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(54) EXPANDABLE INTERVERTEBRAL IMPLANT WITH INDEPENDENT ADJUSTMENTS

(57) An expandable intervertebral implant comprises
an expandable cage comprising a central frame, a supe-
rior endplate, an inferior endplate, an anterior adjustment
mechanism and a posterior adjustment mechanism. The
central frame including an anterior (distal) threaded bore
and a posterior (proximal) bore. The superior (upper) end
plate movably coupled along a posterior portion of the
central frame. The inferior (lower) end plate movably cou-

pled along the posterior portion of the central frame op-
posite the superior end plate. The anterior adjustment
mechanism including an anterior wedge coupled to an
anterior screw movable within the anterior threaded bore.
The posterior adjustment mechanism including a poste-
rior wedge coupled to a posterior screw movable within
the posterior bore.
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Description

TECHNICAL FIELD

[0001] This document pertains generally, but not by
way of limitation, to implants for positioning between ad-
jacent bones, such as can be used in spinal correction
procedures. More specifically, but not by way of limita-
tion, the present application relates to intervertebral im-
plants that are expandable.

BACKGROUND

[0002] A spinal column can require correction of spinal
deformities and abnormalities resulting from trauma or
degenerative issues. Various methods of correcting is-
sues with the spinal column can include fusing adjacent
vertebrae together with a spacer and/or a rod system to
immobilize the degenerated portion of the spine. Such
procedures can be beneficial in patients having diseased
or degenerated disc material between the vertebrae. For
example, intervertebral implants can be positioned be-
tween adjacent vertebrae to fuse the vertebrae together,
after disk material located therebetween is removed. In
order to facilitate insertion between the adjacent verte-
brae, the implants can be configured to expand. As such,
the implant can be collapsed to have a smaller height for
insertion and after being positioned into the target anat-
omy can be expanded to a taller height to provide the
desired spacing. It can, however, be difficult to expand
the implant to the desired level due to, for example, re-
sistance from the anatomy.
[0003] Examples of expandable intervertebral spacer
implants are described in Pub. No. US 2015/0148908 to
Marino et al.; Pub. No. US 2016/0354212 to Baynham;
Pub. No. US 2020/0129307 to Hunziker et al.; and Pub.
No. US 2016/0166396 to McClintock et al.

OVERVIEW

[0004] The present inventors have recognized, among
other things, that a problem to be solved can include the
lack of variability in lordotic expansion for traditional ex-
pandable intervertebral spacers. In particular, the
present inventors have recognized that many typical ex-
pandable implants utilize only a single mechanism to ex-
pand the implant. As such, each of these implants typi-
cally include tradeoffs between providing bone support,
expansion height, mechanical advantage, and lordotic
expansion angles. For example, most expandable in-
tervertebral implants utilize a single actuation mecha-
nism that limits the variability in achievable angles of lor-
dotic expansion (e.g., greater height expansion for distal
(or anterior) side of implant versus proximal (or posterior)
side). The current inventors recognize that providing a
surgeon with the ability to adjust the amount of expansion
as well as the amount of lordotic angle provides greater
intraoperative flexibility to achieve desire spinal correc-

tion.
[0005] The present subject matter can help provide a
solution to these problems, such as by providing an in-
terbody implant that is configured to expand using two
different expansion mechanisms. The two different ex-
pansion mechanisms (anterior and posterior) can be con-
figured to be deployed independently through separate
adjustment mechanisms. For example, a first (anterior)
expansion mechanism adjusts the expansion height of
the anterior portion of the implant, while a second (pos-
terior) expansion mechanism adjusts the posterior ex-
pansion height. In examples, the expansion mechanisms
can be configured to work cooperatively, e.g., at the same
time, and then exclusively, e.g., one at a time. In other
examples, the expansion mechanisms can be configured
to operate sequentially, e.g., one and then the other. In
an example, the expansion (or adjustment) mechanisms
operate independently, so it is a function of the implant
instrument to allow for concurrent and also independent
operation of the expansion mechanisms.
[0006] In an example, an intervertebral implant can
comprise a first cage (end plate), a second cage (end
plate), a central frame, a distal (anterior) wedge, a distal
(anterior) adjustment mechanism, a proximal (posterior)
wedge, and a proximal (posterior) adjustment mecha-
nism. In this example, the adjustment mechanisms in-
clude a threaded screw rotationally coupled to the central
frame. In some examples, the distal adjustment mecha-
nism can include a distal screw threadably engaged with
a thread bore in the central frame. In certain examples,
the proximal screw can be free to rotate with a proximal
bore in the central frame, but is translationally fixed rel-
ative to the frame.
[0007] In another example, a method of inserting an
intervertebral implant can comprise inserting the interver-
tebral implant into anatomy of a patient, the intervertebral
implant comprising a first (superior) end plate and a sec-
ond (inferior) end plate coupled to opposing sides of a
central frame housing the first (distal) and second (prox-
imal) adjustment mechanisms. The method can continue
with expansion of the implant by operating the first ex-
pansion mechanism to expand the distal height of the
implant and by operating the second adjustment mech-
anism to expand the proximal height of the implant.
[0008] Additional examples of variations in the adjust-
ment mechanisms, end plates, and central frame are dis-
cussed in detail below.
[0009] This overview is intended to provide an over-
view of subject matter of the present patent application.
It is not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description is
included to provide further information about the present
patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]
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FIGS. 1A-1B are perspective and cross-sectional
views of an expandable interbody implant with inde-
pendently adjustable expansion mechanisms in a
closed state, according to an example embodiment.
FIGS. 1C-1D are perspective and cross-sectional
views of the expandable interbody implant with in-
dependently adjustable expansion mechanisms with
distal expansion only, according to an example em-
bodiment.
FIGS. 1E-1F are perspective and cross-sectional
views of the expandable interbody implant with in-
dependently adjustable expansion mechanisms with
distal and proximal expansion, according to an ex-
ample embodiment.
FIG. 2A is an exploded view of the expandable in-
terbody implant with independently adjustable ex-
pansion mechanisms, according to an example em-
bodiment.
FIGS. 2B-2C are various assembly drawings of an
expandable interbody implant with independently
adjustable expansion mechanisms, according to an
example embodiment.
FIG. 2D is a cross-sectional view illustrating end
plate retention structures built into expansion wedg-
es, operable within any of the example embodi-
ments.
FIGS. 2E-2F are cross-sectional drawings of expan-
sion mechanism retention pins, operable within any
of the example embodiments.
FIGS. 3A-3F are various drawings of expandable in-
terbody implants illustrating bone graft openings
within structures of implants with independently ad-
justable expansion mechanisms, illustrated struc-
tures are operable within any of the example embod-
iments.
FIGS. 4A-4B are perspective drawings of an expand-
able interbody implant using an outer-inner central
frame structure, according to an example embodi-
ment.
FIGS. 4C-4D are perspective drawings of an ex-
pandable interbody implant using an inner central
frame structure, according to an example embodi-
ment.
FIGS. 4E-4F are perspective drawings of an expand-
able interbody implant using an outer central frame
structure, according to an example embodiment.
FIGS. 5A-5K are various drawings illustrating differ-
ent distal end plate configurations operable with any
of the example embodiments.
FIGS. 6A-6C are various drawings illustrating an al-
ternative proximal end plate configuration operable
with any of the example embodiments.
FIGS. 7A-7E are various drawings illustrating an ex-
ample distal screw arrangement operable within any
of the example embodiments.
FIGS. 8A-8C are various drawings illustrating an ex-
ample proximal expansion mechanism operable
within any of the example embodiments.

