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BENDABLE GRAFT CONTAINMENT CAGE

Priority Claim

[001] The present application claims priority to U.S. Provisional Patent Application Serial No.
62/455,370 and U.S. Provisional Patent Application Serial No. 62/455,345 both of which
were filed on February 6, 2017 and the entire disclosures of which are expressly incorporated

herein by reference.

Background

[002] Mandible defects are often treated with bone grafts and/or implants such as, bone plates,
to assist with healing. The bone grafts may be placed in the target area using any of a
variety of methods. However, without a container for the bone graft, the graft may fall away

from a target site before it can be incorporated by the body into the healing bone.

Summary

[003] The present invention is directed to a bone graft containment device, comprising a
plurality of cage segments connected to one another along a longitudinal axis, each of the
cage segments connected to an adjacent one of the cage segments via a connection which
permits movement of the cage segments relative to one another so that the bone graft
containment device is deformable to a desired configuration for placement within a target
space of a bone, each cage segment extending along from a first end to a second end and
including a channel extending therethrough so that channels of the plurality of cage
segments, 1n an initial configuration, are aligned along the longitudinal axis, the channels

configured to be packed with a bone graft material.

[004] The present invention is also directed to a bone graft containment device, comprising a
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first cage segment extending from a first end to a second end and including a first channel
extending therethrough, a second cage segment extending from a first end to a second end
and including a second channel extending therethrough, the first end of the second cage
segment connected to the second end of the first cage segment so that, when in an initial
configuration, the first and second channels are aligned along a longitudinal axis, the first and
second cage segments movable relative to one another to a desired configuration for
placement in a target space of a bone, the first and second channels configured to be packed
with a bone graft material, and a first slot extending between the first and second cage

segments to define a space therebetween.

[005] The present invention is also directed to a method for treating a bone, comprising moving

cage segments of a graft containment device relative to one another from an initial
configuration to a desired connection, the cage segments connected to one another along a
longitudinal axis in the initial configuration, packing a graft material within channels of the
cage segments, the channels aligned along the longitudinal axis in the initial configuration,
placing the graft containment device in a target space of a bone, and fixing the graft

containment device to the bone via a fixation element.

[006] The present invention is also directed to a bone graft containment device, comprising a

body extending longitudinally from a first end to a second end and including a channel
extending longitudinally therethrough and a plurality of slots extending laterally into the
body in communication with the channel to define a plurality of cage segments, the slots
extending along a first side of the body so that a second side of the body opposite the first
side includes a continuous surface, the body movable between a substantially straight
configuration and a curved configuration in which cage segments are moved relative to one

another to reduce a size of the slots therebetween.

[007] The present invention is also directed to a method for treating a bone, comprising packing

a graft material into a channel of a graft containment device, the graft containment device
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including a mesh body extending longitudinally from a first end to a second end and
including the channel extending longitudinally therethrough, a plurality of slots extending
laterally into a first side of the mesh body in communication with the channel to define a
plurality of cage segments so that a second side of the mesh body opposite the first side
includes a continuous surface, bending the graft containment device relative to a longitudinal
axis of the graft by drawing edges of adjacent cage segments toward one another, positioning
the graft containment device in a target space of a bone, and fixing the graft containment

device to the bone via a bone fixation element.

Brief Description

[008] Fig.1 shows a perspective view of a system according to an exemplary embodiment of

the present disclosure, in an initial configuration;

Fig. 2 shows a perspective view of the system of Fig. 1, in an adjusted configuration;

Fig. 3 shows a perspective view of a cage segment of the graft containment device of Fig.

Fig. 4 shows a side view of the graft containment cage of the system of Fig. 1;

Fig. 5 shows a perspective view of a graft containment cage of the system of Fig. 1;

Fig. 6 shows a side view of the graft containment cage of the system of Fig. 1, in an

extended configuration;

Fig. 7 shows a perspective view of a graft containment device according to another

exemplary embodiment of the present disclosure;

Fig. 8 shows another perspective view of the graft containment device of Fig. 6;
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Fig. 9 shows a top plan view of the graft containment device of Fig. 6;

Fig. 10 shows a side view of the graft containment device of Fig. 6;

Fig.11 shows a perspective view of a device according to another exemplary embodiment

of the present disclosure;

Fig. 12 shows another perspective view of the device of Fig. 11;

Fig. 13 shows a top plan view of the device of Fig. 11; and

Fig. 14 shows yet another perspective view of the device of Fig. 11.

