi-
ment, the locking screw 306 further comprises a central
longitudinal channel 305 extending therethrough from
the head 307 to a distal end of the shaft 309. The channel
305 has substantially the same diameter as the central
longitudinal channel 146 extending through the cylindri-
cal portion 332 and threaded portion 304. Accordingly,
when the locking screw 306 is inserted into the cylindrical
portion 332, the central longitudinal channel 305 is lon-
gitudinally aligned with and open to the central longitu-
dinal channel 146. The locking screw 306 allows for com-
pression and prevents medial migration of the bone fix-
ation element 304 through the femoral head.

[0017] As shown in Fig. 12. in a first exemplary step
according to the invention, the bone fixation element 304
is inserted over a guide wire into a bone and through a
lateral cross-bore of the intramedullary nail 10 until it has
reached a target depth within the bone (not shown). The
bone fixation element 304 is dimensioned so that when
positioned at the target depth, at least a portion of the
cylindrical body portion 332 is received within the in-
tramedullary nail 10. As shown in Fig. 13, the outer sleeve
302 is then inserted into the bone and through the cross-
bore of the intramedullary nail 10 at least until the first
barb 118 is moved out of the cross-bore, as described in
greater detail in earlier embodiments. As shown in Fig.
14, the locking screw 306 is then inserted into the opening
340 to a target depth therewithin. The locking screw 306
is configured to limit a range of lateral movement of the
bone fixation element 304 relative to the outer sleeve 302
after insertion into the bone. In addition, the locking screw
306 allows for compression and prevents medial migra-
tion of the bone fixation element 304 through the femoral
head. As shown in Fig. 15, a longitudinal alignment of
the channel 305 with the central longitudinal channel 146
permits an insertion of instruments through the bone fix-
ation system 300 after implantation thereof into the bone.
[0018] Figs. 16-18 depict a bone fixation device inser-
tion system 400 not falling within the scope of the claims.
Specifically, as shown in Figs. 16-18, the bone fixation
system 400 is substantially similar to the bone fixation
system 100 of Figs. 1-4, with like elements referenced
with like reference numerals. The bone fixation device
400 comprises an outer sleeve 402 extending from a
proximalend410to adistalend 412 and having achannel
408 extending longitudinally therethrough which is re-
ceived over an inner sleeve 404 extending from a prox-
imal end 426 to a distal end 428 which may include any
desired bone engaging structure 434 (e.g., athread, hel-
ical blade, etc.). The outer sleeve 402 also includes a
nail engaging structure such as a hemispherical projec-
tion 424 which engages a correspondingly shaped re-
cess in the nail to lock the outer sleeve 402 in a desired
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position and rotational orientation with respect to the nail
401. For example, the nail may include a bayonet groove
(not shown) configured to lockingly engage the hemi-
spherical projection 420 after the outer sleeve 402 has
been rotated a desired amount (e.g., 180°) therein. An
inner surface at the proximal end 410 of the outer sleeve
402 includes a structure 411 (e.g., circular toothwork),
which may be engaged by an insertion tool so that the
outer sleeve 402 may be rotatably driven distally through
the nailinto the bone over the inner sleeve 404. The inner
sleeve 404 includes a proximal portion 430, a middle cy-
lindrical body portion 432, the bone engaging structure
434 at the distal end 428 with a channel 446 extending
therethrough. The proximal portion 430 of the inner
sleeve 404 has an outer surface including plurality of flat
longitudinally extending surfaces. For example, the prox-
imal portion 430 may be hexagonal. It will be understood
by those of skill in the art, however, that the proximal
portion 430 may have any of a variety of shapes so long
as the outer surface includes at least two flat surfaces,
preferably opposing one another.

[0019] As shown in Fig. 18, a blocking device 450 for
rotationally stabilizing the inner sleeve 406 relative to the
outer sleeve 402 includes a pair of finger-like inserts 452
extending distally from a rotatable collar 454 surrounding
a head portion 407 of a screw 406 so that the screw is
rotatable relative thereto. The collar 454 includes an en-
gaging structure 456 on an outer surface thereof corre-
sponding to the structure 411 of the proximal end 410 of
the outer sleeve 402. For example, the collar 454 may
include circular toothwork along the outer surface there-
of, corresponding to circular toothwork along the inner
surface of the proximal end 410 of the outer sleeve 402.
In use, as shown in Fig. 19, the blocking device 450 is
inserted into the channel 446 of the inner sleeve 404 so
that the finger-like inserts 452 extend over the flat sur-
faces of the proximal portion 430 of the inner sleeve 404
within a space between these flat surfaces and the inner
surface of the channel 408 of the outer sleeve 402 to
prevent rotation of the inner sleeve 404 relative to the
finger-like inserts 452. The engaging structure 456 of the
collar 454 engages the structure 411 of the inner sleeve
404 so that the collar 454 is prevented from rotating rel-
ative to the outer sleeve 402, while being permitted to
move axially relative thereto. The screw 406, however,
is rotatable relative to the collar 454 andfinger-like inserts
452 to engage a threaded portion 448 of the channel 446.
Thus, the screw 406 fixes the blocking device 450 to the
inner sleeve 404 so that the inner and outer sleeves 404,
402 are prevented from rotating relative to one another,
but permitted to move longitudinally relative to one an-
other.

[0020] The inner sleeve 404 may be introduced
through the nail 401 first with the outer sleeve 402 being
slid thereover afterward or both sleeves 402 and 406 may
be introduced together. After the outer sleeve 402 has
been locked in a desired position by engaging the hem-
ispherical projection 424 with the bayonet groove, the
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blocking device may be engaged by inserting the finger-
like inserts 452 into the space between the flat surfaces
of the inner sleeve 404 and the inner surface of the chan-
nel 408. The user then advances the screw 406 into the
channel 446 by screwing it into the thread 448 via a driv-
ing tool engaging structure (e.g., hex opening 458) in the
proximal end thereof.

