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(57) Abstract: A bone fixation system includes a bone fixation device (101), including a first element (102) having a first channel
(110) extending therethrough and a second element (104) including a proximal portion (140) sized and shaped to be received within
the first channel such that the longitudinal axes (L1,L2)of the first and second elements are substantially coaxial and a distal portion
(142) including a bone engaging structure (144), a proximal end (112) of the second element slidably locked within the first channel
such that the first and second elements are longitudinally movable relative to one another between a permitted range of motion. The
system also includes a driving tool (160), including an outer sleeve (162) and an inner sleeve (166) slidably received therethrough, a
distal end (164) of the outer sleeve configured to engage the proximal end (106) of the first element to prevent relative rotation
therebetween, a distal end (168) of the inner sleeve configured to engage the proximal end of the second element.
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TELESCOPING SCREW FOR FEMORAL NECK FRACTURES
Inventor: Silas ZURSCHMIEDE

Priority Claim

[0001] The present invention claims priority to U.S. Provisional Application Serial No.
61/487,140 filed on May 17, 2011 and entitled “Telescoping Screw for Femoral Neck Fractures,”

the entire disclosure of which is incorporated herein by reference.

Field of the Invention

[0002] The present invention relates to devices for treating a bone and, in particular, devices
for treating bone fractures. An exemplary embodiment of the present invention describes a bone
fixation device including first and second elements configured to telescope with respect to one

another within a predetermined range of motion.

Background

[0003] Telescoping screws have been used to fix various types of fractures and, in particular,
have been employed to fix femoral neck fractures. Telescoping screws are particularly useful for
fixing femoral neck fractures since the telescoping feature permits migration of the implanted
screw while preventing the screw tip from penetrating the hip joint which is a significant risk for
osteoporotic patients. Telescoping screws include stops configured to confine telescoping within
a predetermined range. These stops, however, require a three piece assembly or a welding of

different parts which may complicate these procedures.

Summary of the Invention

[0004] The present invention is directed to a system for treating a bone, which includes a bone
fixation device. The bone fixation device includes a first element extending along a first

longitudinal axis from a proximal end to a distal end, the first clement including a first channel
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extending therethrough along the first longitudinal axis and a second element extending along a
second longitudinal axis from a proximal end to a distal end, the second element including a
proximal portion sized and shaped to be received within the first channel such that the first and
second longitudinal axes are substantially coaxial and a distal portion including a bone engaging
structure, a proximal end of the second element slidably locked within the first channel such that
the first and second elements are longitudinally movable relative to one another between a
permitted range of motion. The bone fixation system further comprises a driving tool, including
an outer sleeve extending longitudinally from a proximal end to a distal end and including a
lumen extending therethrough, the distal end of the outer sleeve configured to engage the
proximal end of the first element to prevent relative rotation therebetween and an inner sleeve
slidable through the lumen of the outer sleeve and extending longitudinally from a proximal end
to a distal end, the distal end of the inner sleeve configured to engage the proximal end of the

second element.

Brief Description of the Figures

[0005] Fig. 1 shows a side view of a device according to an exemplary embodiment of the

present invention;

Fig. 2 shows a cross-sectional side view of the device of Fig. 1 according to an

exemplary embodiment of the present application;

Fig. 3 shows a side view of the device of Fig. 1, in a disassembled configuration;

Fig. 4 shows a cross-sectional side view of the device of Fig. 1, in the disassembled

configuration;

Fig. 5 shows an enlarged cross-sectional side view of a distal end of a first element of

the device of Fig. 1;
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Fig. 6 shows an enlarged side view of the distal end of the first element of the device of

Fig. 1;

Fig. 7 shows a side view of a driving tool for use with the device of Fig. 1;

Fig. 8 shows a cross-sectional side view of the device of Fig. 7;

Fig. 9 shows an enlarged cross-sectional side view of a coupling between the device of

Fig. 1 and the driving tool of Fig. 7;

Fig. 10 shows a cross-sectional side view of a portion of the driving tool of Fig. 7

pivoted with respect to the device of Fig. 1;

Fig. 11 shows an enlarged cross-sectional side view of a coupling between the driving

tool of Fig. 7 and the device of Fig. 1, in a pivoted configuration;

Fig. 12 shows a cross-sectional side view of a device according to a second exemplary

embodiment of the present invention;

Fig. 13 shows another cross-sectional side view of the device of Fig. 12;

Fig. 14 shows a side view of a driving tool for use with the device of Fig. 12;

Fig. 15 shows a cross-sectional side view of the driving tool of Fig. 12;

Fig. 16 shows a cross-sectional side view of the driving tool of Fig. 12, in a pivoted

configuration,

Fig. 17 shows a side view of a device according to a third exemplary embodiment of the
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present invention;

Fig. 18 shows a cross-sectional side view of the device of Iig. 17;

Fig. 19 shows a cross-sectional side view of a device according to a fourth exemplary

embodiment of the present invention;

Fig. 20 shows a cross-sectional side view of a driving tool for use with the device of Fig.

19;

Fig. 21 shows a side view of the device of Fig. 19 inserted through an opening of a bone
plate;

Fig. 22 shows another side view of the device of Fig. 19 of the device and bone plate of
Fig. 21;

Fig. 23 shows a cross-sectional side view of a portion of a device according to another

exemplary embodiment of the present invention, in a process of being assembled,

Fig. 24 shows a cross-sectional side view of the device of Fig. 23, in an assembled

configuration;

Fig. 25 shows a cross-sectional side view of a portion of a device according to another

exemplary embodiment of the present invention, prior to assembly;

Fig. 26 shows a cross-sectional side view of the device of Fig. 25, in an assembled

configuration;

Fig. 27 shows a cross-sectional side view of a portion of a device according to yet
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another exemplary embodiment of the present invention, prior to assembly;

Fig. 28 shows a cross-sectional side view of the device of Fig. 27, in a process of being

assembled;

Fig. 29 shows a cross-sectional side view of the device of Fig 27, in an assembled

configuration;

Fig. 30 shows a cross-sectional side view of a portion of a device according to another

exemplary embodiment of the present invention, prior to assembly;

Fig. 31 shows a cross-sectional side view of the device of Fig. 30, in an assembled

configuration;

Fig. 32 shows a cross-sectional side view of a device according to yet another

exemplary embodiment of the present invention, in a process of being assembled;

Fig. 33 shows a cross-sectional side view of the device of Fig 32, in an assembled

configuration;

Fig. 34 shows a cross-sectional side view of a portion of a device according to another

exemplary embodiment of the present invention, prior to assembly;

Fig. 35 shows a cross-sectional side view of the device of Fig. 34, in a process of being

assembled;

Fig. 36 shows a cross-sectional side view of the device of Fig. 34, in an assembled

configuration;
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Fig. 37 shows a cross-sectional side view of a portion of a device according to another

exemplary embodiment of the present invention;

Fig. 38 shows a cross-sectional side view of the device of Fig. 37, in an assembled

configuration;

Fig. 39 shows a cross-sectional side view of a portion of a device according to yet

another exemplary embodiment of the present invention, prior to assembly;

Fig. 40 shows a cross-sectional side view of the device of Fig. 39, in an assembled

configuration,

Fig. 41 shows a cross-sectional side view of a portion of a device according to another

exemplary embodiment of the present invention, in a process of being assembled;

Fig. 42 shows a cross-sectional side view of the device of Fig. 41, in an assembled

configuration;

Fig. 43 shows a side view of a portion of a first element of a device according to yet

another exemplary embodiment of the present invention,

Fig. 44 shows a cross-sectional side view of a portion of a device of Fig. 43, prior to

assembly;

Fig. 45 shows a cross-sectional side view of the device of Fig. 43, in a process of being

assembled; and

Fig. 46 shows a cross-sectional side view of he device of Fig. 43, in an assembled

configuration.
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Detailed Description

[0006] The present invention may be further understood with reference to the following
description and the appended drawings, wherein like elements are referred to with the same
reference numerals. The present invention relates to devices for treating a bone and, in
particular, devices for treating bone fractures. An exemplary embodiment of the present
invention describes a bone fixation device including first and second elements configured to
telescope with respect to one another within a predetermined range of motion. It should be noted
that the terms “proximal” and “distal” as used herein, are intended to refer to a direction toward

(proximal) and away from (distal) a user of the device.

[0007] A system 100 according to an exemplary embodiment of the present invention
comprises a bone fixation device 101, as shown in Figs. 1 - 6, including a first element 102 and a
second element 104 received within the first element 102 such that the first and second elements
102, 104 telescope longitudinally (i.e., move relative to one another along longitudinal axis L 1).
The system 100 further comprises a driving tool 160, as shown in Figs. 7 - 11, for driving the
device 101 into the bone. The driving tool 160, as will be described in further detail below,
includes an outer sleeve 162 having a distal end 164 configured to engage a proximal end 106 of
the first element 102 and an inner sleeve 166 having a distal end 168 configured to engage a
proximal end 112 of the second element 104 such that rotation of the driving tool 160 rotates the

device 101 into the bone.