FIGS. 8D-8F are various drawings illustrating anoth-
er example distal expansion mechanism operable
within any of the example embodiments.
FIGS. 9A-9E are various drawings illustrating a dou-
ble wedge distal expansion mechanism operative
within any of the example embodiments.
FIGS. 9F-9H are various drawings illustrating an ex-
ample distal expansion mechanism operable within
any of the example embodiments.
FIGS. 10A-10D are various drawings illustrating an
example assembly technique for the expandable in-
terbody implant according to various example em-
bodiments.
FIGS. 11A-11F are various drawings illustrating a
proximal wedge integrated into a central frame ac-
cording to an example embodiment.
FIGS. 12A-12C are various drawings illustrating an
elastic tab mechanism to limit rotation of a proximal
screw, according to an example embodiment.
FIGS. 12D-12E are cross-sectional views illustrating
uses of elastic pins to limit rotation of a proximal
screw, according to various example embodiments.
FIGS. 12F-12G are various drawings illustrating cy-
lindrical polymer elements to limit rotation of a prox-
imal screw, according to an example embodiment.

[0011] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document. As eluded to
in the drawing descriptions and further detailed below,
many of the illustrated example structures can be utilized
across different embodiments, as would be understood
by a person of ordinary skill in the art.

DETAILED DESCRIPTION

[0012] The expandable intervertebral implant dis-
cussed in detail below includes differentiated proximal
(posterior) and distal (anterior) expansion with wedges
actuated by screw-based adjustment mechanisms. The
embodiments discussed below include a central frame,
upper (superior) and lower (inferior) end plates, and prox-
imal and distal adjustment mechanisms. The proximal
and distal adjustment mechanisms involve threaded
screws coupled in some manner to the central frame. In
some examples, the distal screw is threadably engaged
with a threaded bore in a distal portion of the central
frame. In certain examples, the distal screw includes two
threaded portions one threadably engaged with the
threaded bore in the central frame and the second thread-
ably engaged with the distal wedge. In these examples,
articulation of the distal screw results in linear translation
of the distal wedge, which enables height adjustment of
the distal ends of the end plates. The height adjustment
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is enabled through interaction between the distal wedge
and ramped surfaces on the interior sides of the end
plates (e.g., on the inferior side of the superior end plate
and on the superior side of the inferior end plate). The
screw-based adjustment mechanisms allow for infinitely
variable adjustment of proximal and distal height within
the overall adjustment range. The overall adjustment
range is dictated by the wedge size and ramped surfaces
on the end plates. In some examples, distal expansion
is extended through crossed (interleaved) arrangement
between ramped surfaces of the opposing end plates,
which allows the expended height to exceed the height
of the wedge alone.
[0013] In some examples, the proximal adjustment
screw is cylindrical to allow passage of the adjustment
instrument to articulate the distal adjustment screw. The
cylindrical structure of the proximal adjustment screw al-
so enables post-packing of bone graft materials into the
central frame and end plates. Both the central frame and
the end plate can include large lateral and vertical open-
ings to enable passage of bone graft material into the
adjacent disc space.
[0014] The following discussion of the drawings pro-
vides detailed explanation of the various different expan-
sion mechanisms, end plate structures, central frame
structures, and assembly techniques for the expandable
interbody implants. A person of ordinary skill in the art
will understand that many of the different structures de-
scribed below can be combined in manner not specifically
discussed, but within the understanding of the present
inventors.
[0015] FIGS. 1A-1F illustrate an example expandable
interbody implant across three distinct states of expan-
sion-closed (collapsed), distal (anterior) expansion, and
distal and proximal (posterior) expansion. In this exam-
ple, the expandable interbody implant 1 ("the implant 1")
includes a lower (inferior) endplate 2, an upper (superior)
endplate 3, a central frame 4, a distal (anterior) wedge
5, a distal (anterior) screw 6, a proximal (posterior) screw
7, and a proximal (posterior) wedge 8. Additional com-
ponents of this example of the implant 1 as discussed
below in reference to the different state of expansion fig-
ures.
[0016] FIGS. 1A-1B are perspective and cross-sec-
tional views of implant 1 with the independently adjusta-
ble expansion mechanisms in a closed state, according
to an example embodiment. In this example, both the
proximal and distal expansion mechanism are in a closed
state (or implant state). The implant 1 is designed for
implantation in a closed or collapsed state to minimize
soft tissue disruption and ease implantation. In this ex-
ample, the distal expansion mechanism includes the dis-
tal screw 6 coupled to the distal wedge 5 with assembly
pins 9. In some embodiments, assembly pins 9 are elastic
pins that allow the distal screw 6 to rotate relative to the
distal wedge 5, but prevent relative translation between
the distal screw 6 and the distal wedge 5. The implant
holder interface 45 on the proximal end of the central

