wO 2022/109524 A1 |0 0000 KO O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 May 2022 (27.05.2022)

(10) International Publication Number

WO 2022/109524 Al

WIPO I PCT

(51) International Patent Classification:
AG61F 2/44 (2006.01) AG61F 2/02 (2006.01)
A61F 2/30 (2006.01) AG61F 2/28 (2006.01)

(21) International Application Number:
PCT/US2021/072334

(22) International Filing Date:
10 November 2021 (10.11.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/116,060 19 November 2020 (19.11.2020) US
63/179,420 25 April 2021 (25.04.2021) UsS

(71) Applicant: SPINAL ELEMENTS, INC. [US/US]; 3115
Melrose Drive, Suite 200, Carlsbad, California 92010 (US).

(72) Inventors: HUH, Edwin; 3115 Melrose Drive, Suite 200,
Carlsbad, California 92010 (US). BLAIN, Jason; 3115
Melrose Drive, Suite 200, Carlsbad, California 92010 (US).

(74)

@81)

SEMINGSON, Taylor; 3115 Melrose Drive, Suite 200,
Carlsbad, California 92010 (US). CHEN, Nicholas; 3115
Melrose Drive, Suite 200, Carlsbad, California 92010 (US).
SMITH, Ketchen; 3115 Melrose Drive, Suite 200, Carls-
bad, California 92010 (US). ORTIZ, David; 3115 Melrose
Drive, Suite 200, Carlsbad, California 92010 (US). TOON,
Geoffrey; 3115 Melrose Drive, Suite 200, Carlsbad, Cali-
fornia 92010 (US). ALBERT, Morton; 3115 Melrose Dri-
ve, Suite 200, Carlsbad, California 92010 (US).

Agent: ALTMAN, Daniel, E., KNOBBE, MARTENS,
OLSON & BEAR, LLP, 2040 Main Street, 14th Floor,
Irvine, California 92614 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(54) Title: CURVED EXPANDABLE INTERBODY DEVICES AND DEPLOYMENT TOOLS

(57) Abstract: A curved expandable interbody device for placement between vertebrae having an upper structure, a lower structure, and
a screw mechanism, wherein actuation of the screw mechanism moves the upper and lower structures between a collapsed configuration
and an expanded configuration. A deployment tool couples to the curved expandable intertbody device for positioning the device between
adjacent vertebrae and actuating the screw mechanism, wherein the deployment tool can lock to the curved expandable interbody device

and pivot relative to the curved expandable interbody device.

[Continued on next page]



WO 2022/109524 A /110008000 00O 0 0 O

NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2022/109524 PCT/US2021/072334

CURVED EXPANDABLE INTERBODY DEVICES AND DEPLOYMENT TOOLS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority benefit to U.S. Provisional Patent
Application No. 63/116060, filed November 19, 2020, and U.S. Provisional Patent
Application No. 63/179420, filed April 25, 2021, each of which is incorporated heremn by

reference in its entirety for all purposes.

BACKGROUND
Field
[0002] The present disclosure generally relates to the field of spinal orthopedics,
and more particularly to curved expandable spinal implants for placement in intervertebral
spaces between adjacent vertebrae and deployment tools for the placement of curved

expandable spinal implants.

Description of the Related Art

[0003] The spine is a flexible structure that extends from the base of the skull to
the tailbone. The weight of the upper body is transferred through the spine to the hips and the
legs. The spine contains a plurality of bones called vertebrae. The vertebrae are hollow and
stacked one upon the other, forming a strong hollow column for support. The hollow core of
the spine houses and protects the nerves of the spinal cord. The spine is held upright through
the work of the back muscles, which are attached to the vertebrae. While the normal spine
has no side-to-side curve, it does have a series of front-to-back curves, giving it a gentle “S”
shape.

[0004] Each vertebra is separated from the vertebra above or below by a cushion-
like, fibrocartilage called an intervertebral disc. The discs act as shock absorbers, cushioning
the spine, and preventing individual bones from contacting each other. In addition,
intervertebral discs act as a ligament that holds vertebrae together. Intervertebral discs also
work with the facet joint to allow for slight movement of the spine. Together, these structures

allow the spine to bend, rotate and/or twist.
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[0005] The spinal structure can become damaged as a result of degeneration,
dysfunction, disease and/or trauma. More specifically, the spine may exhibit disc collapse,
abnormal curvature, asymmetrical disc space collapse, abnormal alignment of the vertebrae
and/or general deformity, which may lead to imbalance and tilt in the vertebrae. This may
result in nerve compression, disability and overall instability and pain. If the proper shaping
and/or curvature are not present due to scoliosis, neuromuscular disease, cerebral palsy, or
other disorder, it may be necessary to straighten or adjust the spine into a proper curvature
with surgery to correct these spinal disorders.

[0006] Surgical treatments may involve manipulation of the spinal column by
attaching a corrective device, such as rods, wires, hooks or screws, to straighten abnormal
curvatures, appropriately align vertebrae of the spinal column and/or reduce further rotation
of the spinal column. The correct curvature is obtained by manipulating the vertebrae into
their proper position and securing that position with a rigid system of screws and rods. The
screws may be inserted into the pedicles of the vertebrae to act as bone anchors, and the rods
may be inserted into heads of the screws. Two rods may run substantially parallel to the spine
and secure the spine in the desired shape and curvature. The rods, which are shaped to mimic
the correct spinal curvature, force the spine into proper alignment. Bone grafts are then
placed between the vertebrae and aid in fusion of the individual vertebrae together to form a
correctly aligned spine.

[0007] Other ailments of the spine result in degeneration of the spinal disc in the
intervertebral space between adjacent vertebrae. Disc degeneration can cause pain and other
complications. Conservative treatment can include non-operative treatment requiring patients
to adjust their lifestyles and submit to pain relievers and a level of underlying pain. Operative
treatment options include disc removal. This can relieve pain in the short term, but also often
increases the risk of long-term problems and can result in motor and sensory deficiencies
resulting from the surgery. Disc removal and more generally disc degeneration disease are
likely to lead to a need for surgical treatment in subsequent years. The fusion or fixation will
minimize or substantially eliminate relative motion between the fixed or fused vertebrae. In
surgical treatments, interbody implants may be used to correct disc space collapse between

adjacent vertebra, resulting in spinal fusion of the adjacent vertebra.



WO 2022/109524 PCT/US2021/072334

[0008] A fusion is a surgical method wherein two or more vertebrae are joined
together (fused) by way of interbody implants, sometimes with bone grafting, to form a
single bone. The current standard of care for interbody fusion requires surgical removal of all
or a portion of the intervertebral disc. After removal of the intervertebral disc, the interbody
implant is implanted in the interspace. In many cases, the fusion is augmented by a process
called fixation. Fixation refers to the placement of screws, rods, plates, or cages to stabilize
the vertebrae so that fusion can be achieved.

[0009] Interbody implants must be inserted into the intervertebral space in the
same dimensions as desired to occupy the intervertebral space after the disc is removed. This
requires that an opening sufficient to allow the interbody implant must be created through
surrounding tissue to permit the interbody implant to be inserted into the intervertebral space.
In some cases, the intervertebral space may collapse prior to insertion of the interbody
implant. In these cases, additional hardware may be required to increase the intervertebral
space prior to insertion of the implant.

[0010] In addition, minimally invasive surgical techniques have been used on the
spine. Under minimally invasive techniques, access to the intervertebral space is taken to
reach the spine through small incisions. Through these incisions, discs are removed and an
interbody implant is placed in the intervertebral disc space to restore normal disc height.
Minimally invasive spine surgery offers multiple advantages as compared to open surgery.
Advantages include: minimal tissue damage, minimal blood loss, smaller incisions and scars,
minimal post-operative discomfort, and relative quick recovery time and return to normal

function.

SUMMARY
[0011] It would be desirable to insert a curved interbody device with a first
smaller dimension into an intervertebral space and once in place, deploy to a second,
relatively larger dimension to occupy the intervertebral space. This first smaller dimension
can permit the use of minimally invasive surgical techniques for easy access to the
intervertebral space, which can cause less disruption of soft and boney tissue in order to get
to the intervertebral space. The curved expandable interbody device may be implanted with

or without the need of additional hardware.



WO 2022/109524 PCT/US2021/072334

[0012] Disclosed are curved expandable interbody devices that are configured to
have an initial collapsed configuration having a first height suitable for being inserted into an
intervertebral space between a pair of adjacent vertebrae, and an expanded configuration
having a second height that is greater than the first height. The curved expandable interbody
devices can be expanded from the initial collapsed configuration to the expanded
configuration in-situ. The expanded configuration can provide support to the adjacent
vertebrae while bone fusion occurs and can also provide rigid support between the adjacent
vertebrae that withstands compressive forces. In some configurations, the curved expandable
interbody device can help increase the distance or height between the adjacent vertebrae. By
inserting the curved expandable interbody device in the initial collapsed configuration into
the intervertebral space, it is possible to perform the surgery percutaneously with minimal
disruption to tissues surrounding the surgical site and intervening soft tissue structures. The
curved expandable interbody device can be implanted through a minimally invasive or an
open wound procedure.

[0013] In some embodiments, a curved expandable interbody device for
placement between vertebrae is provided. The curved expandable interbody device can
include an upper structure configured to abut a superior vertebra. The curved expandable
interbody device can include a lower structure configured to abut an inferior vertebra. The
curved expandable interbody device can include a screw mechanism between the upper
structure and the lower structure. In some embodiments, the screw mechanism comprises a
proximal portion, a distal portion, and a coupler. In some embodiments, the coupler
comprises a central portion at least partially between the proximal portion and the distal
portion. In some embodiments, the coupler further comprises a proximal interface
comprising an upper connector and a lower connector. In some embodiments, the proximal
portion and the distal portion are configured to rotate as a unit to change a distance between
the proximal portion and the distal portion from a first length to a second length. In some
embodiments, the upper structure and the upper connector form an upper curved slot
therebetween and the lower structure and the lower connector form a lower curved slot
therebetween.

[0014] In some embodiments, the proximal portion comprises a frustoconical

surface configured to wedge between the upper structure and the lower structure, and
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wherein the distal portion comprises a frustoconical surface configured to wedge between the
upper structure and the lower structure to change a distance between the upper structure and
the lower structure from a first height to a second height. In some embodiments, the proximal
portion comprises first threads wound in a first direction configured to engage a proximal
threaded hole in the coupler, and wherein the distal portion comprises second threads wound
in a second direction, opposite the first direction, configured to engage a distal threaded hole
in the coupler. In some embodiments, the first threads and the second threads have an equal
pitch, such that when the screw mechanism is actuated, a proximal end of the curved
expandable interbody device changes height at a same rate as a distal end of the interbody
device. In some embodiments, the curved expandable interbody device is configured to
expand 3 mm from an initial collapsed height. In some embodiments, one or more of the
upper structure and the lower structure further comprise a plurality of protrusions. In some
embodiments, one or more of the upper structure and the lower structure comprise vertebrae
engagement surfaces with a porous or roughened surface. In some embodiments, the
vertebrae engagement surfaces comprise a titanium coating. In some embodiments, the
proximal portion comprises a drive interface configured to be engaged by a deployment tool
to rotate the proximal portion and the distal portion. In some embodiments, the distal portion
comprises a keyed shaft configured to slideably engage with a matching keyed bore on the
proximal portion. In some embodiments, the upper structure and the lower structure comprise
a right side and a left side when viewed from the top, wherein the left side is concave. In
some embodiments, the upper structure and the lower structure comprise a right side and a
left side when viewed from the top, wherein the right side is convex. In some embodiments,
the coupler further comprises at least one anti-rotational feature configured to engage the
upper structure or the lower structure to prevent the coupler from rotating when the proximal
portion and the distal portion are rotated.

[0015] In some embodiments, a system is provided comprising a curved
expandable interbody device and a deployment tool.

[0016] In some embodiments, the upper curved slot and the lower curved slot are
configured to be engaged by the deployment tool to lock the deployment tool to the curved
expandable interbody device. In some embodiments, the upper and lower curved slot are

configured to allow pivoting of the deployment tool relative to the curved expandable
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interbody device. In some embodiments, the upper and lower curved slot are configured to
allow pivoting of the deployment tool in the direction of the concave surface of the curved
expandable interbody device.

[0017] In some embodiments, a method is provided. The method can include
coupling a deployment tool to a curved expandable interbody device. The method can
include positioning the curved expandable interbody device between the superior vertebra
and the inferior vertebra. The method can include pivoting the deployment tool and the
curved expandable interbody device relative to each other to further position the curved
expandable interbody device between the superior vertebra and the inferior vertebra. The
method can include rotating the screw mechanism to expand the curved expandable
interbody device.

[0018] In some embodiments, coupling the deployment tool to the curved
expandable interbody device comprises coupling the deployment tool in a locked, straight
position relative to the curved expandable interbody device. In some embodiments pivoting
the deployment tool relative to the curved expandable interbody device comprises pivoting

the deployment tool to a pivoted position of a plurality of pivoted positions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Figure 1 is a perspective view showing an embodiment of a curved
expandable interbody device in a collapsed configuration.

[0020] Figure 2 is a top view of the curved expandable interbody device of Figure

1.

[0021] Figure 3 is a bottom view of the curved expandable interbody device of
Figure 1.

[0022] Figure 4 is a left side view of the curved expandable interbody device of
Figure 1.

[0023] Figure 5 1s a right side view of the curved expandable interbody device of
Figure 1

[0024] Figure 6 is a front view of the curved expandable interbody device of
Figure 1.
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[0025] Figure 7 is a rear view of the curved expandable interbody device of
Figure 1.
[0026] Figure 8 is a perspective view showing the curved expandable interbody

device of Figure 1 in an expanded configuration.

[0027] Figure 9 is a perspective exploded view showing the curved expandable
interbody device of Figure 1.

[0028] Figure 10 is another perspective exploded view showing the curved
expandable interbody device of Figure 1.

[0029] Figure 11 is a cross-sectional view of the curved expandable interbody
device of Figure 1 in a collapsed configuration.

[0030] Figure 12 is a cross-sectional view of the curved expandable interbody
device of Figure 1 in an expanded configuration.

[0031] Figure 13 is a perspective view of the curved expandable interbody device
of Figure 1 coupled to a deployment tool.

[0032] Figure 14 is a top view of the curved expandable interbody device and the
deployment tool of Figure 13.

[0033] Figure 15 is a close-up side view of the deployment tool of Figure 13.

[0034] Figure 16 is a close-up side view of a locking mechanism of the
deployment tool of FIG. 13 in an unlocked configuration.

[0035] Figure 17 is a close-up top view of the locking mechanism of the
deployment tool of FIG. 13 in an unlocked configuration.

[0036] Figure 18 is a close-up side view of a pivoting mechanism of the
deployment tool of FIG. 13 in a distal position.

[0037] Figure 19 is a close-up side view of the pivoting mechanism of the
deployment tool of FIG. 13 in a proximal position.

[0038] Figure 20 is a close-up cross-sectional view of the pivoting mechanism of
the deployment tool of FIG. 13.

[0039] Figure 21 is a close-up side view of a driving mechanism of the
deployment tool of FIG. 13.

[0040] Figure 22 is a close-up top view of the driving mechanism of the

deployment tool of FIG. 13.
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[0041] Figure 23 is an exploded view of the driving mechanism of the
deployment tool of FIG. 13.

[0042] Figure 24 is another exploded view of the driving mechanism of the
deployment tool of FIG. 13.

[0043] Figure 25 is a rear view of the deployment tool of FIG. 13.

[0044] Figure 26 is a perspective view of a keyed shaft.

[0045] Figure 27 is a view of the curved expandable interbody device of Figure 1
coupled to a deployment tool in a straight position.

[0046] Figures 28 and 29 are views of the curved expandable interbody device of
Figure 1 coupled to a deployment tool in a pivoted position.

[0047] Figure 30 is a close-up side view of a driving mechanism of a deployment
tool of FIG. 13.

[0048] Figure 31 is a close-up top view of the driving mechanism of the
deployment tool of FIG. 13.

[0049] Figure 32 is an exploded view of the driving mechanism of the
deployment tool of FIG. 13.

[0050] Figure 33 is another exploded view of the driving mechanism of the
deployment tool of FIG. 13.

[0051] Figure 34 is additional views of the driving mechanism of the deployment
tool of FIG. 13.

DETAILED DESCRIPTION

[0052] Curved expandable interbody devices can be configured to have an initial
collapsed configuration having a first height suitable for being inserted into an intervertebral
space between a pair of adjacent vertebrae, and an expanded configuration having a second
height that is greater than the first height. The implant can be expanded from the initial
collapsed configuration to the expanded configuration in-situ. The use of a small curved
interbody implant which may be expanded in-situ allows the possibility of performing the
surgery percutaneously with minimal disruption to tissues surrounding the surgical site and
intervening soft tissue structures, through a minimally invasive or open procedure. The

curved expandable interbody device can include features that reduce displacement of soft
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tissue and structures during placement of the curved expandable interbody device while
providing support after placement to the adjacent vertebrae while bone fusion occurs. The
curved expandable interbody device includes a collapsed configuration with dimensions that
can allow insertion of the curved expandable interbody device between the vertebrae. Once
the curved expandable interbody device is positioned in a desired location between the
vertebrae, the curved expandable interbody device may be expanded to an expanded
configuration. The curved expanded configuration can increase the distance or height
between the adjacent vertebrae and provide support to the adjacent vertebrae while bone
fusion occurs. The expanded configuration can also provide rigid support between the
adjacent vertebrae that withstands compressive forces. The curved expandable interbody
device may sometimes be referred to as a device, an implant, an expandable implant, a
curved expandable interbody spacer or a curved expandable corpectomy device, all of which
are envisioned for the present disclosure.

[0053] Several non-limiting embodiments will now be described with reference to
the figures, wherein like numerals reflect like elements throughout. The terminology used in
the description presented herein is not intended to be interpreted in any limited or restrictive
way, simply because it is being utilized in conjunction with a detailed description of certain
specific embodiments. Furthermore, some embodiments may include several novel features,
no single one of which is solely responsible for its desirable attributes or which is essential to
the devices and methods described herein.