[0008] As shown in Figs. 1 - 6, the first element 102 includes a first channel 110 extending
therethrough and a slot 118 extending proximally from a distal end 108 thereof along a portion of
a length thereof. As will be described below in more detail, the slot 118 is shaped to permit the
distal end 108 of the first element 102 to expand by an amount required so that an enlarged
proximal portion 120 of the second element 104 may be received within the first channel 110.
Once the entire enlarged portion 120 has been received within the first channel 110 and an inner
shoulder 132 formed at the distal end of the first channel 110 passes distally beyond a distal end
148 of the enlarged portion 120, the distal end 108 contracts under its natural bias so that the
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shoulder 132 locks the second element 104 within the channel 110, preventing the device 101
from becoming inadvertently disassembled. At this point, the second element 104 may slide
within the channel 110 distally until the distal end 148 of the enlarged portion 120 contacts the
shoulder 132 and proximally until a proximal end 112 of the enlarged portion 120 contacts a
second inner shoulder 113 formed at the proximal end of the first channel 110 as will be

described in more detail below.

[0009] In another embodiment, the second element 104 may slide within the channel 110
distally until the distal end 148 of the enlarged portion 120 contacts the shoulder 132 and
proximally until a proximal end 150 of the bone engaging structure 144 contacts the distal end
108. It will be understood by those of skill in the art that other means for controlling the distal to

proximal movement of the second element 104 relative to the first element 102 are also possible.

[0010] The first element 102 extends along a first longitudinal axis L1 from a proximal end
106 to a distal end 108 and includes the first channel 110 extending therethrough along the first
longitudinal axis L1. The first element 102 includes a head 122 at the proximal end 106 and a
shaft 126 extending distally therefrom. Threading 124 extends between the head 122 and the
shaft 126 and/or along a portion of the head 122. The head 122 includes an opening 128
extending therethrough along a central axis angled with respect to the first longitudinal axis L1 at
an acute angle. As would be understood by those skilled in the art, the opening 128 is sized and
shaped to receive a bone fixation element (e.g., bone screw) and may include threading 130 along
a portion of an inner surface thereof for engaging threading on a bone fixation element inserted
therein. The threaded portion 124 extends along an exterior of the first element 102 between the
head 122 and the shaft 126 and is configured, for example, to engage a bone plate and/or a
portion of a bone through which the bone fixation device 101 is inserted. The proximal end 106
may also be configured to engage the outer sleeve 162 of the driving tool 160. For example, the
proximal end 106 may include a pair of recesses 107 extending therein along opposing sides
thereof. The recesses 107 may be sized and shaped to receive corresponding protrusions 170

along the distal end 164 of the outer sleeve 162 of the driving tool 160 such that the outer sleeve
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162 may be pivoted with respect to the longitudinal axis L1, as will be described in further detail

below.

[0011] As described above and as shown in Fig. 5, the distal end 108 includes a shoulder 132
extending radially inward such that a diameter of an opening 134 of the first channel 110 at the
distal end 108 is smaller than a diameter of a portion of the first channel 110 distal thereof and so
that the diameter of the opening 134 is smaller than an outer diameter of the enlarged portion 120
of the second element 104. In an exemplary embodiment, a diameter of the opening 134 is
approximately 0.2 mm smaller than a diameter of the portion of first channel 110 proximal
thereto. The slot 118 extends along the shaft 126 proximally from the distal end 108 along a
curved path so that portions of opposite sides of the slot 118 interlock to limit radial expansion of
the distal end 108 to an amount no more than a desired maximum expansion. As shown in Fig.
6, the slot 118 extends through the shaft 126 along a curve defining first and second interlocking
parts 136, 138, respectively, on opposite sides of the slot 118. The first and second parts 136,
138, respectively, are shaped to mechanically engage one another when the distal end 108 has
expanded to the point at which the parts mechanically engage (i.c., the width of at least a portion
of the slot 118 is reduced to zero). The distal end 108 is elastically movable between a non-
expanded configuration and an expanded configuration. In particular, the first and second
interlocking parts 136, 138 are capable of moving apart from one another to expand the distal end
108 by a distance substantially corresponding to a width of the slot 118 while preventing the first
and second interlocking parts 136, 138 from disengaging one another. So that the distal end 108
of the first element 102 may expand to receive the second element 104, at least the distal end 108
should be formed of a material having sufficient elasticity to expand to the desired degree and
return to the non-expanded shape once the entire enlarged portion 120 has been moved
proximally beyond the shoulder 132. It will be understood by those of skill in the art, however,
that an entire length of the shaft 126 or other portions thereof may also be formed of the same
material as the distal end 108. It will be understood by those of skill in the art that the shaft 126
may be made from any of a number of different possible materials. For example, the shaft 126

may be formed of cobalt chromium, stainless steel, titanium and/or alloys thereof.
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[0012] The second element 104 extends along a second longitudinal axis L2 from a proximal
end 112 to a distal end 114 and includes a second channel 116 extending therethrough along the
second longitudinal axis L2. The second element 104 includes a proximal portion 140 slidable
within the first channel 110 of the first element 102 and a distal portion 142 including a bone
engaging structure 144 extending along a length thereof. As would be understood by those
skilled in the art, the bone engaging structure 144 may include, for example, threading. It will be
understood by those of skill in the art, however, that the bone engaging structure 144 may be any
of a variety of structures capable of engaging bone such as, for example, helical blade,

protrusions, etc.

[0013] The proximal portion 140 of the second element 104 further includes the enlarged
portion 120 at a proximal end thereof. The enlarged portion 120 extends radially outward from
the proximal portion 140 and is sized and shaped to be slidably accommodated within the first
channel 110. A remaining length 146 of the proximal portion 140 is sized and shaped to be
slidably received within the opening 134 of the first channel 110. Thus, a distal-most position of
the second element 104 relative to the first element 102 is defined by contact between a distal
end 148 of the enlarged portion 120 and the shoulder 132 forming the opening 134, which
prevents the enlarged portion 120 from moving distally past the shoulder 132. In one exemplary
embodiment, the second element 104 is rotatable relative to the first element 102 so that a
driving tool may be inserted through the first element 102 to engage the proximal end 112 of the
second element 104. The driving tool may then be rotated to screw the second element 104 into
a bone. For example, the proximal end 112 may include a hexagonal recess sized and shaped to
receive a hexagonal portion of a driving tool. It will be understood by those of skill in the art,
however, that a recess extending through the proximal end 112 may be any of a variety of shapes
and sizes so long as the proximal end 112 is configured to receive a driving tool capable of
applying a torsional force thereto. In another embodiment, the first channel 110 and the
enlarged portion 120 may be keyed to one another via, for example, corresponding planar

surfaces along lengths thereof, such that the first and second elements 102, 104 are prevented

10
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from rotating relative to one another.

[0014] The enlarged portion 120 has a lateral cross-section (e.g., diameter) larger than an
opening 115 of the second shoulder 113 such that the second element 104 is prevented from
moving any farther proximally relative to the first element 102 when the proximal end 112 of the
enlarged portion 120 contacts the shoulder 113. Thus, a permitted range of motion of the first
and second elements 102, 104 relative to one another is defined by a contact between the distal
end 148 of the enlarged portion 120 and the shoulder 132 and a contact between the proximal
end 112 of the enlarged portion 120 and the additional shoulder 113, when the first and second

elements 102, 104 are connected to one another.

[0015] Other ways of restricting the movement of the second element 104 relative to the first
element 102 are also possible. In one example, the distal portion 142 has a lateral cross-section
(e.g., diameter) larger than the opening 134 such that the second element 104 is prevented from
moving any farther proximally relative to the first element 102 when a proximal end 150 of the
distal portion 142 contacts the shoulder 134. Thus, in this example, a permitted range of motion
is defined by a distance between the distal end 148 of the enlarged portion 120 and the proximal
end 150 of the distal portion 142.

[0016] The first and second elements 102, 104 are assembled by inserting the enlarged portion
120 of the second element 104 into the first channel 110 of the first element 102. The enlarged
portion 120 is inserted into the first channel 110 causing the distal end 108 of the shaft 126 to
expand. The distal end 108 expands as the first and second interlocking parts 136, 138 defined
by the slot 118 move away from one another to permit the enlarged portion to be received
therein. Once the enlarged portion 120 has been inserted into the first channel 110 proximally
past the shoulder 132, the distal end 108 reverts back to the non-expanded configuration under its
natural bias with the shoulder 132 surrounding the reduced diameter length 146 of the proximal
portion 140 of the second element 104. While the slot 118 permits the distal end 108 to expand

to receive the enlarged portion 120 therein, the first and second interlocking parts 136, 138

11
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prevent the distal end 108 from opening beyond a desired amount (i.e., an amount corresponding
to a space required to permit the enlarged portion 120 to be received therein). Thus, lateral
forces applied to the distal portion 142 of the second element 104 will not cause the distal end
108 to open beyond the desired amount. The first and second elements 102, 104 in this
embodiment are substantially coaxial when assembled (i.e., the first and second longitudinal axes
are substantially coaxial). In a preferred embodiment, the first and second clements 102, 104 are
assembled during manufacturing of the device 101. It will be understood by those of skill in the
art, however, that the device 101 may also be assembled after manufacturing, prior to the usage

of the device 101.

[0017] Once the device 101 has been assembled as described above, the first and second
elements 102, 104 are longitudinally slidable relative to one another. The second element 104 is
permitted to slide relative to the first element 102 between a distal-most position relative to the
first element 102 in which the distal end 148 of the enlarged portion 120 abuts the shoulder 132
and a proximal-most position relative to the first element 102 in which the proximal end 112 of
the enlarged portion 120 abuts the shoulder 113. The device 101 is particularly suited for fixing
femoral neck fractures as the extent of telescoping permitted may be selected to prevent the distal
end 114 of the distal portion 142 from penetrating into the joint. It will be understood by those
of skill in the art, however, that the device 101 may be used in any of a variety of bones in which

the sliding movement of the first and second elements 102, 104 would be desired.

