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(54) Title: BILATERALLY EXPANDING INTERVERTEBRAL BODY FUSION DEVICE

(57) Abstract: An embodiment includes an expandable intervertebral body fusion device with two expansion wedges within a gener -
ally hollow main body. After implantation into the intervertebral disc space, the expansion wedges are simultaneously moved from
the center of the device toward the ends, which flexes the arms of the cage and increases the size of the implant. This expansion sta -

o bilizes the device in the disc space and increases the disc height, thereby reducing foraminal compression of spinal nerves and creat -
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ing a stable motion segment for eventual fusion. Other embodiments are described herein.
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BILATERALLY EXPANDING INTERVERTEBRAL BODY FUSION DEVICE

Cross-Reference to Related Application

[0001] This application claims priority to United States Provisional Patent
Application No. 62/007,500 filed on June 4, 2014 and entitled “Bilaterally expanding
intervertebral body fusion device”, the content of which is hereby incorporated by

reference.

Technical Field

[0002] Embodiments of the invention are in the field of implantable bone implants
or prostheses and the surgical techniques for using them.

Background
[0003] U.S. Patent 8,435,299 describes an expandable osteosynthesis cage. An

embodiment described therein concerns an implant designed to be slid or inserted
from a posterior direction between the facing faces of two consecutive vertebrae in
order to maintain a given distance between them and to restore the stability of the
spinal column (e.g., after a failure of the corresponding joint) by fixing the two

vertebrae together.

[0004] The patent addresses several techniques for restoring a "normal” lumbar
lordosis such as, for example, implanting either a graft (which in time fuses the
vertebrae together) or a prosthesis (which fixes them together immediately) while still
also making it possible in time to achieve fusion between the vertebra. One such
prosthesis is a "cage", which is hollow and rigid with inside/outside
intercommunication slots for receiving a bone graft which, via the slots, subsequently
fuses with the adjacent vertebrae on either side.

[0005] The patent addresses various types of cages including those having two
substantially parallel branches connected to a rigid body through which it is possible
to turn a worm screw system. The worm screw system then moves a wedge in
screw engagement on the screw from an initial position close to the distal ends of the
branches towards the body linking the branches together, thereby splaying the two
branches apart angularly. It is then possible to insert such a cage of initially flat
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shape between the vertebrae, and then by turning the drive axis of the wedge, the
desired angle between the branches is adjusted or set from a posterior access.
Such devices are more complex mechanically and leave a smaller inside volume for
the fusion graft. Also, because of their flat shape even though they are better at
ensuring a given bearing angle between the vertebrae, they require a passage of the
same rectangular section to be prepared to receive them, and that complicates

implementation.

Brief Description of the Drawings

[0006] Features and advantages of embodiments of the present invention will
become apparent from the appended claims, the following detailed description of
one or more example embodiments, and the corresponding figures. Where
considered appropriate, reference labels have been repeated among the figures to

indicate corresponding or analogous elements.

[0007] Figure 1a includes a perspective view of an embodiment shown in its
‘unexpanded” state. Figure 1b includes a perspective view of the embodiment of
Figure 1a shown in its “expanded” state. Figure 1c includes a cross section of the
embodiment of Figure 1a shown with wedges in “unexpanded” position. Figure 1d
includes a cross section of the embodiment of Figure 1a shown with wedges in

“‘expanded” position.

[0008] Figure 2a includes a disassembled embodiment of an implant system.
Figure 2b includes an assembled embodiment of an implant system in its
unexpanded form. Figure 2c includes an assembled embodiment of an implant

system in its expanded form.

[0009] Figure 3a includes a perspective view of an embodiment shown in its
‘unexpanded” state. Figure 3b includes a front view of the embodiment of Figure 3a
in its unexpanded state.

[0010] Figure 4a includes a front view of an embodiment in its unexpanded state.
Figure 4b includes a front view of the embodiment of Figure 4a having undergone
symmetric bi-lateral expansion. Figure 4c includes a front view of the embodiment of

Figure 4a having undergone lateral expansion greater than vertical expansion.
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Figure 4d includes a front view of the embodiment of Figure 4a having undergone
vertical expansion greater than horizontal expansion. Figure 4e includes a front view
of the embodiment of Figure 4a having undergone unequal expansion amongst the

branches.