Detailed Description

[009] The present invention may be 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 the treatment of bone and, in particular, relates to
treatments using bone grafts and bone graft substitutes. Exemplary embodiments of the
present invention describe a graft containment cage configured to be positioned in a gap or
space in a target bone (e.g., the mandible) so that graft material may be packed therein to
encourage and guide the generation of new bone in the gap/space. In one exemplary
embodiment, the cage may be positioned between two separated portions of bone to generate
new bone joining the separated portions of bone. It will be understood by those of skill in
the art, however, that the graft containment cage may be inserted or positioned within any
gap or space of the target bone including, for example, at an end of the bone, so that there is
bone only on one side of the graft containment cage, or within a recessed space of the bone,
so that three sides of the graft containment cage contact bone. Exemplary embodiments of
the graft containment device comprise a plurality of cage segments connected to one another

at various connection points such that the cage segments are movable relative to one another
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to bend and/or extend the graft containment device, as desired, to fill the gap or space in the
target bone. Although the exemplary embodiment is shown and described in regard to the
treatment of a mandible, it will be understood by those of skill in the art that the graft
containment device of the present invention may also be formed in different shapes and sized
to permit use in treating other types of bone which would benefit from the use of a graft

containment device.

[0010] As shown in Figs. 1 - 5, a system 100 according to an exemplary embodiment of the

present disclosure comprises a bone graft containment device 102 including a plurality of
cage segments 104 connected to one another at specific connection points 106 via, for
example, one of a first connection 108 and a second connection 110. A location, position
and/or type of the connection points 106 (e.g., whether the connection point 106 includes the
first connection 108 or the second connection 110) allows the graft containment device 102
to be bent and/or expanded so that the graft containment device 102 may be positioned as
desired within a target gap or space of a bone (e.g., to replace a missing, damaged or diseased
portion of a mandible). The graft containment device 102 may be sized and shaped so that,
when the graft containment device 102 is positioned in the target gap or space, cage segments
104 at ends of the graft containment device 102 substantially match an outer profile of a
target portion of bone which formerly occupied the space to occupied by the device 102. In
one exemplary embodiment, the graft containment device 102 is sized and shaped to be
positioned between two separated portions of a target bone. The connection points 106
permit the graft containment device 102 to be longitudinally expanded and/or curved to
extend along a path of a portion of the mandible to be replaced. As shown in Figs. 1 and 2,
the graft containment device 102 may be used with a fixation plate 120, which, in this
embodiment, fixes the graft containment device 102 relative to remaining portions of the
mandible while also maintaining a desired curve of the graft containment device 102. As
shown in Fig. 2, the first and second connections 108, 110 at the various connection points
106 allow the graft containment device 102 to be easily adjusted to a predefined shape (e.g.,

curvature) of the fixation plate 120.
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[0011] As described above, the graft containment device 102 includes a plurality of cage

segments 104 connected to one another at various connection points 106. Each cage
segment 104 may be formed of a mesh material, at least the connection points 106 having
sufficient flexibility so that the graft containment device 102 may be bent and/or expanded as
will be described in further detail below. The graft containment device 102 may be formed
of, for example, any suitable polymer. The graft containment device 102 may be formed or
a resorbable material, such as polycapralactone, or a nonresorbable material. Each cage
segment 104 may include a plurality of pores 132 extending through the material thereof, the
pores 132 shaped to promote vascularization of the bone while preventing graft material
packed in the graft containment structure 104 from falling out of the device 102. The pores
132 may also be sized and shaped to receive a fixation elements therein. In one example,
the pores 132 may be sized to receive a bone fixation screw having a 1.8mm diameter. In
another embodiment, the mesh material may be formed via a plurality of intersecting struts

formed of a desired material, the struts intersecting to define the pores 132.

[0012] In this embodiment, as shown in Fig. 3, each cage segment 104 extends from a first end

126 to a second end 128 and may have a substantially rectangular profile including a first
surface 112, a second surface 114, a third surface 116 and a fourth surface 118. The first
and third surfaces 112, 116 may extend substantially perpendicular to the second and fourth
surfaces 114, 118 with the first and third surfaces 112, 116 substantially opposing one
another and the second and fourth surfaces 114, 118 substantially opposing one another to
form a substantially rectangular structure. A channel 122 extends through the rectangular
structure from the first end 126 to the second end 128. When the graft containment device
102 is in an operative position relative to the mandible, for example, the first surface 112
faces toward a superior direction while the third surface 116 faces toward an inferior
direction and the second surface 114 faces toward a lingual direction while the fourth surface
118 faces toward a buccal direction. Adjacent cage segments 104 are connected to one

another such that channels 122 of each of the cage segments 104 are aligned relative to one
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another. In other words, a first end 126 of one cage segment 104 is connected to a second
end 128 of an immediately adjacent cage segment 104 so that the cage segments 104 form a

graft containment device 102 which extends along a longitudinal axis L.