[0018] The bone fixation device 100 may be inserted into the bone using, for example, the
driving tool 160, as shown in Figs. 7 - 11. The driving tool 160 comprises an outer sleeve 162
and an inner sleeve 166 receivable within a lumen 172 of the outer sleeve 162. The outer sleeve
162 extends longitudinally from a proximal end 174 to the distal end 164, which is configured to
be releasably coupled to the proximal end 106 of the first element 102 of the bone fixation device
101. The distal end 164 may be substantially spherical and may, for example, include a pair of
protrusions 170 extending radially outward from opposing sides thereof. The protrusions 170 are

sized and shaped to be received within corresponding recesses 107 extending through the

12
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proximal end 106 of the bone fixation device 101. The protrusions 170 may, for example, be
snapped into the recesses 107. Rotation of the outer sleeve 162 correspondingly rotates the first
clement 102. In addition, as shown in Figs. 10 and 11, the outer sleeve 162 may be pivoted
relative to the bone fixation element 101 about a pivot axis 176 such that a longitudinal axis of
the outer sleeve 162 may be angled with respect to the longitudinal axis L1 such that the lumen
172 is aligned with the opening 128 of the first element 102. The lumen 172 may be sized and
shaped to accommodate a drill guide 182 therein such that a hole may be drilled through the bone

along a path corresponding to the central axis of the opening 128.

[0019] The inner sleeve 166 extends longitudinally from a proximal end 178 to the distal end
168 and includes a lumen 180 extending therethrough. The lumen 180 may be sized and shaped
to accommodate a guide wire therein for guiding the bone fixation device 101 along a desired
path into the fractured bone. The distal end 166 is configured to engage the proximal end 112 of
the second element 104. For example, the distal end 166 may be hexagonally shaped to be
received within a corresponding hexagonal recess within the proximal end 112. Thus, rotation of
the inner sleeve 166 correspondingly rotates the second element 104 such that the bone fixation
device 101 may be driven into the bone. It will be understood by those of skill in the art,
however, that the distal end 166 of the inner sleeve 166 and the proximal end 112 of the second
element 104 may be any of a variety of corresponding shapes and sizes so long as engagement
between the inner sleeve 166 and the proximal end 112 permits a torsional force to be transmitted

therebetween.

[0020] The driving tool 160 may further comprise a handle 184 coupled to the proximal end
178 of the inner sleeve 166 and couplable to the proximal end 174 of the outer sleeve 162. The
handle 184 may be coupled to the outer sleeve 162 via, for example, a pin 186 such that the outer
and inner sleeve 162, 166 are prevented from rotating relative to one another. In this way, when
the pin 186 is not engaged with the outer sleeve 162, the inner and outer sleeve can be rotated
independently of one another to selectively transmit a torsional force to both the first and second

elements 102, 104 of the bone fixation device 101. Alternatively, when the pin 186 is engaged
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with the outer sleeve 162, rotation of the handle 184 rotates both the outer and inner sleeves 162,
166 to transmit a torsional force to both the first and second elements 102, 104 of the bone
fixation device 101. The driving tool 160 may also include markings along the handle 184 or
other portion thereof (e.g., a proximal portion of the driving tool 160) indicating to a user which
direction the outer sleeve 162 should be pivoted relative to the bone fixation device 101 for the

lumen 172 to be aligned with the opening 128.

[0021] According to a surgical technique using the system 100, the bone fixation device 101
may be inserted into a bone using the driving tool 160. Once the first and second elements 102,
104 of the bone fixation device 101 have been assembled as described above, the driving tool
160 may be coupled to the proximal ends 106, 112 of the first and second elements 102, 104,
respectively. Specifically, the user engages the distal end 164 of the outer sleeve 162 with the
proximal end 106 of the first element 102 by, for example, snapping the protrusions 170 of the
distal end 164 into the corresponding recesses 107 along the proximal end. The user engages the
distal end 168 of the inner sleeve 166, which extends through the lumen 172 of the outer sleeve
162, with the proximal end 112 of the second element 104 by, for example, inserting the distal
end 166 (e.g., a hexagonally shaped end) into a correspondingly sized and shaped recess in the
proximal end 112. The coupled bone fixation device 101 and the driving tool 160 may then be
slid over a guide wire along a desired path into the fractured bone. The driving tool 160 is then
rotated via the handle 184 to drive the bone fixation device 101 into the bone. As described
above, rotation of the handle 184 can rotate both the first and second elements 102, 104 of the
bone fixation device 101 simultaneously or independently at the discretion of a user and
depending on the engagement of disengagement of the pin 186 with the outer sleeve 162. The
simultaneous rotation with the pin 186 in an engagement position is used, for example, when a
user wants to limit telescoping or axial translation of the first and second elements 102, 104
relative to one another. The simultaneous rotation is useful during, for example, initially
positioning and inserting of the bone fixation elements 101 into a bone. The independent
rotation with the pin 186 in a disengaged position is useful in a number of scenarios. For

example, rotating the inner sleeve 166 independently of the outer sleeve 162 when the bone
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fixation element 101 is positioned in the bone enables, for example, active compression.
Specifically, the second element 104 is rotated by the inner sleeve 166 and the first element 102
is held stationary by the outer sleeve 162, which causes an active compression since the second
element 104 can be advanced further into a bone to which it is connected and thereby draw that
bone towards the first element 102. In another example, rotation of the outer sleeve 162
independently of the inner sleeve 166 allows, for example, the threading 124 to advance further
into a part of the bone to which the first element 102 is connected without causing additional
compression. In a further example, rotation of the outer sleeve 162 independently of the inner
sleeve 166 allows the opening 128 to be orientated in a manner defining a desired axis of
orientation for insertion of a second screw into the bone without causing unnecessary rotation of
the second element 102. An example of the insertion of the second screw is illustrated in Fig. 12
and described in more detail below with reference to bone fixation element 201. Once the bone
fixation device 101 has been driven into the bone, as desired, the inner sleeve 166 and the guide
wire may be removed from the lumen 172 of the outer sleeve 162. The inner sleeve 166 may be
removed by loosening the pin 186 such that the inner sleeve 166 may be pulled proximally

therefrom.

[0022] The outer sleeve 162 is then pivoted about the pivot axis 176 such that the lumen 172 is
aligned with the central axis of the opening 128 extending through the first element 102, as
shown in Fig. 11. Once the outer sleeve 162 has been pivoted, as desired, the drill guide 182 is
inserted into the lumen 172, as shown in Fig. 10, such that a hole may be drilled in the bone
along the central axis of the opening 128. A bone fixation element such as a bone screw may
then be inserted through the opening 128 and into the drilled hole until a threading along a head
portion of the bone screw engages the threading 130 along the interior of the opening 128.
Alternatively, the bone screw may be drilled into the bone directly through the lumen 172 of the
outer sleeve 162. Once inserted, a shaft of the bone screw extends along the central axis of the
opening 128, at an angle relative to the longitudinal axis L1 of the bone fixation device 101 to

provide additional fixation thereof.
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[0023] As shown in Figs. 12 - 16, a system 200 according to another exemplary embodiment of
the present invention is substantially similar to the system 100 described above, comprising a
bone fixation device 201 and a driving tool 260. The bone fixation device 201, as shown in Figs.
12 - 13, may be substantially similar to the bone fixation device 101, including a first element
202 and a second element 204 which telescope with respect to one another. Similarly, the first
element 202 extends longitudinally from a proximal end 206 to a distal end 208 and includes a
channel 210 extending longitudinally therethrough. The first element 202 also includes an
opening 228 extending through a head portion 222 thereof along a central axis 2C angled with
respect to a longitudinal axis 2L of the bone fixation device 201 such that a bone fixation
element such as a bone screw 256 is insertable therein along the central axis 2C. The first
element 202, however, does not include a slot, opposite sides of which interlock to permit
expansion of the distal end 208 to receive an enlarged proximal portion 220 of the second
element 204. Rather, the enlarged proximal portion 220 is received within channel 210 and held
therein via a pin 218 received within a corresponding hole 236 extending through the first
element 202 and a longitudinal groove 238 extending along the enlarged portion 220, as will be

described in further detail below.

[0024] The second element 204 includes a shaft 205 and a bone engaging member 242 in
which a distal end 214 of the shaft 205 is received. The bone engaging member 242 includes
threading 244 extending along an exterior thereof and includes a channel 216 extending
longitudinally therethrough from a closed distal end 252 to an open proximal end 254. The shaft
205 extends from a proximal end 212 to a distal end 214 and includes an enlarged proximal
portion 220 and an enlarged distal portion 221 connected to one another via a mid portion 246
having a smaller circumference (e.g., diameter) than both the enlarged proximal and distal
portions 220, 221. The enlarged distal portion 221 is sized and shaped to be received within the
channel 216 of the bone engaging member and is fixed within a distal portion of the channel 216
such that a portion of the mid portion 246 extends through a proximal portion of the channel 216.
The mid portion 246 has a smaller diameter than the enlarged distal portion 221 and the channel
216 such that bone engaging member 242 is permitted to deflect with respect to the shaft 205 to
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provide dynamization of the bone fracture. It will be understood by those of skill in the art that a
range of deflection of the bone engaging member 242 is determined by the size of the channel

216 relative to the size of the mid portion 246.