[0054] The words proximal and distal are applied herein to denote specific ends
of components of the instrument described herein. A proximal end refers to the end of a
component nearer to an operator of the instrument when the instrument is being used. A
distal end refers to the end of a component further from the operator and extending towards
the surgical area of a patient and/or the implant. The words top, bottom, left, right, upper and
lower are used herein to refer to sides of the device from the described point of view. These
reference descriptions are not intended to limit the orientation of the implanted curved
expandable interbody device. The curved expandable interbody device can be positioned in
any functional orientation. For example, in some configurations, the curved interbody device

can be used in an upside-down orientation from the specific orientation described herein.
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[0055] Figures 1-12 illustrate a curved expandable interbody device 100. Figure 1
is a perspective view. Figure 2 is a top view. Figure 3 is a bottom view. Figure 4 is a left side
view. Figure 5 is a right side view. Figure 6 is a front view. Figure 7 is a rear view. Figure 8
is a perspective view showing the curved expandable interbody device 100 in an expanded
configuration. Figures 9-10 are perspective exploded views showing the curved expandable
interbody device 100. Figure 11 is a cross-sectional view of the curved expandable interbody
device 100 in a collapsed configuration. Figure 12 is a cross-sectional view of the curved
expandable interbody device 100 in an expanded configuration. The expandable interbody
device 100 can be configured to couple to a deployment tool 200 described in Figures 11-25.

[0056] Referring to Figure 1, the curved expandable interbody device 100 can
include an upper structure 102, a lower structure 104, and a screw mechanism 106. The upper
structure 102 can include any of the features of the lower structure 104. The lower structure
104 can include any of the features of the upper structure 102. The curved expandable
interbody device 100 can include a longitudinal axis 108. The longitudinal axis 108 can
extend along the screw mechanism 106. The expandable interbody device 100 can be
changeable between a collapsed configuration, as shown in Figure 1, to an expanded
configuration, as shown in Figure 8.

[0057] Referring to Figure 2, the upper structure 102 can include a top surface
110, a distal surface 112, a proximal surface 114, a left surface 116, and a right surface 118.
The right and left orientation are taken when the curved expandable interbody device 100 is
viewed from the top and from the proximal end. In some embodiments, the curved
expandable interbody device 100 curves to the left. The left surface 116 can be concave. The
right surface 118 can be convex. In some embodiments, the curved expandable interbody
device 100 curves to the right. The right surface 118 can be concave. The left surface 116 can
be convex.

[0058] In some embodiments, one or more openings 120 can extend through the
upper structure 102. The upper structure 102 can have one central opening 120. The upper
structure 102 can have a plurality of openings 120. The curved expandable interbody device
100 can facilitate fusion when the one or more openings 120 are packed with material, as
described herein. The one or more openings 120 can be configured to receive fluids,

medication, bone graft material, or other material to help in the integration of the interbody

-10-
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device with the vertebrae, such as with allograft and/or Demineralized Bone Matrix
(“DBM”) packing. In some embodiments, the upper structure 102 may not have any
openings and the top surface 110 can be closed.

[0059] The upper structure 102 can include one or more alignment slots 122. The
upper structure 102 can include two alignment slots 122. The upper structure 102 can include
a distal alignment slot 122 positioned between the distal surface 112 and the opening 120.
The upper structure 102 can include a proximal alignment slot 122 positioned between the
proximal surface 114 and the opening 120. The alignment slots 122 can facilitate alignment
between the screw mechanism 106 and the upper structure 102.

[0060] The upper structure 102 can have any size configured to be placed
between vertebrae. The distal surface 112, the proximal surface 114, the left surface 116, and
the right surface 118 may have a varying height. The distal surface 112, the proximal surface
114, the left surface 116, and the right surface 118 may have a varying length. The distal
surface 112, the proximal surface 114, the left surface 116, and the right surface 118 may
have a varying width. The distal surface 112, the proximal surface 114, the left surface 116,
and the right surface 118 may have a varying wall thickness. The distal surface 112, the
proximal surface 114, the left surface 116, and the right surface 118 may have a varying
curvature radius.

[0061] In some embodiments, the upper structure 102 can have one or more
markers 126 to help visualization using radiation during the implantation procedure. The one
or more markers 126 can be made of a radiopaque material, such as titanium. The one or
more markers 126 can be spherical. The one or more markers 126 can be inserted into
lumens in the upper structure 102. The upper structure 102 can include a marker 126 near the
distal surface 112. The upper structure 102 can include a marker near the right surface 118
when viewed from the top.

[0062] The top surface 110 of the upper structure 102 can have a roughened
surface, such as a plurality of protrusions 128. The protrusions 128 can be configured to be
spaced throughout the top surface 110 or a portion thereof. The protrusions 128 can be
located near the opening 120 and the alignments slots 122. The protrusions 128 can be
configured to have variable thickness, height, and width as well as angled surfaces. In some

embodiments, the top surface 110 can have protrusions 128 that are angled toward the
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proximal surface 114. The distal facing side of the protrusions 128 can be less steep than the
proximal facing side of the protrusions 128.

[0063] Referring to Figure 3, the lower structure 104 can include a bottom surface
130, a distal surface 132, a proximal surface 134, a left surface 136, and a right surface 138.
In some embodiments, the curved expandable interbody device 100 curves to the left. The
left surface 136 can be concave. The right surface 138 can be convex. In some embodiments,
the curved expandable interbody device 100 curves to the right. The right surface 138 can be
concave. The left surface 136 can be convex.

[0064] In some embodiments, one or more openings 140 can extend through the
lower structure 104. The lower structure 104 can have one central opening 140. The lower
structure 104 can have a plurality of openings 140. The lower structure 104 can facilitate
fusion when the one or more openings 140 are packed with material, as described herein. The
one or more openings 120 of the upper structure 102 and the one or more openings 140 of the
lower structure 104 can be aligned. The one or more openings 120 of the upper structure 102
and the one or more openings 140 of the lower structure 104 can form a lumen through the
curved expandable interbody device 100. In some embodiments, the one or more openings
120 and the one or more openings 140 can extend through to the curved expandable
interbody device 100 and can be used as an access location for delivering fluids, medication
or other material, as disclosed herein. In some embodiments, the lower structure 104 may not
have any openings and the bottom surface 130 can be closed.

[0065] The lower structure 104 can include one or more alignment slots 142. The
lower structure 104 can include two alignment slots 142. The lower structure 104 can include
a distal alignment slot 142 positioned between the distal surface 132 and the opening 140.
The lower structure 104 can include a proximal alignment slot 142 positioned between the
proximal surface 134 and the opening 140. The alignment slots 122 and the alignment slots
142 can be aligned. The alignment slots 142 can facilitate alignment between the screw
mechanism 106 and the lower structure 104.

[0066] The lower structure 104 can have any size configured to be placed
between vertebrae. The distal surface 132, the proximal surface 134, the left surface 136, and
the right surface 138 may have a varying height. The distal surface 132, the proximal surface
134, the left surface 136, and the right surface 138 may have a varying length. The distal

-12-



WO 2022/109524 PCT/US2021/072334

surface 132, the proximal surface 134, the left surface 136, and the right surface 138 may
have a varying width. The distal surface 132, the proximal surface 134, the left surface 136,
and the right surface 138 may have a varying wall thickness. The distal surface 132, the
proximal surface 134, the left surface 136, and the right surface 138 may have a varying
curvature radius.

[0067] In some embodiments, the lower structure 104 can have one or more
markers 146 to help visualization using radiation during the implantation procedure. The one
or more markers 146 can be made of a radiopaque material, such as titanium. The lower
structure 104 can include a marker 146 near the distal surface 132. The lower structure 104
can include a marker near the right surface 138. The upper structure 102 and the lower
structure 104 can include markers 126 that are aligned near the distal surfaces 112, 132. The
upper structure 102 and the lower structure 104 can include markers 126 that are aligned near
the right surfaces 118, 138.

[0068] The bottom surface 130 of the lower structure 104 can have a roughened
surface, such as a plurality of protrusions 148. The protrusions 128 can be configured to be
spaced throughout the bottom surface 130 or a portion thereof. The protrusions 148 can be
located near the opening 140 and the alignments slots 142. The protrusions 148 can be
configured to have variable thickness, height, and width as well as angled surfaces. In some
embodiments, the bottom surface 130 can have protrusions 148 that are angled toward the
proximal surface 134. The distal facing side of the protrusions 148 can be less steep than the
proximal facing side of the protrusions 148.

[0069] The shape of the protrusions 128, 148 can allow for easy insertion of the
curved expandable interbody device 100 and help prevent backing out of the device from the
intervertebral space. The protrusions 128, 148 can be configured to provide additional
support after the curved expandable interbody device 100 is implanted in the intervertebral
space of the patient. For example, the friction between the vertebrae and the structures 102,
104 provided at least in part by the protrusions 128, 148 can help reduce movement of the
curved expandable interbody device 100 in the intervertebral space.

[0070] Referring to Figure 4, in some embodiments, the left surfaces 116, 136
align. The left surfaces 116, 136 can form a smooth concave side. The left surfaces 116, 136

can have the same radius of curvature. Referring to Figure 5, in some embodiments, the right
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surfaces 118, 138 can align. The right surfaces 118, 138 can form a smooth convex side. The
right surfaces 118, 138 can have the same radius of curvature. In some embodiments, the
upper structure 102 and the lower structure 104 can have the same or similar perimeter. In
some embodiments, the top surface 110 and the bottom surface 130 can be skewed relative to
each other. The top surface 110 and the bottom surface 130 can be angled. In some
embodiments, the top surface 110 and the bottom surface 130 can be parallel. The top surface
110 and the bottom surface 130 can be mirror images. The top surface 110 and the bottom
surface 130 can be symmetrical.

[0071] Referring to Figure 6, the distal surfaces 112, 132 can align. In some
embodiments, the distal surfaces 112, 132 can form a smooth bullet shape. Referring to
Figure 7, the proximal surfaces 114, 134 can align. In some embodiments, the proximal
surfaces 114, 134 can form a keyed shape as shown in Figure 3. The keyed shape can be
configured to interlock with a coupler of the screw mechanism 106 as described herein.

[0072] The upper structure 102 and lower structure 104, or portions thereof, can
be made of any of a variety of materials known in the art, including but not limited to a
polymer such as polyetheretherketone (PEEK), polyetherketoneketone (PEKK),
polyethylene, fluoropolymer, hydrogel, or elastomer; a ceramic such as zirconia, alumina, or
silicon nitride; a metal such as titanium, titanium alloy, cobalt chromium or stainless steel; or
any combination of the above materials. The curved expandable interbody device 100 may be
made of multiple materials in combination. The upper structure 102 and the lower structure
104 can be made of the same material. The upper structure 102 and the lower structure 104
can be made of different materials. For example, the upper structure 102 can comprise a first
material such as a polymer, such as PEEK or polyethylene, and the lower structure 104 can
comprise a second, different material such as a metal or ceramic.

[0073] In some embodiments, the upper structure 102 and/or the lower structure
104 may be formed of a porous material or have a roughened surface. The surfaces may be
formed of a porous material, coated with a porous material, or chemically etched to form a
porous or roughened surface with pores, which may help participate in the growth of bone
with the adjacent vertebra. In some embodiments, only portions of the curved expandable
interbody device 100 may be formed of a porous material, coated with a porous material, or

chemically etched to form a porous surface. For example, at least some portions of the top
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surface 110 and/or the bottom surface 130 can be coated with a porous material, such as a
titanium coating. Figure 8 illustrates the coating. In some embodiments, the surface porosity
may be at least approximately 50 microns and less than or equal to approximately 300
microns.

[0074] Referring to Figure 8, the curved expandable interbody device 100 can
expand. The upper structure 102 can be configured to slideably fit with the lower structure
104. The upper structure 102 and the lower structure 104 can have smooth surfaces at the
interface between the structures. The upper structure 102 and the lower structure 104 can
have smooth surfaces to form a slide bearing. In other embodiments, the upper structure 102
and lower structure 104 can have any of a plurality of different types of functional couplers
to form a slideable connection.

[0075] Referring to Figures 9-10, the screw mechanism 106 is configured to
expand the curved expandable interbody device 100. The upper structure 102 and the lower
structure 104 can have one or more grooves 150, 152 that accepts the screw mechanism 106.
In the illustrated embodiments, the upper structure 102 can include the groove 150 near the
distal surface 112 and the groove 152 near the proximal surface 114. In the illustrated
embodiments, the lower structure 104 can include the groove 150 near the distal surface 132
and the groove 152 near the proximal surface 134. The grooves 150 near the distal surfaces
112, 132 can form a cavity to accept a distal portion of the screw mechanism 106. The
grooves 152 near the proximal surface 114, 134 can form a cavity to accept a proximal
portion of the screw mechanism 106.

[0076] Referring to Figures 11-12, the grooves 150, 152 can have an angled
surface. The grooves 150, 152 can be conical. The grooves 150 can flare outward toward the
distal surfaces 112, 132. The grooves 150 can be larger near the distal surfaces 112, 132 than
toward the middle. The grooves 152 can flare outward toward the proximal surfaces 114,
134. The grooves 152 can be larger near the proximal surface 114, 134 than toward the
middle. When the upper structure 102 and the lower structure 104 are in the collapsed
configuration as shown in Figure 11, the grooves 150, 152 can form a frustoconical shape.
The upper structure 102 can have approximately half of the cone and the lower structure 104

can have approximately half of the cone. The grooves 150, 152 can interface with the screw
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mechanism 106 to transition the curved expandable interbody device 100 from the collapsed
to expanded configuration, as disclosed herein.

[0077] The upper structure 102 and the lower structure 104 can have one or more
cavities 154 to receive the screw mechanism 106. The cavities 154 can be continuous with
one or more grooves 150, 152. The cavities 154 can be continuous with one or more
openings 120, 140. In some embodiments, the cavities 154 can be packed with material. In
some embodiments, only the openings 120, 140 are packed with material. The cavities 154
can be larger than the corresponding components of the screw mechanism 106. In some
embodiments, only the grooves 150, 152 contact movable components of the screw
mechanism 106. In some embodiments, the cavities 154 do not contact movable components
of the screw mechanism 106.

[0078] The cavities 154 can include one or more proximal cavities 156. The one
or more proximal cavities 156 can receive the deployment tool 200 as described herein. The
one or more proximal cavities 156 can be open on the proximal surfaces 114, 134. The one or
more proximal cavities can be concave between the upper structure 102 and the lower
structure 104. The one or more proximal cavities 156 can be semi-spherical. The one or more
proximal cavities can be rounded inwards toward the middle. When the upper structure 102
and the lower structure 104 are in the collapsed configuration, the proximal cavities 156 can
form a concave, semi-spherical shape. The upper structure 102 can have approximately half
of the semi-sphere and the lower structure 104 can have approximately half of the semi-
sphere. The one or more proximal cavities 156 can receive the deployment tool 200 to
transition the curved expandable interbody device 100 from the collapsed to expanded
configuration, as disclosed herein.

[0079] Referring back to Figure 8, the upper structure 102 and the lower structure
104 can include a catch 158. The upper structure 102 and the lower structure 104 can be
configured to expand vertically. The upper structure 102 and the lower structure 104 can
move linearly apart from one another. The catch 158 can prevent additional expansion. In
some embodiments, the upper structure 102 and the lower structure 104 can be configured to
expand along a single axis. In some embodiments, the upper structure 102 and the lower
structure 104 can be configured to expand without translation. In some embodiments, both

the upper structure 102 and the lower structure 104 expand.
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[0080] In some embodiments, the curved expandable interbody device 100 can
have a slight inclination, called a lordosis angle. In some embodiments, the lordosis angle
decreases the height of the curved expandable interbody device 100. In some embodiments,
the height of the curved expandable interbody device 100 decreases near the left surface 116,
136 compared to the right surface 118, 138. In some embodiments, the lordosis angle is
approximately 5 degrees. Other configurations are contemplated, for example 1 degree, 2
degrees, 3 degrees, 4 degrees, 5 degrees, 6 degrees, 7 degrees, 8 degrees, 9 degrees, 10
degrees, 11 degrees, 12 degrees, 13 degrees, 14 degrees, 15 degrees, 16 degrees, 17 degrees,
18 degrees, 19 degrees, 20 degrees, between 4 degrees and 6 degrees, between 0 degrees and
5 degrees, between 3 degrees and 5 degrees, between 8 degrees and 12 degrees, between 14
degrees and 16 degrees, or any range of two of the foregoing values. In some embodiments,
the curved expandable interbody device 100 can be slightly enlarged at the convex surface.
The right surface 118, 138 can be the maximum height of the curved expandable interbody
device 100. The curved expandable interbody device 100 can taper slightly by the lordosis
angle toward the concave surface. In some embodiments, the top surface 110 of the upper
structure 102 can be tapered by the lordosis angle. In some embodiments, the bottom surface
130 of the lower structure 104 can be tapered by the lordosis angle. In some embodiments,
both the top surface 110 and the bottom surface 130 taper toward the left. In some
embodiments, both the top surface 110 and the bottom surface 130 taper toward the concave
surface. In some embodiments, the curved expandable interbody device 100 can have a width
measured from the maximum left surface to the maximum right surface. This width can be
the total tangent envelop of the device. In some embodiments, the curved expandable
interbody device 100 can have a width measured from the convex surface to the concave
surface. In some embodiments, the curved expandable interbody device 100 can have a width
of 6 mm, 8§ mm, 10 mm, 12 mm, 13 mm, 14 mm, 15 mm, 16 mm, or any range of two of the
foregoing values. In some embodiments, the curved expandable interbody device 100 can
have a length measured from the maximum proximal surfaces to the maximum distal
surfaces of the upper and lower structures 102, 104. In some embodiments, the length
accounts for the upper and lower structures 102, 104 without the screw mechanism 106. In
some embodiments, the length accounts for the upper and lower structures 102, 104 without

the coupler 164. In some embodiments, the curved expandable interbody device 100 can
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have a length measured from the maximum distal surfaces of the upper and lower structures
102, 104 to the maximum proximal surfaces of the coupler 164. In some embodiments, the
curved expandable interbody device 100 can have a length measured from the maximum
distal surfaces of the upper and lower structures 102, 104 to the maximum proximal surfaces
of the upper and lower connectors 194, 196. In some embodiments, the length of the curved
expandable interbody device 100 includes the length of the coupler 164. In some
embodiments, the curved expandable interbody device 100 can have a length of 20 mm, 21
mm, 22 mm, 23 mm, 24 mm, 25 mm, 26 mm, 27 mm, 28 mm, 29 mm, 30 mm, 31 mm, 32
mm, 33 mm, 34 mm, 35 mm, 36 mm, 37 mm, 38 mm, 39 mm, 40 mm, 41 mm, 42 mm, or
any range of the foregoing values. In some embodiments, the curved expandable interbody
device 100 can have a height of 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, 11 mm, 12 mm,
13 mm, 14 mm, 15 mm, 16 mm, 17 mm, 18 mm, 19 mm, 20 mm, or any range of the
foregoing values. In some embodiments, the curved expandable interbody device 100 can
have a width of 12 mm to 13 mm, a length of 27 mm to 37 mm, a height of 8§ mm to 12 mm,
an expansion of up to 4 mm, and a lordosis of 5 degrees to 15 degrees. Other configurations
are contemplated.