Detailed Description

[0011] Reference will now be made to the drawings wherein like structures may be
provided with like suffix reference designations. Additional structures known in the
art may not have been included to maintain the clarity of the drawings. In the
following description, numerous specific details are set forth but embodiments of the
invention may be practiced without these specific details. Well-known structures and
techniques have not been shown in detail to avoid obscuring an understanding of
this description. "An embodiment", "various embodiments" and the like indicate
embodiment(s) so described may include particular features, structures, or
characteristics, but not every embodiment necessarily includes the particular
features, structures, or characteristics. Some embodiments may have some, all, or
none of the features described for other embodiments. "First", "second", "third" and
the like describe a common object and indicate different instances of like objects are
being referred to. Such adjectives do not imply objects so described must be in a
given sequence, either temporally, spatially, in ranking, or in any other manner.
“Connected” may indicate elements are in direct physical or electrical contact with
each other and “coupled” may indicate elements co-operate or interact with each
other, but they may or may not be in direct physical or electrical contact.

[0012] Figure 1a includes a perspective view of an embodiment shown in its
‘unexpanded” state. Figure 1b includes a perspective view of the embodiment of
Figure 1a shown in its “expanded” state. Figure 1c includes a cross section of the
embodiment of Figure 1a shown with wedges in “unexpanded” position. Figure 1d
includes a cross section of the embodiment of Figure 1a shown with wedges in
“‘expanded” position.

[0013] An embodiment consists of an expandable intervertebral body fusion device
100 with two expansion wedges 111, 112 within a generally hollow main body. After
implantation into the intervertebral disc space, the expansion wedges are
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simultaneously moved from the center of the device toward the lateral ends, which
flexes the arms 101, 102, 103, 104, 105, 106, 107, 108 of the cage 100 and
increases the size of the implant. This expansion stabilizes the device in the disc
space and increases the disc height, thereby reducing foraminal compression of

spinal nerves and creating a stable motion segment for eventual fusion.

[0014] Many examples of conventional technology limit expansion features to only
one end of the intervertebral fusion device. This limits the orientation of the device to
be in a primarily anterior-posterior direction to replicate the physiological curvature of
the spine. In contrast, an embodiment permits simultaneous bilateral expansion of
the intervertebral fusion device. The cage 100 can be oriented in a lateral or oblique
orientation in the disc space, and will not induce any or much scoliotic angle after
expansion. Such a cage may be referred to as a direct lateral interbody fusion
(DLIF) cage, indicating the cage is specifically configured for a lateral approach.

[0015] Expandable intervertebral body fusion device 100 consists of a main body
with multiple flexible arms (also called branches) 101, 102, 103, 104, 105, 106, 107,
108 originating from the center of the device, and extending generally parallel to the
long axis 131 of the body. Within the body, and between the arms, are two slidable
expansion wedges (also called spacers) 111, 112 which, when translated from the
center of the body toward the ends, force the arms to flex radially outward. This
increases the effective size of the device.

[0016] Figure 2a includes a disassembled embodiment of an implant system.
Figure 2b includes an assembled embodiment of an implant system in its
unexpanded form. Figure 2c includes an assembled embodiment of an implant
system in its expanded form.

[0017] In Figure 2b, translation of the wedges 211, 212 is accomplished by
instrument system 280, a portion of which (rods 242, 243) are inserted through one
end of the body, and attach to each wedge. One instrument 242 pushes on the distal
wedge 211, while another instrument 243 simultaneously pulls on the proximal
wedge 212. Instrument 243 may be referred to as a “proximal expander” that is
attached to the proximal wedge 212. Instrument 242 may be referred to as a “distal
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expander” that is attached to the distal wedge 211 after being inserted through
proximal expander 243. Portion 241 may be referred to as “expander knob” and may
be threaded onto proximal expander 243. As knob 241 is rotated and threads onto
proximal expander 243, it simultaneously pushes on distal wedge 211 and pulls on
proximal wedge 212 until both wedges fully advance towards ends of interbody
device 100. Threads 234 helps “screw” the implant into position by traversing the
vertebrae.

[0018] An embodiment facilitates fusion of an intervertebral disc space.
Specifically, the length permitted by the design of cage 100, along the symmetric
expansion capability (described below in conjunction with Figures 4a-e, allows for a
direct lateral surgical approach to the intervertebral disc. However, an embodiment
is not so limited and may be used for fracture stabilization, fusion of the sacro-iliac
joint, facet joint fixation, and the like.

[0019] The embodiment of Figure 1 describes a generally cylindrical, threaded
device. Cage 100 may be implanted into the intervertebral disc space by rotation,

whereby the threads 150 advance the cage 100 until final placement is achieved.

[0020] Figure 3a includes a perspective view of an embodiment shown in its
“‘unexpanded” state. Figure 3b includes a front view of the embodiment of Figure 3a

in its unexpanded state.