frame 4 is also illustrated. The implant holder interface
45 provides a t-shape slot for engaging the implant in-
strument allows for manipulation of the implant during
the implant procedure.
[0017] FIG. 1A also illustrates a lower endplate pin 21
within an endplate guide slot 41 in the central frame 4.
The lower endplate pin 21 retains the lower endplate 2
within the guide slot 41, which allows for vertical expan-
sion of the lower endplate 2 relative to the central frame 4.
[0018] FIG. 1B is a cross-sectional illustrating depict-
ing various internal structures of the example implant 1.
Starting with the distal expansion mechanism, FIG. 1B
illustrates the distal wedge 5 including opposing angled
surfaces 56 that engage with a distal lower angled sur-
face 26 on the superior surface of the lower endplate 2
and a distal upper angled surface 36 on the inferior sur-
face of the upper endplate 3. Interaction of these angled
surfaces enables expansion of the distal end of the im-
plant 1. The angulation of these angled surfaces also
dictates the amount of expansion and expansion force
the implant 1 can exert and adjacent vertebral bodies
during implantation. The distal expansion mechanism
further includes the distal screw 6 with threads 621 en-
gaging a threaded portion 421 of the central frame 4. The
distal screw 6 also includes a drive socket 61 that can
receive an expansion driver portion of an implant instru-
ment. Rotation of the expansion driver when engaged
with the drive socket 61 results in linear translation of the
distal wedge 5, which in turn causes vertical separation
of the distal ends of the lower endplate 2 and the upper
endplate 3.
[0019] In this example, the proximal expansion mech-
anism includes proximal wedge 8 with opposing angled
surfaces 87 that engage with a lower angled surface 27
extending from an superior surface of the lower endplate
2 and an upper angled surface 37 extending from an
inferior surface of the upper endplate 3 (elements 27 and
37 also referred to as endplate angled surfaces). The
proximal wedge 8 also includes a threaded bore 82 that
engages with threads 72 on the proximal screw 7. In this
example, the proximal screw 7 is translationally fixed rel-
ative to the central frame 4. The proximal screw 7 further
includes a drive socket 71 to receive a proximal expan-
sion driver portion of an implant instrument.
[0020] FIGS. 1C-1D are perspective and cross-sec-
tional views of the implant 1 with independently adjusta-
ble expansion mechanisms with distal expansion only,
according to an example embodiment. In this example,
the distal expansion mechanism is fully expanded sep-
arating the distal ends of the lower endplate 2 and the
upper endplate 3 to the fullest extent of the design. As
shown, the distal wedge 5 is advanced distally between
the lower endplate 2 and the upper endplate 3 engaging
the angled surfaces 26, 36 on the respective endplates.
The distal screw 6 has also translated distally within the
distal threaded bore (e.g., threaded portion 421) in the
central frame 4. FIG. 1D illustrates overexpansion slots
241 and 341 on the lower endplate 2 and upper endplate
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3 respectively. The overexpansion grooves 241, 341 op-
erate to prevent the distal wedge 5 from pushing to far
distally and dislodging from the endplates. As illustrated
below FIG. 2A, the distal wedge 5 includes overexpan-
sion pegs 54 extending from each outer corner of the
wedge.
[0021] FIGS. 1E-1F are perspective and cross-sec-
tional views of the implant 1 with independently adjusta-
ble expansion mechanisms with distal and proximal ex-
pansion, according to an example embodiment. In this
example, the proximal expansion mechanism (e.g., prox-
imal screw 7 and proximal wedge 8) are engaged to ex-
pand the proximal ends of the lower endplate 2 and upper
endplate 3 to the furthest extent of the design. Similar to
the distal expansion mechanism, the proximal wedge 8
is captured within proximal overexpansion grooves 242
and 342 in the lower endplate 2 and upper endplate 3
respectively.
[0022] FIG. 2A is an exploded view of the expandable
interbody implant 1 with independently adjustable expan-
sion mechanisms, according to an example embodiment.
In this example, all the individual components of the im-
plant 1 are illustrated. In this example, the lower endplate
2 includes a lower endplate pin 21 that extends through
the guide slot 41 in the central frame 4. The distal over-
expansion groove 241 of the lower endplate 2 is also
shown. The upper endplate 3 also includes a distal over-
expansion groove 341 as well as a proximal overexpan-
sion groove 342. The upper endplate 3 further includes
an upper endplate pin 39 that engages with vertical guide
groove 49 to restrict movement of the proximal end of
upper endplate in a vertical direction.
[0023] In this example, the central frame 4 includes
proximal screw assembly pin(s) 10, proximal wedge lock-
ing pin(s) 14, guide slot 41, proximal wedge horizonal
guide slot 48, and vertical guide groove 49. The proximal
screw assembly pin(s) 10 extend vertically into a periph-
ery of the proximal screw bore to capture the proximal
screw 7 within the central frame 4. In this example, the
proximal screw assembly pin(s) 10 retain the proximal
screw 7 in translation relative to the central frame 4, while
allowing the proximal screw 7 to rotate. In this example,
there are two proximal screw assembly pins 10, one il-
lustrated above the central frame 4 and the other below
the central frame 4. The proximal screw assembly pins
10 are received through apertures in opposing sides of
the central frame 4 into pin grooves 410 that are partially
exposed to the bore that the proximal screw extends into
in the proximal portion of the central frame 4. Proximal
screw assembly pins 10 can flex within the pin grooves
410 to allow rotation of the proximal screw 7. The prox-
imal wedge locking pins 14 extend through opposing lat-
eral sides of the central frame 4 to capture the proximal
wedge 8. The locking pins 14 engage a guidance groove
88 on the lateral sides of the proximal wedge 8. In this
example, the guidance groove 88 on the proximal wedge
8 is also adapted to engage a corresponding proximal
wedge horizonal guide slot 48 milled (or otherwise