[0081] Referring back to Figures 9-12, the screw mechanism 106 can include a
distal section 160, a proximal section 162 and a coupler 164. The coupler 164 can have a
distal opening 166 configured to engage the distal section 160. The coupler 164 can have a
proximal opening 168 configured to engage the proximal section 162. The distal opening 166
and the proximal opening 168 can be threaded. The openings 166, 168 can have threads in
opposite directions. In some embodiments, the distal opening 166 is left handed threads and
the proximal opening 168 is right handed threads.

[0082] The coupler 164 can include alignment protrusions 170 configured to
engage with alignment slots 122, 142 in the upper structure 102 and lower structure 104,
respectively. The alignment protrusions 170 can prevent the coupler 164 from rotating as the
proximal section 162 of the screw mechanism 106 is rotated with the deployment tool 200.
The alignment protrusions 170 can facilitate smooth expansion along a single plane. The
alignment protrusions 170 can prevent translation of the upper structure 102 relative to the

lower structure 104 during expansion.
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[0083] In the illustrated embodiment, the coupler 164 includes four alignment
protrusions 170. The coupler 164 can include any number of alignment protrusions 170. The
coupler 164 can include two alignment protrusions 170 configured to engage the upper
structure 102 and two alignment protrusions 170 configured to engage the lower structure
104. The alignment protrusions 170 can be located to maximize the surface area of the
openings 120, 140. The alignment protrusions 170 can have any shape. In the illustrated
embodiment, the alignment protrusions 170 can have an elongated or oval shape. In some
embodiments, the protrusions can have any of a variety of shapes, such as cylindrical or
rectangular extensions.

[0084] The distal section 160 can include a head 172. The head 172 can be
configured to be positioned distally within the upper section 102 and the lower section 104.
The head 172 can be conical. The head 172 can flare outward toward the distal surfaces 112,
132. The head 172 can be larger near the distal surfaces 112, 132 than toward the middle.
The head 172 can form a frustoconical shape. The head 172 can have an angled surface
configured to slide against the angled surfaces of the grooves 150. The head 172 can be
configured to slide and press against the grooves 150 of the upper structure 102 and lower
structure 104. The head 172 can have sufficient smoothness to functionally slide and press
against the grooves 150.

[0085] The distal section 160 can include a threaded portion 174. The threaded
portion 174 can extend proximally from the head 172. The threaded portion 174 can be
configured to couple with the distal opening 166 of the coupler 164. The threaded portion
174 can be integrally or monolithically formed with the head 172. The threaded portion 174
can be separately formed from the head 172 and coupled thereto.

[0086] The distal section 160 can also have a keyed shaft 176. The keyed shaft
176 can extend proximally from the threaded portion 174. The keyed shaft 176 can extend
proximally along a longitudinal axis of the screw mechanism 106. The keyed shaft 176 is
configured to slideably couple with the proximal section 162. As described below, the keyed
shaft 176 can be keyed, such that when the proximal section 162 is rotated, the distal section
160 also rotates as a unit. The keyed shaft 176 can be integrally or monolithically formed
with the head 172 and/or the threaded portion 174. The keyed shaft 176 can be separately
formed from the head 172 and/or the threaded portion 174 and coupled thereto.
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[0087] The proximal section 162 can include a head 178. The head 178 can be
configured to be positioned proximally within the upper section 102 and the lower section
104. The head 178 can be conical. The head 178 can flare outward toward the proximal
surfaces 114, 134. The head 178 can be larger near the proximal surfaces 114, 134 than
toward the middle. The head 178 can form a frustoconical shape. The head 178 can have an
angled surface configured to slide against the angled surfaces of the grooves 152. The head
178 can be configured to slide and press against the grooves 152 of the upper structure 102
and lower structure 104. The head 178 can have sufficient smoothness to functionally slide
and press against the grooves 152.

[0088] The proximal section 162 can include a threaded portion 180. The
threaded portion 180 can extend distally from the head 178. The threaded portion 180 can be
configured to couple with the proximal opening 168 of the coupler 164. The threaded portion
180 can be integrally or monolithically formed with the head 178. The threaded portion 180
can be separately formed from the head 178 and coupled thereto.

[0089] The proximal section 162 can also have a keyed bore 182. The keyed shaft
176 of the distal section 160 can be configured to extend into the keyed bore 182 from the
distal end of the proximal section 162. The keyed shaft 176 of the distal section 160 can be
inward from the threaded portion 180 of the proximal section 162 when disposed therein.
The keyed bore 182 can extend along a longitudinal axis of the screw mechanism 106. The
keyed bore 182 is configured to slideably couple with the keyed shaft 176 of the distal
portion 160. The keyed bore 182 and the keyed shaft 176 transmit torque. As the proximal
section 162 is rotated, the distal section 160 also rotates due to the interaction between the
keyed bore 182 and the keyed shaft 176. While the proximal portion 162 includes the keyed
bore 182 and the distal portion 160 includes the keyed shaft 176, in other embodiments, the
proximal portion 162 includes the keyed shaft and the distal portion 160 includes the keyed
bore.

[0090] The head 178 can include a drive interface 184 configured to receive the
deployment tool 200 for rotating or driving the proximal section 162. In the illustrated
embodiment, the head 178 has a fluted socket with six flutes. In other embodiments, the head
178 can have any of a variety of drive interfaces, such as slotted, cross and polygonal heads.

In some embodiments, the drive interface 184 and the keyed bore 182 are continuous. In
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some embodiments, the drive interface 184 and the keyed bore 182 have the same keyed
shape.

[0091] The distal section 160 and the proximal section 162 can be threaded. The
distal section 160 and the proximal section 162 can have threads in opposite directions. In
some embodiments, the distal section 160 is left handed threads and the proximal section 162
is right handed threads. As disclosed herein, the threads in opposite directions enable the
screw mechanism 106 to contract or extend when rotated. The distal section 160 can have
threads that are configured to engage threads in the distal opening 166 of the coupler 164.
The proximal section 162 can have threads that are configured to engage threads in the
proximal opening 168 of the coupler 164. In the illustrated embodiment, the distal section
160 and the proximal section 162 have external threads while the coupler 164 has internal
threads. In other embodiments, the coupler 164 can have external threads while the distal
section 160 and the proximal section 162 can have internal threads.

[0092] The distal section 160 and the proximal section 162 can be rotatably
linked with the keyed coupling, such that when the proximal section 162 is rotated, the distal
section 160 also rotates as a unit. The keyed shaft 176 on the distal section 160 can have a
keyed shape that slideably engages with the keyed bore 182 on the proximal section 162. In
the illustrated embodiment the keyed shaft 176 has six flutes that slideably engage the keyed
bore 182 having a fluted socket with six flutes. Other suitable shapes or geometric
configurations for a keyed connection between the distal section 160 and the proximal
section 162 may be used in the screw mechanism 106 to achieve the desired results, such as
triangular, hexagonal, oval, star-shaped, or other non-circular shape.

[0093] The drive interface 184 can be engaged by the deployment tool 200 to
rotate the proximal portion 162. The drive interface 184 can be rotated to compress the screw
mechanism 106. Rotation of the drive interface 184 can cause the distal section 160 and the
proximal section 162 of the screw mechanism 106 to move toward each other. During
movement, the heads 172, 178 of the portions 160, 162 slide along the grooves 150, 152 in
the upper structure 102 and lower structure 104 toward each other.

[0094] The movement of the distal portion 160 and the proximal portion 162
toward each other moves the two structures 102, 104 away from each other to expand the

curved expandable interbody device 100. The movement of the distal portion 160 and the
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proximal portion 162 away from each other moves the two structures 102, 104 toward each
other to collapse the curved expandable interbody device 100. The distal portion 160 and the
proximal portion 162 move toward and way from each other along the longitudinal axis of
the screw mechanism 106. The upper structure 102 and the lower structure 104 expand and
collapse in a direction perpendicular to the longitudinal axis of the screw mechanism 106.
The alignment protrusions 170 prevent the translation of the upper structure 102 and the
lower structure 104 during expansion.

[0095] In some embodiments, turning the drive interface 184 clockwise causes
the expansion of the curved expandable interbody device 100. In some methods, the drive
interface 184 may be actuated in the opposite direction to change the curved expandable
interbody device 100 from the expanded configuration back to the collapsed configuration. In
some embodiments, turning the drive interface counter-clockwise causes the collapsing of the
curved expandable interbody device 100. This ability to reversibly expand and collapse the
curved expandable interbody device 100 can allow the curved expandable interbody device
100 to be moved to another location, repositioned, or removed {rom the patient.

[0096] The screw mechanism 106 can vary in length to change the curved
expandable interbody device 100 from the collapsed configuration to the expanded
configuration. Initially, the length of the screw mechanism 106 between the heads 172, 178
can be LC in the fully collapsed configuration as shown in Figure 11. As the drive interface
184 of the proximal section 162 is rotated in a first direction, the proximal section 162 is
screwed into the coupler 164 and the distal section 160 is screwed into the coupler 164. The
distal section 160 rotates with the proximal section 162 due to the keyed interface. The distal
section 160 and the proximal section 162 can have opposite handed threads so as the
proximal section 162 is screwed into the coupler 164, the distal section 160 is also screwed
into the coupler 164. The length of the screw mechanism 106 between the heads 172, 178
contracts to LE in the fully expanded configuration as shown in Figure 12. By reversing
rotation of the drive interface 184 in a second direction, opposite the first, the screw
mechanism 106 can be extended in length from LE back to LC or any length therebetween.
The curved expandable interbody device 100 can be expanded by any incremental height
between the fully collapsed configuration and the fully expanded configuration. In some

embodiments, the expansion of the curved expandable interbody device 100 is the expansion
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from the fully collapsed configuration to the fully expanded configuration. In some
embodiments, the expansion of the curved expandable interbody device 100 is 2.5 mm. In
some embodiments, the expansion of the curved expandable interbody device 100 is 3 mm.
In some embodiments, the expansion of the curved expandable interbody device 100 is 3.5
mm. In some embodiments, the expansion of the curved expandable interbody device 100 is
up to 4 mm. In some embodiments, the curved expandable interbody device 100 can be
expanded by any height greater than 0 mm and up to 3 mm. In some embodiments, the
curved expandable interbody device 100 can be expanded by any height greater than 0 mm
and up to 4 mm. In some embodiments, the curved expandable interbody device 100 can be
designed to be expanded by any height, including greater than 3 mm.

[0097] The alignment protrusions 170 on the coupler 164 are constrained in the
alignment slots 122, 142 on the upper structure 102 and lower structure 104 to prevent the
coupler 164 from rotating with the distal section 160 and the proximal section 162 as the
drive interface 184 is rotated. The coupler 164 remains stationary as the distal section 160
and the proximal section 162 rotate relative to the coupler 164. The coupler 164 remains
stationary as the upper structure 102 and the lower structure 104 expand relative to the
coupler 164. The alignment protrusions 170 on the coupler 164 remain within the alignment
slots 122, 142 on the upper structure 102 and lower structure 104 in the fully collapsed
configuration and the fully expanded configuration.

[0098] The rotation of the proximal portion 162 can cause the rotation of the
distal portion 160. The rotation of the proximal portion 162 can cause the distal portion 160
and the proximal portion 162 to move toward each other. The rotation of the proximal
portion 162 can cause the distal portion 160 and the proximal portion 162 to move away from
each other. The opposite threads of the distal portion 160 and the proximal portion 162
causes this relative movement. The keyed shaft 176 and keyed bore 182 transmit rotational
forces from the drive interface 184 to the distal portion 160.

[0099] In some embodiments, in the collapsed configuration the curved
expandable interbody device 100 has a height of HC. The head 172 of the distal section 160
can engage the grooves 150 of the upper structure 102 and lower structure 104. The head 178
of the proximal section 162 can contact the grooves 152 of the upper structure 102 and lower

structure 104. When the drive interface 184 is rotated in a first direction, the distal section
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160 and the proximal section 162 can move toward each other from LC to LE, or any length
therebetween. When this happens, the heads 172, 178 can push against the grooves 150, 152
in the upper structure 102 and lower structure 104, causing the upper structure 102 and lower
structure 104 to separate. The height between the upper structure 102 and the lower structure
104 can increase from HC (collapsed configuration) to HE (expanded configuration), or any
height therebetween. The curved expandable interbody device 100 does not have to be
completely expanded to HE and may only be expanded to a partial height between HC and
HE, depending on the expansion needed between the adjacent vertebrae. In some
embodiments, the grooves 150, 152 can have features that increase resistance to turning of
the screw mechanism 106, so that increased actuating forces are required during select
portions of the expansion procedure. This variation of actuating forces can provide tactile
feedback to the user that the curved expandable interbody device 100 is nearing the limits of
its expansion.

[0100] The threaded portion 174 of the distal section 160 can engage with the
distal opening 166 of the coupler 164 and the threaded portion 180 of the proximal section
162 can engage with the proximal opening 168 of the coupler 164. The distal opening 166
and the proximal opening 168 can have thread patterns in opposite directions. The threaded
portions 174, 180 can have thread patterns in opposite directions. In some embodiments, the
openings 166, 168 and the threaded portions 174, 180 may have equal pitch, such that during
expansion, the proximal portion and the distal portion of the upper structure 102 and the
lower structure 104 translate or move at the same rate. In other embodiments, the openings
166, 168 and the threaded portions 174, 180 may have different pitches, such that during
expansion, the proximal portion and the distal portion of the upper structure 102 and the
lower structure 104 translate or move at different rates. For example, the proximal portion of
the upper structure 102 and the lower structure 104 may translate or move at a first rate of
speed and the distal portion of the upper structure 102 and the lower structure 104 may
translate or move at a second rate of speed. The first rate of speed may be faster or slower
than the second rate of speed. This allows for some angularity between the upper structure
102 and lower structure 104 during expansion. The difference between the first and second
rates of speed allows the user to select a curved expandable interbody device that has some

angulation after expansion, for example to account for the lordotic curvature of the spine.
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[0101] The screw mechanism 106 or portions of the screw mechanism 106 can be
fabricated from any biocompatible material suitable for implantation in the human spine,
such as metals including, but not limited to, stainless steel, titanium and titanium alloys, as
well as surgical grade plastics, plastic composites, ceramics, bone, and other suitable
materials. In some embodiments, the distal portion 160 and the proximal portion 162 may be
formed of a porous material that participates in the growth of bone with the adjacent
vertebral bodies. In some embodiments, the screw mechanism 106 can include a roughened
surface that is coated with a porous material, such as a titanium coating, or the material may
be chemically etched to form pores that participate in the growth of bone with the adjacent
vertebra. In some embodiments, only portions of the screw mechanism 106 may be formed of
a porous material, coated with a porous material, or chemically etched to form a porous
surface, such as the heads 172, 178, which may be exposed to the native anatomy after
implantation. In some embodiments, the surface porosity may be between 50 and 300
microns.

[0102] In some embodiments, the screw mechanism may be a compression screw
having a proximal section threadably coupled to a distal section, the proximal section having
a threaded shaft and the distal section having a threaded bore, or vice-versa, such that when
the proximal section is rotated, the threaded shaft engages the threaded bore to shorten or
lengthen the distance between the distal head 172 and the proximal head 178. The distal
section can have anti-rotational features, such as for example an oblong head shape, to
prevent it from rotating as the proximal section is engaged with distal section.

[0103] The coupler 164 can include features to facilitate coupling with the
deployment tool 200 as described herein. The coupler 164 can include a central portion 186.
The central portion 186 can be disposed between the distal portion 160 and the proximal
portion 162 in use. The central portion 186 can include the distal opening 166 and the
proximal opening 168. The central portion 186 can include the alignment protrusions 170
extending through the upper structure 102 and the lower structure 104. The central portion
186 can be viewed through the openings 120, 140. The central portion 186 can prevent
material from encroaching the threads of the screw mechanism during use. The central

portion 186 can protect the threads as the openings 120, 140 are packed with material.
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[0104] The coupler 164 can include a proximal interface 188. The proximal
interface 188 can include a left arm 190 and a right arm 192. In some embodiments, the left
arm 190 and the right arm 192 extend laterally from the proximal opening 168. In some
embodiments, the left arm 190 and the right arm 192 are aligned with the proximal alignment
protrusions 170. The left arm 190 can have a shaped surface configured to complement a
shaped surface of the left surface 116 of the upper structure 102 and the left surface 136 of
the lower structure 104. The right arm 192 can have a shaped surface configured to
complement a shaped surface of the right surface 118 of the upper structure 102 and the right
surface 138 of the lower structure 104.

[0105] The coupler 164 can include an upper connector 194 and a lower
connector 196. The upper connector 194 can span between the left arm 190 and the right arm
192. The lower connector 194 can span between the left arm 190 and the right arm 192. The
upper connector 194 and the lower connector 196 can form the proximal end of the curved
expandable interbody device 100. The upper connector 194 can be shaped to receive the
proximal surface 114 of the upper structure 102. The lower connector 196 can be shaped to
receive the proximal surface 134 of the lower structure 104. The upper connector 194 can
form a portion of a ring. The lower connector 196 can form a portion of a ring.

[0106] In some embodiments, the upper connector 194 and the lower connector
196 can have the same or similar perimeter. In some embodiments, the upper connector 194
and the lower connector 196 can be parallel. In some embodiments, the upper connector 194
and the lower connector 196 can be mirror images. In some embodiments, the upper
connector 194 and the lower connector 196 can be symmetrical. The upper connector 194
and the lower connector 196 can receive the deployment tool 200 therebetween.