[0021] An embodiment includes a device 300 which has the same overall
dimensions as cage 100, but is generally rectangular in cross-section. Rather than
threads 150, the device has “teeth” 351 on the inferior and superior surfaces,
intended to grip adjacent vertebral end plates. The embodiment is advanced into the
intervertebral disc space by impaction on the proximal face of the implant rather than
by rotation. Cage 300 includes first branches 301, 302, 303, 304 and second
branches 305, 307, 308 and another branch not easily seen in Figure 3a.

[0022] Returning to Figure 1a, cage 100 has expansion wedges 111, 112 that are
circular in cross section, and a body which has an internal bore with circular or
conical cross section. This provides for equal expansion of arms 101, 102, 103, 104,
105, 106, 107, 108 in both anterior and posterior directions as well as superior and
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inferior directions. An alternative embodiment has elliptical or rectangular cross
sections (or generally asymmetric) for either the wedges and/or interior ramps (e.g.,
some ramps are thicker than other ramps with thicker ramps to cause greater
expansion of their corresponding branches) and cross-sections upon which the
wedges traverse. As described immediately below, this allows for differential
expansion of the arms (e.g., arms expand more in the anterior/posterior directions

than in the superior/inferior directions, or vice-versa).

[0023] Figure 4a includes a front view of an embodiment in its unexpanded state.
Figure 4b includes a front view of the embodiment of Figure 4a with arms 401, 402,
403, 404 having undergone symmetric expansion. Figure 4c includes a front view of
the embodiment of Figure 4a having undergone lateral expansion that is greater than
vertical expansion. In other words, expansion along lines 441, 442 are greater
horizontally (anterior/posterior) than vertically (superior/inferior). Figure 4d includes
a front view of the embodiment of Figure 4a having undergone vertical expansion
that is greater than horizontal expansion. In other words, expansion along lines 441,
442 are lesser horizontally (anterior/posterior) than vertically (superior/inferior).

[0024] Figure 4e includes a front view of the embodiment of Figure 4a having
undergone unequal expansion. In other words, expansion along lines 441, 442 are
greater horizontally (anterior/posterior) and vertically (superior/inferior) for arms 403,
404 than for arms 401, 402. For example, greater expansion with a device such as
the one shown in Figure 4e may provide for greater expansion to the anterior side in
the lumbar region. In Figure 4(e) direction 443 may provide that location 444 is
anterior in some embodiments or inferior in other embodiments whereas location 445

may be posterior in some embodiment or superior in other embodiments.

[0025] Still referring to Figure 4e for example, one of the first branches (e.g.,
branch 404) deflects radially a first distance from the long axis (i.e., where first
distance is taken orthogonal to axis 431) when the first spacer is secured by the one
or more first shoulders (i.e., upon full deployment of spacer to its lateral-most
position); wherein another of the first branches (e.g., branch 401) deflects radially a
second distance from the long axis (i.e., where second distance is taken orthogonal

to axis 431) when the first spacer is secured by the one or more first shoulders;
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wherein the first distance is unequal to the second distance. For example, branch
404 may deflect away from axis 431 to a greater extent than branch 401 because the
spacer causing the branches to deflect may be non-circular in cross-section and may
be more intrusive on branch 404 than branch 401. Thus, distance 446 may be
greater than distance 447. In an embodiment, an additional one of the first branches
is located between the one of the first branches and the another of the first branches.
For example, in an embodiment branch 404 deflects from axis 431 to a greater
degree than branch 402 (i.e., distance 448 is less than distance 446). In this case,
branches 402, 404 are separated from each other by either or both of branches 401,
403.

[0026] Along those lines, embodiments are suitable for lumbar, thoracic, and
cervical applications and surgeons may select the type of expansion desired (and
the corresponding cage to use) based on the implant site (e.g., lumbar vs. thoracic).

[0027] Thus, embodiments described herein provide for a longer device than found
with traditional devices that only include a single spacer or wedge advancing along
an anterior/posterior route. Such an embodiment allows for expansion on both ends
of device, shares physiologic loads across more points, reducing stress at each arm,
and expands clinical utility of the device by allowing additional surgical approaches
(e.g., lateral with a DLIF cage).

[0028] As used herein "simultaneous” just requires overlap at at least one moment
time (e.g., a millisecond) of the deployment and does not necessarily require both

wedges to start and/or stop deployment at an identical moment or moments in time.

[0029] An embodiment does not require simultaneous expansion but may allow for
a first wedge to move into an expanded state followed by a second wedge moving
into an expanded state.