[0013] Adjacent cage segments 104 may be connected to one another via either the first

connection 108 or the second connection 110. The first connection 108 connects adjacent
cage segments 104 along an entire edge of one of the surfaces 112 - 118 of the adjacent cage
segments 104. For example, a first one of the cage segments 104a may be connected to a
second one of the cage segments 104b via the first connection 108 along edges of fourth
surfaces 118a, 118b of the first and second cage segments 104a, 104b, respectively. In other
words, an edge at the second end 128 of the fourth surface 118a is connected to an edge at
the first end 126 of the fourth surface 118b. The first connection 108 is formed such that, in
a configuration to which the device 102 is biased, remaining surfaces 112 - 116 of the first
and second cage segments 104a, 104b contact one another. The first connection 108 of this
embodiment acts substantially as a hinged joint so that, when the first and second cage
segments 104a, 104b are moved relative to one another, the first and second cage segments
104a, 104b Apivots@ about the first connection 108. Thus, the first and second cage
segments 104a, 104b may be moved relative to one another by pivoting about the first
connection 108 so that first, second and third surfaces 112 - 116 may be separated from one
another. In other words, in the biased configuration, the fourth surfaces 118a, 118b of the
first and second cage segments 104a, 104b extend substantially in a single plane. The first
and second cage segments 104a, 104b, however, may be moved relative to one another such
that the fourth surface 118a of the first cage segments 104a is angled with respect to the

fourth surface 118b of the second cage segments 104b about the first connection 108.

[0014] The second connection 110 may connect two adjacent cage segments 104 via one of the

surfaces 112 - 118 such that the two adjacent cage segments 104 may be distanced from one
another to form a slot 124 therebetween, as shown in Fig. 4. For example, the second cage

segment 104b may be connected to a third one of the cage segments 104¢ via the second
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connection 110 along third surfaces 116b, 116¢ of the second and third cage segments 104b,
104c, respectively. In one embodiment, third surfaces 116b, 116¢ of the second and third
cage segments 104b, 104c may form one continuous surface, such that the slot 124 is formed
between the second end 128 of the second cage segment 104b and the first end 126 of the
third cage segment 104c, substantially transverse relative to the longitudinal axis L of the
graft containment device 102. In the biased configuration, the third surfaces 116b, 116¢
may be substantially planar, extending along a single plane, and a size of the slot 124 (e.g., a
distance between the second and third cage segments 104b, 104¢) remains consistent along
an entire length thereof. The slot 124, however, permits the graft containment device 102
extending therealong to be bent relative to the longitudinal axis L, as shown in Fig. S, and/or
extended along the longitudinal axis L, as shown in Fig. 6.  When the graft containment
device 102 is bent and/or extended, the third surfaces 116b, 116¢ may be bent or curved to

increase a size of the slot 124.

[0015] In one embodiment, adjacent cage segments 104 are alternatingly connected to one

another via the first and second connections108, 110. For example, since the first cage
segment 104a is connected to the second cage segment 104b via the first connection 108 and
the second cage segment 104b is connected to the third cage segment 104c via the second
connection 110, the third cage segment 104c will be connected to a fourth cage segment 104d
via the first connection 108 and the fourth cage segment 104d is connected to a fifth cage
segment 104e via the second connection. For example, an edge of at a second end 128 of a
fourth surface 118c of the third cage segment 104c may also be connected to an edge at a
first end 126 of a fourth surface 118d of the fourth cage segment 104d. In this embodiment,
the first connections 108 may be formed at edges of the fourth surfaces 118 of adjacent cage
segments 104 to achieve a bending trajectory particularly suited for treatment of the
mandible (e.g., bending of the graft containment device 102 along a surface of the fixation
plate fixation plate 120). It will be understood by those of skill in the art, however, that the
first connections 108 may be formed along any of the surfaces 112, 118 to achieve a bending

trajectory suited for other types of target bones to be treated.
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[0016] A position of each of the second connections 110 may alternate along a length of the graft

containment device so that alternating second connections 110 may extend on opposing sides
of the longitudinal axis L. For example, whereas the second and third cage segments 104b,
104c¢ are connected along the third surfaces 116b, 116c¢ so that the slot 124 extends from the
third surfaces 116b, 116c¢ in the superior direction, the fourth cage segment 104d may be
connected to the fifth cage segment 104e along first surfaces 112d, 112e of the fourth and
fifth cage segments 104d, 104e, respectively, so that the slot 124 extends in an inferior
direction therefrom. This alternating configuration of the second connections 110 permits
both a bending of the graft containment device 102 and an extension of the graft containment

device 102 along the longitudinal axis L.