[0107] Referring back to Figures 2-3, the curved expandable interbody device
100 can include one or more curved slots 198. The upper structure 102 and the upper
connector 194 can form a curved slot 198 therebetween. The lower structure 104 and the
lower connector 196 can form a curved slot 198 therebetween. The curved slots 198 accept a
portion of the deployment tool 200 as described herein. The curved slots 198 can facilitate
locking the deployment tool 200 to the curved expandable interbody device 100 while
allowing the deployment tool 200 to pivot relative to the curved expandable interbody device

100, as described herein.
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[0108] With reference to Figures 13-26, the deployment tool 200 can be used to
implant the curved expandable interbody device 100 into the patient. Figure 13 is a
perspective view of the curved expandable interbody device 100 coupled to the deployment
tool 200. Figure 14 is a top view. Figure 15 is a close-up side view. In use, an incision can be
made on the patient to allow access to the implant site in the intervertebral space. The
incision can be made for implanting the curved expandable interbody device 100 from any
approach, including from the posterior, lateral or anterior directions. The incision can be
small for a minimally invasive procedure or a larger incision can be used for an open surgery.
Once the implant site is accessed, the two adjacent vertebrae can be distracted in some
situations to open up the intervertebral space. In some situations, the curved expandable
interbody device 100 can be used to at least partially distract the vertebrae during the implant
procedure. In some situations, the intervertebral space may include a degenerated disc or
other disorder that may require a partial or complete discectomy prior to insertion of the
curved expandable interbody device 100.

[0109] In some configurations, more than one curved expandable interbody
device 100 can be implanted between the adjacent vertebrae of the patient. In such
embodiments, multiple curved expandable interbody device 100 can be placed in a side-by-
side configuration or any other suitable configuration, thereby creating additional support. In
some methods, only one curved expandable interbody device 100 is utilized in the
intervertebral space. In some methods, two or more curved expandable interbody device 100
are utilized in the intervertebral space.

[0110] The deployment tool 200 can perform multiple functions. The deployment
tool 200 can reversibly lock onto the curved expandable interbody device 100. The
deployment tool 200 can include a locking mechanism 202. The deployment tool 200 can
pivot relative to the curved expandable interbody device 100. The deployment tool 200 can
include pivoting mechanism 204. The pivoting mechanism 204 can hold the deployment tool
200 in a straight position or the pivoting mechanism 204 can allow the deployment tool 200
to pivot. The deployment tool 200 can rotate the drive interface 184 of the screw mechanism
106. The deployment tool 200 can include a driving mechanism 206. The driving mechanism
206 can allow driving of the screw mechanism 106 in any straight or pivoted position of the

deployment tool 200 relative to the curved expandable interbody device 100. The
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deployment tool 200 is configured to attach securely to the curved expandable interbody
device 100 to provide control during insertion.

[0111] Figure 16 is a close-up side view of the locking mechanism 202. Figure 17
is a close-up top view of the locking mechanism 202. Figures 18-19 are close-up side views
of the pivoting mechanism 204. Figure 20 is a close-up cross-sectional view of the pivoting
mechanism 204. Figure 21 is a close-up side view of the driving mechanism 206. Figure 22 is
a close-up top view of the driving mechanism 206. Figures 23-24 are exploded views of the
driving mechanism 206. Figure 25 is a rear view of the deployment tool 200. Figure 26 is a
perspective view of a keyed shaft of the driving mechanism 206.

[0112] Referring back to Figure 13, the deployment tool 200 can include an
elongated shaft 210. The deployment tool 200 can include a distal end 212 that is configured
to interact with the curved expandable interbody device 100. The deployment tool 200 can
include a proximal end 214. The proximal end 214 of the deployment tool 200 can include a
handle 216. The handle 216 can be configured to be gripped by the user. The handle 216 can
include features to facilitate the grip of the user. The handle 216 can be made of a material to
facilitate gripping. In some embodiments, the handle 216 comprises a silicone rubber.

[0113] In methods of use, the deployment tool 200 is brought into proximity of
the curved expandable interbody device 100. The distal end 212 can have a complementary
shape to the curved expandable interbody device 100. The distal end 212 can mate with the
proximal interface 188 of the coupler 164 shown in greater detail in Figure 9. The distal end
212 facilitates alignment between the deployment tool 200 and the curved expandable
interbody device 100 before the deployment tool is locked with the locking mechanism 202.

[0114] Figures 16 and 17 illustrate the locking mechanism 202 with portions of
the deployment tool 200 removed. The locking mechanism 202 can be configured to interact
with one or more curved slots 198 as described herein. The one or more curved slots 198 can
be between the structures 102, 104 and the coupler 164. In some embodiments, the one or
more curved slots 198 can be configured to allow pivoting in a certain direction. In some
embodiments, the one or more curved slots 198 can extend toward the left of the curved
expandable interbody device 100. In some embodiments, the one or more curved slots 198
can extend toward the concave surface of the curved expandable interbody device 100. In

some embodiments, the one or more curved slots 198 can be configured to allow clockwise
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pivoting of the deployment tool 200 relative to the curved expandable interbody device 100
from the straight position. In some embodiments, the one or more curved slots 198 can
extend toward the right of the curved expandable interbody device 100. In some
embodiments, the one or more curved slots 198 can extend toward the convex surface of the
curved expandable interbody device 100. In some embodiments, the one or more curved slots
198 can be configured to allow counter-clockwise pivoting of the deployment tool 200
relative to the curved expandable interbody device 100 from the straight position.

[0115] In some embodiments, the locking mechanism 202 can extend along the
left side of the deployment tool 200. The locking mechanism 202 can include an inner shaft
222. The locking mechanism 202 can include an upper deflection arm 224 and a lower
deflection arm 226. The upper deflection arm 224 and the lower deflection arm 226 can be
coupled near a proximal end of the deflection arms 224, 226. The deflection arms 224, 226
can include one or more tines 228. The upper deflection arm 224 can include a tine 228
extending upward. The lower deflection arm 226 can include a tine 228 extending
downward. The inner shaft 222 can extend between the upper deflection arm 224 and the
lower deflection arm 226. The inner shaft 222 can move proximally and distally relative to
the upper deflection arm 224 and the lower deflection arm 226.

[0116] The locking mechanism 202 can include a locking actuator 230 as shown
in Figure 15. The locking actuator 230 can control the proximal and distal movement of the
inner shaft 222 relative to the upper deflection arm 224 and the lower deflection arm 226.
The locking actuator 230 can be a switch. The locking actuator 230 can be near the proximal
end of the deployment tool 200.

[0117] The locking actuator 230 can include a neutral positon as shown in Figure
15. In some embodiments, the locking actuator 230 is perpendicular to the deployment tool
200 in the neutral positon. In some embodiments, the locking actuator 230 extends outward
from the deployment tool 200 in the neutral positon. In some embodiments, the locking
actuator 230 can be biased toward the neutral position. The locking mechanism 202 can
include a spring 232. The spring 232 can bias the inner shaft 222 in the proximal direction.
The spring 232 can bias the locking actuator 230 outward from the deployment tool 200.

[0118] In the neutral positon, the deployment tool 200 is not locked to the curved
expandable interbody device 100. The deployment tool 200 can be in the neutral positon as
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the user positions the deployment tool 200 relative to the curved expandable interbody device
100. The deployment tool 200 is properly positioned relative to the curved expandable
interbody device 100 when the distal end 212 of the deployment tool 200 abuts the upper
connector 194 and the lower connector 196 of the coupler 164 of the curved expandable
interbody device 100. The distal end 212 of the deployment tool 200 and the proximal end of
the coupler 164 can have a corresponding shape to facilitate alignment between the
deployment tool 200 and the curved expandable interbody device 100. The distal end 212
can have a shaped surface that complements the curved expandable interbody device 100 to
facilitate the proper positioning of the components. The distal end 212 can include a left arm
218 and a right arm 220. The locking mechanism 202 can constrain at least one degree of
freedom such that the deployment tool 200 is secured to the curved expandable interbody
device 100.

[0119] Once the deployment tool 200 is properly positioned relative to the curved
expandable interbody device 100, the locking mechanism 202 can be activated. The locking
actuator 230 can include a retention position. In some embodiments, the locking actuator 230
is parallel to a longitudinal axis 234 of the deployment tool 200 in the retention positon. In
some embodiments, the locking actuator 230 sits in-line with the longitudinal axis 234 of the
deployment tool 200 in the retention positon. In some embodiments, the locking actuator 230
is pushed inward. The locking actuator 230 is coupled to the inner shaft 222 such that inward
movement of the locking actuator 230 causes distal movement of inner shaft 222. The inner
shaft 222 moves distally between the upper deflection arm 224 and the lower deflection arm
226, referring to Figure 16. The inner shaft 222 can splay the upper deflection arm 224 and
the lower deflection arm 226. The upper deflection arm 224 and the lower deflection arm 226
move radially outward from the inner shaft 222. The tines 228 of the upper deflection arm
224 and the lower deflection arm 226 move into the curved slots 198. The upper structure
102 and the upper connector 194 can form a curved slot 198 that receives the tine 228 of the
upper deflection arm 224. The lower structure 104 and the lower connector 196 can form a
curved slot 198 that receives the tine 228 of the lower deflection arm 226. The tines 228 are
retained within the curved slots 198. The tines 228 constrain an additional degree of freedom.
The tines 228 limit proximal movement of the deployment tool 200 relative to the curved

expandable interbody device 100. The tines 228 function as a stop. The locking mechanism
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202 can be considered a retention mechanism. The locking mechanism 202 retains the curved
expandable interbody device 100 relative to the deployment tool 200. As described herein,
the deployment tool 200 can pivot relative to the curved expandable interbody device 100
when the curved expandable interbody device 100 is retained.

[0120] Figures 18 and 19 illustrate the pivoting mechanism 204 with portions of
the deployment tool 200 removed. The deployment tool 200 can allow pivoting of the
deployment tool 200 relative to the curved expandable interbody device 100 in some
configurations and prevent pivoting of the deployment tool 200 relative to the curved
expandable interbody device 100 in other configurations. The deployment tool 200 can
include the pivoting mechanism 204. Referring back to Figure 14, the curved expandable
interbody device 100 can include the longitudinal axis 108. The deployment tool 200 can
include the longitudinal axis 234. The deployment tool 200 can have a straight position as
shown in Figure 14. The longitudinal axis 234 of the deployment tool 200 can be coaxial
with the longitudinal axis 108 of the curved expandable interbody device 100 in the straight
position. The longitudinal axis 234 of the deployment tool 200 can be aligned with the
longitudinal axis 108 of the curved expandable interbody device 100 in the straight position.
The longitudinal axis 234 of the deployment tool 200 can be parallel to the longitudinal axis
108 of the curved expandable interbody device 100 in the straight position.

[0121] The deployment tool 200 can have one or more pivoted position. The
longitudinal axis 234 of the deployment tool 200 can be angled with respect to the
longitudinal axis 108 of the curved expandable interbody device 100 in a pivoted position.
The longitudinal axis 234 of the deployment tool 200 can be skewed relative to the
longitudinal axis 108 of the curved expandable interbody device 100 in a pivoted position.
The longitudinal axis 234 of the deployment tool 200 is not aligned with the longitudinal axis
108 of the curved expandable interbody device 100 in a pivoted position. The deployment
tool 200 can have a plurality of pivoted positions. The deployment tool 200 can smoothly
transition between pivoted positions as the tines 228 slide within the curved slots 198. The
deployment tool 200 can include an infinite number of pivoted positions. The maximum
angle of the longitudinal axis 234 of the deployment tool 200 with respect to the longitudinal
axis 108 of the curved expandable interbody device 100 can be determined by the curved

slots 198. In some embodiment, the deployment tool 200 can pivot relative to the curved
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expandable interbody device 100 by O degrees, 10 degrees, 20 degrees, 30 degrees, 40
degrees, 50 degrees, 60 degrees, 70 degrees, 80 degrees, 90 degrees, 100 degrees, 110
degrees, 120 degrees, 130 degrees, 140 degrees, 150 degrees, 160 degrees, 170 degrees, 180
degrees, between 70 degrees and 90 degrees, between 50 degrees and 70 degrees, or any
range of two of the foregoing values. In the illustrated embodiment, the angle of the
deployment tool 200 relative to the curved expandable interbody device 100 can be between
0 degrees and 50 degrees. In some embodiments, the nominal pivot range of the deployment
tool 200 relative to the curved expandable interbody device 100 is approximately in the range
of 0° to 60°. In some embodiments, the nominal pivot range of the deployment tool 200 and
curved expandable interbody device 100 relative to each other is approximately in the range
of 4° to 55°. In some embodiments, the deployment tool 200 and the curved expandable
interbody device 100 can pivot relative to each other by 0 degrees, 5 degrees, 10 degrees, 15
degrees, 20 degrees, 25 degrees, 30 degrees, 35 degrees, 40 degrees, 45 degrees, 50 degrees,
55 degrees, 60 degrees, 65 degrees, 70 degrees, or any range of two of the foregoing values.
The range can account for manufacturing tolerances on both the curved expandable interbody
device 100 and the deployment tool 200. In some embodiments, by the nature of the double-
joint driving mechanism 206 of the deployment tool 200 as described herein, the designed
operating range is from O degrees to 60 degrees. In some embodiments, other ranges are
contemplated.

[0122] In some embodiments, the pivoting mechanism 204 can extend along the
left side of the deployment tool 200. The pivoting mechanism 204 can include the left arm
218. The left arm 218 can extend along a portion of the length of the deployment tool 200.
The left arm 218 can align with the left arm 190 of the coupler 164. The left arm 218 can fit
within a space between the upper connector 194 and the lower connector 196 of the coupler
164. The left arm 218 can generally compliment the shape of the upper connector 194 and
the lower connector 196.

[0123] Referring to Figures 15 and 20, the pivoting mechanism 204 can include a
pivoting actuator 240. The pivoting actuator 240 can control the proximal and distal
movement of the left arm 218 relative to the curved expandable interbody device 100. The
pivoting actuator 240 can control the proximal and distal movement of the left arm 218

relative to the upper connector 194 and the lower connector 196. The pivoting actuator 240
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can be a button. The pivoting actuator 240 can be near the proximal end of the deployment
tool 200.

[0124] The pivoting actuator 240 can include two discrete position. The pivoting
actuator 240 can slide between these two discrete positions. The pivoting actuator 240 can be
biased to be in one of two discrete positions. The pivoting actuator 240 can include a straight
position. The pivoting actuator 240 can include a pivoting position. The pivoting actuator
240 can be depressed to slide between the two positions. The pivoting actuator 240 can
include a shaft 242. The upper portion of the shaft 242 can include a smaller profile. The
lower portion of the shaft 242 can include a larger profile. The elongated shaft 210 can have
a shaped slot 244 to receive the shaft 242. The lower portion of the shaft 242 with the larger
profile fits within a shaped slot 244 at the straight position and the pivoting position. The
shaft 242 must be depressed to lower the larger profile from the shaped slot 244 to allow the
smaller profile of the shaft to be within the shaped slot 244. Depressing the pivoting actuator
240 lowers the shaft 242 such that the shaft 242 can move between the straight position and
the pivoting position. The pivoting actuator 240 can include a spring 246. The spring 246 can
bias the button outward from the deployment tool 200. The spring 246 can bias the lower
portion of the shaft 242 into the shaped slot 244. The spring 246 can bias the upper portion of
the shaft 242 out of the shaped slot 244.

[0125] The pivoting actuator 240 can include the straight position as shown in
Figure 18. The left arm 218 can be interlocked with the coupler 164 of the curved expandable
interbody device 100 when the pivoting actuator 240 is in the straight position. The left arm
218 can be between the upper connector 194 and the lower connector 196. The pivoting
actuator 240 can prevent or limit pivoting when the pivoting actuator 240 is in the straight
position. The pivoting actuator 240 can prevent or limit pivoting by positioning the left arm
218 relative to the curved expandable interbody device 100. The pivoting actuator 240 can
provide tactile feedback to the user that the pivoting actuator 240 is in the straight positon. In
some embodiments, the spring 246 can push the button outward when the pivoting actuator
240 is in the straight position. In some embodiments, the straight position can correspond to a

distal position of the pivoting actuator 240 on the deployment tool 200 as shown in Figure

15.
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[0126] The pivoting actuator 240 can include the pivoting position as shown in
Figure 19. The left arm 218 can be at least partially withdrawn relative to the curved
expandable interbody device 100 when the pivoting actuator 240 is in the pivoting position.
The left arm 218 can be at least partially removed from between the upper connector 194 and
the lower connector 196. The pivoting actuator 240 can allow pivoting when the pivoting
actuator 240 is in the pivoting position. The pivoting actuator 240 can allowing pivoting by
retracting the left arm 218 proximally relative to the curved expandable interbody device
100. The pivoting actuator 240 can provide tactile feedback to the user that the pivoting
actuator 240 is in the pivoting positon. In some embodiments, the spring 246 can push the
button outward when the pivoting actuator 240 is in the pivoting position. In some
embodiments, the pivoting position of the pivoting actuator 240 can allow the deployment
tool 200 to assume one or more pivoted position upon a torque being applied by the user to
pivot the deployment tool 200. In some embodiments, the pivoting positon can correspond to
a proximal position of the pivoting actuator 240 on the deployment tool 200.

[0127] The locking mechanism 202 and the pivoting mechanism 204 can be
utilized in any order. In some embodiments, the locking mechanism 202 is actuated before
the pivoting actuator 240 is actuated. The locking mechanism 202 is actuated to lock the
deployment tool 200 first. In some embodiments, the locking mechanism 202 is actuated to
lock the deployment tool 200 to the curved expandable interbody device 100 when the
pivoting actuator 240 is in the pivoting position. In some embodiments, the locking
mechanism 202 is actuated to lock the deployment tool 200 to the curved expandable
interbody device 100 when the pivoting actuator 240 is in the pivoting position and then the
pivoting actuator 240 is actuated to the straight position. In some embodiments, pivoting
actuator 240 is actuated to the straight position after the locking mechanism 202 is locked.
Other configurations are possible. In some embodiments, the locking mechanism 202 is
actuated to lock the deployment tool 200 to the curved expandable interbody device 100
when the pivoting actuator 240 is in the straight position. In some embodiments, the locking
mechanism 202 is actuated after the pivoting actuator 240 is actuated.