formed) in the lateral sides of the central frame 4.
[0024] In this example, the distal wedge 5 includes
structures such as overexpansion pegs 54 and pin holes
59. The pin holes 59 receive assembly pins 9 to capture
the distal screw 6 within the distal wedge 5. The assembly
pins 9 can be elastic pins that allow for the distal screw
6 to rotation within the distal wedge 5, but prevent relative
translation between the distal screw 6 and the distal
wedge 5. The proximal wedge 8 includes overexpansion
pegs 84 and guidance groove 88, as discussed above.
Finally, the proximal screw 7 includes flats 710, which
operate in coordination with proximal screw assembly
pins 10 to lock the proximal screw 7 into the central frame
4.
[0025] FIGS. 2B-2C are various assembly drawings of
the implant 1 with independently adjustable expansion
mechanisms, according to an example embodiment. In
this example, the implant 1 is assembly by tilting the end-
plates (lower endplate 2 and upper endplate 3) into the
central frame 4. As shown in FIG. 2C, the lower endplate
2 is angled to insert the lower endplate pin 21 into guide
slot 41 and then the lower endplate pin 29 is slid into
vertical guide groove 49. The upper endplate 3 is assem-
bled in a similar fashion. The upper endplate pin 31 is
tilted into an opposing guide slot 41 and upper endplate
pin 39 is slid into another vertical guide groove 49.
[0026] FIG. 2D is a cross-sectional view illustrating end
plate retention structures built into expansion wedges,
such as the proximal wedge 8. In this example, the prox-
imal wedge 8 includes overexpansion pegs 84 extending
from all four outer corners. The overexpansion pegs 84
extend into proximal overexpansion grooves 242 on the
lower endplate 2, and proximal overexpansion grooves
342 on the upper endplate 3. The cross-sectional view
also illustrates the interaction between proximal wedge
horizonal guide slot 48 and guidance groove 88.
[0027] FIGS. 2E-2F are cross-sectional drawings of
expansion mechanism retention pins, operable within
any of the example embodiments. In these examples,
assembly pins 9 and 10 are illustrated. FIG. 2E is a cross-
sectional view illustrating how proximal screw assembly
pins 10 extend vertically into a proximal portion of the
central frame 4 to capture proximal screw 7 vie interaction
with flats 710. FIG. 2F is a cross-sectional view illustrating
how distal wedge assembly pins 9 capture the distal end
of the distal screw 6 within the distal wedge 5. The distal
wedge 5 includes pin holes 59 to receive assembly pins
9, which engage flats 69 on the distal end of the distal
screw 6.
[0028] FIGS. 3A-3F are various drawings of three dif-
ferent configurations for implant 1 that all illustrating bone
graft openings, illustrated structures are operable within
any of the example embodiments. Each pair of drawings
illustrates a full implant and central frame combination.
FIGS. 3A-3B illustrate an external central frame where
the majority of the body of the central frame 4 surrounds
the endplates and expansion mechanisms. FIGS. 3C-3D
illustrate a first internal frame design where the majority
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of the central frame 4 is within the endplates. In this ex-
ample, the proximal end of the central frame 4 surrounds
the proximal end of the endplates (e.g., lower endplate
2 and upper endplate 3). FIGS. 3E-3F illustrate a second
internal frame design where the majority of the central
frame 4 is internal to the endplates (when the implant is
assembled). The central frame 4 illustrated in FIG. 3F
includes a superior/inferior support structure 434 instead
of the vertical bone graft openings 432 shown in FIG. 3D.
These examples also illustrate various positions for lat-
eral bone graft openings 231, 431 and vertical bone graft
openings 332, 432.
[0029] FIGS. 4A-4B are perspective drawings of im-
plant 1 using an outer-inner central frame structure, ac-
cording to an example embodiment. This example illus-
trates another example of an outer-inner frame structure
(primarily internal central frame 4), similar to those dis-
cussed above in reference to FIGS. 3A-3F. The implant
1 in these figures also includes lateral bone graft open-
ings 331, 231 and vertical bone graft openings 332, 432.
[0030] FIGS. 4C-4D are perspective drawings of im-
plant 1 using an inner central frame structure, according
to an example embodiment. In this example, the central
frame 4 is completely internal to the endplates, as shown
in FIG. 4C. This example also includes lateral bone graft
openings 431 and vertical bone graft openings 332.
[0031] FIGS. 4E-4F are perspective drawings of im-
plant 1 using an outer central frame structure, according
to an example embodiment. In this example, the central
frame 4 is completely external to the endplates as shown
in FIG. 4E. This example also includes lateral bone graft
openings 431 and vertical bone graft openings 332.
[0032] FIGS. 5A-5K are various drawings illustrating
different configurations for the distal end portion of the
endplates, which are operable with any of the example
embodiments. FIG. 5A illustrates an implant 1 with a low-
er endplate 2 and an upper endplate 3 that have no cross-
ing or interleaved portion. FIG. 5B illustrates an implant
1 with a lower endplate 2 and an upper endplate 3 with
crossed portions 251, 351. In this example, the lower
endplate 2 includes a center crossed portion 251 that
can be interleaved with crossed portions 351 extending
inferiorly from the upper endplate 3. The crossed portions
251, 351 are shown in a closed (collapsed) state in FIG.
5C. FIG. 5D illustrates an alternative configuration for
crossed portions 251, 351 where the crossed portions
251 form two recesses in the lower endplate 2 and the
crossed portions 351 form protrusions extending inferi-
orly from the upper endplate 3. FIG. 5E illustrates the
crossed portions 251, 351 from FIG. 5D in a closed state.
In all of these examples, the cross portions 251, 351 form
a part of ramped surfaces on the endplates or are imme-
diately adjacent to ramped portions. The crossed por-
tions 251, 351 allow for the ramped surfaces to be larger
on each endplate and enable more vertical expansion of
the distal portion of the endplates. FIGS. 5F-5K illustrate
additional example configurations for the crossed por-
tions 251, 351.