[0025] The enlarged proximal portion 220 of the second element 204 is sized and shaped to be
received within the channel 210 of the first element 202. As described above, however, the
enlarged proximal portion 220 is held therein via a pin 218 extending through the corresponding
hole 236 in the first element 202 and the longitudinal groove 238 extending along the enlarged
proximal portion. A length of the groove 238 determines a range of sliding motion between the
first and second elements 202, 204. Specifically, the second element 204 may be longitudinally
slid relative to the first element 202 such that the pin 218 is slidable between proximal and distal
ends of the groove 238. The pin 218 also prevents the first and second elements 202, 204 from
being rotated relative to one another. Thus, a driving force applied to the first element 202
correspondingly rotates the second element 204. In one exemplary embodiment, the bone
fixation device 201 may include two pins 218, two corresponding holes 236 and two longitudinal
grooves 238 on opposing sides thereof. It will be understood by those of skill in the art,
however, that the bone fixation device 201 may include any number of corresponding pins 218,
holes 236 and grooves 238 so long as the pin 218 permits the first and second elements 202, 204
to be longitudinally movable relative to one another while preventing the first and second

elements 202, 204 from rotating relative to one another.

[0026] The driving tool 260, as shown in Figs. 14 - 16, is substantially similar to the driving
tool 160, comprising an outer sleeve 262 and an inner sleeve 266 receivable within a lumen 272
of the outer sleeve 262. Similarly to the outer sleeve 162, the outer sleeve 262 includes a distal
end 264 configured to engage the proximal end 206 of the first element 202. The distal end 264
may include, for example, a pair of protrusions 270 receivable within a corresponding pair of
recesses 207 at the proximal end 206 such that the outer sleeve 262 is pivotable with respect to
the bone fixation device 201. A distal end 268 of the inner sleeve 266, however, does not engage

the proximal end 212 of the second element 204. Since the first and second elements 202, 204
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are non-rotatable relative to one another, a driving force applied to the first element 202 transmits
a torsional force to the entire bone fixation device 201. Thus, the inner sleeve 266 is receivable
within the lumen 272 of the outer sleeve 262 such that the distal end 268 of the inner sleeve 266
contacts the proximal end 212 of the second element 204, holding the second element 204 in a
longitudinal position relative to the first element 202 as the bone fixation device 201 is being
implanted into the bone. Once the bone fixation device has been driven into the bone, as desired,
the inner sleeve 266 may be removed from the driving tool 260 so that the outer sleeve 262 may
be pivoted relative to the longitudinal axis 2L of the bone fixation device 201, as shown in Fig.
16, until the lumen 272 is aligned with the central axis of the opening 282. As described above
in regard to the system 100, a hole corresponding to the opening 228 may be drilled into the bone

via the lumen 272 permitting a bone screw 256 to be inserted therethrough.

[0027] As shown in Figs. 17 - 18, a bone fixation device 301 according (o an alternate
embodiment of the present invention may, for example, be substantially similar to the bone
fixation device 201. The bone fixation device 301, however, does not include first and second
elements longitudinally movable relative to one another. Rather, the bone fixation device 301
comprises an elongated element 302 and a bone engaging member 342. The elongated element
302 extends from a proximal end 306 to a distal end 308 along a longitudinal axis 3L. The
proximal end 306 includes a head portion 322 through which an opening 328 extends along a
central axis 3C at an angle relative to the longitudinal axis 3L to receive a bone fixation element
such as a screw 356 along the central axis 3C. A shaft 326 extending distally from the head
portion 322 includes an enlarged proximal portion 320 and an enlarged distal portion 321
connected to one another via a mid portion 346 having a circumference (e.g., diameter) smaller

than the enlarged proximal and distal portions 320, 321.

[0028] Similarly to the bone engaging member 242, the bone engaging member 342 includes
threading 344 along an exterior surface thereof and a channel 316 extending longitudinally
therethrough from a closed distal end 352 to an open proximal end 354. The channel 316 is sized
and shaped to accommodate the enlarged distal portion 321. The enlarged distal portion 321 of
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the elongated element 302 is received and fixed within a distal portion of the channel 316 such
that the mid portion 346 extends within a proximal portion of the channel 316. Since the mid
portion 346 has a smaller diameter than the channel 316, the bone engaging member 342 may
deflect relative to the elongated member 302 to provide dynamization to the fractured bone in
which the bone fixation device 301 has been implanted. As discussed above in regard to the
bone fixation device 201, a range of deflection is determined by a size of the channel 316 relative

to a size of the mid portion 346.

[0029] The bone fixation device 301 may be implanted into bone in a manner substantially
similar to the bone fixation device 202. Specifically, the bone fixation device 301 may be driven
into bone via a driving tool substantially similar to the driving tool 260. However, since the
clongated element 302 does not move longitudinally relative to the bone engaging member 342,

it will be understood by those of skill in the art that an inner sleeve is not required.

[0030] As shown in Figs. 19 - 22, a system 400 according to another exemplary embodiment of
the present invention is substantially similar to the system 100, comprising a bone fixation device
401, as shown in Fig. 19, and a driving tool 460, as shown in Fig. 20, for driving the bone
fixation device 401 into a bone. As shown in Figs. 21 - 22, the bone fixation element 401 may
be used with a plate 490 for humeral fractures (or any similar bone fixation member) with the
bone fixation element 401 extending through an opening 492 thereof and into a humeral head.
The bone fixation device 401 may be substantially similar to the bone fixation device 101
including first and second elements 402, 404, respectively, telescoping relative to one another
along a longitudinal axis 4L and rotatable relative to one another about the longitudinal axis 4L.
Similarly to the first element 102, the first element 402 extends along the longitudinal axis 4L
and includes a channel 410 and a slot 418 extending proximally from a distal end 408 thereof
along a portion of a length thereof to permit the distal end 408 to expand to receive an enlarged
proximal portion 420 of the second element 404 within the channel 410. The distal end 408
includes a shoulder 432 extending radially inward such that once the enlarged portion 420 has

been received therein, the distal end 408 contracts under its natural bias to lock the second
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element 404 within the channel 410.

[0031] Similarly to the second element 104, the second element 404 extends longitudinally
from a proximal end 412 to a distal end 414 and includes the enlarged portion 420 along a
proximal portion thereof along with a bone engaging structure 442 extending along a distal
portion thereof. The bone engaging structure 442 and the enlarged portion 420 may be connected
to one another via a mid portion 446 having a cross-sectional area smaller than the enlarged
portion 420. The second element 404, however, includes a protrusion 447 extending radially
outward from the mid portion 446 such that a limit of proximal motion of second element 404
relative to the first element 402 is defined by contact between the protrusion 447 and the
shoulder 432. Thus, a permitted range of motion of the first and second elements 402, 404
relative to one another is defined by a contact between a distal end 448 of the enlarged portion

420 and the shoulder 432 and a contact between the protrusion 447 and the shoulder 432.

[0032] As shown in Fig. 20, the driving tool 460 may be substantially similar to the driving
tool 160, as described above, comprising an outer sleeve 462 and an inner sleeve 466 receivable
within a lumen 472 of the outer sleeve 462. Similarly to the outer sleeve 162, a distal end 464 of
the outer sleeve 462 is configured to engage the proximal end 406 of the first element 402 while
a distal end 468 of the inner sleeve 466 is configured to engage the proximal end 412 of the
second element 402. Thus, the inner sleeve 466 may be used to drive the second element 404
into the bone while the outer sleeve 462 may be used to drive the first element 402 into the bone.
In an exemplary embodiment, the first and second elements 402, 404 may be driven into the bone

independent of one another.

[0033] In one exemplary embodiment, as shown in Figs. 20 - 21, the bone fixation element 401
may be used with a humeral plate 490, which includes a plurality of openings 492 extending
therethrough along an axis which, when the plate 490 is positioned along the bone, extend into
the humeral head. The plate 490 may include, for example, four openings 492 extending

therethrough such that four bone fixation elements 401 may be inserted into the humeral head. It
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will be understood by those of skill in the art, however, that any number of openings 492 and
bone fixation elements 491 may be utilized. The bone fixation element 401 may be driven into
the bone though the opening 492 using the driving tool 460, until a threading a 424 along a head
portion 422 of the first element 402 engages a corresponding threading along an interior of the
opening 492. It will be understood by those of skill in the art that the bone fixation element 401

will permit compression of a fracture in the humeral head as the bone heals.

[0034] Although the bone fixation elements 101, 201, 401 described above specifically
describe assembly of first and second elements via a slot 118, 418 or a pin 218, it will be
understood by those of skill in the art that the telescoping assembly between first and second
elements may be achieved in a variety of different ways. Thus, the assembly mechanisms
described below may be utilized in any of the bone fixation elements 101, 201, 401 described

above.