[0128] In some methods, the deployment tool 200 can be locked in the straight
position relative to the curved expandable interbody device 100 by pressing the pivoting

actuator 240 and moving the pivoting actuator 240 distally into the straight position. In some
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methods, the deployment tool 200 can allow pivoting motion relative to the curved
expandable interbody device 100 by pressing the pivoting actuator 240 and moving the
pivoting actuator 240 proximally into the pivoting position. The deployment tool 200 can
retain the curved expandable interbody device 100 via the locking mechanism 202 regardless
of whether the deployment tool 200 is in a straight position or a pivoted position.

[0129] Figures 21-24 illustrate the driving mechanism 206 with portions of the
deployment tool 200 removed. In some embodiments, the driving mechanism 206 can extend
along the left side of the deployment tool 200. The driving mechanism 206 can include a first
shaft 250. The first shaft 250 can be generally straight within the deployment tool 200. The
first shaft 250 can include a keyed bore 252. The keyed bore 252 can extend from the
proximal end of the first shaft 250. The keyed bore 252 can extend a portion of the length of
the first shaft 250. The keyed bore 252 can extend along a longitudinal axis of the first shaft
250.

[0130] The first shaft 250 can include a ball end 254. The ball end 254 can
include a first bore 256. The ball end 254 can include a first slot 258. The first bore 256 and
the first slot 258 can be perpendicular.

[0131] The driving mechanism 206 can include a first connector 260. The first
connector can include a first bore pin 262 and a first slot pin 264. The first bore pin 262 can
be configured to be received in the first bore 256. The first bore pin 262 can be configured to
couple the first connector 260 and the first shaft 250. The first slot pin 264 can be configured
to be received in the first slot 258. In some methods of use, the first slot pin 264 can slide
within the first slot 258.

[0132] The driving mechanism 206 can include a second shaft 266. The second
shaft 266 can be generally skewed within the deployment tool 200. The second shaft 266 can
include a proximal socket end 268. The proximal socket end 268 can extend from the
proximal end of the second shaft 266. The proximal socket end 268 can receive the ball end
254 of the first shaft 250. The proximal socket end 268 can allowing pivoting motion of the
ball end 254 of the first shaft 250. The proximal socket end 268 can extend a portion of the
length of the second shaft 266. The proximal socket end 268 can extend along a longitudinal
axis of the second shaft 266. The proximal socket end 268 can include a second proximal

bore 270. The first slot pin 264 can be configured to be received in the second proximal bore
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270. The first slot pin 264 can couple the first shaft 250 and the second shaft 266. The first
slot pin 264 can allow the first shaft 250 and the second shaft 266 to pivot relative to each
other over a very limited range. In some embodiments, the first shaft 250 and the second
shaft 266 do not pivot. In some embodiments, the first shaft 250 and the second shaft 266 are
held at a fixed pivot angle. This fixed pivot angle can be any angle. In some embodiments,
the fixed pivot angle is between 27 degrees and 30 degrees. In some embodiments, the first
slot 258 is designed to accommodate the fixed pivot angle. The first shaft 250 and the second
shaft 266 can be held by an internal pocket geometry in the deployment tool 200. The first
shaft 250 and the second shaft 266 can be held by an internal pocket geometry in the right
arm 220 near the distal end 212 of the deployment tool 200. This joint design can allow
rotation and/or torque to be transmitted from the axis of the first shaft 250 to the axis of the
second shaft 266. The first shaft 250 can function as the input drive shaft. The second shaft
266 can function as a double joint coupling, as described herein.

[0133] The second shaft 266 can include a distal socket end 272. The distal socket
end 272 can extend from the distal end of the second shaft 266. The distal socket end 272 can
extend a portion of the length of the second shaft 266. The distal socket end 272 can extend
along a longitudinal axis of the second shaft 266. The distal socket end 272 can include a
second distal bore 274. The second proximal bore 270 and the second distal bore 274 can be
perpendicular.

[0134] The driving mechanism 206 can include a second connector 276. The
second connector 276 can include a second bore pin 278 and second slot pin 280. The second
slot pin 280 can be configured to be received in the second distal bore 274.

[0135] The driving mechanism 206 can include a third shaft 282. The third shaft
282 can be generally straight within the deployment tool 200. The third shaft 282 can include
a keyed shaft 284. The keyed shaft 284 can extend from the distal end of the third shaft 282.
The keyed shaft 284 can extend a portion of the length of the third shaft 282. The keyed shaft
284 can extend along a longitudinal axis of the third shaft 282. The keyed shaft 284 can be
configured to engage the drive interface 184. The screw mechanism 106 can include the
drive interface 184 configured to receive the keyed shaft 284 of the driving mechanism 206

for rotating the screw mechanism 106.
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[0136] The third shaft 282 can include a ball end 286. The ball end 286 can
include a third bore 290. The ball end 286 can include a third slot 292. The third bore 290
and the third slot 292 can be perpendicular. The distal socket end 272 can receive the ball end
286 of the third shaft 282. The distal socket end 272 can allowing pivoting motion of the ball
end 286 of the third shaft 282.

[0137] The second bore pin 278 can be configured to be received in the third bore
290. The second bore pin 278 can be configured to couple the second connector 276 and the
third shaft 282. The second slot pin 280 can be configured to be received in the third slot 292.
In some methods of use, the second slot pin 280 can slide within the third slot 292.

[0138] The second slot pin 280 can be configured to be received in the second
dsital bore 274. The second slot pin 280 can couple the second shaft 266 and the third shaft
282. The second slot pin 280 can allow the second shaft 266 and the third shaft 282 to pivot.
In some embodiments, the first shaft 250 and the second shaft 266 do not pivot. In some
embodiments, only the second shaft 266 and the third shaft 282 pivot. In some embodiments,
the second shaft 266 and the third shaft 282 allow for pivoting for the total range of the
deployment tool 200 relative to the curved expandable interbody device 100.

[0139] The first shaft 250, the first connector 260, the second shaft 266, the
second connector 276, and the third shaft 282 couple together to form an assembly. In
methods of use, the rotation of the first shaft 250 cause rotation of the second shaft 266 and
the third shaft 282. The torque is transmitted by the first slot pin 264 which couples the first
shaft 250 and the second shaft 266. The torque is transmitted by the second slot pin 280
which couples the second shaft 266 and the third shaft 282. The third shaft 282 can be
coupled to the screw mechanism 106. The rotation of the first shaft 250 cause rotation of the
screw mechanism 106 to expand the curved expandable interbody device 100.

[0140] The first shaft 250, the first connector 260, the second shaft 266, the
second connector 276, and the third shaft 282 allow the deployment tool 200 to be in any
pivoted position while allowing the driving mechanism 206 to rotate the screw mechanism
106. As the deployment tool 200 pivots, the first slot pin 264 can slide within the first slot
258 of the first shaft 250. As the deployment tool 200 pivots, the second slot pin 280 can
slide within the third slot 292 of the third shaft 282. The slots 258, 292 accommodate the
range of pivoted positions of the deployment tool 200. The slots 258, 292 accommodate
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pivoting up to 30 degrees, 40 degrees, 50 degrees, 60 degrees, 70 degrees, 80 degrees, 90
degrees, or any range of two of the foregoing values. In some methods of use, the first shaft
250 and the third shaft 282 can remain stationary as the deployment tool 200 pivots. In some
methods of use, the third shaft 282 remains coaxial with the longitudinal axis 108 of the
curved expandable interbody device 100 regardless of the position of the deployment tool
200. The first shaft 250 and the second shaft 266 can pivot relative to the third shaft 282 as
the deployment tool 200 pivots.

[0141] As described herein, the deployment tool 200 can have a straight position.
In the straight position of the deployment tool 200, the first shaft 250 and the second shaft
266 can be at the fixed pivot angle relative to each other. In the straight position, the first slot
pin 264 transmits torque between the first shaft 250 and the second shaft 266. In the straight
position, the first slot pin 264 slides within the first slot 258 as the first shaft 250 rotates. The
first slot 258 enables a sweep of the first slot pin 264 that is necessitated by the fixed pivot
angle between the first shaft 250 and the second shaft 266. The first slot pin 264 slides along
the length of the first slot 258 during a full rotation of the first shaft 250. In some
embodiments, the fixed pivot angle between the first shaft 250 and the second shaft 266 is
between 27 degrees and 30 degrees. The first slot pin 264 can transmit torque when the first
shaft 250 and the second shaft 266 are at this fixed pivot angle. The first slot pin 264 can
slide twice the fixed pivot angle. In some embodiments, the first slot pin 264 needs to slide
about twice the relative angle between the first shaft 250 and second shaft 266. Since the first
shaft 250 and second shaft 266 are at the fixed pivot angle of 27 degrees to 30 degrees, the
first slot pin 264 will slide or sweep from about negative 27 degrees to 30 degrees to positive
27 degrees to 30 degrees during a single rotation of the joint between the first shaft 250 and
the second shaft 266. The sliding of the first slot pin 264 can allow the deployment tool 200
to transmit torque in the straight position.

[0142] In the straight position of the deployment tool 200, the second shaft 266
and the third shaft 282 can be skewed. In the straight position, the second slot pin 280
transmits torque between the second shaft 266 and the third shaft 282. In the straight
position, the second slot pin 280 slides within the third slot 292 as the second shaft 266
rotates. In some embodiments, the second slot pin 280 can slide twice the fixed pivot angle in

the straight position. In some embodiments, the second shaft 266 and the third shaft 282 are
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at an angle of 27 degrees to 30 degrees when the deployment tool 200 is in the straight
position. In some embodiments, the second slot pin 280 needs to slide about twice the
relative angle between the second shaft 266 and the third shaft 282. The second slot pin 280
will slide or sweep from about negative 27 degrees to 30 degrees to positive 27 degrees to 30
degrees during a single rotation of the joint between the second shaft 266 and the third shaft
282. The sliding of the second slot pin 280 can allow the deployment tool 200 to transmit
torque in the straight position.

[0143] As described herein, the deployment tool 200 can have one or more
pivoted positions. In the pivoted positions of the deployment tool 200, the first shaft 250 and
the second shaft 266 remain at the fixed pivot angle relative to each other. In the pivoted
positions, the first slot pin 264 transmits torque between the first shaft 250 and the second
shaft 266. The first slot pin 264 slides within the first slot 258 as the first shaft 250 rotates.
The motion of the first slot pin 264 accommodates the fixed pivot angle between the first
shaft 250 and the second shaft 266. The first slot pin 264 slides along the length of the first
slot 258 during a full rotation of the first shaft 250. The first slot pin 264 can slide up to twice
the fixed pivot angle between the first shaft 250 and the second shaft 266. In some
embodiments, the first slot pin 264 continues to slide twice the relative angle between the
first shaft 250 and second shaft 266 in the pivoted positions of the deployment tool 200.
Since the first shaft 250 and second shaft 266 are at the fixed pivot angle of 27 degrees to 30
degrees, the first slot pin 264 can slide or sweep from about negative 27 degrees to 30
degrees to positive 27 degrees to 30 degrees during a single rotation of the joint between the
first shaft 250 and the second shaft 266 regardless of the angle of the deployment tool 200.

[0144] In a pivoted position of the deployment tool 200, the second shaft 266 and
the third shaft 282 can be pivoted relative to each other. The second shaft 266 and the third
shaft 282 can pivot relative to each other approximately negative 30 degrees to positive 30
degrees. This pivoting of the second shaft 266 and the third shaft 282 combined with the
fixed pivot angle of 27 to 30 degrees between the first shaft 250 and the second shaft 266
allows the deployment tool 200 to achieve cumulative total deployment tool pivot angles of 0
degrees to 60 degrees. In the pivoted positions, the second slot pin 280 transmits torque
between the second shaft 266 and the third shaft 282. In at least some pivoted positions, the
second slot pin 280 slides within the third slot 292 as the second shaft 266 rotates. The third
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slot 292 accommodates the motion of the second slot pin 280 at the various pivoted positions
between the second shaft 266 and the third shaft 282. The second slot pin 280 can slide along
the length of the third slot 292 or a portion thereof during a full rotation of the second shaft
266. The second slot pin 280 transmits torque when the second shaft 266 and the third shaft
282 are angulated. In some embodiments, the second slot pin 280 needs to slide about twice
the relative angle between the second shaft 266 and the third shaft 282. Since the second
shaft 266 and the third shaft 282 can have a variable angle, the second slot pin 280 can slide
or sweep from any range between negative 30 degrees and positive 30 degrees during a
single rotation of the joint between the second shaft 266 and the third shaft 282. Unlike the
first shaft 250 and the second shaft 266 that have a fixed angle, the second shaft 266 and the
third shaft 282 are free to pivot relative to each other.

[0145] In one pivoted position, wherein the deployment tool 200 is approximately
30 degrees relative to the curved expandable interbody device 100, the second shaft 266 and
the third shaft 282 can be coaxial. In this position, the second slot pin 280 transmits torque
between the second shaft 266 and the third shaft 282. In this position, the longitudinal axis of
the second shaft 266 can be aligned with the longitudinal axis of the third shaft 282. In some
embodiments, the second slot pin 280 does not slide within the third slot 292 in this position.
In some embodiments, the second slot pin 280 rotates in a plane in this position. If the
second shaft 266 and third shaft 282 have a relative angle of 0 degrees, the second slot pin
280 does not slide within the third slot 292. This coupling between the second shaft 266 and
the third shaft 282 will act as a straight joint in this position, and torque does not need to be
transmitted at an angle.

[0146] If the second shaft 266 and the third shaft 282 have a relative angle of
negative 30 degrees or positive 30 degrees, then similar with the first slot pin 264, the second
slot pin 280 needs to sweep from negative 30 degrees to positive 30 degrees. If the second
shaft 266 and the third shaft 282 have a relative angle of negative 15 degrees, then the second
slot pin 280 needs to sweep from negative 15 degrees to positive 15 degrees. If the second
shaft 266 and the third shaft 282 have a relative angle of positive 15 degrees, then the second
slot pin 280 also needs to sweep from negative 15 degrees to positive 15 degrees. If the
second shaft 266 and the third shaft 282 have a relative angle of 0 degrees, then the second

slot pin 280 needs to sweep 0 degrees.
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[0147] The combined sliding of the first slot pin 264 and the second slot pin 280
can allow the deployment tool 200 to transmit torque in the straight position and one or more
pivoted positions. The second shaft 266 and the third shaft 282 can pivot relative to each
other approximately negative 30 degrees to positive 30 degrees. This pivoting of the second
shaft 266 and the third shaft 282, combined with the fixed angle of 27 degrees to 30 degrees
between the first shaft 250 and second shaft 266 can achieve a cumulative total pivot angle of
the deployment tool 200 of between 0 degrees to 60 degrees.

[0148] Figure 25 is a rear view of the deployment tool 200. The deployment tool
200 can include a passageway toward the keyed bore 252 of the first shaft 250. The keyed
bore 252 is configured to receive a keyed shaft 294 inserted into the deployment tool 200.
Figure 26 is a perspective view of the keyed shaft 294. In some embodiments, the keyed shaft
294 is removable. The keyed shaft 294 can be inserted into the deployment tool 200 to
expand the curved expandable interbody device 100. The keyed shaft 294 can be a separate
component from the deployment tool 200. In other embodiments, the keyed shaft 294 is
located within the deployment tool 200.

[0149] The keyed shaft 294 is configured to couple with the keyed bore 252 to
transmit torque. As the keyed shaft 294 is rotated, the first shaft 250 also rotates. While the
first shaft 250 includes the keyed bore 252, in other embodiments, the first shaft 250 includes
the keyed shaft and a keyed socket is inserted into the deployment tool 200. The keyed shaft
294 can be keyed along the entire length or a distal portion thereof. In the illustrated
embodiment, the keyed shaft 294 has six flutes that slideably engages the keyed bore 252
having a fluted socket with six flutes. Other suitable shapes or geometric configurations for a
keyed connection between the keyed bore 252 and the keyed shaft 294 may be used to
achieve the desired results, such as triangular, hexagonal, oval, star-shaped, or other non-
circular shape. The keyed shaft 294 can include a flange 296. The flange 296 can act as a
depth stop of the keyed shaft 294. The keyed shaft 294 can include unitary structure. The
keyed shaft 294 can have a two-piece or multiple piece construction. The keyed shaft 294 can
be manufactured from a single piece of metal stock or from multiple pieces coupled together
through any manufacturing technique.

[0150] In operation, the keyed shaft 294 can be placed through a passageway
extending through the right side of the deployment tool 200 as shown in Figure 25. After the
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curved expandable interbody device 100 is inserted and positioned within the intervertebral
space between two vertebrae, the keyed shaft 294 can be used to deploy and expand the
curved expandable interbody device 100 by applying a rotational force to the first shaft 250.
By rotating the keyed shaft 294 at the proximal portion of the deployment tool 200, the first
shaft 250 is also rotated, which in turn rotates the second shaft 266 and the third shaft 282,
and thus the drive interface 184 of the screw mechanism 106 to expand the curved
expandable interbody device 100.

[0151] As the driving mechanism 206 applies the rotational force, the curved
expandable interbody device 100 gradually expands as described above. The curved
expandable interbody device 100 can be expanded until it contacts the two adjacent
vertebrae. In some embodiments, the curved expandable interbody device 100 can be used to
distract the two adjacent vertebrae and open up the intervertebral space. The keyed shaft 294
can advantageously transmit sufficient torque to the screw mechanism 106 to enable
distraction using the curved expandable interbody device 100. In some embodiments, the
keyed shaft 294 can have a torque-limiting feature to prevent over-tightening of the screw
mechanism 106. For example, the torque-limiting feature can include a spring-loaded clutch
mechanism along the keyed shaft 294 that can only transmit a predetermined amount of
torque before the clutch slips. The amount of torque that can be transmitted can depend on
the stiffness of the clutch spring. In other embodiments, the torque-limiting feature can be a
portion of the keyed shaft 294 that is configured to break at a predetermined torque. In other
embodiments, the feature can be any functional torque-limiting device.

[0152] The deployment tool 200 can include any features to increase rigidity and
functionality. The deployment tool 200 can include one or more sleeves disposed over the
components of the deployment tool 200. The deployment tool 200 can include a passageway
to receive the keyed shaft 294. The deployment tool 200 can include rails to facilitate the
sliding of the left arm 218. The deployment tool 200 can include an impaction surface. In
some embodiments, the deployment tool 200 can include an impaction cap. In some
embodiments, the impaction cap can be a separate piece that is threadably engageable with
the deployment tool 200. In some embodiments, a separate impaction cap can reduce or
eliminate direct impaction force on the handle 216. The deployment tool can be configured to

be struck by a mallet to facilitate placement of the curved expandable interbody device 100
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between vertebrae. The deployment tool 200 can be configured to be struck by a mallet to
insert the curved expandable interbody device 100 between vertebrae in the straight position.
The deployment tool can be configured to be struck by a mallet to insert the curved
expandable interbody device 100 between vertebrae in one or more pivoted positions. In
some methods, striking the deployment tool 200 can change the trajectory of the deployment
tool 200 when the deployment tool 200 is able to pivot. In some methods, striking the
deployment tool 200 can cause the deployment tool to pivot to a greater angle when the
deployment tool 200 is able to pivot.

