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(57) ABSTRACT

Expandable vertebral body implants, systems, instruments,
and methods of assembly and using the implants, systems,
and 1nstruments are disclosed. The vertebral body implant
includes a body with a first end and a second end, a first
rotating member rotatably coupled to the first end, wherein
an end includes a plurality of first notches inset into the first
rotating member, a second rotating member rotatably
coupled to the second end, wherein an end includes a
plurality of second notches inset into the second rotating
member, a first extension member moveably coupled to the
first end, and a second extension member moveably coupled
to the second end. The expandable cage system comprises a
vertebral body implant and an 1nsertion instrument. Methods
for assembling and using the vertebral body implants and
instruments are also disclosed.
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EXPANDABLE VERTEBRAL BODY
REPLACEMENT DEVICE AND METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation-in-part applica-
tion from PCT/US2017/031093 filed May 4, 2017 and
published as WO 2018/097857 on May 31, 2018 which
claims priority benefit under 35 U.S.C. § 119(e) of U.S.
provisional patent application No. 62/427,149 filed Nov. 28,
2016, which are incorporated herein by reference in their
entireties.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a medical
implants for isertion 1n a space between a patient’s verte-
brae. More specifically, but not exclusively, the present
invention concerns expandable vertebral body replacement
devices for implantation 1n a patient’s spine between the
vertebrae.

BACKGROUND OF THE INVENTION

[0003] Trauma or disease, such as, tumors may cause
pressure on a patient’s spinal cord. In order to alleviate the
pressure and likely the pain 1t 1s causing, surgeons may
remove part or all of a patient’s vertebral bodies and
adjacent vertebral discs in the location of the pressure,
during a procedure, such as, a corpectomy. Often 1mplants
are used to replace the removed vertebral bodies to maintain
the space between the remaining vertebral bodies.

SUMMARY OF THE INVENTION

[0004] Aspects of the present invention provide expanding
vertebral body replacement devices for implantation in a
patient’s spine between the vertebrae and methods of using
the same.

[0005] In one aspect, provided herein 1s a vertebral body
implant, including a body with a first end and a second end,
a first rotating member rotatably coupled to the first end,
wherein an end includes a plurality of first notches inset 1nto
the first rotating member, a second rotating member rotat-
ably coupled to the second end, wherein an end includes a
plurality of second notches inset into the second rotating
member, a first extension member moveably coupled to the
first end, and a second extension member moveably coupled
to the second end.

[0006] In another aspect, provided herein 1s an expandable
cage system including a vertebral body device and an
insertion istrument. The vertebral body device including a
body with a first end and a second end, a first rotating
member coupled to the first end, a second rotating member
coupled to the second end, a first extension member move-
ably coupled to the first end, and a second extension member
moveably coupled to the second end. The body including at
least one aperture positioned on the body along a midpoint
between the first end and the second end. The body also
including at least one first locking hole positioned superior
to the at least one aperture and at least one second locking
hole positioned inferior to the at least one aperture. The
insertion instrument, wherein the at least one aperture, the at
least one first locking hole, and the at least one second
locking hole are sized to receive the insertion instrument.
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[0007] In yet another aspect, provided herein 1s a method
for using an expandable cage system, including obtaining a
vertebral body implant and an insertion instrument. The
vertebral body device including a body with a first end and
a second end, a first rotating member rotatably coupled to
the first end, a second rotating member rotatably coupled to
the second end, a first extension member moveably coupled
to the first end, and a second extension member moveably
coupled to the second end. The method also includes cou-
pling the vertebral body implant to the insertion instrument
and 1nserting the vertebral body implant into a patient
between two vertebral bodies. The method further includes
expanding the vertebral body implant and removing the
insertion instrument.

[0008] These, and other objects, features and advantages
of this invention will become apparent from the following
detailed description of the various aspects of the mnvention
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The accompanying drawings, which are incorpo-
rated 1n and constitute a part of the specification, illustrate
embodiments of the invention and together with the detailed
description herein, serve to explain the principles of the
invention. The drawings are only for purposes of illustrating
preferred embodiments and are not to be construed as
limiting the ivention. It 1s emphasized that, 1n accordance
with the standard practice in the industry, various features
are not drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion. The foregoing and other objects, features and
advantages of the invention are apparent from the following
detailed description taken in conjunction with the accom-
panying drawings in which:

[0010] FIG. 1 1s a top perspective view ol an embodiment
of a vertebral body implant, 1n accordance with an aspect of
the present invention;

[0011] FIG. 2 1s a side view of the implant of FIG. 1, 1n
accordance with an aspect of the present invention;