[0030] An embodiment may provide simultaneous expansion that is asynchronous.
For example, with Figure 2c wedges 211 and 212 may be moving at the same time
(towards locations 240, 236) but wedge 212 may be at location 237 while wedge 211
is at location 239 (wherein the distance between locations midline 238 and 237 is
smaller than the distance between midline 238 and 239).
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[0031] The embodiment of Figures 1 illustrates 8 arms, 4 of which are deployed by
the proximal wedge and 4 of which are deployed by the distal wedge. However,
another embodiment may provide for a total of 4 arms, 2 of which are deployed by
the proximal wedge and 2 of which are deployed by the distal wedge. For example,
the "2 of which are deployed by the proximal wedge" may include a superior arm and
an inferior arm. The superior arm and/or inferior arm may each have an aperture
within said arm. That aperture may pass completely through the arm while having a
perimeter completely enclosed by the arm. For example, the arm may have a torus
or donut portion. The arm may include a rectangular toroid shape or toroid with
rectangular cross-section (e.g., rectangle with hole passing through it). The same
may be true for the arms deployed by distal wedge. In such an embodiment the tips
of the arm may not splay away from each other because those tips may be
connected to one another. Another embodiment does not necessarily include
symmetry in the number of arms. For example, the distal portion of the embodiment
may have a number of arms (e.g., 3) and the proximal portion may include more

(e.g., 4 or 5)orless (2) arms.

[0032] Any of the arms discussed above may have bilateral expansion (horizontal
and vertical, as seen in Figures 4a and 4e) or may move only vertically or
horizontally (or maybe have just one arm or a few arms of several arms move/spread

out during device deployment).
[0033] The following examples pertain to further embodiments.

[0034] Example 1 includes an intervertebral spacing implant system comprising a
first seat having a first lateral end. Such a seat may include, for example, portion
121’ of Figure 1a with a second seat portion indicated by portion 121”. Cage 100
includes first branches (101, 102, 103, 104) coupled to the first lateral end of the first
seat and extending in a first lateral direction away from the first seat. The first seat
and the first branches form a first cage defining a first internal volume. Such a
volume is indicated by volume 122 with a corresponding volume at 123. Each first
branch has a first inward side and a first outward side. Figure 1c indicates branch or
arm 102 having a ramp 124 as well as smooth, non-threaded shoulder 125. A first

spacer (e.g., spacer 111) is configured to fit within the first cage and move in the first
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lateral direction (e.g., direction 126) upon the urging of a spacer-advancing
instrument (e.g., system 280 of Figure 2), the first spacer and first cage configured
such that one or more first branches will move from an unextended position to an
extended position when the first spacer is urged in the first lateral direction; one or
more first shoulders (e.g., shoulder 125) formed on the first inward side of one or
more first branches, the one or more first shoulders configured to reversibly secure
the first spacer near a first lateral end of the first branches. By being reversible, this
allows for a spacer to be withdrawn or moved to center of cage 100 (i.e., towards
seat 121). The spacer can be reversible based on contour edges of both the spacer
(not shown) and/or shoulder (e.g., shoulder 125). The first internal volume between
the first lateral end of the first seat and the first spacer is unoccupied by any link
member when the first spacer is secured by the one or more first shoulders. The
second cage comprising arms 105, 105, 107, 108 functions similarly to the first cage
including arms 101, 102, 103, 104. The embodiment may include a second seat
(e.g., portion 121") having a second lateral end; second branches coupled to the
second lateral end of the second seat and extending in a second lateral direction
(e.g., direction 127) away from the second seat, the second seat and the second
branches forming a second cage defining a second internal volume, each second
branch having a second inward side and a second outward side; a second spacer
configured to fit within the second cage and move in the second lateral direction
upon the urging of the spacer-advancing instrument, the second spacer and the
second cage configured such that one or more second branches will move from an
unextended position to an extended position when the second spacer is urged in the
second lateral direction; one or more second shoulders formed on the inward side of
one or more second branches, the one or more second shoulders configured to
reversibly secure the second spacer near a second lateral end of the second plurality
of branches; wherein the second internal volume between the second proximal end
of the second seat and the second spacer is unoccupied by any link member when
the second spacer is secured by the one or more second shoulders; wherein the first
seat, second seat, first branches, and second branches are all monolithic with each
other. Thus, portions 121°, 1217, and arms 101, 102, 103, 104, 105, 106, 107, 108
are all formed from a single element without welds, adhesives, and the like (i.e.
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monolithic). For example, the portions are machined from a single block of material,

such as titanium or steel.