[0021] AsshowninFigs. 20-24, a bone fixation system
500 not falling within the scope of the claims comprises
an inner sleeve 502, outer sleeve 503, bone fixation el-
ement 504, a compression screw 505 and a limited col-
lapse screw 506 which also acts as an end cap. The bone
fixation element 504 extends from a proximal end 526 to
adistal end 528 and comprises a substantially cylindrical
portion 532 and a bone engaging structure 534 (e.g.,
thread, bladed, etc.). Alength of the bone engaging struc-
ture 534 has an increased outer diameter 535 which is
greater than an outer diameter of the inner sleeve 502.
The bone engaging structure 534 extends over a prede-
termined length of the distal portion of the bone fixation
nail 504 configured to extend out of the outer sleeve 502
and into direct contact with the bone in an operative con-
figuration. A partially threaded opening 540 extends into
the cylindrical portion 532 by a distance configured to
permit threaded engagement with the compression
screw 505. Specifically, the threaded opening 540 ex-
tends distally from the proximal end 526 and comprises
a first non-threaded section 541 configured and dimen-
sioned to receive an enlarged diameter head 507 of the
first locking screw 505, a middle threaded portion 542
configured and dimensioned to engage threads of a shaft
626 of a connecting screw 620 and a distal non-threaded
portion 543 opening into the central longitudinal channel
146 extending through the bone fixation element 504.
The middle threaded portion 542 and the distal non-
threaded portion 543 may have substantially the same
diameter corresponding to an outer diameter of the shaft
509. The compression screw 505 further comprises a
central longitudinal channel 546 configured to be longi-
tudinally aligned with and open to the central longitudinal
channel 146 of the bone fixation element 504 in an op-
erative configuration to permit insertion of tools and other
materials therethrough as described in greater detail ear-
lier.

[0022] The substantially cylindrical portion 532 of the
bone fixation element 504 is configured to be received
at least partially within a channel 508 extending through
the inner sleeve 502. Specifically, the inner sleeve 502
extends from a proximal end 510 to a distal end 512 and
comprises a proximal threaded portion 514 at the proxi-
mal end and a smooth outer shaft portion 516 extending
distally therefrom. The inner sleeve 502 is substantially
conical so that a distal portion thereof has a greater di-
ameter than a proximal portion, as will be described in
greater detail with respect to a method of use. An outer
diameter of the shaft portion 516 is smaller than a diam-
eter of the increased outer diameter portion 535 of the
element 504 to prevent proximal withdrawal of the helical
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blade 534 thereinto. An innerdiameter of the shaft portion
516receives the substantially cylindrical portion 532 with
a substantial friction fit to prevent lateral movement of
the element 504 therewithin. The proximal threaded por-
tion 514 has a smaller inner and outer diameter than the
shaft portion 516 to prevent retraction of the element 504
thereinto. The proximal threaded portion 514 is also pro-
vided with internal threads 515 configured to engage a
head 557 of the limited collapse screw 506 and external
threads 517 configured to engage the outer sleeve 503
as will be described in greater detail hereinafter.

[0023] The outer sleeve 503 extends from a proximal
end 550 to a distal end 552 proximal of the distal end 512
of the inner sleeve 502. The outer sleeve 503 also com-
prises a proximal threaded portion 554 and a shaft portion
556 extending distally therefrom. The shaft portion 556
is configured to engage the inner sleeve 502 with a sub-
stantial friction fit. The proximal threaded portion 554
comprises internal threading 558 configured to thread-
edly engage the external threads 517 of the inner sleeve
502. The proximal threaded portion 554 and shaft portion
556 may be formed as separate elements attached to
one another by a lip and groove engagement. Thus, the
inner and outer sleeves 502, 503 and the fixation element
504 are fixed relative to one another without the need for
a proximal locking element.

[0024] In accordance with a method, as shown in Figs.
25-28, an insertion instrument 600 is used to guide the
bone fixation system 500 into the bone. The insertion
instrument 600 comprises a first elongated tool 602 hav-
ing an elongated cylindrical shaft 604 and a handle 606
at a proximal end thereof. The first elongated tool 602 is
configured so that a distal end 608 of the shaft 604 con-
tacts the proximal end 550 of the proximal threaded por-
tion 554. The tool 602 engages the proximal threaded
portion 554 such that rotation of the tool in, for example,
a clockwise direction also rotates the threaded portion
554 over the threaded portion 514 of the inner sleeve
502, which causes the outer sleeve 503 to move distally
relative to the inner sleeve 502, locking the system to the
nail 10, as will be described in greater detail below. A
second elongated tool 610 is configured and dimen-
sionedto bereceived atleast partially within the first elon-
gated tool 602 and comprises an elongated substantially
cylindrical shaft portion 612 and a handle 614 adjacent
a proximal end thereof. A predetermined length of the
shaft portion 612 is provided with external threading 616
configured to permit threaded engagement with a com-
pression nut 618 provided thereover. A distal end of the
second elongated tool 610 may be configured to engage
the proximal end 526 of the fixation element 504 where,
for example, the fixation element 504 includes a threaded
bone engaging structure 534. The insertion instrument
600 also comprises an elongated connecting screw 620
insertable through the second elongated tool 610, the
connecting screw 620 having an elongated cylindrical
shaft 622 and a head 624 at a proximal end thereof. A
distal end of the connecting screw 620 comprises a
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threaded portion 626 configured to threadedly engage
the threaded portion 542 of the opening 540 of the bone
fixation element 504.