[0033] FIGS. 6A-6C are various drawings illustrating
an alternative proximal end plate configuration operable
with any of the example embodiments. In this example,
the proximal portion of each endplate (e.g., lower end-
plate 2 and upper endplate 3) also includes crossed por-
tions, such as crossed portions 252, 352. In this example,
the lower endplate 2 includes distal crossed portion 251
and proximal crossed portion 252, which enable the end-
plates to collapse into a smaller form factor in the closed
state. The upper endplate includes distal crossed portion
351 and proximal crossed portion 352.
[0034] The implant 1 in this example uses an external
central frame, central frame 4 and the endplates are se-
cured on the proximal end with proximal endplate assem-
bly pins 11. In this example, the proximal endplate as-
sembly pins 11 extend through a proximal portion of cen-
tral frame 4 to engage endplate expansion guides 211,
311. In this example, the proximal endplate assembly
pins 11 are press fit into corresponding holes in the cen-
tral frame 4. As illustrated in FIG. 6C, the proximal end-
plate assembly pins 11 engage the endplate expansion
guides 211, 311, which are located at least partially within
the crossed portions 252, 352 respectively.
[0035] FIGS. 7A-7E are various drawings illustrating
an example distal screw arrangement operable within
any of the example embodiments. In this example, the
distal expansion mechanism (e.g., distal wedge 5 and
distal screw 6) includes a first threaded portion 621 and
a second threaded portion 622. The first threaded portion
621 engages with threaded portion 421 on the central
frame 4, while the second threaded portion 622 engages
with threaded portion 522 on the distal wedge 5. The two
different threaded portions doubles the speed of expan-
sion as rotation of the distal screw 6 translates the distal
screw 6 with respect to the central frame 4 (via threaded
portions 421 and 621) and also translates the distal
wedge with respect to the distal screw (via threaded por-
tions 522 and 622). A comparison of FIG. 7B (closed
state) and FIG. 7E (expanded state) demonstrates the
linear movement of both the distal wedge 5 and the distal
screw 6.
[0036] FIGS. 7B and 7E also illustrate an alternative
arrangement for the proximal expansion mechanism
(e.g., proximal screw 7 and proximal wedge 8). In this
example, the proximal wedge 8 includes angled surfaces
87 that interact with endplate angled surfaces 27, 37 on
the lower endplate 2 and upper endplate 3 respectively.
The proximal wedge 8 is translationally fixed to the prox-
imal end of the proximal screw 7, and the proximal screw
7 translates upon rotation relative to the central frame 4
via threaded portions 72, 422. The proximal wedge 8
engages the proximal screw 7 at planar edges 73, 83.
Planar edge 73 is formed on the proximal end of the prox-
imal screw 7 and abuts planar edge 83 formed by the
proximal end of the proximal wedge 8.
[0037] FIGS. 8A-8C are various drawings illustrating
an example proximal expansion mechanism operable
within any of the example embodiments. In this example,
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the proximal expansion mechanism includes a proximal
wedge 8 with angled slots 81 that proximal endplate as-
sembly pins 11 ride in (engage) to create the expansion
forces upon translation of the proximal wedge 8. The
proximal endplate assembly pins 11 extend through end-
plate guide slots 41 and into angled slots 81. The end-
plate guide slot 41 are vertical to guide expansion of the
endplates caused by translation of the proximal wedge
8 with angled slots 81.
[0038] FIGS. 8D-8F are various drawings illustrating
another example distal expansion mechanism operable
within any of the example embodiments (also included
in FIGS. 8A-8C). In this example, the distal expansion
mechanism includes two threaded distal screws 6a, 6b.
The inner distal screw 6b is secured to the distal wedge
5 on the distal end and threads into the outer distal screw
6a. The outer distal screw 6a includes an inner threaded
bore to receive the inner distal screw 6a and outer threads
that thread into a distal portion of the central frame 4.
Upon rotation of the outer distal screw 6a, the outer distal
screw translates due to interaction between the outer
threaded surface and the central frame 4. Simultaneous-
ly, when the outer distal screw 6a rotates the inner distal
screw 6b also translates with respect to the outer distal
screw 6a causing expansion speed to double (over the
standard single distal screw 6).
[0039] FIGS. 9A-9E are various drawings illustrating a
double wedge distal expansion mechanism operative
within any of the example embodiments. In this example,
the distal expansion mechanism uses a dual wedge de-
sign, which are split into a lower distal wedge 5a and an
upper distal wedge 5b. The dual wedges each include a
vertical groove 581, 582 that cooperates with wedge re-
tainer 682 to couple the wedges to distal screw 6. Rota-
tion of distal screw 6 causes the lower wedge 5a and
upper wedge 5b to advance distally and separate through
interaction with structures on the central frame 4. The
dual action of the split wedge design amplifies the amount
of expansion achieved by the distal expansion mecha-
nism.
[0040] FIGS. 9A-9E also illustrate a proximal expan-
sion mechanism where the proximal wedge 8 bears
against lateral faces of the endplates (lower endplate 2
and upper endplate 3) to create expansion between the
endplates.
[0041] FIGS. 9F-9H are various drawings illustrating
an example distal expansion mechanism operable within
any of the example embodiments. In this example, the
distal wedge 5 includes a extended frame portion 510
that translates within frame slot 415. The interaction of
these sturctures (510/415) prevents any rotation of the
distal wedge 5, but allows for translation of distal wedge
5 within the central frame 4.
[0042] FIGS. 10A-10D are various drawings illustrating
an example assembly technique for the expandable in-
terbody implant according to various example embodi-
ments. In this example, the endplates, lower endplate 2
and upper endplate 3, can be inserted vertically into the