[0035] In example 2 the subject matter of the Example 1 can optionally include
wherein an outside general shape of each of the first and second cages is at least
one of cylindrical and quasi-cylindrical when the first and second branches are in an
unextended position; wherein an outside general shape of the first and second cages
is frustoconical, flaring away respectively from the first and second seats, when one
or more first and second branches are in an extended position. An embodiment
includes an outside general shape of each of the first and second cages as being

ovoid or quasi-ovoid.

[0036] In some embodiments, the lateral ends may have heights 133, 135 that are
less than height 132 of seat 121 before expansion (Figure 1c). However, the lateral
ends may have heights 133, 135 that are greater than height 132 of seat 121 after
expansion (Figure 1d). Further, outside walls such as the area populated by threads
134 may be bowed or curved before expansion with the curvature removed after
expansion while in other embodiments the outside walls such as the area populated
by threads 134 may be bowed or curved after expansion with the curvature removed
before expansion. Such embodiments may have varying load ratings and may be
more appropriate for different locations (e.g., cervical vs. lumbar).

[0037] In example 3 the subject matter of the Examples 1-2 can optionally include
wherein the spacer-advancing instrument is configured to simultaneously advance
the first and second spacers in the first and second lateral directions in response to
rotating a portion of the spacer-advancing instrument.

[0038] Other embodiments may deploy the first and second spacers in differing
ways. For example, a ratchet system with a “trigger” system may be used to
manipulate cage deployment modules, such as units 242, 243 of Figure 2a (i.e.,

without necessarily requiring rotation of any instrument portion).

[0039] In example 4 the subject matter of the Examples 1-3 can optionally include

wherein the spacer-advancing instrument is configured to asynchronously and
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simultaneously laterally advance the first and second spacers in response to rotating

a portion of the spacer-advancing instrument.

[0040] In example 5 the subject matter of the Examples 1-4 can optionally include
wherein the first and second cages comprise a direct lateral interbody fusion (DLIF)

cage.

[0041] In example 6 the subject matter of the Examples 1-5 can optionally include
wherein the first inward side of each first branch and the second inward side of each

second branch is smooth and is not threaded.

[0042] In example 7 the subject matter of the Examples 1-6 can optionally include
wherein a long axis (e.g., axis 131) extends centrally within the first and second
cages along the first and second lateral directions (e.g., directions 126, 127);
wherein one of the first branches deflects radially a first distance from the long axis
when the first spacer is secured by the one or more first shoulders; wherein another
of the first branches deflects radially a second distance from the long axis when the
first spacer is secured by the one or more first shoulders; wherein the first distance is
unequal to the second distance.

[0043] In example 8 the subject matter of the Examples 1-7 can optionally include
wherein an additional one of the first branches is located between the one of the first
branches and the another of the first branches.

[0044] In example 9 the subject matter of the Examples 1-8 can optionally include
wherein the first and second seats each include a cross-sectional profile, in a plane
orthogonal to the long axis, which is substantially cylindrical. For example, Figure 1a
has a “generally” or “substantially” cylindrical cross-section at seat 121, or seat
portions 1217, 121" (regardless of small flat portions shown in Figure 1a). In fact,
those cross-sections are generally or substantially circular, whereas the seat 321 of
cage 300 in Figure 3a has a generally cylindrical cross-section seat 321 but does not

have a generally or substantially circular cross-section.

[0045] In example 10 the subject matter of the Examples 1-9 can optionally include
wherein the first branches that move from an unextended position to an extended

position when the first spacer is urged in the first lateral direction further comprise
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the first one or more shoulders; wherein the first spacer comprises a first connector
(e.g., internal threads for spacer 111) to removably couple the first spacer to the
spacer-advancing instrument; wherein the second branches that move from an
unextended position to an extended position when the second spacer is urged in the
second lateral direction further comprise the second one or more shoulders; wherein
the second spacer comprises a second connector to removably couple the second
spacer to the spacer-advancing instrument.

[0046] In example 11 the subject matter of the Examples 1-10 can optionally
include wherein the first branches are configured to enable bilateral expansion of the
implant and the second branches are configured to enable bilateral expansion of the

implant.

[0047] In example 12 the subject matter of the Examples 1-11 can optionally
include a first orifice extending from the first internal volume (e.g., space 122) of the
first cage and through the first seat (e.g., portion 121°) to the second seat (e.g.,
portion 1217), the orifice configured to allow the spacer-advancing instrument to pass
through; a second orifice extending from the second internal volume (e.g., space
123) of the second cage and through the second seat to the first seat, the second
orifice configured to allow the spacer-advancing instrument to pass through.

