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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to surgical de-
vices, and more particularly, to expandable fusion devic-
es capable of being deployed inside an intervertebral disc
space and then expanded in width and/or in height to
maintain disc spacing, restore spinal stability, and/or fa-
cilitate an intervertebral fusion.

BACKGROUND OF THE INVENTION

[0002] A common procedure for handling pain associ-
ated with intervertebral discs that have become degen-
erated due to various factors such as trauma or aging is
the use of intervertebral fusion devices for fusing one or
more adjacent vertebral bodies. Generally, to fuse the
adjacent vertebral bodies, the intervertebral disc is first
partially or fully removed. An intervertebral fusion device
is then typically inserted between neighboring vertebrae
to maintain normal disc spacing and restore spinal sta-
bility, thereby facilitating an intervertebral fusion.
[0003] Interbody devices have been used to provide
support and stability in the anterior column of the spinal
vertebrae when treating a variety of spinal conditions,
including degenerative disc disease and spinal stenosis
with spondylolisthesis. Clinical treatment of spinal pathol-
ogies with anterior vertebral body interbody devices re-
lies on precise placement of the interbody device to re-
store normal anterior column alignment. Iatrogenic
pathologies may result from the surgical access window
to the disc space, failure to precisely place the interbody
on hard cortical bone often found on the apophyseal ring
of the vertebral body, and/or failure to precisely control
and restore normal anatomical spinal alignment.
[0004] As such, there exists a need for a fusion device
capable of precise placement of interbody support that
both increases interbody contact with hard cortical bone
and provides precise control of anterior column alignment
while reducing the profile of the access window to the
disc space.

SUMMARY OF THE INVENTION

[0005] To meet this and other needs, and in view of its
purposes, the present application provides devices, sys-
tems, instruments, and methods for installing, and ex-
panding the interbody implant in width and/or height. In
particular, an expandable fusion device is provided,
which has a narrow profile and may expand in width to
increase surface area contact and/or has a reduced
height and may expand in height to restore anatomical
spinal alignment. The expandable fusion device may
have the ability to individually adjust the anterior and pos-
terior heights of the interbody and to adjust sagittal bal-
ance correction. The device may be installed in an open,
semi-open, or minimally invasive surgical procedure. The

expandable fusion device may be capable of being
placed into the disc space down a guide tube or cannula,
for example, widened in width, and then expanded in
height into an expanded configuration. The implant may
also be configured to passively pivot about a longitudinal
axis of the implant. The passive adjustment of the end-
plates may account for the mismatch of the oblique angle
of insertion and/or the desired sagittal angle
[0006] According to one embodiment, an expandable
implant includes an upper endplate assembly, a lower
endplate assembly, an actuator assembly, a plurality of
driving ramps, and upper and lower ramps mated with
the driving ramps. The upper endplate assembly may
include a plurality of upper endplates. The lower endplate
assembly may include a plurality of lower endplates. The
actuator assembly may include a rotatable actuator hav-
ing a shaft and a rotatable nut. The plurality of driving
ramps may include a front ramp, a mid-ramp, and a rear
ramp positioned along the shaft of the actuator. The up-
per ramp may be connected to the upper endplate as-
sembly and engaged with the plurality of driving ramps.
The lower ramp may be connected to the lower endplate
assembly and engaged with the plurality of driving ramps.
The upper and lower endplate assemblies may be con-
figured to expand in width. Rotation of the actuator and/or
the nut may cause movement of one or more of the driving
ramps, which press against the upper and lower ramps,
thereby causing an expansion in height of the upper and
lower endplate assemblies.
[0007] In one embodiment, the plurality of upper end-
plates may include a first upper outer endplate, a second
upper outer endplate, and a third upper central endplate
positionable between the first and second upper outer
endplates. The plurality of lower endplates may include
a first lower outer endplate, a second lower outer end-
plate, and a third lower central endplate positionable be-
tween the first and second lower outer endplates. The
upper and lower central endplates may be configured to
expand the respective upper and lower outer endplates
outwardly, thereby expanding the overall width of the im-
plant. One of the outer endplates may include an elongate
groove and the other outer endplate may retain a pin
configured to be received within the elongate groove
such that when the outer endplates move outwardly, the
pin is guided along the path of the elongate groove. For
example, the elongate groove may be a linear groove
that allows for a generally parallel expansion in width of
the outer endplates. The central endplates may be con-
figured to slide between the outer endplates on one or
more tracks. When the central endplate is advanced for-
ward distally along the one or more tracks, the outer end-
plates expand in width.
[0008] The height of the implant may be expanded by
an actuation assembly. The shaft of the actuator may
include a first threaded portion, a second threaded por-
tion, and a non-threaded portion. The front driving ramp
may be positioned on the non-threaded portion of the
actuator, the mid-ramp may be positioned on the first
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threaded portion, and the rear ramp may be positioned
on the second threaded portion. The first and second
threaded portions may have different attributes, such as
different outer diameters, handedness, thread form,
thread angle, lead, pitch, etc. For example, the first
threaded portion may have a smaller outer diameter and
different handedness than the second threaded portion.
The rotatable nut may be configured to move the rear
ramp independent of the mid-ramp and front ramp.
[0009] The upper and lower endplate assemblies may
be configured to passively pivot about a longitudinal axis
of the implant. For example, the outer surfaces of the
upper and lower ramps may each define one or more
slots configured to guide one or more corresponding tabs
on the inner cavities of the upper and lower central end-
plates, respectively. The slot may include a circular t-slot
configured to guide or pivot the central endplates about
the longitudinal axis of the implant. In this manner, the
upper and lower endplate assemblies are able to pivot
about the longitudinal axis to passively account for the
mismatch of the oblique angle of insertion and/or the de-
sired sagittal angle.
[0010] According to another embodiment, the implant
system may include an expandable implant and an in-
serter instrument. The implant may include an upper end-
plate assembly including a first upper outer endplate, a
second upper outer endplate, and a third upper central
endplate positionable between the first and second upper
outer endplates. The implant may include a lower end-
plate assembly including a first lower outer endplate, a
second lower outer endplate, and a third lower central
endplate positionable between the first and second lower
outer endplates. The implant may include an actuator
assembly including a rotatable actuator having a shaft
and a rotatable nut. The implant may include a plurality
of driving ramps including a front ramp, a mid-ramp, and
a rear ramp positioned along the shaft of the actuator.
The implant may include an upper ramp connected to
the upper endplate assembly and engaged with the plu-
rality of driving ramps. The implant may include a lower
ramp connected to the lower endplate assembly and en-
gaged with the plurality of driving ramps. The upper and
lower endplate assemblies are configured to expand in
width when the central endplates slide between the outer
endplates, and rotation of the actuator and/or the nut may
cause independent movement of one or more of the plu-
rality of driving ramps, thereby causing an expansion in
height of the upper and lower endplate assemblies. The
inserter instrument may include a cannula configured for
deploying the implant into a disc space. The cannula may
include a pair of opposed tabs configured to engage the
implant to keep the implant from advancing too far into
the disc space. The tabs may include t-shaped tabs con-
figured to mate with corresponding slots in the sides of
the implant.
[0011] According to yet another embodiment, an ex-
pandable implant includes a plurality of upper endplates,
a plurality of lower endplates, an actuator assembly, a