[0025] In a first step, the insertion instrument 600 is
connected to the bone fixation system 500 as shown in
Fig. 25. A distally directed force is then applied to the
connecting screw 620 to cause advancement of the bone
fixation element 504 and inner and outer sleeves 502,
503 through the intramedullary nail hole 12 and into the
bone (not shown). Where the bone engaging structure
534 of the fixation element 504 is a blade, the fixation
element 504 may be inserted through the bone by apply-
ing a distal force to the connecting screw 620 via a ham-
mering force to the head 624 thereof. Where the bone
engaging structure 534 is a thread, the user may rotate
the handle 614 to rotate the tool 610 in, for example, a
clockwise direction to rotate the bone fixation element
504 into the bone. In the insertion configuration of Fig.
25, the inner sleeve 502 may be positioned so that the
distal end 512 thereof is positioned distally of the distal
end 552 of the outer sleeve 503. The tool 602 is rotated
to move the outer sleeve 502 distally relative to the inner
sleeve 502. The relative longitudinal movement of the
inner sleeve 502 relative to the outer sleeve 503 causes
a distal conical portion of the inner sleeve 502 to apply
aradially expansive force to the outer sleeve 503, locking
the system 500 within the nail 10. The compression nut
618 may then be rotated by a required distance to add
compression to the bone. Rotation of the compression
nut 618 causes the increased outer diameter portion 535
of the bone engaging structure 534 and the distal ends
of the inner and outer sleeves 502, 503 to move closer
toone anotheras shownin Fig. 28. Once the bonefixation
element 504 has been moved to a target position, the
insertion instrument 600 is removed and the first locking
screw 505 has been inserted into the opening 540 to a
first target depth which may correspond to a depth of the
bone fixation element 504 within the bone (not shown).
The second locking screw 506 is then inserted into the
inner sleeve 502 until external threads of the head 557
engage the internal threads 558 of the inner sleeve 502.
The second locking screw 506 is screwed distally into
the inner sleeve 502 until a distal end thereof contacts
the head 507 of the first locking screw 505. The first and
second locking screws 505, 507 thus lock a position of
the bone fixation element 504 within the bone while per-
mitting lateral movement thereof within a desired range
as described in greater detail earlier.

[0026] AsshowninFigs.29-32, abone fixation system
700 not falling within the scope of the claims comprises
a bone fixation nail 704 formed substantially similarly to
the bone fixation nails of earlier embodiments. The bone
fixation nail 704 comprises an elongated substantially
cylindrical portion 732 having a helical blade 734 at a
distal end thereof. An opening 740 extends into a proxi-
mal end 726 of the bone fixation nail 704 to a predeter-
mined depth and comprises a proximal threaded portion
742 and a distal non-threaded portion 744. The opening
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740 is configured and dimensioned to threadedly engage
a locking screw 706. The system 700 also comprises a
substantially cylindrical outer sleeve 702 extending from
a proximal end 710 to a distal end 712 and having a
central longitudinal channel 708 extending therethrough.
Thedistalend 712 comprises an abutment 703 extending
into the channel 708 a distance selected to prevent a
head 707 of the locking screw 706 from moving distally
therepast. An internal threaded portion 705 extends into
the proximal end 710 by a distance selected to permit
threaded engagement with an end cap 750, as will be
described in greater detail hereinafter.

[0027] The exemplary bone fixation system 700 may
be inserted into a bone (not shown) using the insertion
instrument 600’ formed substantially similarly to the in-
sertion instrument 600 described earlier, and like ele-
ments are referenced with like reference numerals. Spe-
cifically, the insertion instrument 600’ comprises a first
elongated tool 602’ having the elongated cylindrical shaft
604 and a handle 606’ at a proximal end thereof. The
handle 606’, according to this embodiment, is circumfer-
ential and extends around an entire circumference of the
proximal end of the first elongated tool 602’. Alternatively,
the handle 606’ may be a multi-part handle having mul-
tiple gripping portions distributed about the circumfer-
ence of the first elongated tool 602’. The distal end 608
of the shaft 604 is configured to contact the proximal end
710 of the outer sleeve 702. The distal end 608 may be
sized and shaped to engage a correspondingly shaped
(e.g., hexagonal) proximal end 710 of the outer sleeve
702. A second elongated tool 610’ is configured and di-
mensioned to be received at least partially within the first
elongated tool 602’ and comprises the elongated sub-
stantially cylindrical shaft portion 612 and a handle 614
adjacent a proximal end thereof A predetermined distal
length of the shaft portion 612 includes external threading
616’ configured to permit threaded engagement with the
internal threaded portion 705 of the outer sleeve 702.
The elongated compression instrument 620 is insertable
through the second elongated tool 610’ and comprises
the elongated cylindrical shaft 622 and a head 624 at a
proximal end thereof. A distal end of the elongated com-
pression instrument 620 is configured to engage a head
portion of the locking screw 706.

[0028] In accordance with a method, the insertion in-
strument 600’ is positioned with the bone fixation system
700 as shown in Fig. 33. As shown in Fig. 34, the second
elongated tool 610’ is then used to advance the bone
fixation nail 704 into the bone. Specifically, if the bone
fixation nail 704 comprises the blade 734, a distal axial
force is applied to the second elongated tool 610’. If the
bone fixation nail is a threaded screw, the handle 606’
may be rotated to cause rotation of the threaded screw
distally into the bone. A transverse locking cap 16 is then
inserted into the locking screw hole 14 of the intramed-
ullary nail 10 to apply a transverse locking force to the
outer sleeve 702 to lock a position thereof. As shown in
Fig. 36, the elongated compression element 620 may
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then be inserted through the second elongated tool 610’
to add compression. Specifically, the elongated com-
pression element 620 may be rotated relative to the sec-
ond elongated tool 610’ to rotate the screw 706, which
pulls the fixation element 704, which is threadedly en-
gaged thereto, proximally. Once a desired compression
has been achieved, the insertion instrument 600’ may be
removed from the bone fixation device 700, as shown in
Fig. 37. The end cap 750 may then be inserted into the
outer sleeve 702 as shown in Fig. 29. As described in
greater detail in earlier embodiments, the bone fixation
nail 704 may be permitted to move laterally within the
outer sleeve 702 by approximately 10 mm from the con-
figuration of Fig. 30 to the configuration of Fig. 31. If it is
desired to restrict this movement to a smaller range of
movement, an endcap 750’ with a greater length may be
inserted into the outer sleeve 702. Additionally, as also
disclosed in earlierembodiments, the endcaps 750, 750°,
locking screw 706 and bone fixation nail 704 may all com-
prise central longitudinal channels extending there-
through and configured to align with one another in an
operative implanted configuration to permit the insertion
of medical tools/or other materials therethrough.