[0048] As used herein, a first seat and a second seat may be portions of a larger
surface. For example, portions 121" and 121" are both portions of surface 121.
Thus, the first and second cages of Example 1 may be referred to as first and
second cage portions.

[0049] In example 13 the subject matter of the Examples 1-12 can optionally
include a plug, wherein at least one of the first and second spacers includes an
orifice configured to sealingly mate with the plug. For example, spacer 112 of Figure
1d has internal threads to mate with insertion device 200 of Figure 2a. After spacer
112 is fully laterally deployed bone particulate or other graft/bone generating material
may be placed in spaces 122, 123. Afterwards, a plug may be added to aperture

within spacer 112 to seal the space 123 and pack the bone generating material



WO 2015/187937 PCT/US2015/034181

13

within cage 100. An embodiment may include another plug to fit within the orifice of
spacer 111 (or a plug for spacer 111 but not spacer 112).

[0050] In example 14 the subject matter of the Examples 1-13 can optionally
include wherein at least a portion of the first internal volume is in the form of a
truncated cone when the first branches are in an unextended position; wherein at
least a portion of the second internal volume is in the form of a truncated cone when

the second branches are in an unextended position.

[0051] In example 15 the subject matter of the Examples 1-14 can optionally
include wherein the implant comprises a first plurality of spacers for the first cage
and a second plurality of cages for the second cage. The additional spacers may
have a terminal or fully deployed stage midway along the proximal and distal cages

to provide greater support.

[0052] In example 16 the subject matter of the Examples 1-14 can optionally
include wherein the first seat comprises one or more first flat surfaces (e.g., portion
121’) between the second seat and the first lateral end; wherein the second seat
comprises one or more second flat surfaces (e.g., portion 121”) between the first
seat and the second lateral end.

[0053] In example 17 the subject matter of the Examples 1-16 can optionally
include wherein a first medial edge of a perimeter of the first spacer is tapered;
wherein a second medial edge of a perimeter of the second spacer is tapered. Thus,
for inner edges of spacers (edges closest to seat) may be tapered to help promote
reversibility so a fully deployed spacer can be withdrawn and the cage can be
collapsed (fully or partially).

[0054] In example 18 the subject matter of the Examples 1-17 can optionally
include wherein the first seat and first branches form a unitary structure and the
second seat and second branches form a second unitary structure.

[0055] In example 19 the subject matter of the Examples 1-18 can optionally
include wherein two of the first branches partially define a first slot (e.g., slot 128)

configured to allow fusion between graft material and a vertebra; wherein two of the



WO 2015/187937 PCT/US2015/034181

14

second branches partially define a second slot (e.g., slot 129) configured to allow
fusion between the graft material and the vertebra.

[0056] In example 20 the subject matter of the Examples 1-19 can optionally
include wherein the first seat, the first spacer, and the two first branches define the
first slot when one or more first branches are in an extended position; wherein the
second seat, the second spacer, and the two second branches define the second

slot when one or more second branches are in an extended position.

[0057] In example 21 the subject matter of the Examples 1-20 can optionally
include wherein an additional two of the first branches partially define an additional
slot configured to allow fusion between the graft material and an additional vertebra.

[0058] In example 22 the subject matter of the Examples 1-21 can optionally
include wherein the first seat, the first spacer, and the first additional two branches
define the additional slot when one or more first branches are in an extended
position.

[0059] In example 23 the subject matter of the Examples 1-22 can optionally
include wherein the first branches comprise three or more branches and the second
branches comprise three or more branches; wherein the first lateral ends of two or
more first branches may connect to one another and second lateral ends of two or
more of the second branches connect to one another; wherein at least a portion of
the outward side of one or more first branches comprises ridges; wherein the

extended position is an active position and the unextended position is a rest position.

[0060] In example 24 the subject matter of the Examples 1-23 can optionally
include the spacer-advancing instrument, wherein the spacer-advancing instrument

includes a plurality of threaded rods.

[0061] In example 25 the subject matter of the Examples 1-24 can optionally
include wherein the spacer-advancing instrument is configured to simultaneously
advance the first and second spacers in the first and second lateral directions in
response to advancing a pushing module in at least one of the first and second

lateral directions. For example, a trigger based ratchet system may include a
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module, such as a rod configured to mate with a spacer and advance or withdraw
the spacer.