plurality of driving ramps, and upper and lower ramps.
The plurality of upper endplates may include a first plu-
rality of links configured to articulate into a generally po-
lygonal shape. The plurality of lower endplates may in-
clude a second plurality of links configured to articulate
into the generally polygonal shape. The actuator assem-
bly may include a rotatable actuator having a shaft. The
plurality of driving ramps may include a front ramp and
a rear ramp positioned along the shaft of the actuator.
The upper ramp may be connected to the plurality of up-
per endplates and engaged with the plurality of driving
ramps. The lower ramp may be connected to the plurality
of lower endplates and engaged with the plurality of driv-
ing ramps. The upper and lower endplates may be con-
figured to expand in width. Rotation of the actuator may
cause movement of one or more of the driving ramps,
which press against the upper and lower ramps, thereby
causing an expansion in height of the upper and lower
endplates.
[0012] The first and second plurality of links may each
include a front link and a rear link configured to mate with
the upper and lower ramps, respectively. The first and
second plurality of links may expand in width when the
rear links move towards the front links. The shaft of the
actuator may include a threaded portion and a non-
threaded portion. The front ramp may be positioned on
the non-threaded portion of the actuator, and the rear
ramp may be positioned on the threaded portion of the
actuator. Rotation of the actuator may cause the rear
ramp to move away from the front ramp, which presses
the upper and lower ramps away from one another, there-
by expanding the upper and lower endplates in height.
[0013] The upper and lower endplates may be config-
ured to passively pivot about a longitudinal axis of the
implant. For example, the upper and lower ramps may
each include a first tab extending outwardly from a prox-
imal end of the ramp and a second tab extending out-
wardly from a distal end of the respective ramps. The
first and second tabs may engage with the endplates,
respectively. A portion of the first and second tabs may
be rounded about a longitudinal axis of the implant, which
thereby facilitates pivotal movement of the endplates
about the longitudinal axis of the implant. In this manner,
the upper and lower endplates are able to pivot about
the longitudinal axis to passively account for the mis-
match of the oblique angle of insertion and/or the desired
sagittal angle.
[0014] According to yet another embodiment, methods
of installing the expandable implants are provided. A disc
space of a patient may be accessed and prepared from
a posterior approach. A collapsed implant may be posi-
tioned within the disc space via a cannula from an oblique
approach. The implant may be expanded in width to a
widened configuration. The implant may be expanded in
height to an expanded configuration. The endplates may
passively pivot about a longitudinal axis of the implant
for optimal positioning. The cannula may be withdrawn
from the patient’s body, thereby leaving the implant in
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the expanded position.
[0015] Also provided are kits including expandable fu-
sion devices of varying types and sizes, rods, fasteners
or anchors, k-wires, insertion tools, and other compo-
nents for performing the procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more complete understanding of the present
invention, and the attendant advantages and features
thereof, will be more readily understood by reference to
the following detailed description when considered in
conjunction with the accompanying drawings, wherein:

FIGS. 1A-1C are lateral, top, and perspective views,
respectively, of an expandable fusion device accord-
ing to one embodiment, in a fully collapsed position,
shown with a cannula for positioning the expandable
device on a lower vertebra (the upper adjacent ver-
tebra being omitted for clarity);
FIGS. 2A-2C show lateral, top, and perspective
views, respectively, of the expandable fusion device
of FIGS. 1A-1C positioned on the lower vertebra (the
upper adjacent vertebra being omitted for clarity);
FIGS. 3A-3C show lateral, top, and perspective
views, respectively, of the expandable fusion device
of FIGS. 2A-2C beginning to expand in width;
FIGS. 4A-4C show lateral, top, and perspective
views, respectively, of the expandable fusion device
of FIGS. 3A-3C fully expanded in width;
FIGS. 5A-5C show lateral, top, and perspective
views, respectively, of the expandable fusion device
of FIGS. 4A-4C starting to expand in height;
FIGS. 6A-6C show lateral, top, and perspective
views, respectively, of the expandable fusion device
of FIGS. 5A-5C fully expanded in height;
FIG. 7 shows an exploded view of the expandable
fusion device of FIGS. 1A-6C;
FIGS. 8A-8C are rear, top, and cross-sectional
views, respectively, of the expandable fusion device
of FIGS. 4A-4C expanded in width and collapsed in
height;
FIGS. 9A-9C are rear, top, and cross-sectional
views, respectively, of the expandable fusion device
of FIGS. 6A-6C expanded in width and expanded in
height;
FIGS. 10A-10D show side, cross-sectional, perspec-
tive, and rear views, respectively, of an expandable
fusion device according to one embodiment with a
cable or wire for installing the device;
FIGS. 11A-11B show perspective and cross-section-
al views, respectively, of an expandable fusion de-
vice with a cable or wire according to another em-
bodiment;
FIGS. 12A-12C show front perspective views col-
lapsed and expanded in width and a top view, re-
spectively, of an expandable fusion device according
to yet another embodiment;

FIG. 13 is an exploded view of an expandable fusion
device with a plurality of links according to another
embodiment;
FIGS. 14A-14E show rear, perspective, top, side,
and front views, respectively, of the expandable fu-
sion device of FIG. 13 in a fully collapsed position;
FIGS. 15A-15E show rear, perspective, top, side,
and front views, respectively, of the expandable fu-
sion device of FIGS. 14A-14E expanded in width and
collapsed in height;
FIGS 16A-16E show rear, perspective, top, side, and
front views, respectively, of the expandable fusion
device of FIGS. 15A-15E expanded in width and ex-
panded in height;
FIGS. 17A-17C show top and cross-sectional views
in collapsed and expanded configurations, respec-
tively, of the expandable fusion device of FIG. 13;
FIGS. 18A-18D show lateral, top, rear, and perspec-
tive views, respectively, of the expandable fusion de-
vice of FIG. 13 implanted in a disc space;
FIG. 19A-19D show rear, perspective, top, and side
views, respectively, of an expandable fusion device
according to another embodiment; and
FIGS. 20A-20D show lateral, top, rear, and perspec-
tive views, respectively, of the expandable fusion de-
vice of FIGS. 19A-19D implanted in a disc space.

DETAILED DESCRIPTION OF THE INVENTION

[0017] In order to improve the access profile of the in-
terbody while maximizing cortical bone contact surface
area, the interbody implant may be positioned within the
disc space with a narrow profile that expands in width to
increase surface area contact. The implant may be con-
figured to expand in height to restore anatomical spinal
alignment. While expanding in height, the anterior and/or
posterior heights of the implant may be individually ad-
justed, for example, to adjust sagittal balance correction.
Accordingly, embodiments of the present application are
generally directed to devices, systems, instruments, and
methods for installing, and expanding the interbody im-
plant in width and/or height. The terms implant, interbody,
interbody implant, fusion device, spacer, and expandable
device may be used interchangeably herein.
[0018] Referring now to FIGS. 1A-9, an expandable
interbody fusion device or implant 20 and method of in-
stallation according to one embodiment is shown. The
expandable device 20 is configured to expand in both
width and height. The implant 20 is configured to be in-
serted in a collapsed orientation, which defines its small-
est dimensions in both width and height. Once inserted
into the disc space, the implant 20 is actuated to have
an increased width, thereby providing an expanded foot-
print that fully maximizes surface contact area with the
vertebral body 2. The implant 20 is then expanded in
height to an expanded orientation to precisely restore
normal spinal alignment and evenly distribute the load
across the vertebral endplates 4.
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[0019] The implant 20 extends from a rear end or prox-
imal end 22 configured to connect with an insertion in-
strument to a nose end or distal end 24 configured to be
inserted first into the disc space. The implant 20 includes
a plurality of upper endplates 26 and a plurality of lower
endplates 28, which are configured to engage with the
adjacent vertebrae 2. The plurality of upper endplates 26
may include a first upper outer endplate 30, a second
upper outer endplate 32, and a third upper central end-
plate 34 positionable between the first and second upper
outer endplates 30, 32. Similarly, the plurality of lower
endplates 28 may include a first lower outer endplate 36,
a second lower outer endplate 38, and a third lower cen-
tral endplate 40 positionable between the first and sec-
ond lower outer endplates 36, 38. The central endplates
34, 40 are configured to expand the respective outer end-
plates 30, 32, 36, 38 outwardly, thereby expanding the
overall width of the implant 20.
[0020] With emphasis on FIGS. 1A-1C, the expanda-
ble fusion device or implant 20 is shown with a guide tube
or cannula 10 for deployment of the device 20 into a disc
space between adjacent vertebral bodies 2 (the upper
vertebra is omitted for clarity). The cannula 10 may be
suitable for use during a minimally invasive surgical (MIS)
procedure, for example. The guide tube or cannula 10
extends from a proximal end 12 to a distal end 14 posi-
tionable within the disc space. The cannula 10 defines a
central longitudinal opening 16 configured to guide the
implant 20 into the disc space. The disc space may be
accessed through a posterior approach. The cannula 10
may be docked on the disc space through Kambin’s tri-
angle, or the anatomical area that is bordered by the disc
space, exiting nerve root, and traversing nerve root. For
example, as shown, the cannula 10 may be angled rel-
ative to the vertebra 2. For example, the cannula may be
angled about 30° relative to a straight posterior access
approach.
[0021] Turning now to FIGS. 2A-2C, the implant 20 is
inserted into the disc space in a fully collapsed orienta-
tion, which is collapsed in both width and height, through
the cannula 10 to its final position. The widening expan-
sion will be described with reference to the upper end-
plates 26. It will be appreciated that the lower endplates
28 expand in the same manner. In the collapsed orien-
tation, the outer endplates 30, 32 are nested together.
The outer endplates 30, 32 may be positioned in contact
or close to one another. As the implant 20 reaches its
final position, one or more tabs 18 on the cannula 10
engage the implant 20 to keep it from advancing further
into the disc space. The tabs 18 may include a pair of
opposed tabs 18, for example, provided on opposite
sides of the implant 20. In one embodiment, the tabs 18
include t-shaped tabs configured to mate with corre-
sponding slots in the sides of the implant 20. The t-
shaped tab 18 may have a narrow body and an enlarged
free end, thereby defining a substantially t-shaped mem-
ber extending distally from the distal end 14 of the can-
nula 10. Although t-shaped tabs 18 are exemplified in