central frame 4. The lower endplate pins 21 (not shown),
29 can slide directly into vertical guide grooves 49 from
below, and similarly the upper endplate pins 31 (not
shown), 39 can slide directly into vertical guides grooves
49 from above. The proximal screw 7 is inserted from the
proximal end after the distal screw 6 is first inserted and
threaded into the central frame 4. The distal screw 6 is
captured by assembly pins 9 within the distal wedge 5.
[0043] FIGS. 11A-11F are various drawings illustrating
a proximal wedge integrated into a central frame accord-
ing to an example embodiment. In this example, the cen-
tral frame 4 and the proximal wedge 8 are formed into a
single structure (frame wedge 12). The frame wedge 12
includes angled surfaces 127 which interact with end-
plate angled surfaces 27, 37. Accordingly, in this exam-
ple, actuation of the proximal screw 7 will advance both
the frame wedge 12 (proximal wedge 8 integral with cen-
tral frame 4) and the distal wedge 5. Actuation of the
proximal screw 7 results in simultaneous expansion of
both the proximal ends and distal ends of the lower end-
plate 2 and upper endplate 3. Expansion is parallel if the
proximal wedge 8 and the distal wedge 5 as well as the
corresponding ramped surfaces have the same inclina-
tion. In this example, the implant 1 also includes a sep-
arate distal screw 6 that can further advance the distal
wedge 5. Actuation of the distal screw 6 results in induc-
ing a lordotic angle to the expansion of implant 1. The
endplates are retained in this example by a proximal outer
fame 13, which forms the proximal end of implant 1 and
wraps around a portion of the lateral sides. The endplates
are retained by the proximal endplate assembly pins 11,
which translate vertically within the endplate guide slots
1311.
[0044] FIGS. 12A-12C are various drawings illustrating
an elastic tab mechanism to limit rotation of the proximal
screw 7, according to an example embodiment. In this
example, the proximal screw 7 includes an elastic tab
mechanism having opposing elastic locking tabs 711 and
tab gaps 712. The elastic locking tabs 711 interact with
locking recesses 411 formed in the bore receiving the
proximal screw 7 within the central frame 4. The tab gaps
712 allow the elastic locking tabs 711 to flex, and snap
into locking recesses 411 upon rotation of proximal screw
7.
[0045] FIGS. 12D-12E are cross-sectional views illus-
trating uses of elastic pins to limit rotation of the proximal
screw, according to various example embodiments. In
this example, the elastic longitudinal pin 15 is inserted
into the end of the distal screw 6 and interacts with pin
housing 615 which allows for elastic flexion of elastic lon-
gitudinal pin 15 upon rotation of distal screw 6. The elastic
longitudinal pin 15 interacts with assembly pins 9 to pre-
vent unwanted rotation of distal screw 6, but allow rotation
with the driver portion of the implant instrument.
[0046] This example also includes elastic ring 16,
which assists in retaining the proximal screw 7 after as-
sembly into the central frame 4. The elastic ring 16 main-
tains the proximal screw 7 in position after assembly.
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[0047] FIGS. 12F-12G are various drawings illustrating
cylindrical polymer (PEEK) elements to limit rotation of
a proximal screw, according to an example embodiment.
The PEEK ring 17 is assembled with a light press fit on
the proximal screw 7 and within a recess in the central
frame 4. The PEEK ring 17 functions to avoid unintended
rotation of the proximal screw 7 by friction. Similarly, the
PEEK ring 18 is assembled with a light press fit on the
distal screw 6 and within a recess in the distal wedge 5.
The PEEK ring 18 also functions to avoid unintended
rotation of the distal screw 6 by friction.
[0048] Interbody implant 1 of the present disclosure
can be configured for use in various spinal correction
procedures. Intervertebral implants of the present disclo-
sure can be used with different insertion approaches and
for various levels of the spine. Specifically, the illustrated
example can be used as a Transforaminal Lumbar Inter-
body Fusion (TLIF) device or a Posterior Lumbar Inter-
body Fusion (PLIF) device. However, the features and
benefits of the present disclosure can additionally be con-
figured for use as an anatomic Anterior Cervical Inter-
body Fusion (ACIF) device or a lordotic Anterior Cervical
Interbody Fusion (ACIF) device.
[0049] TLIF devices can be configured for insertion in
between vertebrae from a posterior side of the spinal
column. More specifically, a TLIF device of the present
disclosure can be configured for insertion into a spinal
column between a spinous process and an adjacent
transverse process. A TLIF device of the present disclo-
sure can be configured, e.g., with different thicknesses,
sizes, widths, lengths to accommodate usage at different
levels in the spinal column or in different sized patients.
A TLIF device of the present application can be rotated
on a superior-inferior axis in a transverse plane while
being inserted to the position TLIF device to extend
across the spinal column. An insertion device can be cou-
pled to implant holder interface 45 can be pushed through
tissue into the spinal column such that superior and in-
ferior surfaces of the upper endplate 3 and lower endplate
2, respectively, align with an inferior surface of a superior
vertebra and a superior surface of an inferior vertebra.
[0050] PLIF devices can be configured for insertion in
between vertebrae from a posterior side of the spinal
column. More specifically, a PLIF device of the present
disclosure can be configured for insertion into a spinal
column between a spinous process and an adjacent
transverse process. A PLIF device of the present disclo-
sure can be configured, e.g., with different thicknesses,
sizes, widths, lengths to accommodate usage at different
levels in the spinal column or in different sized patients.
A PLIF device of the present disclosure can inserted
straight into the spinal column on one side of the spinal
cord. In examples, a second PLIF device can be inserted
straight into the spinal column on the opposite side of the
spinal column. An insertion device can be coupled to im-
plant holder interface 45 can be pushed through tissue
into the spinal column such that superior and inferior sur-
faces the upper endplate 3 and lower endplate 2, respec-