[0035] As shown in Figs. 23 - 24, a bone fixation device 501 according to another exemplary
embodiment is substantially similar to any of the bone fixation devices 101, 201, 301 described
above, comprising a first element 502 including a first channel 510 extending therethrough sized
and shaped to receive a proximal portion 540 of a second element 504. Similarly to the second
elements described above, the second element 504 includes a proximal portion 540 and a distal
portion including a bone engaging structure 542. A distal end 508 of the first element includes a
shoulder 532 extending radially inward. The proximal portion 540 includes a pair of protrusions
520 diametrically opposed to one another and extending laterally outward from the proximal
portion 540. The proximal portion 540 also includes an elongated slot 521 extending laterally
therethrough between the opposed protrusions 520. The proximal portion 540 is formed of an
elastic material such that the protrusions 520 may be pressed toward one another, as shown in
Fig. 23, (e.g., toward a centerline of the second element 504) permitting the protrusions 520 to be
passed proximally past the shoulder 532 into the channel 510. Once the protrusions 520 have
been received within the channel 510, the proximal portion 540 reverts to its initial configuration

under its natural bias, as shown in Fig. 24, while the protrusions 520 are prevented from passing
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distally past the shoulder 532. Thus, it will be understood by those of skill in the art that distal
movement of the second element 504 relative to the first element 502 is limited by contact

between the protrusions 520 and a proximal surface of the shoulder 532.

[0036] As shown in Figs. 25 - 26, a bone fixation device 601 according to another exemplary
embodiment may be substantially similar to any of the bone fixation devices 101, 201, 301
described above, comprising a first element 602 with a channel 610 extending therethrough sized
and shaped to receive a first enlarged portion 620 at a proximal end 612 of a second element 604.
The second element 604 includes a proximal portion 640 including the first enlarged portion 620
at the proximal end 612 and a second enlarged portion 621 distally of the first enlarged portion
620. The first and second enlarged portions 620, 621 are connected to one another via a smaller
cross-section portion 646. The second element 604 also includes a distal portion including a

bone engaging structure 642.

[0037] The first element 602 includes a pair of elastic tabs 632 extending inward toward a
centerline of the channel 610 along a distal portion thereof. The pair of tabs 632 in this
embodiment are, for example, diametrically opposed to one another. Thus, when the first
enlarged portion 620 is moved proximally into the channel 610, the tabs 632 elastically deform
away from the centerline of the channel 610 to permit the first enlarged portion to be moved
proximally therepast. Once the first enlarged portion 620 has been moved proximally past the
tabs 632, the tabs 632 revert to their initial configuration under their natural bias with the tabs
632 extending into the channel 610 so that the first enlarged portion 620 is locked therein. A
range of motion between the first and second elements 602, 604 is defined by a length of the
smaller cross-section portion 646 (i.c., a distance between the first and second enlarged portions

620, 621).

[0038] As shown in Figs. 27 - 29, a bone fixation device 701 according to another exemplary
embodiment of the present invention may be substantially similar to any of the bone fixation

devices 101, 201, 401 described above, comprising a first element 702 including a channel 710
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extending therethrough sized and shaped for receiving a proximal portion 740 of a second
element 704. The proximal portion 740 includes an enlarged portion 720 at a proximal end 712
thereof. The second element 704 also includes a distal portion including a bone engaging
structure 742. The first element 702 includes a shoulder 732 extending radially into the channel
710 at a distal end 708 thereof. A cross-sectional area A of the channel 710 formed by the
shoulder 732 is substantially similar to a cross-sectional area C of the enlarged portion 720 such
that the enlarged portion 720 may be press-fit proximally past the shoulder 732. A cross-
sectional area B of the channel 710 proximal to the shoulder 732 is slightly larger than the cross-
sectional area C and the cross-sectional area A is slightly larger than a cross-sectional area D of a
remaining length 746 of the proximal portion 740 such that once the enlarged portion 720 has
been moved proximally past the shoulder 732 into the channel 710, the enlarged portion 720 is
permitted to slide longitudinally within the channel 710. Once the first and second elements 702,
704 have been assembled as described above, a large force would be required to disassemble the

components as would be understood by those skilled in the art.

[0039] As shown in Figs. 30 - 31, a bone fixation device 801 according to another exemplary
embodiment may be substantially similar to the bone fixation device 701 described above,
comprising a first element 802 including a channel 810 extending therethrough sized and shaped
to receive a proximal portion 840 of a second element 804. Similarly to the second element 704,
the proximal portion 840 includes an enlarged portion 820 at a proximal end 812 thereof, which
has a cross-sectional area larger than that of a remaining length 846 thereof. The second element
804 also includes a distal portion with a bone engaging structure 842 therealong. Similarly to the
first element 702, the first element 802 includes a shoulder 832 extending radially into the
channel 810 at a distal end 808 thereof, a cross-sectional area of the channel 810 formed by the
shoulder 832 being substantially the same as a cross-sectional area of the enlarged portion 820.
At least a distal portion of the first element 802, however, is formed of a shape memory material
which expands when heat is applied thereto. Thus, when heated, the distal end 808 expands
permitting the enlarged portion 820 to be moved proximally therepast into the channel 810.

Alternatively or, in addition, at least the enlarged portion 820 of the second element 804 may also
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be formed of a shape memory material which shrinks when cooled. Thus, when the enlarged
portion 820 is cooled, the cross-sectional area of the enlarged portion 820 becomes smaller
permitting the enlarged portion 820 to be moved proximally past the shoulder 832 into the
channel 810. As would be understood by those skilled in the art, the transition temperatures for
these elements are selected so that, once the materials have returned to the ambient temperature
in the environment in which they are to be deployed, the distal end 808 of the first element 8§02
and the enlarged portion 820 of the second element 804 will revert to their original size and

shape to lock the enlarged portion 820 within the channel 810.

[0040] As shown in Figs. 32 - 33, a bone fixation device 901 may be substantially similar to
any one of the bone fixation devices 101, 201, 401 described above, comprising a first element
902 including a channel 910 extending therethrough sized and shaped to receive a proximal
portion 940 of a second element 904. The bone fixation device 901, however, further comprises
a sleeve 918 distally insertable through a proximal end of the channel 910 to engage the proximal
portion 940 of the second element 904, as will be described in further detail below. The
proximal portion 940 is sized and shaped to be passed proximally through a distal end 908 of the
first element which includes a shoulder 932 extending radially inward therefrom. The proximal
portion 940 includes a first engaging structure 941 such as, for example, a threading extending

from a proximal end 912 thereof along a portion thereof.

[0041] The sleeve 918 is sized and shaped to be passed through a proximal end of the first
element 902 and into the channel 910. The sleeve 918 includes a lumen 916 extending
therethrough sized and shaped to receive the proximal end 912 of the second element 904. The
lumen 916 includes a second engaging structure 919 (e.g., threading) extending from a distal end
954 thereof along an interior surface thereof for engaging the first engaging structure 941 of the
second element 904. Thus, the proximal end 912 of the second element 904 may be inserted
proximally past the shoulder 932 while the sleeve 918 is inserted distally through the channel 910
such that the first and second engaging structures 941, 919 engage one another. Once engaged,

the proximal end 912 of the second element 904 is prevented from moving distally past the
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shoulder 932 of the first element 902 such that the first and second elements 902, 904 are

permitted to move longitudinally relative to one another within a permitted range of motion.

[0042] As shown in Figs. 34 - 36, a bone fixation device 1001 according to another exemplary
embodiment may be substantially similar to any of the bone fixation devices 101, 201, 401
described above, comprising a first element 1002 including a channel 1010 extending
therethrough shaped and sized to receive a proximal portion 1040 of a second element 1004. The
second element 1004, however, is passed into the channel 1010 via a proximal end of the first
element 1002, as will be described in further detail below. The first element 1002 includes a
shoulder 1032 extending radially into the channel 1010 at a distal end 1008 thereof. The
shoulder 1032 includes an engaging structure 1033 such as, for example, threading, extending
therealong. The second element 1004 includes a proximal portion 1040 includes an enlarged
portion 1020 at a proximal end 1012 thereof and a distal portion including a bone engaging
structure 1042. The bone engaging structure 1042 and the engaging structure 1033 of the
shoulder 1032 correspond to one another (e.g., have corresponding threadings) such that when
the second element 1004 is inserted distally through the channel 1010, the bone engaging
structure 1042 is permitted to move distally past the shoulder 1032 via, for example, a rotation of
the second element 1004 relative to the first element 1002. Once the bone engaging structure
1042 has distally passed the shoulder 1032, the second element 1004 is permitted to slide
longitudinally relative to the first element 1002. A permitted range of telescoping motion
between the first and second elements 1002 is defined by a distance between the enlarged portion

1020 and the bone engaging structure 1042.

[0043] As shown in Figs. 37 and 38, a bone fixation device 1101 may be substantially similar
to any of the bone fixation devices 101, 201, 401 described above, comprising a first element
1102 including a channel 1110 extending therethrough sized and shaped to receive a proximal
portion 1140 of a second element 1104. The first element 1102, however, does not include a
shoulder at a distal end 1108 thereof. The second element 1104 includes an enlarged portion

1120 at a proximal end 1112 end thereof and a non-enlarged portion 1146 extending distally
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therefrom. The second element 1104 also includes a distal portion including a bone engaging
portion 1142. The enlarged portion 1120 and the bone engaging portion 1142 are connected to

one another via the non-enlarged portion 1146.

[0044] The bone fixation device 1101 further comprises an insert 1118 such as, for example, a
ring, slidably mounted over the non-enlarged portion 1146. The insert 1118 is sized and shaped
to permit the insert 1118 to slide over the non-enlarged portion 1146 while preventing the insert
1118 from sliding over either the enlarged portion 1120 or the bone engaging structure 1142.
The enlarged portion 1120 is inserted proximally into the channel 1110 until the enlarged portion
1120 is received entirely within the channel 1110. The insert 118 is then slid along the non-
enlarged portion 1146 until the insert 1118 comes into contact with the distal end 1108 of the
first element 1102. The insert 1118 is then attached to the distal end 1108 via, for example,
welding. Once the insert 1118 has been attached to the distal end 1108, the enlarged portion
1120 is locked within the channel 1110 and the second element 1104 is longitudinally movable
relative to the first element 1102 as the non-enlarged portion 1146 slides through the insert 1118.