this embodiment, it will be appreciated that the tabs 18
may be otherwise shaped or configured to engage and
retain the implant 20.
[0022] Turning now to FIGS. 3A-3C, the implant 20 is
beginning to expand in width. The central wedge end-
plate 34 is configured to move the outer endplates 30,
32 outwardly. As the outer endplates 30, 32 begin to ex-
pand away from one another, a gap 42 is formed between
the outer endplates 30, 32. The central endplate 34 has
a nose portion 44. The nose portion 42 may be angled,
tapered, or pointed to facilitate insertion between the out-
er endplates 30, 32. As the nose portion 44 is moved
forward distally and into the gap 42 the outer endplates
30, 32 continue to widen outwardly. The central endplate
34 may be configured to slide between the outer end-
plates 30, 32 on one or more tracks 46. The track or
tracks 46 may include one or more corresponding chan-
nels and rails, for example. As the central endplate 34
continues to advance forward distally along the tracks
46, the outer endplates 30, 32 expand in width. The cen-
tral endplate 34 wedges out the expanding footprint end-
plates 30, 32. The second outer endplate 32 may include
an elongate groove 48 and the first outer endplate 30
may retain a pin 50 configured to be received within the
elongate groove 48. As the outer endplates 30, 32 move
outwardly, the pin 50 is guided along the path of the
groove 48. For example, a linear groove 48 shown in this
embodiment provides for a generally parallel expansion
in width of the first and second outer endplates 30, 32. It
will be appreciated that the groove 48 could be angled,
curved, or otherwise configured to provide for the desired
type of expansion in width.
[0023] With further emphasis on FIGS. 4A-4C, the im-
plant 20 is shown fully expanded in width. The nose 44
of the central endplate 34 moves forward distally, and
the central endplate 34 substantially fills the gap 42 be-
tween the outer endplates 30, 32. The central endplate
34 is fully advanced to engage the front of the expanding
footprint endplates 30, 32. The expanded footprint fully
maximizes surface contact area of the endplate 26 with
the vertebral body 2. Once in the widened orientation
shown, the implant 20 is ready to be expanded in height.
[0024] Turning now to FIGS. 5A-5C, the implant 20 is
beginning to expand in height. As the implant 20 is ex-
panded, the implant 20 may independently adjust the an-
terior and/or posterior aspects of the implant 20 to control
sagittal balance. When each endplate 26, 28 comes in
contact with the vertebral endplates 4, the upper and low-
er endplates 26, 28 may be configured to passively pivot
to maximize the force distribution across the vertebral
endplates 4. With further emphasis on FIGS. 6A-6C, the
implant 20 is expanded in height and width. The implant
20 may continue to be expanded to adjust correction and
sagittal balance and the passive joint may continue to
adjust as needed.
[0025] With emphasis on FIG. 7, an exploded view of
the implant 20 is shown. The implant 20 includes a first
assembly or first plurality of upper endplates 26 and a
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second assembly or second plurality of lower endplates
28 configured to engage adjacent vertebrae 2. The im-
plant 20 includes an actuation mechanism including an
actuator 52 and a nut 54 configured to move a plurality
of internal ramps 56, which expand the endplate assem-
blies 26, 28 in height. The plurality of ramps 56 may in-
clude a plurality of driving ramps including a front ramp
58, a mid-ramp 60, and a rear ramp 62. The front ramp
58 may include a central longitudinal bore 59, the mid-
ramp 60 may include a central longitudinal bore 61, and
the rear ramp 62 may include a central longitudinal bore
63. The plurality of driving ramps 58, 60, 62 may be po-
sitioned along the length of the actuator 52 and are con-
figured to engage and drive an upper ramp 64 and a
lower ramp 66, respectively. The upper and lower ramps
64, 66 are connected to the upper and lower endplate
assemblies 26, 28. When one or more of the driving
ramps 58, 60, 62 are moved and slide against the upper
and lower ramps 64, 66, thereby providing for expansion
of the implant 20 in height. The expansion may include
the ability to individually adjust the anterior and/or pos-
terior heights of the implant 20.
[0026] The upper endplate assembly 26 may include
first and second upper outer endplates 30, 32 and central
wedge endplate 34 slidable between the upper outer end-
plates 30, 32 to expand the upper outer endplates 30, 32
in width. The lower endplate assembly 28 may include
the first and second lower outer endplates 36, 38 and
central wedge endplate 40 slidable between the lower
outer endplates 36, 38 to expand the lower outer end-
plates 36, 38 in width. It will be appreciated that the lower
endplates 28 are identical to the upper endplates 26 and
the description for the upper endplates 26 provided here-
in applies equally to the lower endplates 28. One or more
of the endplates 30, 32, 34 may include a plurality of teeth
68, protrusions, or other friction enhancing surfaces con-
figured to engage bone. The central endplate 34 may
include a large central graft retaining opening or window
70 and the outer endplates 30, 32 may include one or
more graft openings or windows 72 configured to receive
bone graft or other suitable bone growth enhancing ma-
terial.
[0027] The nose end or distal end 24 of the first outer
endplate 30 may include a first projection 74 extending
inwardly toward the second outer endplate 32. Similarly,
the distal end of the second outer endplate 32 may in-
clude a second projection 76 extending inwardly toward
the first outer endplate 30. The projection 76 may define
elongate groove or opening 48 extending generally per-
pendicular to the longitudinal axis A of the implant 20.
The projection 74 may include an opening 78 for receiving
a pin 50 therein. The pin 50 is configured to slide along
the elongate opening 48, thereby facilitating expansion
of the width of the outer endplates 30, 32. It will be ap-
preciated that the locations of the pin 50 and groove 48
may be reversed in the outer endplates 30, 32.
[0028] The rear end or proximal end 22 of the first outer
endplate 30 may include an angled portion 80 and the