[0029] AsshowninFigs. 38-41, abone fixation system
800 not falling within the scope of the claims comprises
a bone fixation nail 804 having a substantially cylindrical
portion 832 and a distal helical blade 834. An opening
840 is provided on a proximal end thereof and comprises
a proximal threaded portion 842 and a distal non-thread-
ed portion 844 open to the central longitudinal channel
146. The opening 840 is configured and dimensioned to
receive a compression screw 806 therein. The compres-
sion screw 806 according to this embodiment has an in-
creased diameter head 807 and a threaded shaft 809
configured to threadedly engage the proximal threaded
portion 842.

[0030] The bone fixation system 800 also comprises a
substantially cylindrical outer sleeve 802 extending from
a proximal end 810 to a distal end 812, the distal end 812
comprising the increased thickness portion 703 to pre-
vent the compression screw 806 from moving distally
therepast. A proximal portion of the outer sleeve 802
comprises a plurality of slots 811 defining a respective
number of arms 813 which may deflect radially outward
upon application of a radially expansive force thereto. An
insertion method for the bone fixation system 800 is sub-
stantially similar to methods disclosed earlier, wherein
the bone fixation nail 804 and outer sleeve 802 are in-
serted through an intramedullary nail hole 12 to a target
depth so that the arms 813 are located proximally of the
intramedullary nail hole 12. The locking screw 806 is at
least partially threaded into the opening 840 during in-
sertion. Once the nail 804 and outer sleeve 802 have
been inserted to a target depth, an end cap 850 is
screwed into the proximal end 810 to threadedly engage
internal threads 852 of the outer sleeve 802 to partially
radially expand the outer sleeve 802 and thus aid in lock-
ing thereof within the bone, as those skilled in the art will
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understand. In this configuration, the bone fixation nail
804 may be permitted to move axially within the outer
sleeve by approximately 10 mm., as described in greater
detail earlier. As would be understood by those skilled in
the art, this movement may be eliminated or limited by
inserting a locking cap 854 through the end cap 850 so
that a distal end 856 thereof abuts the head 807 of the
locking screw 806, as shown in Fig. 40. The locking cap
854 may also comprise a central longitudinal channel
858 extending longitudinally therethrough to permit in-
sertion of tools or other materials therethrough, as de-
scribed in greater detail earlier.

[0031] A bone fixation system 900 not falling within the
scope of the claims comprises a bone fixation element
904, as shown in Figs. 42-44, sized and shaped for in-
sertion through a hole 12’ of an intramedullary nail 10’,
as shown in Fig. 45. Similarly to the nail 10 described
above, the intramedullary nail 10’ extends along a longi-
tudinal axis and the hole 12’ extends through the nail 10’
atan anglerelative to the longitudinal axis. The intramed-
ullary nail 10’, however, further comprises a lock prong
14’ arranged within a channel 18’ of the nail 10’ proximally
of the hole 12’ and a plunger 16’ arranged within the
channel 18’ of the nail 10’ distally of the hole 12’. The
lock prong 14’ includes a pair of arms 22’, each of which
are positioned on opposing sides of the hole 12’. The
lock prong 14’ may be moved distally within the nail 10’
such that the arms 22’ extend into the hole 12’ to engage
cutouts 938 of the bone fixation element 904, as will be
described in further detail below. The lock prong 14’ is
moved longitudinally within the channel 18’ via a lock
drive 20’ coupled to a proximal end of the lock prong 14°.
The lock drive 20’ is threadedly engaged to an inner sur-
face of the channel 18 and rotationally engaged to the
proximal end of the lock prong 14’ such that rotation of
the lock drive 20’ in a first direction relative to the nail 10’
moves the lock prong 14’ distally within the channel 18’
such that the arms 22’ extend into the hole 12’. Rotation
of the lock drive 20’ in a second direction moves the lock
prong 14’ proximally relative to the nail 10’.

[0032] The plunger 16’ includes a protrusion 24’ ex-
tending proximally therefrom. The plunger 16’ is movable
between afirstand second positionvia a spring 24’, which
biases the plunger 16’ in the first position. In the first
position the protrusion 26’ extends into the hole 12’ while
in the second position the plunger 16’ is moved distally
relative to the nail 10’ so that the protrusion 16’ does not
extend into the hole 12’. The plunger 16 is prevented
from moving beyond a predetermined longitudinal range
via a pin 28’ which fixes the plunger 16’ to nail 10’. The
protrusion 16’ is sized and shaped to engage a serrated
portion 936 of the bone fixation element 904, as will be
described in greater detail below.