[0062] In example 25 the subject matter of the Examples 1-24 can optionally
include wherein a first lateral-most edge portion of the first branches has a first
unexpanded height when the first spacer is not secured by the one or more first
shoulders and a first expanded height when the first spacer is secured by the one or
more first shoulders; wherein a second lateral-most edge portion of the second
branches has a second unexpanded height when the second spacer is not secured
by the one or more second shoulders and a second expanded height when the
second spacer is secured by the one or more second shoulders; wherein the first
seat has a first seat height; wherein the first seat height is (a) greater than the first
and second unexpanded heights, and (b) less than the first and second expanded
heights.

[0063] For example, height 132 is greater than height 133, 135 of Figure 1¢ but
less than height 133, 135 of Figure 1d. In other embodiments (not shown), height
132 is greater than height 133, 135 of Figure 1c but substantially (+/- 5%) equal to
height 133, 135 of Figure 1d. In other embodiments (not shown), height 132 is
substantially (+/- 5%) equal to height 133, 135 of Figure 1¢ but less than height 133,
135 of Figure 1d.

[0064] While the present invention has been described with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous
modifications and variations therefrom. It is intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this

present invention.
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What is claimed is:

1. An intervertebral spacing implant system comprising:

a first seat having a first lateral end,;

first branches coupled to the first lateral end of the first seat and extending in
a first lateral direction away from the first seat, the first seat and the first branches
forming a first cage defining a first internal volume, each first branch having a first
inward side and a first outward side;

a first spacer configured to fit within the first cage and move in the first lateral
direction upon the urging of a spacer-advancing instrument, the first spacer and first
cage configured such that one or more first branches will move from an unextended
position to an extended position when the first spacer is urged in the first lateral
direction;

one or more first shoulders formed on the first inward side of one or more first
branches, the one or more first shoulders configured to reversibly secure the first
spacer near a first lateral end of the first branches;

wherein the first internal volume between the first lateral end of the first seat
and the first spacer is unoccupied by any link member when the first spacer is
secured by the one or more first shoulders;

a second seat having a second lateral end;

second branches coupled to the second lateral end of the second seat and
extending in a second lateral direction away from the second seat, the second seat
and the second branches forming a second cage defining a second internal volume,
each second branch having a second inward side and a second outward side;

a second spacer configured to fit within the second cage and move in the
second lateral direction upon the urging of the spacer-advancing instrument, the
second spacer and the second cage configured such that one or more second
branches will move from an unextended position to an extended position when the
second spacer is urged in the second lateral direction;

one or more second shoulders formed on the inward side of one or more
second branches, the one or more second shoulders configured to reversibly secure
the second spacer near a second lateral end of the second plurality of branches;
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wherein the second internal volume between the second proximal end of the
second seat and the second spacer is unoccupied by any link member when the
second spacer is secured by the one or more second shoulders;

wherein the first seat, second seat, first branches, and second branches are
all monolithic with each other.

2. The intervertebral spacing implant system of claim 1,

wherein an outside general shape of each of the first and second cages is at
least one of cylindrical and quasi-cylindrical when the first and second branches are
in an unextended position;

wherein an outside general shape of the first and second cages is
frustoconical, flaring away respectively from the first and second seats, when one or

more first and second branches are in an extended position.

3. The intervertebral spacing implant system of claim 1, wherein the spacer-
advancing instrument is configured to simultaneously advance the first and second
spacers in the first and second lateral directions in response to rotating a portion of

the spacer-advancing instrument.

4. The intervertebral spacing implant system of claim 3, wherein the spacer-
advancing instrument is configured to asynchronously and simultaneously laterally
advance the first and second spacers in response to rotating a portion of the spacer-

advancing instrument.

5. The intervertebral spacing implant system of claim 3, wherein the first and
second cages comprise a direct lateral interbody fusion (DLIF) cage.

6. The intervertebral spacing implant system of claim 5, wherein the first inward
side of each first branch and the second inward side of each second branch is
smooth and is not threaded.
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7. The intervertebral spacing implant system of claim 1,

wherein a long axis extends centrally within the first and second cages along
the first and second lateral directions;

wherein one of the first branches deflects radially a first distance, orthogonal
to the long axis, when the first spacer is secured by the one or more first shoulders;

wherein another of the first branches deflects radially a second distance,
orthogonal to the long axis, when the first spacer is secured by the one or more first
shoulders;

wherein the first distance is unequal to the second distance.

8. The intervertebral spacing implant system of claim 7, wherein an additional
one of the first branches is located between the one of the first branches and the
another of the first branches.

9. The intervertebral spacing implant system of claim 7, wherein the first and
second seats each include a cross-sectional profile, in a plane orthogonal to the long
axis, that is substantially cylindrical.