[0017] The alternating pattern of connections 108, 110 described above may be continued along

a length of the graft containment device. Although the exemplary embodiment shows and
describes a specific pattern of connections 108, 110 at designated connection points 106, it
will be understood by those of skill in the art that the connection points 106 and pattern of
connections 108, 110 may be varied to achieve a desired bending/extension trajectory to suit
the target bone being treated. In addition, although the exemplary embodiment shows and
describes cage segments 104 having a substantially rectangular structure, it will be
understood by those of skill in the art, that a cross-sectional profile of the cage segments 104

may be varied to correspond to a profile of the target bone being treated.

[0018] The graft containment device 102 may have any number of cage segments 104 and may

extend along a desired length. In one embodiment, as shown, each cage segment 104 may
have substantially similar proportions. It will be understood by those of skill in the art,
however, that each cage segment 104 may be of varying sizes (e.g., length) and/or shape.
The graft containment device 102 may be manufactured in a predetermined length, but may

be trimmed, as desired, to fit the target space or gap of the target bone.
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[0019] According to an exemplary method using the system 100, graft material may be packed

into the channels 122 of the cage segments via ends of the graft containment device 102.
Upon packing of the graft material, as desired, the graft containment device 102 may be bent
and/or extended to fit the target space or gap of the bone being treated (e.g., mandible). If
the graft containment device 102 is too long, however, the graft containment device 102 may
be trimmed to a desired length. For example, the graft containment device 102 may be

trimmed at a connection point 106 to remove a desired number of cage segments.

[0020] In one embodiment, the graft containment device 102 may be used with a fixation plate

120. In this case, the graft containment device 102 may be positioned against the fixation
plate 120 such that the graft containment device 102 is bent/extended to adjust to the
predefined shape of the fixation plate 120, as shown in Fig. 2. Once the graft containment
device 102 has been adjusted, as desired, the fixation plate 120 may be fixed to the graft
containment device 102 via fixation elements such as, for example, screws, which may be
inserted through openings 130 of the fixation plate 120 and pores 132 of the cage segments
104. If so desired, additional graft material may be inserted into the graft containment
device 102 via the slots 124 and any space between adjacent cage segments 104 resulting
from the bending/extending of the graft containment device 102. Once the fixation plate
120 has been fixed to the graft containment device 102, the graft containment device 102 and
fixation plate 120 assembly may be positioned in the target space/gap of the bone and fixed
therein via the fixation plate 120, ends of which may overlap the separated portions of bone.
The fixation plate 120 may be fixed to the bone via fixation elements inserted through

openings 130 extending through portions of the fixation plate 120 overlapping the bone.

[0021] As described above, connection points and the types of connections between adjacent

cage segments may be varied to form a graft containment device having a desired bending
trajectory. According to another exemplary embodiment, as shown in Figs. 8 - 11, a graft
containment device 202 may be substantially similar to the graft containment device 102

described above, comprising a plurality of cage segments 204 connected to one another at

10
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connection points 206. Each cage segment 204 may be substantially similar to the cage
segment 104, and may include, for example, a first surface 212, a second surface 214, a third
surface 216 and a fourth surface 218 connected to one another to form a rectangular structure
extending from a first end 226 to a second end 228 and including a channel 222 extending
therethrough. Similarly to the graft containment device 102, these cage segments 204 are
connected to one another along a longitudinal axis, a first end 226 of one cage segment 204
connected to a second end 228 of an adjacent cage segment 204. Rather than first and
second connections 108, 110, however, the cage segments 204 are connected to one another

along an edge 234 connecting two adjacent surfaces 212 - 218.