[0033] The bone fixation element 904 includes a cylin-
drical elongated portion 932 and a bone engaging distal
portion 934. The distal portion 934 may include bone en-
gaging structures such as, for example, threads or
blades. The element 904 extends from a proximal end
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910 to a distal end 912. The elongated portion 932 com-
prises a serrated edge portion 936 extending along a
predetermined length thereof at an angle substantially
parallel to a longitudinal axis of the nail 904. In another
embodiment, a pair of the serrated portions 936 may be
provided and separated from one another by approxi-
mately 180°, as shown in Fig. 44. The serrated portion
936 is cut to engage the protrusion 26’ of the plunger 16’
such that the bone fixation element 904 is permitted to
be inserted through the hole 12’ and into a head portion
of a bone, but prevented from migrating medially there-
through.

[0034] The element 904 may also comprises a pair of
longitudinal cutouts 938 also separated from one another
by approximately 180° and separated from respective
ones of the serrated portions by approximately 90°. The
cutouts 938 are engaged by the arms 22’ of the lock prong
14’ when the lock prong 14’ is moved so that the arms
22’ extend into the hole 12°. Engagement between the
arms 22’ and the longitudinal cutouts 938 prevents the
bone fixation element 904 from rotating relative to the
nail 10’ and permits a medial/lateral sliding within a pre-
defined range of motion defined by proximal and distal
ends of the cutout 938.

[0035] The distal portion 934 may be threaded or in-
clude blades for engaging a bone into which the bone
fixation element is inserted. The distal portion 934 may
also include openings 940 extending thereinto and open
to the channel 908. The openings 942 may be disposed
overthedistal portion 934 in any configuration (e.g., stag-
gered, longitudinally aligned, etc.) and may be used to
permit injection of a material (e.g. a bone strengthening
material) into the bone after implantation. An opening
940 may extend into the proximal end 910 of the nail 904
by a predetermined distance to permit engagement with
alocking screw (not shown), as described in greater de-
tail in earlier embodiments.

[0036] Figs. 46-49 depict a bone fixation system 1000
not falling within the scope of the claims. The bone fixa-
tion system comprises a bone fixation nail 1004 formed
substantially similarly to the bone fixation nails of earlier
embodiments. The bone fixation system 1000 also com-
prises an outer sleeve 1002 configured to receive the
bone fixation nail 1004 therethrough and a locking screw
1006 configured to be at least partially inserted into the
outer sleeve 1002. The outer sleeve 1002 comprises a
longitudinal channel 1008 extending therethrough along
a longitudinal axis 1038 from a proximal end 1010 to a
distal end 1012. The longitudinal channel 1008 may be
shaped as a substantially elliptical or circular cylinder .
The outer sleeve 1002 may also be provided with flats
1015 along first and second longitudinal side walls 1014,
1016 to provide further rotational stability of the outer
sleeve 1002 relative to the intramedullary nail 10, as is
also described in earlier embodiments. The first longitu-
dinal side wall 1014 has a first length and the second
longitudinal side wall 1016 has a second length greater
than the first length such that the proximal end 1010 is
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substantially oblique. In an exemplary embodiment a dif-
ference in length between the opposing first and second
side walls 1014, 1016 is approximately equal to a differ-
ence in length between the first and second side walls
1014’, 1016’ of the locking screw 1006 to permit flush
engagement therewith when in an operative configura-
tion. The second side wall 1016 further comprises a barb
1018 adjacent the proximal end 1010 of the outer sleeve
1002. The barb 1018 protrudes from the outer sleeve
1002 by a length sufficient to permit engagement thereof
with a peripheral wall of the intramedullary nail hole 12,
as described in greater detail in earlier embodiments.
[0037] The bone fixation element 1004 extends from
a proximal end 1026 to a distal end (not shown). The
proximal end 1026 of the bone fixation element 1004 is
formed with a tab 1028 having a shape complementary
that of a recess 1009 formed on a protruding head 1007
of the locking screw 1006. Specifically, as shown in Fig.
49, the tab 1028 extends proximally away from the bone
fixation element 1004 along a side wall 1029 by a pre-
determined distance. The locking screw 1006 is provided
with a recess 1009 positioned to receive the tab 1028
therewithin in an operative configuration. The bone fixa-
tion element 1004 also comprises a longitudinal channel
1030 extending longitudinally therethrough from the
proximal end 1026 to the distal end (not shown). A prox-
imal portion 1032 of the longitudinal channel 1030 is
formed with a diameter substantially similar to the diam-
eter of a channel 1005 extending through the locking
screw 1006 to permit a transfer of a desired medical tool
or injectable material from the locking screw 1006 to the
bone fixation element 1004 and subsequently into a tar-
get region of a bone without interference. The diameter
of the channel 1030 of the bone fixation element 1030
decreases incrementally in a distal direction via an inter-
mediate channel portion 1032 and a distal channel por-
tion 1034, as shown in Fig. 49. The tab 1028 of the bone
fixation element 1004 further comprises a notch 1038
formed substantially similarly as the barb 1018, the notch
1038 being configured to ratchedly engage grooves 1040
provided on a proximal portion of the channel 1008 of
the outer sleeve 1002. The exemplary embodiment of
Figs.46-49 provides an integrated ratchetingmechanism
to permit telescoping movement of the bone fixation el-
ement 1004 relative to the outer sleeve 1002, preventing
and/or minimizing medial migration of the bone fixation
element 1004 while also reducing frictional wear thereon.
As discussed in greater detail in earlier embodiments, a
distal portion (not shown) of the bone fixation element
1004 may be provided with a helical blade, threading,
notches, or any other shape to facilitate bone fixation
when implanted to a target trochanteric position.

[0038] The locking screw 1006 also comprises a notch
(not shown) adjacent the groove 1009, the notch also
being configured to ratchedly engage the grooves 1040
of the outer sleeve 1002, as will be described in greater
detail below.