tively, align with an inferior surface of a superior vertebra
and a superior surface of an inferior vertebra.
[0051] The systems, devices and methods discussed
in the present application can be useful in implanting ex-
pandable interbody implants, such as those that can be
used in spinal correction procedures involving lateral,
transverse, anterior or posterior insertion of a spacer be-
tween adjacent vertebrae. The interbody implant can
have first and second bodies that can be coupled to each
other at a pivoting coupling. The angle between the lower
endplate 2 and the upper endplate 3 can be adjusted to
push adjacent anatomy into a desired orientation, such
as a desired angle therebetween. The lower endplate 2
and the upper endplate 3 can be moved into the desired
angle using two expansion mechanisms that can provide
different actuation qualities, such as expansion strength
or force, expansion height and mechanical leverage.
Thus, the two expansion mechanisms can be arranged
in conjunction with an actuation mechanism to sequen-
tially operate to pivot the lower endplate 2 and the upper
endplate 3 relative to each other to overcome resistance
from the anatomy and position the anatomy in the desired
orientation. The first expansion mechanism can be con-
figured to adjust a distal portion of the implant. The sec-
ond expansion mechanism can be configured to adjust
a proximal portion of the implant to create a desire lordotic
correction.

Examples

[0052] Each of the following non-limiting examples
may stand on its own, or may be combined in various
permutations or combinations with one or more of the
other examples. Structures of the discussed expandable
implants may be utilized across multiple different exam-
ples, even where not specifically discussed in a particular
combination. For example, different example embodi-
ments discussed above in view of the figures include dif-
ferent wedge structures for expanding end plates, the
different wedge structures can be adapted for use with
different end plate sturctures as would be understood by
one of ordinary skill in the art.

Example 1 is an expandable interbody implant in-
cluding a central frame, a superior end plate, an in-
ferior end plate, an anterior adjustment mechanism
and a posterior adjustment mechanism. In the broad-
est understanding of this example, the expandable
interbody implant includes the two independently ad-
justable adjustment mechanisms (e.g., anterior and
posterior) that operate to separate the superior and
inferior end plates. In this example, the central frame
includes an anterior (distal) threaded bore and a pos-
terior (proximal) bore. The superior (upper) end plate
is movably coupled along a posterior portion of the
central frame. The inferior (lower) end plate is mov-
ably coupled along the posterior portion of the central
frame opposite the superior end plate. The anterior
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adjustment mechanism includes an anterior wedge
coupled to an anterior screw movable within the an-
terior threaded bore. While the posterior adjustment
mechanism includes a posterior wedge coupled to
a posterior screw movable within the posterior bore.
In Example 2, the subject matter of Example 1 in-
cludes the anterior adjustment mechanism being
adapted to adjust an anterior superior-inferior sepa-
ration between the superior end plate and the inferior
end plate.
In Example 3, the subject matter of any one of Ex-
amples 1 or 2 includes the posterior adjustment
mechanism being adapted to adjust a posterior su-
perior-inferior separation between the superior end
plate and the inferior end plate.
In Example 4, the subject matter of any one of Ex-
amples 1 to 3 includes the anterior adjustment mech-
anism operating independently of the posterior ad-
justment mechanism.
In Example 5, the subject matter of any one of Ex-
amples 1 to 4 includes the anterior wedge engaging
corresponding anterior ramped surfaces extending
from an inferior side of an anterior portion of the su-
perior end plate.
In Example 6, the subject matter of any one of Ex-
amples 1 to 5 includes the posterior wedge engaging
corresponding posterior ramped surfaces extending
from an inferior side of a posterior portion of the su-
perior end plate.
In Example 7, the subject matter of any one of Ex-
amples 1 to 4 includes the superior end plate includ-
ing a pair of anterior ramped surfaces extending in-
feriorly, and the inferior end plate includes a central
anterior ramped surface extending superiorly.
In Example 8, the subject matter of Example 7 in-
cludes the expandable interbody implant in a col-
lapsed state, the pair of anterior ramped surfaces
extending from the superior end plate are received
within recesses on either side of the central anterior
ramped surface of the inferior end plate.
In Example 9, the subject matter of any one of Ex-
amples 1 to 8 includes the anterior wedge including
over expansion stops extending laterally from outer
edges.
In Example 10, the subject matter of Example 9 in-
cludes the over expansion stops being received with-
in grooves within lateral walls of the superior end
plate and the inferior end plate.
In Example 11, the subject matter of any one of Ex-
amples 1 to 10 includes the anterior screw being
rotationally coupled to the anterior wedge.
In Example 12, the subject matter of Example 11
includes rotation of the anterior screw advancing the
anterior screw within the threaded anterior bore re-
sulting in linear advancement of the anterior wedge
against anterior ramped surfaces of the superior end
plate and inferior end plate.
In Example 13, the subject matter of any one of Ex-