[0022] In the embodiment shown, for example, the cage segments 204 are connected along an

edge 234 along which the first and fourth surfaces 212, 218 meet via a connecting edge 236.
The connecting edge 236 may be configured as, for example, a strut extending between the
cage segments 204. In a biased configuration, the connecting edge 236 extends along a
substantially straight line. When adjacent cage segments 204 are moved relative to one
another, however, the connecting edge 236 may be bent or curved so that portions of adjacent
cage segments 204 are separated from one another. In one embodiment, as shown in Figs. 8
- 9, the second end 228 of one cage segment 204 may be in contact with the first end 226 of
an adjacent cage segment 204, in the biased configuration. In another embodiment, as
shown in Figs. 10 - 11, the first end 226 of a cage segment 204 is separated from the second
end of the adjacent cage segment 204 so that a space exists therebetween. It will be
understood by those of skill in the art, that the graft containment device 202 may be used in a
manner substantially similar to the graft containment device 102. Like the graft containment
device 102, the graft containment device 202 may also be used in conjunction with a fixation

plate.

[0023] Although the exemplary embodiments show and describe graft containment devices 102,

202 having specific connection points 106, 206 with specific connection types (e.g.,

connection 108, 110 and connecting edge 236), it will be understood by those of skill in the

11
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art that the present disclosure includes graft containment devices having any of a variety of
connection points with any of a variety of combinations of connection types. It will be
understood by those of skill in the art that connections between adjacent cage segments may

be selected to obtain a desired trajectory of movement of the graft containment device.

[0024] As shown in Figs. 11 - 14, a graft containment device 300 according to another

exemplary embodiment of the present disclosure may be substantially similar to the graft
containment devices 102, 202 described above, comprising a body 302 defined via cage
segments 306. The cage segments 306, however, as will be described in further detail
below, are connected to one another via a continuous surface extending along sides of the
segments 306 which, when in an operative position, may face toward a lingual direction. In
addition, the graft containment device 300 may be formed to include a fixation tab 312 so
that a fixation plate is not required for fixing the graft containment device 300 relative to the

bone.

[0025] The body 302 extends along a longitudinal axis L and includes a channel 324 extending

therethrough along the longitudinal axis L for receiving graft material. A plurality of slots
304 extend laterally into the body 302 at an angle relative to the longitudinal axis L to define
cage segments 306 separated from one another by the slots 304. For example, in this
embodiment, the device 300 includes a lattice formed by a series of generally circumferential
members 307 interconnected by a series of longitudinal members 309. The slots 304 of this
embodiment are formed as areas in which adjacent ones of the circumferential members 307
are not coupled to each other by longitudinal members about a portion of the circumference
of the device 300. For example, in the embodiment of Fig. 11, the slots 304 are formed as
areas free of longitudinal members 309 so that continuous longitudinal members 309 extend
only along one planar face of the body 302, as described below. In particular, the slots 304
extend into the body 302 along a first side 308 of the body 302 which, when the device 300 is
in an operative position within a mandible, faces toward a lingual direction, so that a second

side 310 of the body 302 opposite the first side 308 which, in the operative position, faces

12
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toward a buccal direction, includes a continuous surface with each adjacent pair of
circumferential members 307 connected to each other by multiple longitudinal members 309.
The slots 304 (e.g., area of the body 302 free of longitudinal members 309) along the first
side 308 permit a lateral bending of the body 302.

[0026] When the graft containment device 300 is positioned within a target space of a bone such

as the mandible, the first side 308 may face in a lingual direction while the second side 310
may face toward a buccal direction. The graft containment device 300 may be bent from a
substantially straight first configuration toward a curved second configuration, in which the
cage segments 306 are moved toward one another to reduce the size of the spaces between
adjacent cage segments 306 (i.e., by drawing edges of adjacent cage segments toward one
another at the slots 304) so that a curved path of the graft containment device 300
substantially corresponds to a curve of a portion of the mandible to be replaced. The graft
containment device 300 may further include a fixation tab 312 integrated with the body 302
for fixing the body 302 to surrounding portions of bone. The fixation tab 312 includes a
plurality openings 314 extending along a length thereof for receiving bone fixation elements
therein. The fixation tab 312 may extend beyond ends of the body 302 so that, when the
body 302 is positioned in the space of the target bone to be replaced, ends of the fixation tab
312 extend over remaining portions of bone at either end or both ends of the target portion of
bone to be replaced to so that graft containment device 300 may be fixed to the remaining
bone via the fixation tab 312. In another embodiment, the graft containment device 300 may
also be used with a fixation plate, which may be fixed to the device via bone fixation
elements inserted through pores 320 of the body 302, as will be described in further detail

below.