proximal end of the second outer endplate 32 may include
a second angled portion 82. The angled portions 80, 82
may be configured to receive the nose portion 44 of the
central endplate 34 when the implant 20 is in the fully
collapsed position. The inner surfaces of the outer end-
plates 30, 32 define one or more tracks 46 configured to
engage corresponding tracks 46 positioned along the
sides of the central endplate 34. The tracks 46 along the
nose 44 of the central endplate 34 mate with the corre-
sponding tracks 46 along the angled portions 80, 82 of
the outer endplates 30, 32, respectively. As the central
endplate 34 is advanced forward to expand the width,
the tracks 46 along the edges of the central endplate 34
mate with the corresponding tracks 46 along the inner
surfaces of the outer endplates 30, 32. The tracks 46
may include male and female grooves and projections
configured to mate with a slidable interface. For example,
the tracks 46 may include one or more female channels
and one or more male rails enabling the central endplate
34 to slide between the outer endplates 30, 32 and extend
them outwardly to widen the footprint of the implant 20.
[0029] The implant 20 includes an actuation assembly
configured to expand the height of the implant 20. The
actuation assembly includes a rotatable actuator 52 and
rotatable nut 54 configured to move a plurality of internal
ramps 56. The implant 20 includes at least three driving
ramps, front ramp 58, mid-ramp 60, and rear ramp 62,
which interface with the actuator 52. The actuator 52 may
include a shaft 84 extending from a proximal end 86 to
a distal end 88. The shaft 84 includes a first threaded
portion 90, a second threaded portion 92, and a non-
threaded portion 94. The first and second threaded por-
tions 90, 92 may have different attributes including outer
diameters, handedness, thread form, thread angle, lead,
pitch, etc.
[0030] In FIGS. 8A-8C, the implant 20 is shown in a
widened orientation and collapsed in height and in FIGS.
9A-9C, the implant 20 is shown in a widened orientation
and expanded in height. As best seen in FIG. 9C, the
front driving ramp 58 is positioned on the non-threaded
portion 94 of the actuator 52. The front driving ramp 58
may be located between a securing washer 96 and a
shoulder 98 defined between the first threaded portion
90 and the non-threaded portion 94. In this manner, the
front ramp 58 is secured to the actuator shaft 84. In an
alternative embodiment, the front ramp 58 may be posi-
tioned along another threaded portion in order to move
the front ramp 58 along the actuator shaft 84. The mid-
ramp 60 is positioned on the first threaded portion 90 and
is moveable along the length of the first threaded portion
90 in order to move the mid-ramp 60 and thereby move
the upper and lower ramps 64, 66 to expand the implant
20. The rear ramp 62 is positioned along the second
threaded portion 92 in order to move the rear ramp 62.
The rear ramp 62 is moveable along the length of the
second threaded portion 92 to move the upper and lower
ramps 64, 66 and expand the implant 20. The first thread-
ed portion 90 may have a smaller outer diameter and
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different handedness than the second threaded portion
92. The first threaded portion 90 may transition to the
second threaded portion 92 at a second shoulder 100.
The proximal end 86 of the actuator shaft 84 may include
a first instrument retention feature, such as a ribbed neck
102. The ribbed neck 102 may include knurled neck grips
or other suitable engagement surfaces, which are con-
figured to interface with a driver instrument to thereby
rotate the actuator shaft 84.
[0031] The actuation assembly may also include a ro-
tatable nut 54. The rotatable nut 54 may be configured
to move the rear ramp 62 independent of the mid-ramp
60 and front ramp 58. The nut 54 may extend from a
proximal end 104 to a distal end 106. The distal end 106
may include an outer threaded portion 108 configured to
mate with a corresponding internal threaded portion in
the bore 63 through the rear driving ramp 62. The prox-
imal end 104 may include a second instrument retention
feature, such as a slotted head 110. The slotted head
110 may include slots or other suitable engagement sur-
faces configured to interface with a driver instrument to
thereby rotate the nut 54. When only the nut 54 is rotated
clockwise, the rear ramp 62 is translated forward, de-
creasing it’s distance to the front ramp 58and the poste-
rior height increases and the anterior height decreases
thus decreasing the lordotic angle of the spacer. When
the nut 54 remains stationary and only the actuator 52 is
rotated clockwise , the mid ramp 60 moves away from
the front ramp 58 increasing the anterior height, at the
same time the rear ramp 62 moves away relative to the
front ramp 58 as the actuator 52 advances through the
nut 54. Increasing the gap between the rear ramp 62 and
the front ramp 58 increases the lordotic angle of the spac-
er. When both the actuator 52 and the nut 54 are rotated
clockwise at the same time, the rear ramp 62 and the
front ramp 58 do not move relative to each other. Only
the mid ramp 60 translates away from the front ramp 58
and towards the rear ramp 62. This results in parallel
expansion of the the endplates 26, 28. It will be appreci-
ated that the movement of the driving ramps 58, 60, 62
and resulting expansion may be operated by the actuator
52 and/or nut 54 with any suitable configurations and
mechanisms.
[0032] The driving ramps 58, 60, 62 engage with upper
ramp 64 and lower ramp 66 to thereby move the upper
and lower ramps 64 outwardly in height. It will be appre-
ciated that the lower ramp 66 is identical to the upper
ramp 64 and the description for the upper ramp 64 herein
applies equally to the lower ramp 66. The upper ramp 64
extends from a proximal end 112 to a distal end 114. The
upper ramp 64 includes an outer surface 116 configured
to be received within a cavity 118 in the central ramp 34.
A portion of the outer surface 116 may be rounded about
the longitudinal axis A of the implant 20 to facilitate move-
ment of the endplates 26 about the longitudinal axis A of
the implant 20. The outer surface 116 of the upper ramp
64 may define one or more recesses or slots 142 config-
ured to guide one or more corresponding tabs 144 on

the inner cavity 118 of the central endplate 34. The slot
142 may include a circular t-slot configured to guide or
pivot the central endplate 34 about the longitudinal axis
A of the implant 20. In this manner, the upper endplate
assembly 26 is configured to passively pivot about the
longitudinal axis A to account for lordosis and/or the ob-
lique delivery angle of insertion. Without this type of
polyaxial joint, the endplates 26, 28 could dig into and/or
tip the vertebral bodies 2 when implanted.
[0033] The upper ramp 64 includes an inner surface
120 configured to mate with the driving ramps 58, 60, 62.
The inner surface 120 may include one or more ramped
surfaces 122, 124, 126. In the embodiment shown, the
inner surface 120 includes a first ramped surface 122
near the proximal end 112 of the ramp 64, a second
ramped surface 124 near the distal end 114 of the ramp
64, and a third ramped surface 126 between the first and
second ramped surfaces 122, 124. The first ramped sur-
face 122 may face the proximal end 112, the second
ramped surface 124 may face the proximal end 112, and
the third ramped surface 124 may face the distal end
114. The ramped surfaces 122, 124, 126 may be angled
continuous surfaces with a given angle of slope. It is con-
templated that the slope of the ramped surfaces 122,
124, 126 may be equal or can differ from each other. The
ramped surfaces 122, 124, 126 may be generally straight
ramped surfaces or may be curved ramped surfaces. The
ramped surfaces 122, 124, 126 may include male slide
ramps or protruding ramps. The first and second ramped
surfaces 122, 124 may be spaced apart at an equal dis-
tance such that the ramped surfaces 122, 124 are sub-
stantially parallel to one another. The third ramped sur-
face 126 may be angled opposite to the first and second
ramped surfaces 122, 124. In this way the apex of the
third ramp 126 may meet or near the apex of the first
ramp 122 and the base of the third ramp 126 may meet
or near the base of the second ramp 124. Although a
specific arrangement of ramped surfaces 122, 124, 126
is shown, it is envisioned that the number, location, and
configuration of ramped surfaces 122, 124, 126 may be
modified or selected by one skilled in the art.
[0034] The driving ramps 58, 60, 62 may include one
or more ramped surfaces 128, 130, 132. The ramped
surfaces 128, 130, 132 of the driving ramps 58, 60, 62
may be configured and dimensioned to engage the cor-
responding ramped surfaces 122, 124, 126 of the upper
and lower ramps 64, 66, respectively. For example, the
rear ramp 62 may include one or more ramped surfaces
128, mid-ramp 60 may include one or more ramped sur-
faces 130, and front ramp 58 may include one or more
ramped surfaces 132. The ramped surfaces 128, 130,
132 may be angled continuous surfaces with a given an-
gle of slope. It is contemplated that the slope of the
ramped surfaces 128, 130, 132 may be equal or can differ
from each other. The ramped surfaces 128, 130, 132
may be generally straight ramped surfaces or may be
curved ramped surfaces. The ramped surfaces 128, 130,
132 may include female slide ramps or recessed ramps
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configured to receive the male ramped surfaces 122,
124, 126 of the upper ramp 34. It will be appreciated that
the male and female ramps may be reversed or may be
otherwise configured to provide for slidable mating be-
tween the ramps. The first ramped surface 122 of the
upper ramp 34 may be configured to slidably interface
with the ramped surface 128 of the driving rear ramp 62.
The second ramped surface 124 of the upper ramp 34
may be configured to slidably interface with the ramped
surface 132 of the driving front ramp 58. The third ramped
surface 126 of the upper ramp 34 may be configured to
slidably interface with the ramped surface 130 of the driv-
ing mid-ramp 60. As one or more of the driving ramp 58,
60, 62 moves, the ramped surface or surfaces 128, 130,
132 pushes against the corresponding ramped surface
or surfaces 122, 124, 126 of the upper and lower ramps
64, 66. In this manner, the individual driving ramps 128,
130, 132 control the rate of expansion of the upper and
lower ramps 64, 66, which thereby controls the expansion
of the attached upper and lower endplates 26, 28. The
upper and lower endplate assemblies 26, 28 are pushed
outwardly into the expanded configuration.
[0035] The implant 20 may further include one or more
of the following features. The driving rear ramp 62 may
include an outer threaded portion 134 at the proximal end
which may be configured to be retained by an insertion
instrument. One or more friction rings or washers 136
may be provided to provide drag or thrust resistance to
the nut 54 and/or driving ramps 58, 60, 62, respectively.
A locking member 138 may be provided to capture and
secure the nut 54 in the assembly. One or more pins 140
may be provided to limit travel and keep the endplates
26 connected together.
[0036] In order to improve the access profile of the in-
terbody implant 20 while maximizing cortical bone con-
tact surface area, methods and systems of installing, wid-
ening, and/or expanding the implant 20 may include one
or more of the following. The implant 20 may enter the
disc space with a narrow profile and articulate to increase
surface area contact on the anterior apophyseal ring. The
orientation and position of the interbody implant 20 in its
final implanted position may be optimized by pre-/intra-
op scans and/or normal population statistics that deter-
mine bone mineral density maps of the vertebral body.
Robotic and/or navigation guidance may be used to cor-
rectly orient the interbody 20. Further details of robotic
and/or navigational systems can be found in U.S. Patent
Publication No. 2017/0239007, which is incorporated
herein by reference in its entirety for all purposes.
[0037] In one embodiment, the implant 20 may be im-
planted with one or more of the following steps: (1) A
determination is made on final optimal implant location
to optimize bone mineral density of the contacted
bone/implant interface. (2) Robotic and/or navigation is
used to determine the potential trajectories that will allow
for this optimal implant location to be achieved. (3) The
cannula 10 is docked on the disc space through Kambin’s
triangle, or the anatomical area that is bordered by the