[0045] As shown in Figs, 39 - 40, a bone fixation device 1201 may be substantially similar to
any of the bone fixation devices 101, 201, 401 described above, comprising a first element 1202
including a channel 1210 extending therethrough sized and shaped to receive a proximal portion
1240 of a second element 1204, Similarly to the first element 1102 of the bone fixation device
1101, the first element 1202 does not include a shoulder at a distal end 1208 thereof. Rather, the
first element 1202 includes a hole 1236 extending laterally therethrough from an exterior thereof
to an interior of the channel 1210 along a distal portion thereof. In one exemplary embodiment,
the first element 1202 includes a pair of holes 1236 diametrically opposed to one another. It will
be understood by those of skill in the art, however, that the first element 1202 may include any
number of holes 1236 extending therethrough along any portion about a circumference of the
first element 1202. The proximal portion 1240 of the second element 1204 includes a first
enlarged portion 1220 at a proximal end 1212 thereof and a second enlarged portion 1221 distally
of the first enlarged portion 1220. The first and second enlarged portions 1220, 1221 are
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connected to one another via a non-enlarged portion 1246. The second element 1204 also

includes a distal portion including a bone engaging structure 1242.

[0046] The channel 1210 of the first element 1202 is sized and shaped to receive the first and
second enlarged portions 1220, 1221. To assemble the bone fixation device 1201, the first
enlarged portion 1220 is moved proximally into the channel 1210, past the hole 1236. A pin
1218 is then inserted into each hole 1236, locking the enlarged portion 1220 within the channel
1210. The first and second elements 1202, 1204 are longitudinally movable relative to one
another with the pin 1218 acting as a stop preventing the first enlarged portion 1220 from
moving distally therepast and the second enlarged portion 1221 from moving proximally
therepast. Thus, a permitted range of motion between the first and second elements 1202, 1204
is defined by a length of the non-enlarged portion 1246 connecting the first and second enlarged

portions 1220, 1221.

[0047] As shown in Figs. 41 - 42, a bone fixation device 1301 may be substantially similar to
any one of the bone fixation devices 101, 201, 401 described above, comprising a first element
1302 including a channel 1310 extending therethrough sized and shaped to receive a proximal
portion 1340 of a second element 1304. The first element 1302 includes a shoulder 1332 at a
distal end 1308 thereof extending radially into the channel 1310, The proximal portion 1340 of
the second element 1304 is sized and shaped be receivable proximally past the shoulder 1332 and
into the channel 310. The proximal portion 1340, however, includes an expansion ring 1320
extending about a portion thereof which, when in an expanded configuration, has a cross-
sectional area (e.g., diameter) larger than a cross-sectional area of a remaining portion of the
proximal portion 1340. The cross-sectional area of the expansion ring 1320 is also larger than a
cross-sectional area of the channel 1310 within the shoulder 1332 (e.g., the diameter at the distal
end 1308). When moved proximally into the channel 1310, however, the expansion ring 1320
may be elastically deformed to a compressed configuration (e.g., having a smaller diameter than
the diameter at the distal end 1308), as shown in Fig. 41, such that the expansion ring 1320 may

be moved proximally past the shoulder 1332. Once the expansion ring 1320 has moved past the

27



10

15

20

WO 2012/158351 PCT/US2012/036156

shoulder 1332 and into the channel 1310, the expansion ring 1320 reverts to the expanded
configuration, as shown in Fig. 42, locking the expansion ring 1320 within the channel 1310.
The expansion ring 1320 is prevented from moving to the compressed configuration when
moved distally against the shoulder 1332 so that the second element 1304 is longitudinally
movable relative to the first element 1302, a distal-most position of the second element 1304
relative to the first element 1302 being limited by contact between the expansion ring 1320 and a

proximal surface of the shoulder 1332.

[0048] As shown in Figs. 43 - 46, a bone fixation device 1401 may be substantially similar to
any of the bone fixation devices 101, 201, 401 described above, comprising a first element 1402
including a channel 1410 extending therethrough sized and shaped to receive a proximal portion
1440 of a second element 1404. As shown in Fig. 43, the first element 1402 includes an elastic
tab 1418 at a distal end 1408 thereof, the tab 1418 defined by a pair of longitudinal slots 1418
extending from the distal end 1408. The pair of slots 1436 extend substantially parallel to one
another along a portion of a length of the first element 1402. The elastic tab 1418 also includes a
shoulder 1432 extending laterally into the channel 1410 toward a centerline of the first element
1402. The elastic tab 1418 is biased toward a closed configuration, as shown in Fig. 46, but is
clastically deformable, as shown in Fig. 45, to expand the distal end 1408 to permit an enlarged
portion 1420 of the proximal portion 1440 of the second element 1404 to be moved proximally
past the shoulder 1432 and into the channel 1410.

[0049] The proximal portion 1440 of the second element 1404 includes an enlarged portion
1420 at a proximal end 1412 thereof. The enlarged portion 1420 is sized and shaped to be
slidably movable within the channel 1410, but is larger than a portion of the channel 1410 within
the shoulder 1432, when the tab 1418 is in the closed configuration. A remaining length 1446 of
the proximal portion 1440 distal of the enlarged portion 1420 is sized and shaped to be slidably
movable within the portion of the channel 1410, when the tab 1418 is in the closed configuration.
To assemble the first and second elements 1402, 1404, the elastic tab 1418 is deformed to

enlarge the distal end 1408 and permit the enlarged portion 1420 of the second element 1404 to
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be moved proximally past the shoulder 1432 into the channel 1410. Once the enlarged portion
1420 has been moved proximally past the shoulder 1432, the tab 1418 reverts to its initial
configuration under its natural bias, slidably locking the enlarged portion 1420 within the

channel 1410.

[0050] 1t will be apparent to those skilled in the art that various modifications and variations
can be made in the structure and the methodology of the present invention, without departing
from the spirit or scope of the invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided that they come within the scope of the

appended claims and their equivalents.
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What is claimed is:

A bone fixation device, comprising:

a first element extending along a first longitudinal axis from a proximal end to a
distal end, the first element including a first channel extending therethrough along the

first longitudinal axis; and

a second element extending along a second longitudinal axis from a proximal end
to a distal end, the second element including a proximal portion sized and shaped to be
received within the first channel such that the first and second longitudinal axes are
substantially coaxial and a distal portion including a bone engaging structure, a proximal
end of the second element slidably locked within the first channel such that the first and
second elements are longitudinally movable relative to one another between a permitted

range of motion.

The device of claim 1, wherein:

a distal opening of the first channel is movable between a non-expanded
configuration and an expanded configuration, a diameter of the distal opening, when in
the non-expanded configuration being smaller than an inner diameter of a portion of a the
first channel proximal thereto, the first element being biased toward the non-expanded

configuration; and

the proximal portion of the second element including an enlarged portion sized
and shaped to be slidably received within the portion of the first channel proximal to the
distal opening, an outer diameter of the enlarged portion being greater than the diameter
of the distal opening in the non-expanded configuration and less than the diameter of the

distal opening in the non-expanded configuration, the second element further including a
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central portion extending distally from the enlarged portion and having an outer diameter

less than the diameter of the distal opening.

The device of claim 2, wherein the distal opening is movable between the non-expanded
and expanded configurations via a slot extending proximally from the distal end, the slot
extending along a curve defining first and second interlocking parts shaped to engage one

another to limit expansion of the distal opening to a desired extent.

The device of claim 2, wherein the distal opening is movable between the non-expanded
and expanded configurations via a tab defined by a pair of slots extending proximally

from the distal end substantially parallel to one another.

The device of claim 2, wherein a distal portion of the first element is formed of a shape
memory material such that applying a heat thereto moves the distal opening from the non-

expanded to the expanded configuration.

The device of claim 5, wherein the enlarged portion of the second element is formed of a
shape memory material such that cooling the enlarged portion moves the enlarged portion
to a compressed configuration having a diameter smaller than a diameter of the distal

opening in the non-expanded configuration.

The device of claim 2, wherein the distal opening movable between the non-expanded
and expanded configurations via a tab bent into the channel toward a centerline of the

first element.

The device of claim 1, further comprising a pin extending laterally through the first
element and into a smaller diameter portion of the proximal portion of the second element
such that a range of permitted motion between the first and second elements is defined by

a length of the smaller diameter portion.
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10.

11.

12.

13.

The device of claim 1, wherein a distal opening of the first channel has a smaller diameter

than an inner diameter of a portion of a the first channel proximal thereto.

The device of claim 9, wherein a proximal portion of the second element includes a pair
of protrusions extending laterally outward therefrom and an elongated slot extending
laterally through the proximal portion between the pair of protrusions such that the
proximal portion is movable between an expanded configuration and a non-expanded
configuration, a distance between radially outermost tips of the protrusions being larger
than the diameter of the distal opening but smaller than the diameter of the portion of the
first channel proximal thereto in the expanded configuration, and a distance between the
radially outermost tips being smaller than the diameter of the distal opening in the non-

expanded configuration, the proximal portion being biased in the expanded configuration.