[0027] As described above, the body 302 of this embodiment is formed as a mesh (a lattice of

circumferential and longitudinal members 307, 309, respectively) of material having
sufficient flexibility so that the graft containment device 302 may be bent, as will be

described in further detail below. The body 302 may be formed of, for example, any

13
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suitable biocompatible polymer. The body 302 may be formed of a resorbable polymer such
as polycapralactone, or a nonresorbable material. The circumferential and longitudinal
members 307, 309, respectively, of the body 302 are spaced from one another by distances
selected to form a plurality of pores 320 sized to promote vascularization of the bone while
preventing graft material packed in the body 302 from falling out of the body 302. For
example, pores 320 having a size greater than 0.3 mm may promote vascularization of the
bone. In an alternate embodiment, the body 302 may be formed of a mesh material without
discrete circumferential members 307 and longitudinal members 309 including pores 320
sized similarly to those formed in the device 300 of Fig. 1. The pores 320 may also be sized
and shaped to receive bone fixation elements therethrough. In one example, a selected
number of the pores 320 may have a size of approximately 1.8 mm, which, as will be
understood by those of skill in the art, may receive 2.4 mm bone fixation screws. Thus, in
cases in which the graft containment device is used with a fixation plate, bone fixation
elements may be inserted through openings of the fixation plate and through pores of the

body 302 to fix the fixation plate relative to the graft containment device 300.

[0028] The body 302 of the graft containment device 300 extends along the longitudinal axis L

from a first end 316 to a second end 318 and includes the channel 324 extending
therethrough along the longitudinal axis L. The plurality of slots 304 extend laterally into
the first side 308 of the body 302 so that the slots 304 are in communication with the channel
324. The slots 304 extend into the body 302 at an angle relative to the longitudinal axis L.
In one embodiment, the slots 304 may extend into the body 302 substantially perpendicularly
to the longitudinal axis L. As described above, the slots 304 extend along the first side 308
of the body 302 so that the second side 310 of the body 302 opposite the first side 308
includes a continuous surface. The slots 304 extending into the body 302 to define the cage
segments 306. In one embodiment, the slots 304 may be equidistantly spaced from one
another so that the resulting cage segments 306 are uniform in length. In another
embodiment, a distance between adjacent slots 304 may vary so that the cage segments 306

may vary in length along a length of the body 302. Thus, lengths of each of the cage
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segments 306 may vary depending on a desired stability and/or desired increased curvature
of the body 302. For example, shorter cage segments 306 permit greater bending along a
corresponding portion of the graft containment device 300 while longer cage segments 306

may have limited bending but provide greater stability.

[0029] It will be understood by those of skill in the art that a size of the slots 304 between

adjacent cage segments 306 determines a degree of permitted bending between adjacent cage
segments 306. To permit increased bending without substantially increasing the size of the
slots 304, the slots 304 may be angulated relative to an axis perpendicular to the longitudinal
axis L, as shown in Fig. 13, by angles of approximately +/- S degrees. Each of the slots 304
may taper from the first side 308 of the body 302 toward the second side 310 of the body 302
so that a size (e.g., a distance between adjacent cage segments 300) of the slot 304 decreases
as the slot 304 extends toward the second side 310. In other words, edges 322 of each of the
cage segments 306 are angled relative to an axis perpendicular to the longitudinal axis L so
that each cage segment 306 tapers from the second surface 310 toward the first surface 308.
When the edges 322 of adjacent cage segments 306 contact one another, the adjacent cage
segments 306 cannot be bent any further relative to one another. Thus, the angles of the
slots 304/edges 322 define a maximum permitted bending of the graft containment device
300. In an exemplary embodiment, adjacent cage segments 306 may be separated from one
another by a distance of between approximately 1.8 mm (e.g., the size of one pore with no
angulation of the edges 322) to approximately 8.6 mm (e.g., the size of three pores including
angulation of the edges 322). Although the slots 304 are shown as consistently sized along a
length of the body 302, it will be understood by those of skill in the art that the slots 304 may
vary in size along the length of the body 302 to achieve a desired bending configuration of

the body 302.

[0030] In one exemplary embodiment, the graft containment device 302 is sized and shaped to

be positioned between two separated portions of a target bone. As shown in Fig. 14, a

lateral cross-section of the body 302 may substantially match an outer profile of a target
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portion of bone which formerly occupied the space to be occupied by the device 300.