[0153] The deployment tool 200 can include the locking mechanism 202, the
pivoting mechanism 204, and the driving mechanism 206. The locking mechanism 202, the
pivoting mechanism 204, and the driving mechanism 206 can extend through the length of
the deployment tool 200. The locking mechanism 202, the pivoting mechanism 204, and the
driving mechanism 206 can be independently actuated.

[0154] The locking mechanism 202, the pivoting mechanism 204, and the driving
mechanism 206 can be actuated in a preferred order. In some methods, the locking
mechanism 202 is actuated first to lock the deployment tool 200 to the curved expandable
interbody device 100. In some methods, the pivoting mechanism 204 is actuated next to limit
pivoting movement during positioning of the curved expandable interbody device 100. The
pivoting mechanism 204 is actuated to the straight position. During positioning of the curved
expandable interbody device 100, the pivoting mechanism 204 can be actuated to allow
pivoting. The pivoting mechanism 204 is actuated to allow pivoting to facilitate further
positioning of the curved expandable interbody device 100 within the disc space. In some
methods, the driving mechanism 206 is actuated last to expand the curved expandable
interbody device 100.

[0155] The locking mechanism 202, the pivoting mechanism 204, and the driving
mechanism 206 can be located at any position along the length of the deployment tool. In
some embodiments, the locking mechanism 202 and the pivoting mechanism 204 are
generally on the left side of the deployment tool 200 and the driving mechanism 206 is
generally in the center and right side of the deployment tool 200. The actuators 230, 240 can
be located on the lateral and proximal portion on the deployment tool 200. In some

embodiments, the keyed shaft 294 is inserted through the proximal end of the deployment
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tool 200 to actuate the driving mechanism 206. Other configurations and placements of the
locking mechanism 202, the pivoting mechanism 204, and the driving mechanism 206 are
contemplated.

[0156] In some embodiments, the deployment tool 200 can be coupled to the
curved expandable interbody device 100 through other mechanisms. In some embodiments,
the deployment tool 200 can have any mechanism configured to lock the deployment tool
200 to the curved expandable interbody device 100. In some embodiments, the deployment
tool 200 can have any mechanism configured to prevent or allow pivoting of the deployment
tool 200 relative to the curved expandable interbody device 100. In some embodiments, the
deployment tool 200 can have any mechanism configured to rotate the screw mechanism
106.

[0157] The deployment tool 200 can have a generally straight position while the
deployment tool is initially inserted into the intervertebral space as shown in Figure 27. The
deployment tool 200 can be pivoted within the intervertebral space as shown in Figures 28-
29. The deployment tool 200 can be pivoted by the user to navigate the anatomy. In some
configurations, the deployment tool 200 can have a variable angle shaft such that the shape of
the deployment tool 200 can be adjusted during use. For example, the deployment tool 200
can function as a hinge that adjusts the pivot angle of the deployment tool 200 for improved
fitment of the deployment tool through the incision and to the target implant site. The
deployment tool 200 can be stiff, bendable, or partially stiff and partially bendable. In some
embodiments, a power source may be provided for hydraulic, pneumatic or other power-
assisted manipulation of the deployment tool 200. In some embodiments, the keyed shaft 294
can be coupled to a power source to rotate the keyed shaft 294. In some embodiments, the
locking mechanism 202, the pivoting mechanism 204, and the driving mechanism 206 are
manually driven by the user.

[0158] The locking mechanism 202, the pivoting mechanism 204, and the driving
mechanism 206 can have any actuation means. The locking mechanism 202, the pivoting
mechanism 204, and the driving mechanism 206 can include a knob, a lever, a flat
protrusion, a drive interface or other suitable mechanism for actuation. While a lever is
shown for the actuator 230 and a button is shown for the actuator 240, any combination of

interfaces can be utilized.
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[0159] In some embodiments, the curved expandable interbody device 100 can be
used to deliver fluids, medication or other materials, especially materials that can help in the
integration of the curved expandable interbody device 100 with the vertebrae, such as
allograft, Demineralized Bone Matrix (“DBM”) packing, and/or other bone graft material.
The material can fill the openings 120, 140. The curved expandable interbody device 100 can
be packed with material before implantation. The curved expandable interbody device 100
can be packed with material after positioning the implant in the intervertebral space. The
curved expandable interbody device 100 can be packed with material after expanding the
implant. The material can fill up the empty cavity created between the upper structure 102
and lower structure 104 upon expansion, helping to provide support to the vertebrae.

[0160] The deployment tool 200 can be made of any appropriate material for the
particular part. Materials can include, but are not limited to, stainless steel, surgical steel,
cutlery steel, tool steel, cobalt and its alloys, nickel and its alloys, chromium and its alloys,
titanium and its alloys, zirconium and its alloys, aluminum and its alloys, magnesium and its
alloys, polymers, elastomers, and ceramics. Ceramics may include, but are not limited to
silicon carbide, silicon oxide(s), silicon nitride, aluminum oxide, alumina, zirconia, tungsten
carbide, other carbides.

[0161] The sizes of the curved expandable interbody device 100 and the
deployment tool 200 are appropriate for treating the particular bone. Smaller devices can be
used for smaller vertebra and larger devices for larger vertebra. In addition, while described
in relation to the spine, the implant and deployment tool can be used on bones other than the
vertebra and on bones for humans and non-humans.

[0162] Methods of implanting the curved expandable interbody device 100 can
include selecting the implant size according to the sizing and goals of the procedure. In some
embodiments, the curved expandable interbody device 100 can expand up to approximately 3
mm from its initial collapsed height. The user can select the curved expandable interbody
device 100 from a plurality of implants. In some embodiments, the internal chamber of the
curved expandable interbody device 100 may be packed with grafting material. Material can
be packed through the openings 120, 140. Material can be packed when the curved
expandable interbody device 100 is in a collapsed configuration. In some methods, the

curved expandable interbody device 100 can be packed with material before coupling to the
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deployment tool 200. In some methods, the curved expandable interbody device 100 can be
packed with material after coupling to the deployment tool 200. In some methods, the curved
expandable interbody device 100 can be packed with material after placement within the
intervertebral space.

[0163] The method can include coupling the curved expandable interbody device
100 to the deployment tool 200. The curved expandable interbody device 100 can have a
dedicated deployment tool 200 that attaches securely to the curved expandable interbody
device 100. The deployment tool 200 can provide control during insertion of the curved
expandable interbody device 100. The method can include loading the curved expandable
interbody device 100. The curved expandable interbody device 100 can be placed onto the
distal end of the deployment tool 200. The deployment tool 200 can engage the curved
expandable interbody device 100 by manipulating the locking mechanism 202. The curved
expandable interbody device 100 can be secured to the deployment tool 200 by pushing the
actuator 230 forward. The inner shaft 222 can be advanced between the deflection arms 224,
226 to position the tines 228 of the deflection arms 224 into the curved slots 198. The curved
expandable interbody device 100 can be retained by the deployment tool 200.

[0164] The method can include preventing pivoting between the curved
expandable interbody device 100 and deployment tool 200. The deployment tool 200 can be
locked in a straight position by manipulating the pivoting mechanism 204. The position of
the deployment tool 200 can be controlled by pressing the actuator 240 down and moving the
actuator 240 forward to the straight position. The curved expandable interbody device 100
and the deployment tool 200 can be locked in a straight position by moving the pivoting
mechanism 204 distally. The pivoting mechanism 204 moves the left arm 218 against the
curved expandable interbody device 100. The left arm 218 can prevent pivoting as the curved
expandable interbody device 100 is impacted.

[0165] An incision can be made on the patient to allow access to the implant site
in the intervertebral space. The incision can be made for implanting the curved expandable
interbody device 100 from any approach, including the posterior, lateral or anterior
directions. The incision can be small for a minimally invasive procedure or a larger incision
can be used for an open surgery. In some situations, two adjacent vertebrae can be distracted

to open up the intervertebral space. In some configurations, the curved expandable interbody
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device 100 can be used to at least partially distract the vertebrae during the implant
procedure. The incision and retraction of the soft tissues as well as a discectomy and any
required decompression should be performed in accordance with procedures used in a spinal
procedure. In some methods, the interbody device 100 can be used in a Lumbar Interbody
Fusion (LIF) procedure.

[0166] The curved expandable interbody device 100 can be inserted into the
intervertebral space. The curved expandable interbody device 100 and the deployment tool
200 can be locked for initial impaction. The curved expandable interbody device 100 and the
deployment tool 200 can be in a straight position for initial impaction as shown in Figure 27.
The curved expandable interbody device 100 can be placed into the prepared site using gentle
impaction, if necessary. A mallet can be included in the instrument set to aid in impacting the
curved expandable interbody device 100 into the site. A user can manipulate the handle 216
of the deployment tool 200 to position the curved expandable interbody device 100 in the
intervertebral space.

[0167] The deployment tool 200 can allow for pivoting motion to further assist in
positioning the curved expandable interbody device 100 in the intervertebral space. The
deployment tool 200 can be set into a pivoting mode by manipulating the pivoting
mechanism 204. The position of the deployment tool 200 can be controlled by pressing the
actuator 240 and moving the actuator 240 backward to the pivoting position. The curved
expandable interbody device 100 and the deployment tool can remain locked by the locking
mechanism 202 while allowing pivoting. The pivoting mechanism 204 can retract the left
arm 218 relative to the curved expandable interbody device 100. The left arm 218 can be
retracted to allow the deployment tool 200 to pivot relative to the curved expandable
interbody device 100. The user can continue impacting the deployment tool 200 until the
curved expandable interbody device 100 is manipulated into desired position within the disc
space. The user can verify anterior—posterior and lateral placement with fluoroscope or other
appropriate means. In some embodiments, the structures 102, 104 can have one or more
markers 126, 146 to help visualization using radiation during the implantation procedure. The

deployment tool 200 can be pivoted within the intervertebral space as shown in Figures 28-

29.
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[0168] The deployment tool 200 can expand the curved expandable interbody
device 100. Once the curved expandable interbody device 100 is positioned between adjacent
vertebrae, the driving mechanism 206 can be rotated to rotate the screw mechanism 106. The
screw mechanism 106 changes length from a first length to a second length when rotated.
The screw mechanism 106 expands the upper structure 102 and the lower structure 104 from
a first height to a second height when rotated.

[0169] With the deployment tool 200 still locked to the curved expandable
interbody device 100, the keyed shaft 294 may be placed inside the passageway of the
deployment tool 200 and used to rotate the drive mechanism 206. The user can turn the
keyed shaft 294 clockwise to expand the curved expandable interbody device 100. The user
can monitor expansion via fluoroscopy or X-ray. The user can expand until the desired height
is reached. The expansion may be stopped whenever desired between a collapsed
configuration and the maximum expanded configuration. In some embodiments, the keyed
shaft 294 can provide audible feedback such as a click when the limit of expansion is reached
if expansion is not stopped prior to the maximum expanded configuration.

[0170] In some embodiments, materials such as fluids, medication, bone graft
material, allograft and/or Demineralized Bone Matrix (DBM) can be delivered to the interior
cavity of the curved expandable interbody device 100 after expansion. The material can be
delivered through a delivery tube and into the proximal section of the curved expandable
interbody device 100. In some embodiments, the material can be delivered through other
paths to reach the cavities of the curved expandable interbody device 100 after expansion.

[0171] The deployment tool 200 can release the curved expandable interbody
device 100. When the positioning and/or expansion are complete, the user can release the
curved expandable interbody device 100 from the deployment tool 200 by actuating the
locking mechanism 202. The user can flip the actuator 230 back into released position. The
inner shaft 222 can be retracted relative to the deflection arms 224, 226 to retract the tines
228 of the deflection arms 224 from the curved slots 198. The curved expandable interbody
device 100 can be released. The deployment tool 200 can be removed from the patient.

[0172] In some configurations, more than one curved expandable interbody
device 100 can be implanted between the adjacent vertebrae of the patient. In such

embodiments, multiple curved expandable interbody device 100 can be placed in a side-by-
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side configuration or any other suitable configuration, thereby creating additional support.
The deployment tool 200 can be reused during a procedure to position one or more additional
curved expandable interbody devices 100.

[0173] In some embodiments of the deployment tool 200, the movement of the
locking mechanism 202, the pivoting mechanism 204, and the driving mechanism 206 can be
effected by manual force applied by a person, such as by his or her hands, or alternatively it
can be supplied or supplemented with a motor, pneumatics, hydraulics, springs, and/or
magnetics. Some embodiments of the deployment tool 200 may comprise one or more
actuators for actuating the mechanisms therein. Other embodiments of the deployment tool
200 can include mechanisms that include compound leverage, ratcheting, and/or multistep
closing.

[0174] The method can include supplemental fixation. Supplemental fixation
such as posterior pedicle screw and rod systems, anterior plate systems, and anterior screw
and rod systems can be used in conjunction with the curved expandable interbody device
100. The kit can include manufacturers’ recommendations for the implantation of these
systems or other instructions for use. In some methods, systems that have been cleared for
such uses can be implanted.

[0175] The method can include closure. The method can include post-operative
care. Closing of the wound can be completed in line with normal practices for spinal
procedures. In some methods, post-operative care and activity restriction can be administered
and discussed with the patient in line with normal practices for spinal procedures.

[0176] In some methods, the method can include removal. In some methods, the
method can include revision. In some methods, the user can determine the amount of bone
removal necessary to free the curved expandable interbody device 100 if the curved
expandable interbody device 100 needs to be removed. Once the curved expandable
interbody device 100 is free from any surrounding bone, the deployment tool 200 may be
used to re-engage and remove the curved expandable interbody device 100. The deployment
tool 200 can collapse the curved expandable interbody device 100 before removal. The
deployment tool 200 can be pivoted to facilitate removal. In some embodiments, the
deployment tool 200 can include one or more markers to help visualization using radiation

during the implantation and/or removal procedure.
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[0177] Figure 30 is a close-up side view of a driving mechanism 306 of a
deployment tool 200. Figure 31 is a close-up top view of the driving mechanism 306 of the
deployment tool 200. Figures 32-33 are exploded views of the driving mechanism 306 of the
deployment tool 200. Figure 34 is additional views of the driving mechanism 306 of the
deployment tool 200. The driving mechanism 306 can include any features of the driving
mechanism 206 described herein.

[0178] Referring back to Figure 13, the deployment tool 200 can include the
elongated shaft 210. The deployment tool 200 can include the distal end 212 that is
configured to interact with the curved expandable interbody device 100. The deployment tool
200 can include the proximal end 214 with the handle 216 configured to be gripped by the
user. Referring back to Figures 16 and 17, the deployment tool 200 can include the locking
mechanism 202. The locking mechanism 202 can be configured to interact with one or more
curved slots 198 of the curved expandable interbody device 100. Once the deployment tool
200 is properly positioned relative to the curved expandable interbody device 100, the
locking mechanism 202 can be activated to couple the deployment tool 200 to the curved
expandable interbody device 100. Referring back to Figures 18 and 19, the deployment tool
200 can include the pivoting mechanism 204 to prevent pivoting of the deployment tool 200
relative to the curved expandable interbody device 100. The deployment tool 200 can have a
straight position as shown in Figure 14. The deployment tool 200 can have one or more
pivoted positions.

[0179] Figures 30-34 illustrate the driving mechanism 306 with portions of the
deployment tool 200 removed. The driving mechanism 306 can be an alternative
embodiment to the driving mechanism 206. In some embodiments, the driving mechanism
306 can extend along a side of the deployment tool 200. The driving mechanism 306 can be
along the right side of the deployment tool 200. The locking mechanism 202 and the pivoting
mechanism 204 can be along the left side of the deployment tool 200. Other configurations of
the mechanisms within the elongated shaft 210 are contemplated.

[0180] The driving mechanism 306 can include a first shaft 350. The first shaft
350 can be generally straight within the deployment tool 200. The first shaft 350 can include
a driver interface. The first shaft 350 can include a keyed bore 352. The keyed bore 352 can
extend from the proximal end of the first shaft 350. The keyed bore 352 can extend along a
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portion of the length of the first shaft 350. The keyed bore 352 can extend along a
longitudinal axis of the first shaft 350. The first shaft 350 can include a yoke end 354. The
yoke end 354 can include a pair of arms. The yoke end 354 can define a first bore 356.

[0181] The driving mechanism 306 can include a first block 358. The first block
358 can include a ball end. The first block 358 can fit into the yoke end 354. The first block
358 can fit between the pair of arms. The first block 358 can include a second bore 360. The
first block 358 can include a third bore 362. The second bore 360 and the third bore 362 can
be perpendicular. The first block 358 can form a portion of a universal joint. The first block
358 can be a universal joint block.

[0182] The driving mechanism 306 can include a first connector 364. The first
connector 364 can include a first pin 366. The first connector 364 can include a first retainer
sleeve 368. The first connector 364 can include a second pin 370. The first pin 366 and the
first retainer sleeve 368 can couple to form a pivot. The first pin 366 and the first retainer
sleeve 368 can be perpendicular to the second pin 370. The second pin 370 can receive a post
of the first pin 366 therethrough. The post of the first pin 366 can be received by the first
retainer sleeve 368. The first pin 366 and the first retainer sleeve 368 can intersect the second
pin 370.

[0183] The first pin 366 and the first retainer sleeve 368 can be configured to be
received in the first bore 356 of the first shaft 350. The first pin 366 and the first retainer
sleeve 368 can be configured to be received in the second bore 360 of the first block 358.
The first pin 366 and the first retainer sleeve 368 can be configured to couple the first block
358 and the first shaft 350. The yoke end 354 can be configured to receive the first block
358. The first block 358 can rotate relative to the yoke end 354 about the first pin 366 and the
first retainer sleeve 368.