The device of claim 9, wherein the proximal portion includes an enlarged portion at a
proximal end thereof, the enlarged portion having a diameter that is substantially the
same as the diameter of the distal opening and smaller than the diameter of the portion of
the channel proximal thereto such that the enlarged portion is press fit through the distal
opening and into the first channel, a remaining length of the proximal portion extending

distally from the enlarged portion having a diameter smaller than the distal opening.

The device of claim 9, further comprising a sleeve insertable through a proximal opening
of the first channel, an outer diameter of the sleeve having a diameter larger than the
diameter of the distal opening and smaller than the inner diameter of the first channel
proximal thereto, the sleeve including a threading along an inner surface thereof to

engage a corresponding threading along an exterior of the proximal portion.

The device of claim 9, wherein an exterior of the bone engaging structure and the interior

of the distal opening include corresponding threadings such that the bone engaging
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14.

15.

16.

17.

18.

structure is driven distally through the first channel distally past the distal opening, the
second element including an elongated portion at a proximal end thereof having a
diameter larger than the diameter of the distal opening and smaller than the inner
diameter of the portion of the first channel proximal the distal opening such that the

enlarged portion is prevented from moving distally past the distal opening.

The device of claim 9, wherein the proximal portion of the second element includes an
expansion ring about a portion thereof, the expansion ring movable between an expanded
configuration in which an outer diameter thereof is larger than the diameter of the distal
opening and a non-expanded configuration in which the diameter of the outer diameter
thereof is smaller than the diameter of the distal opening, the expansion ring biased in the

expanded configuration.

The device of claim 1, further comprising a ring attachable to the distal end of the first
element, the ring having an inner diameter smaller than an inner diameter of the first
channel, wherein the proximal portion of the second element including an enlarged
portion sized and shaped to be slidably received within the first channel, an outer
diameter of the enlarged portion being greater than the inner diameter of the ring, the
second element further including a central portion extending distally from the enlarged

portion and having an outer diameter less than the inner diameter of the ring.

The device of claim 1, wherein the second element includes a second channel extending

therethrough along the second longitudinal axis.

The device of claim 1, wherein the bone engaging structure is a threading along a length

of a distal portion of the first element.

The device of claim 1, wherein the first element includes a head portion at a proximal end

thereof.

33



10

15

20

25

WO 2012/158351 PCT/US2012/036156

19.

20,

21.

The device of claim 18, wherein the first element includes an opening extending through
the head portion along a central axis extending at an acute angle with respect to the first
longitudinal axis, the opening being sized and shaped to receive a bone fixation element

therein.

The device of claim 1, wherein the first element includes a threading along a proximal
portion thereof configured to engage a hole of a bone plate through which the first

element is to be inserted.

A system for treating a bone, comprising:

a bone fixation device, including:

a first element extending along a first longitudinal axis from a proximal
end to a distal end, the first element including a first channel extending

therethrough along the first longitudinal axis; and

a second element extending along a second longitudinal axis from a
proximal end to a distal end, the second element including a proximal portion
sized and shaped to be received within the first channel such that the first and
second longitudinal axes are substantially coaxial and a distal portion including a
bone engaging structure, a proximal end of the second element slidably locked
within the first channel such that the first and second elements are longitudinally

movable relative to one another between a permitted range of motion; and

a driving tool, including:

an outer sleeve extending longitudinally from a proximal end to a distal
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22.

23.

24.

25.

end and including a lumen extending therethrough, the distal end of the outer
sleeve configured to engage the proximal end of the first element to prevent

relative rotation therebetween; and

an inner sleeve slidable through the lumen of the outer sleeve and
extending longitudinally from a proximal end to a distal end, the distal end of the

inner sleeve configured to engage the proximal end of the second element.

The system of claim 21, wherein the distal end of the outer sleeve includes a pair of
diametrically opposed protrusions extending laterally therefrom, the protrusions sized and
shaped to be received within corresponding recesses at the proximal end of the first

element such that the outer sleeve is pivotable with respect to the first element.

The system of claim 21, wherein the distal end is sized and shaped to be received within a
corresponding recess at the proximal end of the second element to prevent relative

rotation therebetween.

The system of claim 21, wherein the driving tool further includes a locking element for

releasably locking the outer and inner sleeves relative to one another.
A method for assembling a bone fixation device, comprising:

inserting a proximal portion of a second element into a channel of a first element
such that longitudinal axes of the first and second elements are substantially coaxial to

one another and the first and second elements are movable relative to one another within

a permitted range of motion.
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26.

27.

28.

29.

30.

The method of claim 25, wherein inserting the proximal portion into the channel includes
moving a distal opening of the channel from a non-expanded configuration to an
expanded configuration to permit an enlarged portion at the proximal end of the second
element to be moved proximally therepast, a diameter of the distal opening, when in the
non-expanded configuration being smaller than an inner diameter of a portion of a the
first channel proximal thereto, an outer diameter of the enlarged portion being greater
than the diameter of the distal opening in the non-expanded configuration and less than
the diameter of the distal opening in the non-expanded configuration, the second element
further including a central portion extending distally from the enlarged portion and having

an outer diameter less than the diameter of the distal opening.

The method of claim 26, wherein the distal opening is moved between the non-expanded
and expanded configurations via a slot extending proximally from the distal end, the slot
extending along a curve defining first and second interlocking parts shaped to engage one

another to limit expansion of the distal opening to a desired extent.

The method of claim 26, wherein the distal opening is moved between the non-expanded
and expanded configurations via a tab defined by a pair of slots extending proximally

from the distal end substantially parallel to one another.

The method of claim 26, wherein the distal opening is moved between the non-expanded
and expanded configurations by heating the distal portion of the first element, the distal

portion of the first element formed of a shape memory material.

The method of claim 29, further comprising cooling the enlarged portion of the second
element to move the enlarged portion to a compressed configuration having a diameter

smaller than a diameter of the distal opening in the non-expanded configuration, the

“enlarged portion formed of a shape memory material.
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31.

33.

34.

The method of claim 26, wherein the distal opening is moved between the non-expanded
and expanded configurations via a tab bent into the channel toward a centerline of the

first element.

The method of claim 25, further comprising inserting a pin laterally through the first
element and into a smaller diameter portion of the proximal portion of the second element
such that a range of permitted motion between the first and second elements is defined by

a length of the smaller diameter portion.

The method of claim 25, wherein a distal opening of the first channel has a smaller

diameter than an inner diameter of a portion of a the first channel proximal thereto.

The method of claim 33, wherein inserting the proximal portion into the channel included
moving the proximal portion from an expanded configuration to a non-expanded
configuration, the proximal portion including a pair of protrusions extending laterally
outward therefrom and an elongated slot extending laterally through the proximal portion
between the pair of protrusions, a distance between radially outermost tips of the
protrusions being larger than the diameter of the distal opening but smaller than the
diameter of the portion of the first channel proximal thereto in the expanded
configuration, and a distance between the radially outermost tips being smaller than the
diameter of the distal opening in the non-expanded configuration, the proximal portion

being biased in the expanded configuration.

The method of claim 33, wherein an enlarged portion at a proximal end of the proximal
portion of the second element is press fit through the distal opening, the enlarged portion
having a diameter that is substantially the same as the diameter of the distal opening and
smaller than the diameter of the portion of the channel proximal thereto, a remaining
length of the proximal portion extending distally from the enlarged portion having a

diameter smaller than the distal opening.
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36.

37.

38.

39.

40.

The method of claim 33, further comprising inserting a sleeve distally through a proximal
opening of the first channel to engage the proximal portion of the second element, an
outer diameter of the sleeve having a diameter larger than the diameter of the distal
opening and smaller than the inner diameter of the first channel proximal thereto, the
sleeve including a threading along an inner surface thereof for engaging a corresponding

threading along an exterior of the proximal portion.

The method of claim 33, wherein the second element is inserted distally through a
proximal opening of the first channel such that the bone engaging structure is moved
distally beyond the distal opening of the first element via corresponding threadings
extending along an exterior of the bone engaging structure and an interior of the distal

opening.

The method of claim33, wherein inserting the proximal portion of the second element
into the channel includes moving an expansion ring extending about a portion of the
second element from an expanded configuration in which an outer diameter thereof is
larger than the diameter of the distal opening to a non-expanded configuration in which
the diameter of the outer diameter thereof is smaller than the diameter of the distal

opening.

The method of claim 25, further comprising attaching a ring to the distal end of the first
element to prevent an enlarged portion of the second element from being moved distally

therepast.

A method for implanting a bone fixation device, comprising:

coupling a distal end of an outer sleeve of a driving tool to a proximal end of a

first element of the bone fixation device, the bone fixation device including the first
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41

42.

43.

44,

element and a second element, the first element extending along a first longitudinal axis
from a proximal end to a distal end and including a first channel extending therethrough
along the first longitudinal axis, the second element extending from a proximal end to a
distal end and including a proximal portion received within the first channel such that the
first and second elements are longitudinally movable relative to one another between a

permitted range of motion;

coupling a distal end of an inner sleeve of the driving tool to a proximal end of a
second element of the bone fixation device, the inner sleeve removably received within a

lumen of the outer sleeve; and

rotating the driving tool to drive the bone fixation element into a bone.

The method of claim 40, wherein coupling the distal end of the outer sleeve and the
proximal end of the first element includes inserting a pair of diametrically opposed
protrusions extending laterally from the distal end of the outer sleeve into the

corresponding recesses at the proximal end of the first element.