[0039] In accordance with a method for the bone fixa-
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tion system 1000, a fractured or otherwise damaged
bone (not shown) is brought into corrective alignment
and the intramedullary nail 10 is inserted into a medullary
cavity thereof to a target position and orientation therein
in any known manner. The bone fixation element 1004
is then inserted through the intramedullary nail hole 12
to atargetdepth until an increased diameter distal portion
has moved distally out of the intramedullary nail 12. The
outer sleeve 1002 is then inserted through the intramed-
ullary nail hole until the notch 1038 of the bone fixation
element 1004 engages the threads 1040 of the outer
sleeve 1002, as shown in Fig. 48. An intramedullary nail
locking screw 16’ may then be inserted into the locking
screw hole 14 of the intramedullary nail 10 to lock a po-
sition of the outer sleeve 1002 and prevent lateral migra-
tion thereof (e.g., during temporary extraction). Once the
outer sleeve 1002 and the bone fixation element 1004
have been positioned as desired within the hole 12, the
locking screw 1006 is inserted thereinto so thatthe recess
10089 lies flush against the tab 1028 and so the notch (not
shown) thereon lockingly engages the grooves 1040. The
locking screw 1006 may be provided with markings to
aid in insertion thereof into the outer sleeve 1002 at a
desired angle to ensure proper placement against that
bone fixation element 1004. In this configuration, the
locking screw 1006 is prevented from being retracted
proximally out of the intramedullary nail hole 12 due to
engagement of the notch (not shown) with the grooves
1040. As with earlier embodiments, the bone fixation sys-
tem 1000 permits lateral movement of the bone fixation
element 1004 within the outer sleeve 1002 by approxi-
mately = 10 mm.

[0040] It will be apparent to those skilled in the art that
various modifications and variations may be made in the
structure of the present invention, without departing from
the scope of the invention. Thus, it is intended that the
present invention cover modifications and variations of
the invention provided that they come within the scope
of the appended claims and their equivalents.

Claims
1. A device for bone fixation, comprising:

a bone fixation nail extending from a proximal
endto adistalend, the distal end having a helical
structure configured to engage a bone, the prox-
imal end having a longitudinal opening extend-
ing thereinto;

afirstsleeve configuredforinsertion overa prox-
imal portion of the bone fixation nail and through
an intramedullary nail hole, the first sleeve per-
mitting the bone fixation nail to move axially
therewithin within a predetermined range of
movement;

a locking screw configured to limit movement of
the bone fixation nail relative to the first sleeve,
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the locking screw configured to lockingly engage
the opening in the bone fixation nail and having
a head and a threaded shaft extending distally
therefrom;

wherein the sleeve further comprises a first ra-
dial abutment located adjacent a distal end of
the first sleeve configured to prevent proximal
retraction of the first sleeve out of the intramed-
ullary nail hole therepast,

characterised in that

the first radial abutment is compressed radially in-
wards, until it lies substantially flush with an outer
wall of the first r sleeve, during distal advancement
through the intramedullary nail hole.

The device of claim 1, further comprising a second
radial abutment located adjacent a proximal end of
the first sleeve configured to prevent distal move-
ment of the first sleeve into the intramedullary nail
hole therepast.

The device of claim 1, further comprising a second
sleeve provided over the first sleeve and axially
moveable relative thereto.

The device of claim 3, wherein the first sleeve is sub-
stantially conical in shape so a distal end thereof has
a greater diameter than a proximal end thereof,
wherein a proximal end of the first sleeve threadedly
engages a proximal end of the second sleeve.

The device of claim 1, wherein a proximal portion of
the first sleeve comprises a plurality of longitudinal
slots defining a respective number of radially de-
flectable arms.

The device of claim 1, wherein a proximal portion of
the bone fixation nail comprises a first threaded con-
nector having the opening, the first threaded con-
nector having a lip on a distal end thereof to engage
a groove provided in the bone fixation nail and a sec-
ond threaded connector configured to threadedly en-
gage the first threaded connector and having an out-
er diameter substantially equivalent to an outer di-
ameter of the proximal portion of the bone fixation
nail, wherein the second threaded connector com-
prises a pair of slots defining a radially protruding
tab extending thereoutof for engaging an insertion
instrument.

The device of claim 6, wherein a distal face of the
second threaded connector comprises atreated sur-
face configured to engage arespectively treated sur-
face on the proximal portion of the bone fixation nail,
wherein the treated surface is one of serrated and
notched.
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The device of claim 1, wherein a diameter of the
head of the locking screw is one of greater than and
equal to an inner diameter of the first sleeve.

The device of claim 1, wherein the bone fixation nail
comprises a central longitudinal channel extending
therethrough and being open at proximal and distal
ends thereof to permit insertion of a tool there-
through, wherein the helical structure comprises a
first opening extending thereinto and open to the
central longitudinal channel to permit one of an infu-
sion and a withdrawal of a material therethrough.

The device of claim 1, wherein a proximal end of the
helical structure comprises an increased diameter
portion to prevent proximal retraction of the bone fix-
ation nail into the first sleeve therepast.

The device of claim 1, wherein the helical structure
is one of a helical blade and a threaded portion.

The device of claim 1, wherein a proximal portion of
the bone fixation nail comprises a first serrated por-
tion extending along a first longitudinal side wall
thereof.

The device of claim 1, further comprising a notch
located on the proximal end of the bone fixation nail,
the first notch being configured to ratchetly engage
a grooved portion of the first sleeve to lock a position
of the bone fixation nail relative to the outer sleeve
and a second notch located on the distal end of the
locking screw, the second notch configured to ratch-
etly engage the grooved portion of the first sleeve to
lock a position of the locking screw relative to the
outer sleeve.

Patentanspriiche

1.