10.  The intervertebral spacing implant system of claim 1,

wherein the first branches that move from an unextended position to an
extended position when the first spacer is urged in the first lateral direction further
comprise the first one or more shoulders;

wherein the first spacer comprises a first connector to removably couple the
first spacer to the spacer-advancing instrument;

wherein the second branches that move from an unextended position to an
extended position when the second spacer is urged in the second lateral direction
further comprise the second one or more shoulders;

wherein the second spacer comprises a second connector to removably

couple the second spacer to the spacer-advancing instrument.
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11. The intervertebral spacing implant system of claim 1, wherein the first
branches are configured to enable bilateral expansion of the implant and the second
branches are configured to enable bilateral expansion of the implant.

12.  The intervertebral spacing implant system of claim 1 comprising:

a first orifice extending from the first internal volume of the first cage and
through the first seat to the second seat, the orifice configured to allow the spacer-
advancing instrument to pass through;

a second orifice extending from the second internal volume of the second
cage and through the second seat to the first seat, the second orifice configured to
allow the spacer-advancing instrument to pass through.

13.  The intervertebral spacing implant system of claim 1 comprising a plug,
wherein at least one of the first and second spacers includes an orifice configured to
sealingly mate with the plug.

14.  The intervertebral spacing implant system of claim 1,

wherein at least a portion of the first internal volume is in the form of a
truncated cone when the first branches are in an unextended position;

wherein at least a portion of the second internal volume is in the form of a

truncated cone when the second branches are in an unextended position.

15.  The intervertebral spacing implant system of claim 1,

wherein a first lateral-most edge portion of the first branches has a first
unexpanded height when the first spacer is not secured by the one or more first
shoulders and a first expanded height when the first spacer is secured by the one or
more first shoulders;

wherein a second lateral-most edge portion of the second branches has a
second unexpanded height when the second spacer is not secured by the one or
more second shoulders and a second expanded height when the second spacer is
secured by the one or more second shoulders;

wherein the first seat has a first seat height;



11
12

A A W N -

—_—

a A~ W N -

o OBk WN -

WO 2015/187937 PCT/US2015/034181

20

wherein the first seat height is (a) greater than the first and second
unexpanded heights, and (b) less than the first and second expanded heights.

16.  The intervertebral spacing implant system of claim 1,

wherein the first seat comprises one or more first flat surfaces between the
second seat and the first lateral end;

wherein the second seat comprises one or more second flat surfaces between

the first seat and the second lateral end.

17.  The intervertebral spacing implant system of claim 1,
wherein a first medial edge of a perimeter of the first spacer is tapered;

wherein a second medial edge of a perimeter of the second spacer is tapered.

18.  The intervertebral spacing implant of claim 1, wherein the first seat and first
branches form a unitary structure and the second seat and second branches form a

second unitary structure.

19.  The intervertebral spacing implant system of claim 1,
wherein two of the first branches partially define a first slot configured to allow
fusion between graft material and a vertebra;
wherein two of the second branches partially define a second slot configured
to allow fusion between the graft material and the vertebra.

20. The intervertebral spacing implant system of claim 19,

wherein the first seat, the first spacer, and the two first branches define the
first slot when one or more first branches are in an extended position;

wherein the second seat, the second spacer, and the two second branches
define the second slot when one or more second branches are in an extended

position.
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21.  The intervertebral spacing implant system of claim 20, wherein an additional
two of the first branches partially define an additional slot configured to allow fusion
between the graft material and an additional vertebra.

22.  The intervertebral spacing implant system of claim 21, wherein the first seat,
the first spacer, and the first additional two branches define the additional slot when

one or more first branches are in an extended position.

23. The intervertebral spacing implant system of claim 21,

wherein the first branches comprise three or more branches and the second
branches comprise three or more branches;

wherein the first lateral ends of two or more first branches may connect to one
another and second lateral ends of two or more of the second branches connect to
one another;

wherein at least a portion of the outward side of one or more first branches
comprises ridges;

wherein the extended position is an active position and the unextended
position is a rest position;

wherein the implant comprises a first plurality of spacers for the first cage and
a second plurality of cages for the second cage.

24.  The intervertebral spacing implant system of claim 1 comprising the spacer-
advancing instrument, wherein the spacer-advancing instrument includes a plurality

of threaded rods.

25.  The intervertebral spacing implant system of claim 1, wherein the spacer-
advancing instrument is configured to simultaneously advance the first and second
spacers in the first and second lateral directions in response to advancing a pushing

module in at least one of the first and second lateral directions.
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