The method of claim 40, wherein coupling the distal end of the inner sleeve and the
proximal end of the second sleeve includes inserting the distal end of the inner sleeve into

a correspondingly shaped recess at the proximal end of the second element.
The method of claim 40, wherein the inner and outer sleeves are releasably locked
relative to one another such that rotating the driving tool rotates both the first and second

elements of the bone fixation device.

The method of claim 40, further comprising removing the inner sleeve from the lumen of

the outer sleeve.
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45.

46.

47.

The method of claim 44, further comprising pivoting the outer sleeve with respect to the
bone fixation device such that the lumen is aligned with a central axis of an opening
extending through a head portion of the first element, the central axis extending through

the first element at an angle with respect to a longitudinal axis thereof.

The method of ¢laim 45, further comprising inserting a drill guide through the lumen and

along the central axis of the opening into the bone to drill a hole therein.

The method of claim 46, inserting a bone fixation element through the opening and into

the hole drilled in the bone.

40



PCT/US2012/036156

WO 2012/158351

1/23

00}

8¢l




PCT/US2012/036156

WO 2012/158351

2/23

44"

vl

orl

124"

001

gzl GHL €L} rAA

801

8L

\

0L




PCT/US2012/036156

WO 2012/158351

3/23

8Ll

01

G b1

cel

AN

)

N
-

129"

/

%7000/

<>

NN

7

%% 0700

!

801

-

Ot

\

c0}




PCT/US2012/036156

WO 2012/158351

4/23

g "b14

\ /m/,,w,f\ﬁ . \ \ H/ == \fﬁ/

291

Ll 091
981 X

A E

Ty

\ \ Nm_, / |
L)
8l




PCT/US2012/036156

WO 2012/158351

5/23

¢ll

01 Okt

\
i |
w\ﬂnnu\fi._\ N . o, A A ) e

i 7 AN T -

Y S Awwf Z

041
Yol 991 201

c9l 901



PCT/US2012/036156

WO 2012/158351

6/23

041

81

cll

S
A
7
e
W
e
S
7 v9l
G
P g
e
4
\ﬂ\.\\\n\‘“
z8l
091 /
291
001}

L0t



PCT/US2012/036156

WO 2012/158351

7/23

202

£0¢

¢l ‘b4

B oo R e s
oot " S0 RS SATIREE




PCT/US2012/036156

WO 2012/158351

8/23

Gl b4

Ty

99¢

09¢

1 Bi4

00¢

c9¢

e

09¢

00¢

¥0c



WO 2012/158351

PCT/US2012/036156
9/23

<t
<o)
9V

270




PCT/US2012/036156

WO 2012/158351

10/23




PCT/US2012/036156

WO 2012/158351

11/23

0cg "bi4

AN %
7, J v T N T O N Ry
:ﬁﬁﬂhﬂﬂWﬂHﬂ”ﬂl!vi!L§!y!HH !!!!!!!!!!!!! i ———— Wisiiuw||lial!xJl;lt&ilaﬂi sssssss -
v/ / / L L /x J S ST OOCCONNANRY
0P
174037
210} 29% Q9%
LOY cly
09
00¥

80¥ /
N¢¢ NOV ¢N¢



PCT/US2012/036156

WO 2012/158351

12/23

a6y




PCT/US2012/036156

WO 2012/158351

13/23

o¥S
— W = = .,.,_,

cvs +0G

(4% 105




PCT/US2012/036156
14/23

WO 2012/158351

9%9
01748 \\
/ AN
D . kY Y KN
i S
/]
g = V;W\_/ X /// X J/,/ N
¢v9 129 ce9
209
109
Ge "bi4

\ 0v9

b9 129 919
¥09




PCT/US2012/036156

WO 2012/158351

15/23

LR 0

9y, <CtL 0z/
z
v, 0l “ 3o, 012
8¢ ‘B4
\ 0. . — —
| , /

Al
10
ovL AAE
\ x N N ™ //
Jw 1
3
..... S = A | = 1 o Y o
] | 1
\ \ M S N N O\
2L \ / /
o/ 0L /
2L 02 gos Lo, S8L 0LL



PCT/US2012/036156

WO 2012/158351

16/23

b o —

m 0v8 /
- A e -
| —
= //,, - /,
2r8 o8 N/mw / 218 oL
98 808 028
108 c08
og "bi-
0v8 N\ | \
5y LY Y Y Y X //
‘w‘ { ;/« g
| [ N ,,,,,/,,4
08 \



PCT/US2012/036156

WO 2012/158351

17/23

06

01 745;

fl/ Y % X kY o %

N n— A A S

\

Y / L\s« m\ﬂ\. u\ VAR\

\ N S /z, N~ pﬂz T

176 / 016 / 916 816 /

cvé 2i6
206 616
706
106



PCT/US2012/036156

WO 2012/158351

18/23

S —
: ” I
iiiiii e 5 om— e i e ..l.; i wll:.l:!&«lmriii.ll TN AE———-— T A L e R e —
L \
; fux muux 5 // = > K-
roo} \ 201 / / /
2rol1 8001 0c0} 2001 -
Ge "Bi-
o K i i [ = 5 5 w4
IV . A i — o o i . o b5 H. . o, T3 T bk -
, / —zlol
\ % n\s EY N _w - . wﬂ /
\ 0101 /
¢b0l  gool 001 zo0L 0201 L001
800+ )
\ LONYE \ 0vor —\
% > iy S N % % - B} )
| \_ ,
S / 5 B S \,J Sy // 1 m
0201
Zrol v/
£g 200} 001
e 2801 c00t LO01




PCT/US2012/036156

WO 2012/158351

19/23

OLEL




PCT/US2012/036156

WO 2012/158351

20/23

« P I S

[AZAS

gLzl
\ A /Lm/nlw\f\ . ”/ Y S
II|NW \ ~ e ,. e xf R N r// Y //
120 4" \ gect el gzz| \ / /
vzl 1eel goz 82H zizr 0% g1z)
102}
‘Bi
ovel 6€ DI wﬂmr
. N /Wq_ . %, "ay f/,%
VRS SR tfia.s..ilfliiif;t‘ffig ,,,,,,,,,,,,, R lille
/ ~ H// = %? N VN N
\ ARl ﬁ *
hecl Jvet Ocel 80CH ggzp  olzL
v0zZ 1 2021
1021



PCT/US2012/036156

WO 2012/158351

21/23

ovet

—. ¢ s o S o v

s m— e 3 e sl % G ) e s O 3 e e e e




PCT/US2012/036156

WO 2012/158351

22/23

\ a4l /\
\ — //
eled! Ocyl
gl

v 014

cOvl

\\\ 80¥1
N S e N - .f/ w
'.»iﬁ.‘i iiiiiiiiiiiiiiiiiiiiiii Q‘eﬁ‘
Wj N S o it ] /rw
oLl /
Zeb | A4 AN
O |



PCT/US2012/036156

WO 2012/158351

23/23

0] 43

9t "Oi4
W ardl
a—— B : | ,fw
1 > i R S e — i —— % Ji.l..!!rﬂ...%l» ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ SR — #M1
[
\ \ _,mw e / . % . f //.w
1404} ~ v
Savi
X0} 4N
Gy "bi4
Ovvl
| BN Sy N Sy
]
\ 3%;:%/ \ . =
1484} Syl 0Zcrl  OLvi
cevl
8011 20v 1



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/036156

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/74 A61B17/88
ADD.

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

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

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 practicable, 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.

10 July 1990 (1990-07-10)

figures 1-3

2 April 1946 (1946-04-02)

2, line 59
figures

column 2, Tine 17 - column 3,
figures

X US 4 940 467 A (TRONZO RAYMOND G [US])

column 4, Tine 45 - column 5, line 48

page 1, column 2, line 48 - page 2, column

X CH 475 754 A (PAUL KLEUSER CHIRURGISCHE
INST [DE]) 31 July 1969 (1969-07-31)

line 19

1,9,11,
16,20,
25,33,35

X US 2 397 545 A (HARDINGE MERVYN G) 1,9

16-18,
25,33

1,9,12,
16,20,
25,36

_/__

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 application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"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 invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 July 2012

Date of mailing of the international search report

20/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Storer, John

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/036156

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

column 6, Tine 35 - column 8, line 3
figures 4,5

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 4 172 452 A (FORTE MARK R [US] ET AL) 1,8,9,
30 October 1979 (1979-10-30) 15,16,

25,32,39

column 2, Tine 8 - line 60
figure 3

X US 5 993 450 A (WORCEL ALEXANDRE [FR]) 1,9,21,
30 November 1999 (1999-11-30) 23,25,33

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2012/036156
Box No.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.: 40-47
because they relate to subject matter not required to be searched by this Authority, namely:
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery.

2. I:' 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. I:' 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.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/036156
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4940467 A 10-07-1990  NONE
US 2397545 A 02-04-1946  NONE
CH 475754 A 31-07-1969  CH 475754 A 31-07-1969
DE 1511447 Al 16-04-1970
US 4172452 A 30-10-1979  NONE
US 5993450 A 30-11-1999 AU 6308296 A 30-12-1996
CA 2220638 Al 19-12-1996
EP 0830097 Al 25-03-1998
FR 2735010 Al 13-12-1996
JP H11506374 A 08-06-1999
US 5993450 A 30-11-1999
WO 9639971 Al 19-12-1996

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - wo-search-report
	Page 66 - wo-search-report
	Page 67 - wo-search-report
	Page 68 - wo-search-report