Knochenfixierungsvorrichtung, umfassend:

einen Knochenfixierungsnagel, der sich von ei-
nem proximalen Ende zu einem distalen Ende
erstreckt, wobei das distale Ende eine spiralfor-
mige Struktur aufweist, die zum Eingriff in einen
Knochen ausgebildet ist, wobei das proximale
Ende eine sich dort hinein erstreckende langge-
streckte (")ffnung aufweist;

eine erste Hilse, die zur Einflhrung ber einen
proximalen Abschnitt des Knochenfixierungs-
nagels und durch ein Marknagelloch ausgebil-
det ist, wobei es die erste Hilse dem Knochen-
fixierungsnagel gestattet, sich innerhalb eines
vorbestimmten Bewegungsradius darin axial zu
bewegen;

eine Arretierungsschraube, die zur Begrenzung
der Bewegung des Knochenfixierungsnagels
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relativ zu der ersten Hiilse ausgebildet ist, wobei
die Arretierungsschraube ausgebildetist, um ar-
retierend in die Offnung in dem Knochenfixie-
rungsnagel einzugreifen und einen Kopf und ei-
nen sich distal davon erstreckenden Gewinde-
schaft aufweist;

wobei die Hilse ferner ein erstes radiales Wi-
derlager umfasst, das neben einem distalen En-
dederersten Hillse angeordnetist und das aus-
gebildet ist, um proximales Zurlckziehen der
ersten Hilse aus dem Marknagelloch dort vor-
bei zu verhindern,

dadurch gekennzeichnet, dass

das erste radiale Widerlager radial einwarts kompri-
miert wird, bis es mit einer AuRenwand der ersten
Hilse im Wesentlichen biindig liegt, wahrend des
distalen Vorschiebens durch das Marknagelloch.

Vorrichtung nach Anspruch 1, ferner umfassend ein
zweites radiales Widerlager, das neben einem pro-
ximalen Ende der ersten Hilse angeordnet ist und
das ausgebildet ist, um eine distale Bewegung der
ersten Hilse in das Marknagelloch dort vorbei zu
verhindern.

Vorrichtung nach Anspruch 1, ferner umfassend ei-
ne zweite Hilse, die Uber der ersten Hilse vorgese-
hen ist und im Verhaltnis zu dieser axial beweglich
ist.

Vorrichtung nach Anspruch 3, wobei die erste Hillse
im Wesentlichen konisch geformt ist, so dass ein dis-
tales Ende davon einen gréReren Durchmesser als
ein proximales Ende davon aufweist, wobei ein pro-
ximales Ende der ersten Hillse in Gewindeeingriff
mit einem proximalen Ende der zweiten Hulse steht.

Vorrichtung nach Anspruch 1, wobei ein proximaler
Abschnitt der ersten Hilse eine Vielzahl von Langs-
schlitzen umfasst, die eine jeweilige Anzahl von ra-
dial umlenkbaren Armen definieren.

Vorrichtung nach Anspruch 1, wobei ein proximaler
Abschnitt des Knochenfixierungsnagels einen ers-
ten Gewindeverbinder umfasst, der die Offnung auf-
weist, wobei der erste Gewindeverbinder eine Lippe
an einem distalen Ende davon fiir den Eingriff in eine
in dem Knochenfixierungsnagel vorgesehene Ein-
kerbung aufweist, und einen zweiten Gewindever-
binder, der fir Gewindeeingriff in den ersten Gewin-
deverbinder ausgebildet ist und einen AuRendurch-
messer aufweist, der im Wesentlichen zu einem Au-
Rendurchmesser des proximalen Abschnitts des
Knochenfixierungsnagels aquivalent ist, wobei der
zweite Gewindeverbinder ein Paar Schlitze umfasst,
die eine radial vorragende Lasche definieren, die
sich dort heraus fur Eingriff in ein Einfihrungsinst-
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rument erstrecken.

Vorrichtung nach Anspruch 6, wobei eine distale Fla-
che des zweiten Gewindeverbinders eine behandel-
te Oberflache umfasst, die ausgebildetist,umin eine
jeweilige behandelte Oberflache auf dem proxima-
len Abschnitt des Knochenfixierungsnagels einzu-
greifen, wobei die behandelte Oberflache gezahnt
oder eingekerbt ist.

Vorrichtung nach Anspruch 1, wobei ein Durchmes-
ser des Kopfes der Arretierungsschraube groRer als
ein Innendurchmesser der ersten Hilse ist oder die-
sem gleicht.

Vorrichtung nach Anspruch 1, wobei der Knochen-
fixierungsnagel einen mittigen Langskanal umfasst,
der sich dort hindurch erstreckt und an proximalen
und distalen Enden davon offen ist, um die Einflih-
rung eines Werkzeugs dort hindurch zu gestatten,
wobei die spiralfdrmige Struktur eine erste Offnung
umfasst, die sich dort hinein erstreckt und zum mit-
tigen Langskanal offen ist, um Infusion oder Zurlick-
ziehen eines Materials dort hindurch zu gestatten.

Vorrichtung nach Anspruch 1, wobei ein proximales
Ende der spiralférmigen Struktur einen Abschnitt mit
vergroRertem Durchmesser umfasst, um proximales
Zurickziehen des Knochenfixierungsnagels in die
erste Hilse dort vorbei zu verhindern.

Vorrichtung nach Anspruch 1, wobei die spiralformi-
ge Struktur eine spiralférmige Klinge oder ein Ge-
windeabschnitt ist.

Vorrichtung nach Anspruch 1, wobei ein proximaler
Abschnitt des Knochenfixierungsnagels einen ers-
ten gezahnten Abschnitt umfasst, der sich entlang
einer ersten langlichen Seitenwand davon erstreckt.