disc space, exiting nerve root, and traversing nerve root.
(4) The expandable interbody 20 is inserted in the non-
articulated, non-expanded orientation. (5) The expand-
able interbody 20 is actuated into the expanded or wid-
ened footprint that fully maximizes surface contact area
with the vertebral body. (6) The expandable interbody 20
is then expanded in height to precisely restore normal
spinal alignment and evenly distribute the load across
the vertebral endplates 4.
[0038] Turning now to FIGS. 10A-10D, an expandable
interbody fusion device or implant 150 according to an-
other embodiment is shown. Implant 150 expands in
width similar to implant 20 with a central wedge endplate
164. In this embodiment, the cannula 10 is replaced with
one or more cables or wires 196, which is connected to
each endplate to hold them in position while advancing
the central wedge endplate 164 forward to widen the foot-
print of the implant 150. The cable or wire 196 may be
looped through the endplate assemblies 156, 158 and
out to the back of the instrumentation for holding.
[0039] The implant 150 extends from a rear end or
proximal end 152 configured to connect with an insertion
instrument to a nose end or distal end 154 configured to
be inserted first into the disc space. The implant 150 in-
cludes a first assembly or first plurality of upper endplates
156 and a second assembly or second plurality of lower
endplates 158 configured to engage adjacent vertebrae
2. The upper endplate assembly 156 may include first
and second upper outer endplates 160, 162 and the lower
endplate assembly 158 may include first and second low-
er outer endplates 166, 168. The central wedge endplate
164 is slidable between the outer endplates 160, 162,
166, 168 to thereby expand the outer endplates 160, 162,
166, 168 in width. The central endplate 164 may include
one or more graft retaining openings or windows 170
configured to receive bone graft or other suitable bone
growth enhancing material.
[0040] The distal end 154 of the implant 150 may in-
clude a nose assembly 172 including an upper nose por-
tion 174, a lower nose portion 176, and a central nose
portion 178 positioned between the upper and lower nose
portions 174, 176. The upper and lower endplates 156,
158 connect to the nose assembly 172 with one or more
pivotable linking members or links 180. The distal end of
the first upper endplate 160 connects to one of end of a
first linking member 180 with a first pivot pin 182 and the
opposite end of the linking member 180 connects to the
upper nose 174 with a second pivot pin 182. Similarly,
the distal end of the second upper endplate 162 connects
to one of end of a second linking member 180 with a third
pivot pin 182 and the opposite end of the linking member
180 connects to the upper nose 174 with a fourth pivot
pin 182. The lower endplates 158 are connected to the
lower nose portion 176 with additional links 180 and pivot
pins 182 in the same manner.
[0041] The proximal ends of the outer endplates 156,
158 may each include an angled portion 184 configured
to receive the nose portion 186 of the central endplate
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164 when the implant 150 is in the fully collapsed position.
The inner surfaces of the outer endplates 156, 158 may
define one or more tracks 188 configured to engage cor-
responding tracks 188 positioned along the sides of the
central endplate 164. The tracks 188 along the nose 186
of the central endplate 164 mate with the corresponding
tracks 188 along the angled portions 184 of the outer
endplates 156, 158, respectively. As the central endplate
164 is advanced forward to expand the width, the tracks
188 along the edges of the central endplate 164 mate
with the corresponding tracks 188 along the inner sur-
faces of the outer endplates 160, 162. The tracks 188
may include male and female grooves and projections
configured to mate with a slidable interface. For example,
the tracks 188 may include one or more female channels
and one or more corresponding male rails enabling the
central endplate 164 to slide between the outer endplates
156, 158 and extend them outwardly to widen the foot-
print of the implant 150. One or more of the tracks 188
may form a slidable dovetail configuration.
[0042] The proximal end 152 of the implant 150 in-
cludes a rear assembly 190 for securing one or more
cables or wires 196. The rear assembly 190 may include
a ring 192 and a base 194 positioned between the ring
192 and the slidable central endplate 164. The rear as-
sembly 190 may be configured for attachment to an in-
sertion instrument, for example. The cable or wire 196
may be looped through the endplate assemblies 156,
158 and out to the back of the instrumentation for holding.
The wire 196 may be secured to the ring 192 at the prox-
imal end 152 of the implant 150 and loop around the
implant 150. For example, as best seen in FIG. 10B, the
wire 196 may connect to the ring 192 at a first location,
extend along a first side of the central wedge endplate
164, bend inwardly following the nose 186 of the central
wedge endplate 164, travel along an inner surface of the
outer endplates 156, 158, pinch inwardly near the links
180, loop around the central nose 178 of the nose as-
sembly 172, pinch inwardly near the links 180, travel
along an inner surface of the outer endplates 156, 158,
bend outwardly following the nose 186 of the central
wedge endplate 164, extend along a second side of the
central wedge endplate 164 and reconnect to the ring
192 at a second location opposite to the first location.
The wire 196 may be recessed into a central male track
188 extending along the side of the central wedge end-
plate 164. The cable or wire 196 may be configured for
holding the implant 150 during the widening expansion.
[0043] Turning now to FIGS. 11A-11B, an expandable
interbody fusion device or implant 200 according to an-
other embodiment is shown. Implant 200 is similar to im-
plant 150 except the cable or wire 196 extends centrally
through the implant 200. The wire 196 may connect to
the nose assembly 202 to hold each of the outer end-
plates 156, 158 in position while advancing the central
endplate 164 forward. The wire 196 may connect to the
back of the instrumentation for holding. In this embodi-
ment, the nose assembly 202 includes an upper nose