[0184] The driving mechanism 306 can include a second shaft 372. The second
shaft 372 can be a linkage yoke. The second shaft 372 can be generally skewed within the
deployment tool 200. The second shaft 372 can include a proximal yoke end 374. The
proximal yoke end 374 can include a pair of arms. The first block 358 can fit into the
proximal yoke end 374. The first block 358 can fit between the pair of arms. The proximal
yoke end 374 can extend from the proximal end of the second shaft 372. The proximal yoke
end 374 can receive the first block 358. The proximal yoke end 374 can extend along a
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portion of the length of the second shaft 372. The proximal yoke end 374 can extend along a
longitudinal axis of the second shaft 372.

[0185] The proximal yoke end 374 can include fourth bore 376. The second pin
370 can be configured to be received in the fourth bore 376 of the second shaft 372. The
second pin 370 can be configured to be received in the third bore 362 of the first block 358.
The second pin 370 can couple the first block 358 and the second shaft 372. The second shaft
372 including the proximal yoke end 374, the first block 358, and the second pin 370 can
rotate relative to the first shaft 350. In some embodiments, the first shaft 350 is fixed within
the deployment tool 200. The yoke end 354 of the first shaft 350 is shaped to allow rotation
of the second shaft 372 relative to the first shaft 350. The first block 358 has dual axis
rotation. The first block 358 can rotate about the first pin 366 and the first retainer sleeve
368. The first block 358 can rotate about the about the axis of the second pin 370. The first
connector 364 and the first block 358 can connect the rigid rods of the first shaft 350 and the
second shaft 372. The axes of the first shaft 350 and the second shaft 372 can be inclined
relative to each other at a fixed pivot angle. The first shaft 350 and the second shaft 372 can
transmit rotary motion. The first pin 366 and the first retainer sleeve 368 act as first hinge.
The second pin 370 acts as a second hinge. The first connector 370 orients the rotational
hinges perpendicularly.

[0186] The first connector 364 and the first block 358 can allow a fixed pivot
angle between the first shaft 350 and the second shaft 372. In some embodiments, the fixed
pivot angle is an angle that the first shaft 350 and the second shaft 372 are relative to each
other regardless of the orientation of the deployment tool 200 to the curved expandable
interbody device 100. In some embodiments, the fixed pivot angle between the first shaft 350
and the second shaft 372 is 10 degrees, 15 degrees, 20 degrees, 21 degrees, 22 degrees, 23
degrees, 24 degrees, 25 degrees, 26 degrees, 27 degrees, 28 degrees, 29 degrees, 30 degrees,
31 degrees, 32 degrees, 33 degrees, 34 degrees, 35 degrees, 40 degrees, 45 degrees, 50
degrees, 55 degrees, 60 degrees, 65 degrees, 70 degrees, 75 degrees, 80 degrees, 85 degrees,
90 degrees, 95 degrees, 100 degrees, 105 degrees, 110 degrees, 115 degrees, 120 degrees,
between 27 degrees and 30 degrees, between 20 degrees and 45 degrees, between 40 degrees
and 90 degrees, or any range of two of the foregoing values. In some embodiments, the entire

range of motion is between 5 degrees, 10 degrees, 15 degrees, 20 degrees, 25 degrees, 30
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degrees, 35 degrees, 40 degrees, 45 degrees, 50 degrees, 55 degrees, 60 degrees, 65 degrees,
70 degrees, 75 degrees, 80 degrees, 85 degrees, 90 degrees, 95 degrees, 100 degrees, 105
degrees, 110 degrees, 115 degrees, 120 degrees, between 40 degrees and 90 degrees, between
50 degrees and 70 degrees, or any range of two of the foregoing values.

[0187] In some embodiments, the first shaft 350 and the second shaft 372 have a
fixed angle therebetween. In other embodiments, the first shaft 350 and the second shaft 372
can have a variable angle therebetween. The first connector 364 and the first block 358 can
maintain an angle between the first shaft 350 and the second shaft 372 when the driving
mechanism 306 is disposed within the elongated shaft 210. In some embodiments, the first
block 358 and first connector 364 can allow the first shaft 350 and the second shaft 372 to
pivot relative to each other over a very limited range while within the deployment tool 200.
In some embodiments, the first shaft 350 and the second shaft 372 do not pivot within the
deployment tool 200. In some embodiments, the first shaft 350 and the second shaft 372 are
held at a fixed pivot angle relative to each other in the deployment tool 200. This fixed pivot
angle can be any angle. In some embodiments, the fixed pivot angle is between 27 degrees
and 30 degrees. In some embodiments, the first block 358 and the first connector 364 are
designed to accommodate the fixed pivot angle.

[0188] In some embodiments, the first shaft 350 and the second shaft 372 can be
held by an internal pocket geometry in the deployment tool 200. The first shaft 350 and the
second shaft 372 can be held by an internal pocket geometry near the distal end 212 of the
deployment tool 200. This joint design can allow rotation and/or torque to be transmitted
from the axis of the first shaft 350 to the axis of the second shaft 372. The first shaft 350 can
function as the input drive shaft. The second shaft 372 can function as a universal joint.

[0189] The second shaft 372 can include a distal yoke end 378. The distal yoke
end 378 can include a pair of arms. The distal yoke end 378 can extend from the distal end of
the second shaft 372. The distal yoke end 378 can extend along a portion of the length of the
second shaft 372. The distal yoke end 378 can extend along a longitudinal axis of the second
shaft 372. The distal yoke end 378 can include a fifth bore 380. The fourth bore 376 and the
fifth bore 380 can be parallel. The fourth bore 376 and the fifth bore 380 can be at a fixed

angle relative to each other.
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[0190] The driving mechanism 306 can include a second connector 382. The
second connector 382 can include a third pin 384. The second connector 382 can include a
third retainer sleeve 386. The second connector 382 can include a fourth pin 388. The third
pin 384 and the third retainer sleeve 386 can couple to form a pivot. The third pin 384 and
the third retainer sleeve 386 can be perpendicular to the fourth pin 388. The fourth pin 388
can receive a post of the third pin 384 therethrough. The post of the third pin 384 can be
received by the third retainer sleeve 386. The third pin 384 and the third retainer sleeve 386
can intersect the fourth pin 388.

[0191] The driving mechanism 306 can include a second block 390. The second
block 390 can include a ball end. The second block 390 can fit into the distal yoke end 378.
The second block 390 can fit between the pair of arms. The second block 390 can include a
sixth bore 392. The second block 390 can include a seventh bore 394. The sixth bore 392 and
the seventh bore 394 can be perpendicular. The second block 390 can form a portion of a
universal joint. The second block 390 can be a universal joint block.

[0192] The distal yoke end 378 can include the fifth bore 380. The fourth pin 388
can be configured to be received in the fifth bore 380 of the second shaft 372. The fourth pin
388 can be configured to be received in the seventh bore 394 of the second block 390. The
fourth pin 388 can couple the second block 390 and the second shaft 372.

[0193] The driving mechanism 306 can include a third shaft 396. The third shaft
396 can be a driver tip. The third shaft 396 can be generally straight within the deployment
tool 200. The third shaft 396 can include a keyed shaft 398. The keyed shaft 398 can extend
from the distal end of the third shaft 396. The keyed shaft 398 can extend along a portion of
the length of the third shaft 396. The keyed shaft 398 can extend along a longitudinal axis of
the third shaft 396. The keyed shaft 398 can be configured to engage the drive interface 184.
The screw mechanism 106 can include the drive interface 184 configured to receive the
keyed shaft 396 of the driving mechanism 306 for rotating the screw mechanism 106.

[0194] The third shaft 396 can include a yoke end 400. The yoke end 400 can
include a pair of arms. The yoke end 400 can define an eighth bore 402. The second block
390 can fit into the yoke end 400. The second block 390 can fit between the pair of arms. The
yoke end 400 can allow pivoting motion of the second block 390.
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[0195] The third pin 384 and the third retainer sleeve 386 can be configured to be
received in the eighth bore 402 of the third shaft 396. The third pin 384 and the third retainer
sleeve 386 can be configured to be received in the sixth bore 392 of the second block 390.
The third pin 384 and the third retainer sleeve 386 can be configured to couple the second
block 390 and the third shaft 396. The yoke end 400 can be configured to receive the second
block 390. The second block 390 can pivot relative to the yoke end 400.

[0196] The second block 390 and the second connector 382 can couple the second
shaft 372 and the third shaft 396. The second block 390 and the second connector 382 can
allow the second shaft 372 and the third shaft 396 to pivot within the deployment tool 200.
The second block 390 and the second connector 382 can allow the deployment tool 200 to
change from a straight position to one or more pivoted positions. In some embodiments, the
first shaft 350 and the second shaft 372 do not pivot within the deployment tool 200. In some
embodiments, only the second shaft 372 and the third shaft 396 pivot within the deployment
tool 200. The second shaft 372 and the third shaft 396 can allow for pivoting for the total
range of the deployment tool 200 relative to the curved expandable interbody device 100.
The second block 390 and the second connector 382 can be designed to allow for pivoting for
the total range of the deployment tool 200 relative to the curved expandable interbody device
100.

[0197] The second shaft 372 including the distal yoke end 378, the second block
390, and the fourth pin 388 can rotate relative to the third shaft 396. In some embodiments,
the third shaft 396 is fixed within the deployment tool 200. The yoke end 400 of the third
shaft 396 is shaped to allow rotation of the second shaft 372 relative to the third shaft 396.
The second block 390 has dual axis rotation. The second block 390 can rotate about the third
pin 384 and the third retainer sleeve 386. The second block 390 can rotate about the about the
axis of the fourth pin 388. The second connector 382 and the second block 390 can connect
the rigid rods of the second shaft 372 and the third shaft 396. The axes of the second shaft
372 and the third shaft 396 can be inclined relative to each other. The second shaft 372 and
the third shaft 396 can transmit rotary motion. The third pin 384 and the third retainer sleeve
386 act as a first hinge. The fourth pin 388 acts as a second hinge. The second connector 382

orients the rotational hinges perpendicularly.
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[0198] In other embodiments, the first shaft 350 and the second shaft 372 pivot.
The first shaft 350 and the second shaft 372 are not maintained at the fixed pivot angle. The
first shaft 350, the second shaft 372, and the third shaft 396 can allow for pivoting for the
total range of the deployment tool 200 relative to the curved expandable interbody device
100. The first block 358, the first connector 364, the second block 390, and the second
connector 382 can be designed to allow for pivoting for the total range of the deployment
tool 200 relative to the curved expandable interbody device 100.

[0199] The first shaft 350, the first block 358, the first connector 364, the second
shaft 372, the second connector 382, the second block 390, and the third shaft 396 couple
together to form an assembly. The first shaft 350, the first block 358, the first connector 364,
the second shaft 372, the second connector 382, the second block 390, and the third shaft 396
can form a universal joint. The rotation of the first shaft 350 can cause rotation of the second
shaft 372 which can cause rotation of the third shaft 396. The torque is transmitted by the
first block 358 and the first connector 364 which couples the first shaft 350 and the second
shaft 372. The torque is transmitted by the second block 390 and the second connector 382
which couples the second shaft 372 and the third shaft 396. The third shaft 396 can be
coupled to the screw mechanism 106. The rotation of the first shaft 350 can cause rotation of
the screw mechanism 106 to expand the curved expandable interbody device 100.

[0200] The first shaft 350, the first block 358, the first connector 364, the second
shaft 372, the second connector 382, the second block 390, and the third shaft 396 allow the
deployment tool 200 to be in any pivoted position while allowing the driving mechanism 306
to rotate the screw mechanism 106.

[0201] As the deployment tool 200 pivots, the first block 358 can rotate relative
to the first shaft 350. The first block 358 rotates about the first pin 366 and the first retainer
sleeve 368. The first block 358 rotates about the second pin 370. The first block 358 rotates
about two perpendicular axes. During the transmission of torque and expansion of the curved
expandable interbody device 100, the first shaft 350 can be fixed relative to the deployment
tool. The dual axis pivoting allows torque to be transmitted from the first shaft 350 to the
second shaft 372 As the deployment tool 200 pivots, the second block 390 can rotate relative
to the third shaft 396. The second block 390 rotates about the third pin 384 and the third
retainer sleeve 386. The second block 390 rotates about the fourth pin 388. The second block
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390 rotates about two perpendicular axes. During the transmission of torque and expansion of
the curved expandable interbody device 100, the third shaft 396 is coupled to the curved
expandable interbody device 100. The dual axis pivoting allows torque to be transmitted
from the second shaft 372 to the third shaft 396. As the deployment tool 200 pivots, the angle
of the second shaft 372 changes relative to the fixed shaft 350, 396. The first shaft 350 can be
fixed relative to the elongated shaft 210. The third shaft 396 can be fixed relative to the
elongated shaft 210. The first block 358, the first connector 364, the second block 390, and
the second connector 382 allow the second shaft 372 to reorient to accommodate the pivoted
positions.

[0202] As the deployment tool 200 changes to one or more pivoted positions, the
second shaft 372 must pivot relative to the third shaft 396. As the deployment tool 200
pivots, the second block 390 can rotate within the yoke end 400 of the third shaft 396. The
second shaft 372 rotates relative to the third shaft 396 about two axes. The yoke end 400 of
the third shaft 396 can accommodate the range of pivoted positions of the deployment tool
200 due to the dual axis rotation. The yoke end 400 of the third shaft 396 can accommodate
rotation of the second block 390 up to 30 degrees, 40 degrees, 50 degrees, 60 degrees, 70
degrees, 80 degrees, 90 degrees, or any range of two of the foregoing values. In some
methods of use, the first shaft 350 and the third shaft 396 can remain stationary as the
deployment tool 200 assumes one or more pivoted positions. In some methods of use, the
third shaft 396 remains coaxial with the longitudinal axis 108 of the curved expandable
interbody device 100 regardless of the position of the deployment tool 200. In embodiments
with a fixed pivot angle between the first shaft 350 and the second shaft 376, the first shaft
350 and the second shaft 376 can pivot relative to the third shaft 396 as the deployment tool
200 pivots.

[0203] The first block 358 and the second block 390 can accommodate the range
of pivoted positions of the deployment tool 200. The first block 358 and the first connector
364 can maintain the fixed pivot angle between the first shaft 350 and the second shaft 372.
The second block 390 and the second connector 382 can accommodate pivoting up to 30
degrees, 40 degrees, 50 degrees, 60 degrees, 70 degrees, 80 degrees, 90 degrees, or any range

of two of the foregoing values. The pivoted positions can be accommodated due to the
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second block 390 and the second connector 382 allowing pivoting between the second shaft
372 and the third shaft 396.

[0204] As described herein, the deployment tool 200 can have a straight position.
In the straight position of the deployment tool 200, the first shaft 350 and the second shaft
372 can be at the fixed pivot angle relative to each other. In the straight position, the first
block 358 and the first connector 364 transmits torque between the first shaft 350 and the
second shaft 372. In the straight position, the first shaft 350 rotates the first block 358 and the
first connector 364 which rotates the second shaft 372. The first block 358 and the first
connector 364 enables a sweep that is necessitated by the fixed pivot angle between the first
shaft 350 and the second shaft 372. The first block 358 rotates relative to the first pin 366 and
first retainer sleeve 368 forming a first hinge. The first block 358 rotates relative to second
pin 370 forming a second hinge. The first block 358 and the first connector 364
accommodates the fixed pivot angle between the first shaft 350 and the second shaft 372
during a full rotation of the first shaft 350. In some embodiments, the fixed pivot angle
between the first shaft 350 and the second shaft 372 is between 27 degrees and 30 degrees.
The first block 358 and the first connector 364 can rotate twice the fixed pivot angle. Since
the first shaft 350 and second shaft 372 are at the fixed pivot angle of 27 degrees to 30
degrees, the first block 358 and the first connector 364 will rotate from about negative 27
degrees to 30 degrees to positive 27 degrees to 30 degrees during a single rotation of the joint
between the first shaft 350 and the second shaft 372. The universal coupling of the first block
358 and the first connector 364 can allow the deployment tool 200 to transmit torque in the
straight position between the first shaft 350 and the second shaft 372.

[0205] In the straight position of the deployment tool 200, the second shaft 372
and the third shaft 396 can be skewed. In some embodiments, the angle between the second
shaft 372 and the third shaft 396 in the straight position is 10 degrees, 15 degrees, 20 degrees,
21 degrees, 22 degrees, 23 degrees, 24 degrees, 25 degrees, 26 degrees, 27 degrees, 28
degrees, 29 degrees, 30 degrees, 31 degrees, 32 degrees, 33 degrees, 34 degrees, 35 degrees,
40 degrees, 45 degrees, 50 degrees, 55 degrees, 60 degrees, 65 degrees, 70 degrees, 75
degrees, 80 degrees, 85 degrees, 90 degrees, 95 degrees, 100 degrees, 105 degrees, 110
degrees, 115 degrees, 120 degrees, between 27 degrees and 30 degrees, between 20 degrees

and 45 degrees, between 40 degrees and 90 degrees, or any range of two of the foregoing
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values. In some embodiments, the entire range of motion is between 5 degrees, 10 degrees,
15 degrees, 20 degrees, 25 degrees, 30 degrees, 35 degrees, 40 degrees, 45 degrees, 50
degrees, 55 degrees, 60 degrees, 65 degrees, 70 degrees, 75 degrees, 80 degrees, 85 degrees,
90 degrees, 95 degrees, 100 degrees, 105 degrees, 110 degrees, 115 degrees, 120 degrees,
between 40 degrees and 90 degrees, between 50 degrees and 70 degrees, or any range of two
of the foregoing values. The second block 390 rotates relative to the third pin 384 and third
retainer sleeve 386 forming a first hinge. The second block 390 rotates relative to the fourth
pin 388 forming a second hinge. The second block 390 and the second connector 382
accommodates the pivot angle between the second shaft 372 and the third shaft 396 during a
full rotation of the second shaft 372. In some embodiments, the second shaft 372 and the
third shaft 396 are at an angle of 27 degrees to 30 degrees when the deployment tool 200 is in
the straight position. In the straight position, the second block 390 and the second connector
382 transmit torque between the second shaft 372 and the third shaft 396. The second block
390 and the second connector 382 enable a sweep that is necessitated by the pivot angle
between the second shaft 372 and the third shaft 396 when the deployment tool 200 is in the
straight position. The second block 390 and the second connector 382 accommodates this
pivot angle between the second shaft 372 and the third shaft 396 during a full rotation of the
second shaft 372. In some embodiments, the pivot angle between the second shaft 372 and
the third shaft 396 is between 27 degrees and 30 degrees when the deployment tool 200 is in
the straight position. The second block 390 and the second connector 382 can rotate twice the
relative angle between the second shaft 372 and the third shaft 396. Since the second shaft
372 and the third shaft 396 are at the relative angle of 27 degrees to 30 degrees, the second
block 390 and the second connector 382 will rotate from about negative 27 degrees to 30
degrees to positive 27 degrees to 30 degrees during a single rotation of the joint between the
second shaft 372 and the third shaft 392 when the deployment tool 200 is in the straight
position. The sliding of the second block 390 and the second connector 382 can allow the
deployment tool 200 to transmit torque in the straight position between the second shaft 372
and the third shaft 396.