amples 1 to 10 includes the anterior screw including
a first threaded section and a second threaded sec-
tion.
In Example 14, the subject matter of Example 13
includes the first threaded section engaging the an-
terior threaded bore and the second threaded sec-
tion engaging a second threaded bore within the an-
terior wedge.
In Example 15, the subject matter of Example 14
includes the first threaded section including a first
thread pitch oriented in a first direction and the sec-
ond threaded section including a second thread pitch
oriented in a second direction, wherein the first di-
rection is opposite the second direction.
In Example 16, the subject matter of Example 15
includes the central frame including a guiding struc-
ture to prevent rotation of the anterior wedge upon
rotation of the anterior screw.
In Example 17, the subject matter of any one of Ex-
amples 1 to 10 includes the posterior screw being
translationally fixed relative to the central frame and
free to rotate within the posterior bore.
In Example 18, the subject matter of Example 17
includes the posterior wedge including a second
threaded bore receiving a portion of the posterior
screw, and upon rotation of the posterior screw the
posterior wedge translates linearly with respect to
the central frame.
In Example 19, the subject matter of any one of
claims 1 to 10 includes the posterior bore being
threaded, and the posterior screw being threadably
coupled within the posterior bore to enable rotation
and translation of the posterior screw with respect
to the central frame.
In Example 20, the subject matter of Example 19
includes the posterior screw being rotationally cou-
pled to the posterior wedge, and the posterior wedge
translates with the posterior screw with respect to
the central frame.
In Example 21, the subject matter of any one of Ex-
amples 1 to 20 includes the posterior screw being
captured within the posterior bore by an elastic tab
engaging a groove within the posterior bore.
In Example 22, the subject matter of any one of Ex-
amples 1 to 20 includes the posterior screw being
captured within the posterior bore by an offset elastic
pins perpendicular to a longitudinal screw axis.
In Example 23, the subject matter of any one of Ex-
amples 1 to 20 includes rotation of the anterior screw
being limited by an elastic pin positioned parallel and
offset to a longitudinal axis of the anterior screw.

Various Notes

[0053] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
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tion can be practiced. These embodiments are also re-
ferred to herein as "examples." Such examples can in-
clude elements in addition to those shown or described.
However, the present inventor also contemplates exam-
ples in which only those elements shown or described
are provided. Moreover, the present inventor also con-
templates examples using any combination or permuta-
tion of those elements shown or described (or one or
more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof)
shown or described herein.
[0054] In the event of inconsistent usages between this
document and any documents so incorporated by refer-
ence, the usage in this document controls.
[0055] In this document, the terms "a" or "an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and "A and B," unless otherwise indicated. In this docu-
ment, the terms "including" and "in which" are used as
the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended,
that is, a system, device, article, composition, formula-
tion, or process that includes elements in addition to
those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms "first," "second," and "third,"
etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.
[0056] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. The Ab-
stract is provided to comply with 37 C.F.R. § 1.72(b), to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understand-
ing that it will not be used to interpret or limit the scope
or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together
to streamline the disclosure. This should not be interpret-
ed as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter
may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby in-
corporated into the Detailed Description as examples or
embodiments, with each claim standing on its own as a
separate embodiment, and it is contemplated that such
embodiments can be combined with each other in various
combinations or permutations. The scope of the invention
should be determined with reference to the appended
claims, along with the full scope of equivalents to which
such claims are entitled.

Claims

1. An expandable interbody implant comprising:

a central frame including an anterior (distal)
threaded bore and a posterior (proximal) bore;
a superior (upper) end plate movably coupled
along a posterior portion of the central frame;
an inferior (lower) end plate movably coupled
along the posterior portion of the central frame
opposite the superior end plate;
an anterior adjustment mechanism including an
anterior wedge coupled to an anterior screw
movable within the anterior threaded bore; and
a posterior adjustment mechanism including a
posterior wedge coupled to a posterior screw
movable within the posterior bore.

2. The expandable interbody implant of claim 1, where-
in the anterior adjustment mechanism is adapted to
adjust an anterior superior-inferior separation be-
tween the superior end plate and the inferior end
plate.

3. The expandable interbody implant of claim 2, where-
in the posterior adjustment mechanism is adapted
to adjust a posterior superior-inferior separation be-
tween the superior end plate and the inferior end
plate.

4. The expandable interbody implant of claim 3, where-
in the anterior adjustment mechanism operates in-
dependently of the posterior adjustment mechanism.

5. The expandable interbody implant of claim 1, where-
in the superior end plate includes a pair of anterior
ramped surfaces extending inferiorly, and the inferior
end plate includes a central anterior ramped surface
extending superiorly.

6. The expandable interbody implant of claim 5, where-
in with the expandable interbody implant in a col-
lapsed state, the pair of anterior ramped surfaces
extending from the superior end plate are received
within recesses on either side of the central anterior
ramped surface of the inferior end plate.

7. The expandable interbody implant of claim 1, where-
in the anterior wedge includes over expansion stops
extending laterally from outer edges, the over ex-
pansion stops are received within grooves within lat-
eral walls of the superior end plate and the inferior
end plate.

8. The expandable interbody implant of any one of
claims 1 to 7, wherein the anterior screw is rotation-
ally coupled to the anterior wedge.
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9. The expandable interbody implant of claim 8, where-
in rotation of the anterior screw advances the anterior
screw within the threaded anterior bore resulting in
linear advancement of the anterior wedge against
anterior ramped surfaces of the superior end plate
and inferior end plate.

10. The expandable interbody implant of any one of
claims 1 to 7, wherein the anterior screw includes a
first threaded section and a second threaded section.

11. The expandable interbody implant of claim 10,
wherein the first threaded section engages the an-
terior threaded bore and the second threaded sec-
tion engages a second threaded bore within the an-
terior wedge.

12. The expandable interbody implant of claim 11,
wherein the first threaded section includes a first
thread pitch oriented in a first direction and the sec-
ond threaded section includes a second thread pitch
oriented in a second direction, wherein the first di-
rection is opposite the second direction.

13. The expandable interbody implant of claim 12,
wherein the central frame includes a guiding struc-
ture to prevent rotation of the anterior wedge upon
rotation of the anterior screw.

14. The expandable interbody implant of any one of
claims 1 to 7, wherein the posterior screw is trans-
lationally fixed relative to the central frame and free
to rotate within the posterior bore, and wherein the
posterior wedge includes a second threaded bore
receiving a portion of the posterior screw, and upon
rotation of the posterior screw the posterior wedge
translates linearly with respect to the central frame.

15. The expandable interbody implant of any one of
claims 1 to 7, wherein the posterior bore is threaded,
and the posterior screw is threadably coupled within
the posterior bore to enable rotation and translation
of the posterior screw with respect to the central
frame, and wherein the posterior screw is rotationally
coupled to the posterior wedge, and the posterior
wedge translates with the posterior screw with re-
spect to the central frame.
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