204 connected to a lower nose 206 and the rear assembly
208 includes a pin 210 and a base 212. A first end of the
cable or wire 196 anchors into the upper and lower nose
portions 204, 206 at the distal end 154 and the second
end of the wire 196 attaches to the pin 210 at the proximal
end 152. The wire 196 may extend along the central lon-
gitudinal axis of the implant 200 from the nose assembly
202, through the central wedge endplate 164, through
the base 212, and transversely into the pin 210. The cen-
tral wedge endplate 164 may slide along the wire 196
and as the central endplate 164 moves forward, the cen-
tral endplate 164 expands the outer endplates 156, 158
in the same manner as described herein for implant 150.
[0044] Turning now to FIGS. 12A-12C, an expandable
interbody fusion device or implant 220 according to an-
other embodiment is shown. Implant 220 is similar to im-
plants 150, 200 except the nose is replaced with a pin
assembly 222. The pin assembly 222 may include one
or more elongate pins 224, a first collar 226 surrounding
and rotatable about the pin 224, and a second collar 228
surrounding and rotatable about the pin 224. The elon-
gate pin 224 may extend from an upper surface of the
upper endplates 156 to a lower surface of the lower end-
plates 158. The first collar 226 may connect to the upper
links 180 rotatably coupled to the upper endplates 156
and the second collar 228 may connect to the lower links
180 rotatably coupled to the lower endplates 158. In the
collapsed position shown in FIG. 12A, the links 180 pivot
inwardly, thereby allowing the outer endplates 156, 158
to contact or be positioned near one another to provide
a minimum width for the implant 200. As the central
wedge endplate 164 is advanced forward toward the dis-
tal end 154, the tracks 188 of the central wedge endplate
164 slide along the mating tracks 188 along the inner
surfaces of the outer endplates 160, 162, 164, 168. In
this embodiment, the tracks 188 along the central wedge
endplate 164 include a male upper track 188, a lower
male track 188, and a central male track 188 positioned
between the upper and lower male tracks 188. The male
tracks 188 are separated by elongate grooves. The pin
assembly 222 and the pin 182 connecting the links 180
to the respective endplates 160, 162, 164, 168 allow the
endplates 160, 162, 164, 168 to expand in width when
the central endplate 164 slides along the mating tracks
188. As the links 180 pivot outwardly, the outer endplates
156, 158 move away from one another to provide a max-
imum width for the implant 200.
[0045] Referring now to FIGS. 13-18D, an expandable
interbody fusion device or implant 230 and method of
installation according to one embodiment is shown. The
expandable device 230 is configured to expand in both
width and height. The implant 230 is configured to be
inserted in a collapsed orientation, which defines its
smallest dimensions in both width and height. Once in-
serted into the disc space, the implant 230 is actuated to
have an increased width, thereby providing an expanded
footprint that fully maximizes surface contact area with
the vertebral body 2. The implant 230 is then expanded
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in height to an expanded orientation to precisely restore
normal spinal alignment and evenly distribute the load
across the vertebral endplates 4.
[0046] In FIG. 13, an exploded view of the implant 230
is shown. FIGS. 14A-14E show the implant 230 in the
collapsed configuration, minimized in both width and
height. FIGS. 15A-15E show the implant 230 in a widened
configuration with the implant 230 increased in width.
FIGS. 16A-16E show the implant 230 in an expanded
configuration with the implant 230 increased in width and
height. The implant 230 extends from a rear end or prox-
imal end 232 configured to connect with an insertion in-
strument to a nose end or distal end 234 configured to
be inserted first into the disc space. The implant 230 in-
cludes a first assembly or first plurality of upper endplates
236 and second assembly or second plurality of lower
endplates 238, which are configured to engage with the
adjacent vertebrae 2. When articulated to the widened
footprint, the implant 230 may define one or more central
windows or openings 240 extending between the upper
and lower endplates 236, 238. The central window or
opening 240 may be configured to receive bone graft or
a bone growth inducing material. The bone graft can be
introduced within and/or around the fusion device 230 to
further promote and facilitate the intervertebral fusion.
[0047] The upper and lower endplates 236, 238 may
each include a plurality of individual linking segments or
links 242. It will be appreciated that the lower endplate
assembly 238 is identical to the upper endplate assembly
236 and the description for the upper endplates 236 pro-
vided herein applies equally to the lower endplates 238.
The plurality of linking segments or links 242 may be
configured to articulate into a generally polygonal shape.
The polygon may be convex, concave, simple, intersect-
ing, or of other suitable type. The shape of the polygon
may be dictated by the number of segments or links 242
used to build the implant 230. For example, a device 230
with eight links 20, as shown in this embodiment, may
form an octagon. Although the device 230 is shown with
eight links 242 for each of the upper and lower endplates
236, 238 forming a generally octagonal shape, it is envi-
sioned that the device 230 may have as few links 242 or
as many as desired. The links 242 may have the same
length or the links 242 may be of different lengths. In the
embodiment shown, the rear-most link 243 and front-
most link 245 have a shorter length than the remaining
side links 242, and each of the side links 242 have the
same length. It will be appreciated that the links 242 may
be of any suitable length.
[0048] Each of the links 242 are connected and able
to articulate about a pivot joint 244. The pivot joint 244
may be a revolute joint such as a pin joint or hinge joint.
For example, the pivot joint 244 may provide a uni-axial
rotation or single-axis rotation about one or more pins
246, for example. The connected links 242 may be able
to rotate freely about the axis of each respective pin 246
between connected links 242. Although pins 246 are ex-
emplified herein, it will be appreciated that other joint ge-

ometries may be used. The implant 230 is inserted in its
collapsed position shown in FIGS. 14A-14E. Once insert-
ed, the implant 230 is widened by applying a force to the
rear-most link 243, thereby moving the rear-most link 243
forward toward the front-most link 245. As the rear-most
link 243 moves forward toward the distal end 234, the
links 242 along the sides of the implant 230 pivot out-
wardly into the widened configuration shown in FIGS.
15A-15E.
[0049] The implant 230 includes an actuator assembly
including an actuator 248 configured to move a plurality
of internal ramps 250, which expand the endplate as-
semblies 236, 238 in height. The plurality of ramps 250
may include a front driving ramp 252 and a rear driving
ramp 254. The front driving ramp 252 may include a cen-
tral longitudinal bore 253 and the rear driving ramp 254
may include a central longitudinal bore 255. The plurality
of driving ramps 252, 254 may be positioned along the
length of the actuator 248 and are configured to engage
and drive an upper ramp 256 and a lower ramp 258,
respectively. The upper and lower ramps 256, 258 are
engaged with the upper and lower endplate assemblies
26, 28, thereby providing for expansion of the implant
230 in height.
[0050] The actuator 248 may include a shaft 260 ex-
tending from a proximal end 262 to a distal end 264. The
shaft 260 may include a threaded portion 266 and a non-
threaded portion 268. In FIG. 17B, a cross-sectional view
of the implant 230 is shown along line A-A from FIG. 17A
in a widened orientation and collapsed in height. In FIG.
17C, a cross-sectional view of the implant 230 is shown
along line A-A in a widened orientation and expanded in
height. As best seen in FIG. 17C, the front driving ramp
252 is positioned on the non-threaded portion 268 of the
actuator 248. The front driving ramp 252 may be located
between a securing washer 270 and a shoulder 272 along
the non-threaded portion 268. In this manner, the front
driving ramp 252 is secured to the actuator shaft 248.
The rear driving ramp 254 is positioned along the thread-
ed portion 266 of the shaft 260 in order to move the rear
ramp 254 when the shaft 260 is rotated. The rear ramp
254 is moveable along the length of the threaded portion
266 to move the upper and lower ramps 256, 258 and
expand the implant 230. For example, as shown in FIG.
17B, the rear ramp 254 is positioned near a distal end of
the threaded portion 266. As the implant 230 is expanded,
as shown in FIG. 17C, the rear ramp 254 moves toward
a proximal end of the threaded portion 266. As the actu-
ator 248 moves forward, front ramp 252 may move for-
ward and rear ramp 254 may move backward, thereby
moving away from the front ramp 252, and expanding
the implant 230 in height. The proximal end 262 of the
actuator shaft 260 may include an instrument retention
feature, such as a ribbed neck 274. The ribbed neck 274
may include knurled neck grips or other suitable engage-
ment surfaces, which are configured to interface with a
driver instrument to thereby rotate the actuator shaft 260.
[0051] The driving ramps 252, 254 engage with upper
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ramp 256 and lower ramp 258 to thereby move the upper
and lower ramps 256, 258 outwardly in height. It will be
appreciated that the lower ramp 258 is identical to the
upper ramp 256 and the description for the upper ramp
256 herein applies equally to the lower ramp 258. The
upper ramp 256 extends from a proximal end 276 to a
distal end 278, which are configured to engage with the
upper endplates 236. In particular, a first tab 280 may
extend outwardly from the proximal end 276 of the ramp
256 and a second tab 282 may extend in the opposite
direction outwardly from the distal end 278 of the ramp
256. A portion of the first and second tabs 280, 282 may
be rounded about the longitudinal axis A of the implant
230. For example, a rounded portion 283 on the upper
ramp 256 may include an upper surface configured to
mate with the upper endplates 236 and the rounded por-
tion 283 on the lower ramp 258 may include a lower sur-
face configured to mate with the lower endplates 238.
The rounded portions 283 may facilitate movement of
the endplates 236 about the longitudinal axis A of the
implant 230. The rounded portion 283 may be received
in a mating rounded recess 294 defined within the rear-
most link 243. A similar rounded mating interface may
be provided within the opening 247 in the front-most link
245. In this manner, the upper endplate assembly 236 is
configured to pivot about the longitudinal axis A so that
the implant 230 can passively account for the mismatch
of the oblique angle of insertion and the desired sagittal
angle. Without this type of polyaxial joint, the endplates
236, 238 could dig into and/or tip the vertebral bodies 2
when implanted.
[0052] The upper ramp 256 includes an inner surface
284 configured to mate with the driving ramps 252, 254.
The inner surface 284 may include one or more ramped
surfaces 286, 288. In the embodiment shown, the inner
surface 284 includes at least a first ramped surface 286
near the proximal end 276 of the upper ramp 256 and at
least a second ramped surface 288 near the distal end
278 of the upper ramp 256. The first ramped surface 286
may include a first pair of ramped surfaces 286 and the
second ramped surface 288 may include a second pair
of ramped surfaces 288. The ramped surfaces 286, 288
may be angled continuous surfaces with a given angle
of slope. The ramped surfaces 286, 288 may include
male slide ramps or protruding ramps. The first and sec-
ond ramped surfaces 286, 288 may be angled opposite
to one another such that the ramped surfaces 286, 288
may face one another. For example, the first ramped sur-
face 286 may have an apex near the proximal end 276
and the second ramped surface 288 may have an apex
near the distal end 278 of the ramp 256. Although a spe-
cific arrangement of ramped surfaces 286, 288 is shown,
it is envisioned that the number, location, and configura-
tion of ramped surfaces 286, 288 may be modified or
selected by one skilled in the art.
[0053] The driving ramps 252, 254 include one or more
ramped surfaces 290, 292 configured to mate with the
corresponding ramped surfaces 286, 288 of the upper