Vorrichtung nach Anspruch 1, ferner umfassend ei-
ne Einkerbung auf dem proximalen Ende des Kno-
chenfixierungsnagels, wobei die erste Einkerbung
ausgebildet ist, um ratschend in einen eingekerbten
Abschnittder ersten Hiilse einzugreifen und eine Po-
sition des Knochenfixierungsnagels relativ zu der
Aulenhllse zu arretieren, und eine zweite Einker-
bung auf dem distalen Ende der Arretierungsschrau-
be, wobei die zweite Einkerbung ausgebildet ist, um
ratschend in den eingekerbten Abschnitt der ersten
Hilse einzugreifen und eine Position der Arretie-
rungsschraube relativ zu der AuRenhlilse zu arretie-
ren.

Revendications

1.

Dispositif pour fixation osseuse, comprenant :
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un clou de fixation osseuse s’étendantd’une ex-
trémité proximale a une extrémité distale, I'ex-
trémité distale ayant une structure hélicoidale
configurée pour entrer en prise avec un os, 'ex-
trémité proximale comportant une ouverture lon-
gitudinale la pénétrant ;

un premier manchon configuré pour s’insérer
sur la partie proximale du clou de fixation osseu-
se et atravers un trou de clou centromédullaire,
le premier manchon permettant au clou de fixa-
tion osseuse de se déplacer axialement a I'inté-
rieur de celui-ci dans les limites d’'une plage pré-
déterminée de mouvement ;

une vis de blocage configurée pour limiter le
mouvement du clou de fixation osseuse parrap-
portau premier manchon, la visde blocage étant
configurée pour entrer en prise en le bloquant
avec le clou de fixation osseuse et comportant
une téte et un axe fileté s’étendant distalement
depuis celle-ci,

dans lequel le manchon comprend en outre une pre-
miére butée radiale située tout a coté de I'extrémité
distale du premier manchon et configurée pour em-
pécher une rétraction proximale du premier man-
chon hors du trou de clou centromédullaire au-dela
de celui-ci,

caractérisé en ce que la premiére butée radiale est
comprimée radialement vers l'intérieur, jusqu’a ce
gu’elle se trouve sensiblement a fleur d’une paroi
extérieure du premier manchon, pendant 'avancée
distale a travers le trou de clou centromédullaire.

Dispositif selon la revendication 1, comprenant en
outre une seconde butée radiale située tout & coté
de I'extrémité proximale du premier manchon et con-
figurée pour empécher le premier manchon de pé-
nétrer distalement dans le trou de clou centromédul-
laire au-dela de celui-ci.

Dispositif selon la revendication 1, comprenant en
outre un second manchon disposé sur le premier
manchon et mobile axialement par rapport a celui-ci.

Dispositif selon la revendication 3, dans lequelle pre-
mier manchon est de forme sensiblement conique
de sorte que I'extrémité distale de celui-ci a un dia-
meétre supérieur a celui de son extrémité proximale,
dans lequel I'extrémité proximale du premier man-
chon se visse sur I'extrémité proximale du second
manchon.

Dispositif selon larevendication 1, dans lequella par-
tie proximale du premier manchon comprend une
pluralité de fentes longitudinales délimitant un nom-
bre correspondant de bras pouvant étre déviés ra-
dialement.
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Dispositif selon larevendication 1, dans lequel la par-
tie proximale du clou de fixation osseuse comprend
un premier raccord fileté comportant 'ouverture, le
premier raccord fileté comportant une lévre sur son
extrémité distale pour entrer en prise avec une rai-
nure disposée dans le clou de fixation osseuse, et
un second raccord fileté configuré pour se visse sur
le premier raccord fileté et ayant un diamétre exté-
rieur sensiblement équivalent au diamétre extérieur
de la partie proximale du clou de fixation osseuse,
dans lequel le second raccord fileté comprend une
paire de fentes délimitant une languette saillant ra-
dialement et sortant de celui-ci pour entrer en prise
avec un instrument d’insertion.

Dispositif selon la revendication 6, dans lequel une
face distale du second connecteur fileté comprend
une surface traitée configurée pour coopérer avec
une surface respectivement traitée sur la partie
proximale du clou de fixation osseuse, dans lequel
la surface traitée est soit dentelée soit encochée.

Dispositif selon larevendication 1, dans lequel le dia-
meétre de la téte de la vis de blocage est soit supérieur
soit égal au diamétre intérieur du premier manchon.

Dispositif selon la revendication 1, dans lequel le
clou de fixation osseuse comprend un canal central
longitudinal qui le traverse et est ouvert aux extré-
mités proximale et distale de celui-la pour permettre
Pinsertion d’un outil a travers lui, dans lequel la struc-
ture hélicoidale comprend une premiére ouverture
pénétrant dans celui-la et donnant sur le canal cen-
tral longitudinal pour permettre soit une perfusion
soit un retrait de matiére a travers celui-ci.

Dispositif selon la revendication 1, dans lequel la
structure hélicoidale comprend une partie de plus
grand diameétre pour empécher le retrait du clou de
fixation osseuse dans le premier manchon au-dela
de celui-ci.

Dispositif selon la revendication 1, dans lequel la
structure hélicoidale est soit une lame hélicoidale
soit une partie filetée.

Dispositif selon larevendication 1, dans lequel la par-
tie proximale du clou de fixation osseuse comprend
une premiére partie dentelée s’étendant le long
d’une premiére paroi latérale longitudinale de celui-
ci.

Dispositif selon la revendication 1, comprenant en
outre une premiére encoche située sur la partie
proximale du clou de fixation osseuse, la premiére
encoche étant configurée pour s’encliqueter avec
une partie rainée du premier manchon pour ver-
rouiller une position du clou de fixation osseuse par
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rapport au manchon extérieur, et une seconde en-
coche située sur I'extrémité distale de la vis de blo-
cage, la seconde encoche étant configurée pour
s’encliqueteravec une partie rainée du premier man-
chon pour verrouiller une position de la vis de blo-
cage par rapport au manchon extérieur.
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