Where the target bone is the mandible, the cross-section of the body 302 may substantially
correspond to a cross-section of a mandible. The cross-section may provide for future bone
bulk in relevant areas while minimizing pressure on soft tissue. For example, the first
surface 308, which, when the graft containment device 300 is positioned in the target space
of the mandible faces a lingual direction, may taper toward an inferior direction. This

permits bulk along a superior portion of the graft containment device 300.

[0031] The fixation tab 312 may be integrally formed with the body 302 and may extend

longitudinally along the second surface 310 of the body 302. In one embodiment, the
fixation tab 312 may extend substantially parallel to the longitudinal axis L. The fixation
tab 312 extends from a first end 326 to a second end 328, the first end 326 extending beyond
the first end 316 of the body 302 and the second end 328 extending beyond the second end
318 of the body 302 so that, when the body 302 is positioned within the target space of the
bone, the first and second ends 326, 328 of the fixation tab 312 may extend over separated
portions of the bone which are being bridged by the graft containment device 300. The
fixation tab 312 includes a plurality of openings 314 extending therethrough, along a length
thereof. Each of the openings 314 are sized and shaped to receive a bone fixation element
therein. Thus, bone fixation elements may be inserted through openings 314 along the first
and second ends 326, 328 of the fixation tab 312 to fix the graft containment device 300

relative to the bone.

[0032] The graft containment device 300 may have any number of cage segments 306 and may

extend along any desired length. As described above, each cage segment 306 may have
substantially similar proportions or may be of varying sizes (e.g., length) to attain a desired
stability and/or bendability of the graft containment device 300 that is uniform or that varies
in a desired manner along a length of the device 300. The graft containment device 300 may
be manufactured in a predetermined length, but may be trimmed, as desired, to fit the target

space or gap of the target bone. In particular, a length of the graft containment device 300
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may be modified by cutting the body 302 between adjacent cage segments 306. Since the
openings 314 may extend along an entire length of the fixation tab 312, the fixation tab 312

may also be trimmed so that an end thereof always extends beyond a cut end of the body 302.

[0033] According to an exemplary method using the graft containment device 300, graft material

is packed into the channel 324 of the body 302 via the first and second ends 316, 318 of the
body 302 and/or via the slots 304. Upon packing of the graft material, as desired, the body
302 may be bent relative to the longitudinal axis L to fit the target space or gap of the bone
being treated (e.g., mandible). If the graft containment device 300 is too long, however, the
graft containment device 300 may be trimmed to a desired length. For example, the graft
containment device 300 may be trimmed at a point between adjacent cage segments 306 so
that a desired number of cage segments 306 may be removed. Additionally, the graft
containment device 300 may be trimmed to increase a size of one or more slots 304 of the
body 302 to increase a bending curvature of the body 302. For example, portions of
circumferential and/or longitudinal members 307, 309 adjacent to the edges 322 defining the

slots 304 may be cut/removed to increase the size of the slots 304.

[0034] Once the body 302 has been bent, as desired, the body 302 may be positioned in the

target space or gap so that first and second ends 326, 328 of the fixation tab 312 extend over
separated portions of the bone, which are being bridged by the graft containment device 300.
Bone fixation elements are inserted into openings 314 along the first and second ends 326,
328 to fix the graft containment device 300 to the bone. Although not shown, it will be
understood by those of skill in the art that the graft containment device 300 may be utilized
in conjunction with a fixation plate. In cases in which a fixation plate is desired to be used,
the graft containment device 300 may be positioned against the fixation plate such that the
graft containment device 300 is bent to adjust to the predefined shape of the fixation plate.
Once the graft containment device 300 has been adjusted, as desired, the fixation plate may
be fixed to the graft containment device 300 via fixation elements such as, for example,

screws, which may be inserted through openings of the fixation plate and pores 320 of the
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mesh body 302.

[0035] It will be understood by those of skill in the art that modifications and variations may be
made in the structure and methodology of the present invention, without departing from the
spirit or the 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 graft containment device, comprising;

a plurality of cage segments connected to one another along a longitudinal axis, each
of the cage segments connected to an adjacent one of the cage segments via a connection
which permits movement of the cage segments relative to one another so that the bone
graft containment device is deformable to a desired configuration for placement within a
target space of a bone, each cage segment extending along from a first end to a second
end and including a channel extending therethrough so that channels of the plurality of
cage segments, in an initial configuration, are aligned along the longitudinal axis, the

channels configured to be packed with a bone graft material.