and lower ramps 256, 258. For example, the rear driving
ramp 254 may include one or more ramped surfaces 290
and front driving ramp 252 may include one or more
ramped surfaces 292. The ramped surfaces 290, 292
may be angled continuous surfaces with a given angle
of slope. The ramped surfaces 290, 292 may include fe-
male slide ramps or recessed ramps configured to re-
ceive the male ramped surfaces 286, 288 of the upper
and lower ramps 256, 258. It will be appreciated that the
male and female ramps may be reversed or may be oth-
erwise configured to provide for slidable mating between
the ramps. The first ramped surface 286 of the upper
ramp 256 may be configured to slidably interface with
the ramped surface 290 of the rear driving ramp 254. The
second ramped surface 288 of the upper ramp 256 may
be configured to slidably interface with the ramped sur-
face 292 of the front driving ramp 252. In this manner,
the individual driving ramps 252, 254 control the rate of
expansion of the upper and lower ramps 256, 258, which
thereby controls the expansion of the attached upper and
lower endplate assemblies 236, 238.
[0054] As shown in FIGS. 18A-18C, implant 230 may
be implanted from an oblique approach similar to implant
20. The spine may be accessed posteriorly. A cannula
may be docked on the disc space through Kambin’s tri-
angle, or the anatomical area that is bordered by the disc
space, exiting nerve root, and traversing nerve root. The
approach may be oblique, for example, at about a 30°
angle relative to a straight posterior access path. The
expandable interbody 230 is inserted in the non-articu-
lated, collapsed orientation. The expandable interbody
230 is actuated into the expanded footprint that fully max-
imizes surface contact area with the vertebral body 2.
Then, the expandable interbody 230 is expanded in
height to precisely restore normal spinal alignment and
evenly distribute the load across the vertebral endplates.
The passive longitudinal axis allows for the implant end-
plates 236, 238 to pivot to match the vertebral body end-
plate angles and minimize any edge loading.
[0055] Turning now to FIGS. 19A-20D, an expandable
interbody fusion device or implant 300 according to an-
other embodiment is shown. The expandable device 300
is similar to implant 230 but is only configured to expand
in height. The implant 300 is configured to be inserted in
a collapsed orientation, which defines its smallest height.
Once inserted into the disc space, the implant 300 is ex-
panded in height to an expanded orientation. Similar to
implant 230, the implant 300 may be configured to pivot
about the longitudinal axis A of the implant 300 so that it
can passively account for the mismatch of the oblique
angle of insertion and/or the desired sagittal angle.
[0056] As best seen in FIGS. 19A-19D, the implant 300
extends from a rear end or proximal end 302 configured
to connect with an insertion instrument to a nose end or
distal end 304 configured to be inserted first into the disc
space. The proximal end 302 of the implant 300 may
include an outer threaded portion 310 configured to
threadedly mate with an insertion instrument.
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[0057] The implant 300 includes a first or upper end-
plate 306 and a second or lower endplate 308, which are
configured to engage with the adjacent vertebrae 2. The
upper endplate 306 may include opposed side walls 312,
314 and lower endplate 308 may include opposed side
walls 316, 318., The side walls 312, 314, 316, 318 may
completely conceal or mostly conceal the internal expan-
sion mechanism when the implant 300 is in the collapsed
configuration. Although not shown, the endplates 306,
308 may have teeth or friction enhancing surfaces and/or
one or more graft windows for receiving a graft material
if desired.
[0058] The upper and lower endplates 306, 308 are
mated with the upper and lower ramps 256, 258, respec-
tively. The expansion mechanism works in the same
manner as described for implant 230. The front and rear
driving ramps 252, 254 slidably interface with the upper
and lower ramps 256, 258. When the actuator 248 is
rotated, the driving ramps 252, 254 force the upper and
lower ramps 256, 258 away from one another, thereby
expanding the height of the upper and lower endplates
306, 308. For example, when the actuator 248 moves
forward, the front driving ramp 252 may move forward
and the rear driving ramp 254 may move backward along
the threaded portion 266 of the shaft 260 of the actuator
248. As the driving ramps 252, 254 move away from one
another, the height of the implant 300 is increased.
[0059] The upper and lower endplates 306, 308 are
able to passively pivot about the longitudinal axis A of
the implant 300, such that the endplates 306, 308 are
able to passively match the vertebral body endplate an-
gles and minimize any edge loading. Similar to implant
230, the upper ramp 256 may include a rounded portion
283 along an upper surface configured to mate with the
upper endplate 306 and a rounded portion 283 along a
lower surface on the lower ramp 258 configured to mate
with the lower endplate 308. The rounded portion 283
may be received in a mating rounded recess 294 defined
within the upper and lower endplates 306, 308. In this
manner, the upper and lower endplates 306, 308 are con-
figured to pivot about the longitudinal axis A so that the
implant 300 can passively account for the mismatch of
the oblique angle of insertion and the desired sagittal
angle.
[0060] As shown in FIGS. 20A-20D, implant 300 may
be implanted from an oblique approach similar to im-
plants 20, 230. The spine may be accessed posteriorly.
A cannula may be positioned on the disc space through
Kambin’s triangle, or the anatomical area that is bordered
by the disc space, exiting nerve root, and traversing nerve
root. The approach may be oblique, for example, at about
a 30° angle relative to a straight posterior access. The
expandable interbody 300 is inserted in the collapsed
orientation. The expandable interbody 230 is then ex-
panded in height to precisely restore normal spinal align-
ment. The passive longitudinal axis allows for the implant
endplates 306, 308 to pivot to match the vertebral body
endplate angles and minimize any edge loading.

[0061] The expandable fusion devices described here-
in may be manufactured from a number of biocompatible
materials including, but not limited to, titanium, stainless
steel, titanium alloys, non-titanium metallic alloys, poly-
meric materials, plastics, plastic composites, PEEK, ce-
ramic, and elastic materials.
[0062] The features of the embodiments described
herein may provide one or more of the following advan-
tages. A small insertion profile, such as a 10mm insertion
width into the disc space, may reduce skin, fascia, mus-
cle, and/or ligamentous disruption. A controlled lordosis
may be achieved through placement of the interbody in
an articulated position on the anterior apophyseal ring.
The interbody may continuously increase lordosis during
expansion of the interbody. A reduced endplate disrup-
tion may occur due to the expansion profile of the implant,
and may reduce the need for traditional trialing of inter-
body implants which may contribute to endplate disrup-
tion. The implant may passively adapt to the endplate
profiles to maximize load distribution and minimize edge
loading and the associated subsidence. It will be appre-
ciated that different or additional advantages may also
be achieved based on the disclosure herein.
[0063] It will be further understood that various chang-
es in the details, materials, and arrangements of the parts
which have been described and illustrated in order to
explain the nature of this invention may be made by those
skilled in the art without departing from the scope of the
invention as expressed in the claims. One skilled in the
art will appreciate that the embodiments discussed above
are non-limiting. It will also be appreciated that one or
more features of one embodiment may be partially or
fully incorporated into one or more other embodiments
described herein.
[0064] The invention could be inter alia defined by the
following examples:

1. An expandable implant comprising: an upper end-
plate assembly including a plurality of upper end-
plates; a lower endplate assembly including a plu-
rality of lower endplates; an actuator assembly in-
cluding a rotatable actuator having a shaft and a ro-
tatable nut; a plurality of driving ramps including a
front ramp, a mid-ramp, and a rear ramp positioned
along the shaft of the actuator; an upper ramp con-
nected to the upper endplate assembly and engaged
with the plurality of driving ramps; and a lower ramp
connected to the lower endplate assembly and en-
gaged with the plurality of driving ramps, wherein the
upper and lower endplate assemblies are configured
to expand in width, and wherein rotation of the actu-
ator and/or the nut causes movement of one or more
of the driving ramps, thereby causing an expansion
in height of the upper and lower endplate assem-
blies.
2. The expandable implant of Example 1, wherein
the plurality of upper endplates includes a first upper
outer endplate, a second upper outer endplate, and
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a third upper central endplate positionable between
the first and second upper outer endplates, and
wherein the plurality of lower endplates includes a
first lower outer endplate, a second lower outer end-
plate, and a third lower central endplate positionable
between the first and second lower outer endplates.
3. The expandable implant of Example 2, wherein
the upper and lower central endplates are configured
to expand the respective upper and lower outer end-
plates outwardly, thereby expanding the overall
width of the implant.
4. The expandable implant of Example 2, wherein
one of the outer endplates includes an elongate
groove and the other outer endplate retains a pin
configured to be received within the elongate groove,
wherein when the outer endplates move outwardly,
the pin is guided along the path of the elongate
groove.
5. The expandable implant of Example 4, wherein
the elongate groove is a linear groove that allows for
a generally parallel expansion in width of the outer
endplates.
6. The expandable implant of Example 2, wherein
the central endplates are configured to slide between
the outer endplates on one or more tracks.
7. The expandable implant of Example 6, wherein
when the central endplates are advanced forward
distally along the one or more tracks, the outer end-
plates expand in width.
8. The expandable implant of Example 1, wherein
the shaft of the actuator includes a first threaded por-
tion, a second threaded portion, and a non-threaded
portion.
9. The expandable implant of Example 8, wherein
the front ramp is positioned on the non-threaded por-
tion of the actuator, the mid-ramp is positioned on
the first threaded portion, and the rear ramp is posi-
tioned on the second threaded portion.
10. The expandable implant of Example 8, wherein
the first threaded portion has a smaller outer diam-
eter and different handedness than the second
threaded portion.
11. The expandable implant of Example 1, wherein
the rotatable nut is configured to move the rear ramp
independent of the mid-ramp and front ramp.
12. The expandable implant of Example 1, wherein
the upper and lower endplate assemblies are con-
figured to passively pivot about a longitudinal axis of
the implant.
13. An implantable system comprising: an expand-
able implant, the implant comprises an upper end-
plate assembly including a first upper outer endplate,
a second upper outer endplate, and a third upper
central endplate positionable between the first and
second upper outer endplates; a lower endplate as-
sembly including a first lower outer endplate, a sec-
ond lower outer endplate, and a third lower central
endplate positionable between the first and second

lower outer endplates; an actuator assembly includ-
ing a rotatable actuator having a shaft and a rotatable
nut; a plurality of driving ramps including a front ramp,
a mid-ramp, and a rear ramp positioned along the
shaft of the actuator; an upper ramp connected to
the upper endplate assembly and engaged with the
plurality of driving ramps; and a lower ramp connect-
ed to the lower endplate assembly and engaged with
the plurality of driving ramps, wherein the upper and
lower endplate assemblies are configured to expand
in width when the central endplates slide between
the outer endplates, and wherein rotation of the ac-
tuator and/or the nut causes movement of one or
more of the driving ramps, thereby causing an ex-
pansion in height of the upper and lower endplate
assemblies, and an inserter instrument having a can-
nula configured for deploying the implant into a disc
space, wherein the cannula includes a pair of op-
posed tabs configured to engage the implant to keep
the implant from advancing too far into the disc
space.
14. The implantable system of Example 13, wherein
the pair of opposed tabs include t-shaped tabs con-
figured to mate with corresponding slots in sides of
the implant.
15. An expandable implant comprising: a plurality of
upper endplates including a first plurality of links con-
figured to articulate into a generally polygonal shape;
a plurality of lower endplates including a second plu-
rality of links configured to articulate into the gener-
ally polygonal shape; an actuator assembly including
a rotatable actuator having a shaft; a plurality of driv-
ing ramps including a front ramp and a rear ramp
positioned along the shaft of the actuator; an upper
ramp connected to the plurality of upper endplates
and engaged with the plurality of driving ramps; and
a lower ramp connected to the plurality of lower end-
plates and engaged with the plurality of driving
ramps, wherein the plurality of upper and lower end-
plates are configured to expand in width, and where-
in rotation of the actuator causes movement of one
or more of the driving ramps, thereby causing an
expansion in height of the upper and lower end-
plates.
16. The expandable implant of Example 15, wherein
the first and second plurality of links each include a
front link and a rear link configured to mate with the
upper and lower ramps, respectively.
17. The expandable implant of Example 16, wherein
the first and second plurality of links expand in width
when the rear links move towards the front links.
18. The expandable implant of Example 15, wherein
the shaft of the actuator includes a threaded portion
and a non-threaded portion, wherein the front driving
ramp is positioned on the non-threaded portion of
the actuator, and the rear ramp is positioned on the
threaded portion of the actuator.
19. The expandable implant of Example 18, wherein
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rotation of the actuator causes the rear ramp to move
away from the front ramp, which presses the upper
and lower ramps away from one another, thereby
expanding the upper and lower endplates in height.
20. The expandable implant of Example 15, wherein
the plurality of upper and lower endplates are con-
figured to passively pivot about a longitudinal axis of
the implant.

Claims

1. An expandable implant comprising:

- an upper endplate assembly including a plu-
rality of upper endplates;
- a lower endplate assembly including a plurality
of lower endplates;
- an actuator assembly including a rotatable ac-
tuator having a shaft and a rotatable nut;
- a plurality of driving ramps including a front
ramp, a mid-ramp, and a rear ramp positioned
along the shaft of the actuator;
- an upper ramp connected to the upper endplate
assembly and engaged with the plurality of driv-
ing ramps; and
- a lower ramp connected to the lower endplate
assembly and engaged with the plurality of driv-
ing ramps,
- wherein the upper and lower endplate assem-
blies are configured to expand in width, and
- wherein rotation of the actuator and/or the nut
causes movement of one or more of the driving
ramps, thereby causing an expansion in height
of the upper and lower endplate assemblies.

2. The expandable implant of claim 1, wherein the plu-
rality of upper endplates includes a first upper outer
endplate, a second upper outer endplate, and a third
upper central endplate positionable between the first
and second upper outer endplates, and wherein the
plurality of lower endplates includes a first lower out-
er endplate, a second lower outer endplate, and a
third lower central endplate positionable between the
first and second lower outer endplates.

3. The expandable implant of claim 2, wherein the up-
per and lower central endplates are configured to
expand the respective upper and lower outer end-
plates outwardly, thereby expanding the overall
width of the implant.

4. The expandable implant of claim 2, wherein one of
the outer endplates includes an elongate groove and
the other outer endplate retains a pin configured to
be received within the elongate groove, wherein
when the outer endplates move outwardly, the pin
is guided along the path of the elongate groove.

5. The expandable implant of claim 4, wherein the elon-
gate groove is a linear groove that allows for a gen-
erally parallel expansion in width of the outer end-
plates.

6. The expandable implant of claim 2, wherein the cen-
tral endplates are configured to slide between the
outer endplates on one or more tracks.

7. The expandable implant of claim 6, wherein when
the central endplates are advanced forward distally
along the one or more tracks, the outer endplates
expand in width.

8. The expandable implant of claim 1, wherein the shaft
of the actuator includes a first threaded portion, a
second threaded portion, and a non-threaded por-
tion.

9. The expandable implant of claim 8, wherein the front
ramp is positioned on the non-threaded portion of
the actuator, the mid-ramp is positioned on the first
threaded portion, and the rear ramp is positioned on
the second threaded portion.

10. The expandable implant of claim 8, wherein the first
threaded portion has a smaller outer diameter and
different handedness than the second threaded por-
tion.

11. The expandable implant of claim 1, wherein the ro-
tatable nut is configured to move the rear ramp in-
dependent of the mid-ramp and front ramp.

12. The expandable implant of claim 1, wherein the up-
per and lower endplate assemblies are configured
to passively pivot about a longitudinal axis of the im-
plant.

13. The expandable implant of claim 1, wherein the up-
per endplate assembly includes a first upper outer
endplate, a second upper outer endplate, and a third
upper central endplate positionable between the first
and second upper outer endplates;

- the lower endplate assembly includes a first
lower outer endplate, a second lower outer end-
plate, and a third lower central endplate posi-
tionable between the first and second lower out-
er endplates;
- wherein the upper and lower endplate assem-
blies are configured to expand in width when the
central endplates slide between the outer end-
plates, and
- and further comprising
- an inserter instrument having a cannula con-
figured for deploying the implant into a disc
space, wherein the cannula includes a pair of

25 26 



EP 3 943 050 A1

16

5

10

15

20

25

30

35

40

45

50

55

opposed tabs configured to engage the implant
to keep the implant from advancing too far into
the disc space.

14. The implantable system of claim 13, wherein the pair
of opposed tabs include t-shaped tabs configured to
mate with corresponding slots in sides of the implant.
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