[0206] As described herein, the deployment tool 200 can have one or more
pivoted positions. In the pivoted positions of the deployment tool 200, the first shaft 350 and

the second shaft 372 remain at the fixed pivot angle relative to each other. In some
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embodiments, the fixed pivot angle between the first shaft 350 and the second shaft 372 is 10
degrees, 15 degrees, 20 degrees, 21 degrees, 22 degrees, 23 degrees, 24 degrees, 25 degrees,
26 degrees, 27 degrees, 28 degrees, 29 degrees, 30 degrees, 31 degrees, 32 degrees, 33
degrees, 34 degrees, 35 degrees, 40 degrees, 45 degrees, 50 degrees, 55 degrees, 60 degrees,
65 degrees, 70 degrees, 75 degrees, 80 degrees, 85 degrees, 90 degrees, 95 degrees, 100
degrees, 105 degrees, 110 degrees, 115 degrees, 120 degrees, between 27 degrees and 30
degrees, between 20 degrees and 45 degrees, between 40 degrees and 90 degrees, or any
range of two of the foregoing values. In the pivoted positions, the first block 358 and the first
connector 364 transmits torque between the first shaft 350 and the second shaft 372. The first
block 358 and the first connector 364 rotate as the first shaft 350 rotates. The motion of the
first block 358 and the first connector 364 accommodates the fixed pivot angle between the
first shaft 350 and the second shaft 372 in one or more pivoted positions. The first block 358
and the first connector 364 can rotate up to twice the fixed pivot angle between the first shaft
350 and the second shaft 366 in both the straight positions and in the one or more pivoted
positions of the deployment tool 200. Since the first shaft 250 and second shaft 266 are at the
fixed pivot angle of 27 degrees to 30 degrees, the first block 358 and the first connector 364
can rotate from about negative 27 degrees to 30 degrees to positive 27 degrees to 30 degrees
during a single rotation of the joint between the first shaft 350 and the second shaft 372
regardless of the angle of the deployment tool 200.

[0207] In a pivoted position of the deployment tool 200, the second shaft 372 can
be at a different pivot angle relative to the third shaft 396. In some embodiments, the angle
between the second shaft 372 and the third shaft 396 in the pivoted position is negative 45
degrees, negative 40 degrees, negative 35 degrees, negative 30 degrees, negative 25 degrees,
negative 20 degrees, negative 15 degrees, negative 10 degrees, negative 5 degrees, 0
degrees, 5 degrees, 10 degrees, 15 degrees, 20 degrees, 25 degrees, 30 degrees, 31 degrees,
35 degrees, 40 degrees, 45 degrees, 50 degrees, 55 degrees, 60 degrees, 65 degrees, 70
degrees, 75 degrees, 80 degrees, 85 degrees, 90 degrees, 95 degrees, 100 degrees, 105
degrees, 110 degrees, 115 degrees, 120 degrees, between 27 degrees and 30 degrees, between
20 degrees and 45 degrees, between 40 degrees and 90 degrees, between negative 30 degrees
and 30 degrees, between negative 45 degrees and 45 degrees, between negative 20 degrees

and 20 degrees, between 0 degrees and 30 degrees, or any range of two of the foregoing
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values. The second shaft 372 and the third shaft 396 can pivot relative to each other
approximately negative 30 degrees to positive 30 degrees.

[0208] This pivoting of the second shaft 372 and the third shaft 396 combined
with the fixed pivot angle of 27 to 30 degrees between the first shaft 350 and the second shaft
372 allows the deployment tool 200 to achieve cumulative total deployment tool pivot angles
of 0 degrees to 60 degrees. In the pivoted positions, the second block 390 and the second
connector 382 transmits torque between the second shaft 272 and the third shaft 296. In at
least some pivoted positions, the second shaft 372 becomes skewed relative to the third shaft
396. The second block 390 and the second connector 382 transmits torque when the second
shaft 372 and the third shaft 396 are angulated. In some embodiments, the second block 390
and the second connector 382 need to rotate about twice the relative angle between the
second shaft 372 and the third shaft 396. Since the second shaft 372 and the third shaft 396
can have a variable angle, the second block 390 and the second connector 382 can rotate
from any range between negative 30 degrees and positive 30 degrees during a single rotation
of the joint between the second shaft 372 and the third shaft 396. Unlike the first shaft 350
and the second shaft 372 that have a fixed pivot angle, the second shaft 372 and the third
shaft 396 do not have a fixed pivot angle. The second shaft 372 and the third shaft 396 can
have a variable angle depending on the angulation of the deployment tool 200.

[0209] In one pivoted position, wherein the deployment tool 200 is approximately
30 degrees relative to the curved expandable interbody device 100, the second shaft 372 and
the third shaft 396 can be coaxial. In this position, the longitudinal axis of the second shaft
372 can be aligned with the longitudinal axis of the third shaft 396.

[0210] If the second shaft 372 and the third shaft 396 have a relative angle of
negative 30 degrees or positive 30 degrees, then the second block 390 and the second
connector 382 need to rotate from negative 30 degrees to positive 30 degrees. If the second
shaft 372 and the third shaft 396 have a relative angle of negative 15 degrees, then the second
block 390 and the second connector 382 need to rotate from negative 15 degrees to positive
15 degrees. If the second shaft 372 and the third shaft 396 have a relative angle of positive 15
degrees, then the second block 390 and the second connector 382 also need to rotate from

negative 15 degrees to positive 15 degrees. If the second shaft 372 and the third shaft 396
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have a relative angle of 0 degrees, then the second block 390 and the second connector 382
need to rotate O degrees.

[0211] The combined rotating of the first block 358 and the second block 390 can
allow the deployment tool 200 to transmit torque in the straight position and one or more
pivoted positions. The second shaft 372 and the third shaft 396 can pivot relative to each
other approximately negative 30 degrees to positive 30 degrees. This pivoting of the second
shaft 372 and the third shaft 396, combined with the fixed angle of 27 degrees to 30 degrees
between the first shaft 350 and second shaft 372 can achieve a cumulative total pivot angle of
the deployment tool 200 of between 0 degrees to 60 degrees.

[0212] The combined rotating of the second block 390 can facilitate engagement
of the third shaft 396 with the curved expandable interbody device 100. The second block
390 rotates relative to the third pin 384 and third retainer sleeve 386 forming a first hinge.
The second block 390 rotates relative to fourth pin 388 forming a second hinge. The second
block 390 and the second connector 382 can allow polyaxial movement of the third shaft
396. This polyaxial movement of the third shaft 396 can facilitate coupling the deployment
tool 200 to the curved expandable interbody device 100.

[0213] Referring back to Figure 25, the deployment tool 200 can include a
passageway toward the keyed bore 352 of the first shaft 350. The keyed bore 352 is
configured to receive the keyed shaft 294 inserted into the deployment tool 200. The keyed
shaft 294 can be inserted into the deployment tool 200 to expand the curved expandable
interbody device 100. As the keyed shaft 294 is rotated, the first shaft 350 also rotates. By
rotating the keyed shaft 294 at the proximal portion of the deployment tool 200, the first shaft
350 is also rotated, which in turn rotates the second shaft 372 and the third shaft 396, and
thus the drive interface 184 of the screw mechanism 106 to expand the curved expandable
interbody device 100.

[0214] As the driving mechanism 306 applies the rotational force, the curved
expandable interbody device 100 gradually expands as described herein. The keyed shaft 294
can advantageously transmit sufficient torque to the screw mechanism 106 to enable
distraction using the curved expandable interbody device 100.

[0215] The deployment tool 200 can include the locking mechanism 202, the

pivoting mechanism 204, and the driving mechanism 306. The locking mechanism 202, the
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pivoting mechanism 204, and the driving mechanism 306 can be independently actuated. The
locking mechanism 202, the pivoting mechanism 204, and the driving mechanism 306 can be
actuated in a preferred order. In some methods, the locking mechanism 202 is actuated first
to lock the deployment tool 200 to the curved expandable interbody device 100. In some
methods, the pivoting mechanism 204 is actuated next to limit pivoting movement during
positioning of the curved expandable interbody device 100. In some methods, the driving
mechanism 306 is actuated last to expand the curved expandable interbody device 100. The
driving mechanism 206 can include any features of the driving mechanism 306 described
herein.

[0216] Although certain embodiments, features, and examples have been
described herein, it will be understood by those skilled in the art that many aspects of the
methods and devices illustrated and described in the present disclosure may be differently
combined and/or modified to form still further embodiments. For example, any one
component of the device illustrated and described above can be used alone or with other
components without departing from the spirit of the present disclosure. Additionally, it will
be recognized that the methods described herein may be practiced in different sequences,
and/or with additional devices as desired. Such alternative embodiments and/or uses of the
methods and devices described above and obvious modifications and equivalents thereof are
intended to be included within the scope of the present disclosure. Thus, it is intended that
the scope of the present disclosure should not be limited by the particular embodiments

described above, but should be determined only by a fair reading of the claims that follow.
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WHAT IS CLAIMED IS:

1. A curved expandable interbody device for placement between vertebrae
comprising:
an upper structure configured to abut a superior vertebra;
a lower structure configured to abut an inferior vertebra; and
a screw mechanism between the upper structure and the lower structure, the
screw mechanism comprising a proximal portion, a distal portion, and a coupler,
wherein the coupler comprises a central portion at least partially between the

proximal portion and the distal portion, wherein the coupler further comprises a

proximal interface comprising an upper connector and a lower connector,

wherein the proximal portion and the distal portion are configured to rotate as
a unit to change a distance between the proximal portion and the distal portion from a
first length to a second length, and

wherein the upper structure and the upper connector form an upper curved slot
therebetween and the lower structure and the lower connector form a lower curved
slot therebetween.

2. The curved expandable interbody device of claim 1, wherein the proximal
portion comprises a frustoconical surface configured to wedge between the upper structure
and the lower structure, and wherein the distal portion comprises a frustoconical surface
configured to wedge between the upper structure and the lower structure to change a distance
between the upper structure and the lower structure from a first height to a second height.

3. The curved expandable interbody device of claim 1, wherein the proximal
portion comprises first threads wound in a first direction configured to engage a proximal
threaded hole in the coupler, and wherein the distal portion comprises second threads wound
in a second direction, opposite the first direction, configured to engage a distal threaded hole
in the coupler.

4. The curved expandable interbody device of claim 3, wherein the first threads
and the second threads have an equal pitch, such that when the screw mechanism is actuated,
a proximal end of the curved expandable interbody device changes height at a same rate as a

distal end of the interbody device.
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5. The curved expandable interbody device of claim 3, wherein the curved
expandable interbody device is configured to expand up to 4 mm from an initial collapsed
height.

6. The curved expandable interbody device of claim 1, wherein one or more of
the upper structure and the lower structure further comprise a plurality of protrusions.

7. The curved expandable interbody device of claim 1, wherein one or more of
the upper structure and the lower structure comprise vertebrae engagement surfaces with a
porous or roughened surface.

8. The curved expandable interbody device of claim 7, wherein the vertebrae
engagement surfaces comprise a titanium coating.

9. The curved expandable interbody device of claim 1, wherein the proximal
portion comprises a drive interface configured to be engaged by a deployment tool to rotate
the proximal portion and the distal portion.

10. The curved expandable interbody device of claim 1, wherein the distal portion
comprises a keyed shaft configured to slideably engage with a matching keyed bore on the
proximal portion.

11. The curved expandable interbody device of claim 1, wherein the upper
structure and the lower structure comprise a right side and a left side when viewed from the
top, wherein the left side is concave.

12. The curved expandable interbody device of claim 1, wherein the upper
structure and the lower structure comprise a right side and a left side when viewed from the
top, wherein the right side is convex.

13. The curved expandable interbody device of claim 1, wherein the coupler
further comprises at least one anti-rotational feature configured to engage the upper structure
or the lower structure to prevent the coupler from rotating when the proximal portion and the
distal portion are rotated.

14. A system comprising:

the curved expandable interbody device of Claim 1; and

a deployment tool.
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15. The system of claim 14, wherein the upper curved slot and the lower curved
slot are configured to be engaged by the deployment tool to lock the deployment tool to the
curved expandable interbody device.

16. The system of claim 14, wherein the upper and lower curved slot are
configured to allow pivoting of the deployment tool relative to the curved expandable
interbody device.

17. The system of claim 14, wherein the upper and lower curved slot are
configured to allow pivoting of the deployment tool in the direction of the concave surface of
the curved expandable interbody device.

18. A method comprising:

coupling a deployment tool to the curved expandable interbody device of
Claim 1;

positioning the curved expandable interbody device between the superior
vertebra and the inferior vertebra;

pivoting the deployment tool and the curved expandable interbody device
relative to each other to further position the curved expandable interbody device
between the superior vertebra and the inferior vertebra; and

rotating the screw mechanism to expand the curved expandable interbody
device.

19. The method of Claim 18, wherein coupling the deployment tool to the curved
expandable interbody device comprises coupling the deployment tool in a locked, straight
position relative to the curved expandable interbody device.

20. The method of Claim 18, wherein pivoting the deployment tool relative to the
curved expandable interbody device comprises pivoting the deployment tool to a pivoted

position of a plurality of pivoted positions.
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2310/00023; A61F 2310/00179
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According to International Patent Classification (IPC) or to both national classification and IPC
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lII  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***_Please See Supplemental Page-"**-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. .

2. L__] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
Group |: Claims 1-13

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-***.Continued From Box No. lll: Observations where unity of invention is lacking-**-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-13 are directed toward a curved expandable interbody device for placement between vertebrae comprising: an upper
structure configured to abut a superior vertebra; a lower structure configured to abut an inferior vertebra; and a screw mechanism
between the upper structure and the lower structure.

Group II: Claims 14-20 are directed toward a system and method comprising: coupling a deployment tool pivoting the deployment tool
and the curved expandable interbody device relative to each other to further position the curved expandable interbody device between
the superior vertebra and the inferior vertebra.

The inventions listed as Groups !-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: .

Group | include a curved expandable interbody device for placement between vertebrae comprising: an upper structure configured to
abut a superior vertebra; a lower structure configured to abut an inferior vertebra; and a screw mechanism between the upper structure
and the lower structure, the screw mechanism comprising a proximal portion, a distal portion, and a coupler, wherein the coupler
comprises a central portion at least partially between the proximal portion and the distal portion, wherein the coupler further comprises a
proximal interface comprising an upper connector and a lower connector, wherein the proximal portion and the distal portion are
configured to rotate as a unit to change a distance between the proximal portion and the distal portion from a first length to a second
length, and wherein the upper structure and the upper connector form an upper curved slot therebetween and the lower structure and
the lower connector form a lower curved slot therebetween, which are not presentin Group Ii. '

Group |l include a system and method comprising: coupling a deployment too! to the curved expandable interbody device of Claim 1;
positioning the curved expandable interbody device between the superior vertebra and the inferior vertebra; pivoting the deployment tool
and the curved expandable interbody device relative to each other to further position the curved expandable interbody device between
the superior vertebra and the inferior vertebra; and rotating the screw mechanism to expand the curved expandable interbody device,
which are not present in Group |.

The common technical features of Groups I-ll are a curved expandable interbody device for placement between vertebrae comprising:
an upper structure configured to abut a superior vertebra; a lower structure configured to abut an inferior vertebra; and a screw
mechanism between the upper structure and the lower structure, the screw mechanism comprising a proximal portion, a distal portion,
and a coupler, wherein the coupler comprises a central portion at least partially between the proximal portion and the distal portion,
wherein the coupler further comprises a proximal interface comprising an upper connector and a lower connector, wherein the proximal
portion and the distal portion are configured to rotate as a unit to change a distance between the proximal portion and the distal portion
from a first length to a second length, and wherein the upper structure and the upper connector form an upper curved slot therebetween
and the lower structure and the lower connector form a lower curved slot therebetween

These common technical features are disclosed by US 2006/0224241 A1 (BUTLER). Butter discloses a curved expandable interbody
device (intravertebral body device 28c which includes various configurations and various curved surfaces, and so is reasonably
considered curved; figures 7-13; paragraph [0081]) for placement between vertebrae (for use between adjacent vertebrae; paragraph
[0081)) comprising: an upper structure (72) configured to abut a superior vertebra (for use between adjacent vertebrae, and so end plate
72 is capable of abutting a superior vertebra; paragraph [0081]); a lower structure (74) configured to abut an inferior vertebra (for use
between adjacent vertebrae, and so end plate 72 is capable of abutting an interior vertebra; paragraph [0081]); and a screw mechanism
() between the upper structure and the lower structure (as shown), the screw mechanism comprising a proximal portion (80), a distal
portion (82), and a coupler (76, 78, 90, collectively), wherein the coupler comprises a central portion at least partially between the
proximal portion and the distal portion (as shown), wherein the coupler further comprises a proximal interface (78) comprising an upper
connector (85) and a lower connector (81), wherein the proximal portion and the distal portion are configured to rotate as a unit to
change a distance between the proximal portion and the distal portion from a first length to a second length (upon rotation of screw 90,
hinge plates 80 and 82 (proximal and distal portions) are shown to pivot in unison adjusting the length between the ends of hinge plates
80 and 82 as shown; figures 7, 8, 11, 12; paragraphs [0082], [0083])), and wherein the upper structure and the upper connector form an
upper curved slot therebetween (an arcuate recess is formed where hinge plate 85 is hinged to end plate 72 as shown) and the lower
structure and the lower connector form a lower curved slot therebetween (an arcuate recess is formed where hinge plate 81 is hinged to
end plate 74 as shown). ’

Since the common technical features are previously disclosed by the Butler reference, the common features are not special and so
Groups | and |l lack unity.
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