The device of claim 1, wherein the connection includes a first connection in which a slot
extends between adjacent cage segments so that a remaining, non-connected portion of
the adjacent cage segments connected by the first connection are separated from one
another and wherein the adjacent cage segments connected by the first connection are

connected to one another via a continuous surface extending therebetween.

The device of claim 1, wherein the connection includes a second connection which
connects a portion of an edge of one of the cage segments with a portion of the edge of
the adjacent cage segment and wherein, in the initial configuration, non-connected
portions of the adjacent cage segments connected by the second connection are in contact

with one another.

The device of claim 1, wherein each cage segment is configured as a substantially

rectangular structure.

The device of claim 1, wherein each cage segment is formed of a mesh material including

a plurality of pores extending therethrough and wherein at least one of the pores is sized
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and shaped to receive a portion of a bone fixation element.

6. A bone graft containment device, comprising;

a first cage segment extending from a first end to a second end and including a first channel
extending therethrough;

a second cage segment extending from a first end to a second end and including a second
channel extending therethrough, the first end of the second cage segment connected to the
second end of the first cage segment so that, when in an initial configuration, the first and second
channels are aligned along a longitudinal axis, the first and second cage segments movable
relative to one another to a desired configuration for placement in a target space of a bone, the
first and second channels configured to be packed with a bone graft material; and

a first slot extending between the first and second cage segments to define a space

therebetween.

7. The device of claim 6, wherein the first connection includes a continuous surface

extending between portions of the first and second cage segments.

8. The device of claim 6, further comprising:

a third cage segment extending from a first end to a second end and including a third channel
extending therethrough, the first end of the third cage segment movably connected to the second
end of the second cage segment so that the third channel is aligned with the second channel

along the longitudinal axis, in the initial configuration.

9. A bone graft containment device, comprising:

a body extending longitudinally from a first end to a second end and including a channel
extending longitudinally therethrough; and

a plurality of slots extending laterally into the body in communication with the channel to
define a plurality of cage segments, the slots extending along a first side of the body so that a

second side of the body opposite the first side includes a continuous surface, the body movable
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between a substantially straight configuration and a curved configuration in which cage segments

are moved relative to one another to reduce a size of the slots therebetween.

10. The device of claim 9, further comprising:

a fixation tab extending longitudinally along the second side of the body from a first end to a
second end, the first end of the fixation tab extending beyond the first end of the body and the
second end of the fixation tab extending beyond the second end of the body, the fixation tab
including a plurality of openings extending therethrough along a length thereof, each of the

openings sized and shaped to receive a bone fixation element.

11. The device of claim 9, wherein edges of the cage segments are angled relative to a
perpendicular axis extending perpendicular to a longitudinal axis of the body and wherein
the edges of the cage segments extend at an angle of approximately 5 degrees relative to

the perpendicular axis.

12.  The device of claim 9, wherein the body is formed of a mesh material including a
plurality of pores extending therethrough and wherein mesh material is formed of a

plurality of intersecting members, the intersecting members defining the pores.

13. A bone graft containment device for treating a mandible, comprising:

a mesh body extending longitudinally from a first end to a second end and including a channel
extending longitudinally therethrough;

a plurality of slots extending laterally into the body in communication with the channel to
define a plurality of cage segments, the slots extending along a first side of the mesh body which,
when the mesh body is in an operative position, faces toward a lingual direction, so that a second
side of the mesh body opposite the first side includes a continuous surface, the mesh body
movable between a substantially straight configuration and a curved configuration in which cage
segments are moved relative to one another to reduce a size of the slots therebetween; and

a fixation tab extending longitudinally along the second side of the mesh body from a first end
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to a second end, the first end of the fixation tab extending beyond the first end of the mesh body
and the second end of the fixation tab extending beyond the second end of the mesh body so that,
in the operative position, the first and second ends of the fixation tab extend over separated

portions of the mandible which are bridged by the mesh body.

14.  The device of claim 13, wherein the fixation tab includes a plurality of openings
extending therethrough along a length thereof, each of the openings sized and shaped to

receive a bone fixation element.

15. The device of claim 13, wherein edges of the cage segments are angled relative to a
perpendicular axis extending perpendicular to a longitudinal axis of the mesh body and
wherein the edges of the cage segments extend at an angle of approximately S degrees

relative to the perpendicular axis.
16.  The device of claim 13, wherein the mesh body includes a plurality of pores extending

therethrough and wherein at least one of the pores is sized and shaped to receive a portion

of a bone fixation element.
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