[0012] FIG. 3 1s a cross-sectional view of the implant of
FIG. 1 taken along line 3-3 in FIG. 58, 1n accordance with
an aspect of the present mnvention;

[0013] FIG. 4 1s an exploded side view of the implant of
FIG. 1, in accordance with an aspect of the present inven-
tion;

[0014] FIG. 5 1s an exploded perspective view of the
implant of FIG. 1, in accordance with an aspect of the
present invention;

[0015] FIG. 6 1s a top perspective view of a body of the
vertebral body implant of FIG. 1, 1n accordance with an
aspect of the present invention;

[0016] FIG. 7 1s a side view of the body of FIG. 6, 1n
accordance with an aspect of the present invention;

[0017] FIG. 8 1s a perspective cross-sectional view of the
body of FIG. 6 taken along line 8-8 1in FIG. 7, 1n accordance
with an aspect of the present invention;

[0018] FIG. 9 1s a top view of the body of FIG. 6, 1n
accordance with an aspect of the present invention;

[0019] FIG. 10 1s a cross-sectional view of the body of
FIG. 6 taken along line 10-10 in FIG. 9, 1n accordance with
an aspect of the present invention;

[0020] FIG. 11 1s a cross-sectional view of the body of
FIG. 6 taken along line 11-11 1n FIG. 9, 1n accordance with

an aspect of the present invention;
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[0021] FIG. 12 1s a perspective view of a rotating member
of the vertebral body implant of FIG. 1, 1n accordance with
an aspect of the present invention;

[0022] FIG. 13 1s a first end view of the rotating member
of FIG. 12, 1n accordance with an aspect of the present
invention;

[0023] FIG. 14 1s a second end view of the rotating
member of FIG. 12, in accordance with an aspect of the
present 1nvention;

[0024] FIG. 15 1s a first end perspective view of an
extension member of the vertebral body implant of FIG. 1,
in accordance with an aspect of the present invention;
[0025] FIG. 16 1s a side view of the extension member of
FIG. 15, in accordance with an aspect of the present inven-
tion;

[0026] FIG. 17 1s a second end perspective view of the
extension member of FIG. 15, in accordance with an aspect
of the present invention;

[0027] FIG. 18 1s an end view of the extension member of
FIG. 15, in accordance with an aspect of the present inven-
tion;

[0028] FIG. 19 1s a perspective view of one embodiment
of an 1nsertion tool for the vertebral body implant of FIG. 1,
in accordance with an aspect of the present invention;
[0029] FIG. 20 1s a side view of the msertion tool of FIG.
19, 1n accordance with an aspect of the present invention;
[0030] FIG. 21 1s an exploded view of two embodiments
of an 1nsertion tool for the vertebral body implant of FIG. 1,
in accordance with an aspect of the present invention;
[0031] FIG. 22 15 a perspective view of a vertebral body
implant system 1ncluding the implant of FIG. 1 and a first
insertion tool of FIG. 19, 1n accordance with an aspect of the
present mvention;

[0032] FIG. 23 1s a perspective view of the vertebral body
implant system of FIG. 22 with a tong member of the
insertion tool engaging the vertebral body implant of FIG. 1,
in accordance with an aspect of the present invention;
[0033] FIG. 24 1s a perspective view of a portion of the
system of FIG. 22 with the tool engaging the vertebral body
implant 1n a first position, in accordance with an aspect of
the present invention;

[0034] FIG. 25 1s a perspective view of a portion of the
system of FIG. 22 with the tool engaging the vertebral body
implant 1n a second position, 1n accordance with an aspect
of the present invention;

[0035] FIG. 26 15 a perspective view ol another embodi-
ment vertebral body implant system including the implant of
FIG. 1 and a second insertion tool 1n a first position, 1n
accordance with an aspect of the present invention;

[0036] FIG. 27 1s an enlarged perspective view of a
portion of the system of FIG. 26, in accordance with an
aspect of the present invention;

[0037] FIG. 28 1s a top perspective view of the vertebral
body 1implant of FIG. 1 1n a second position and including
a locking mechanism engaging the vertebral body implant of
FIG. 1 and a portion of the insertion tool of FIG. 21, 1n
accordance with an aspect of the present invention;

[0038] FIG. 29 1s a side view of the vertebral body implant
of FIG. 1 1n an expanded position with the locking mecha-
nism engaging at least a portion of the implant, 1n accor-
dance with an aspect of the present invention;

[0039] FIG. 301s a side view of the vertebral body implant
of FIG. 29 with the body of FIG. 6 removed, in accordance

with an aspect of the present invention;
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[0040] FIG. 31 1s another embodiment of a vertebral body
device system 1ncluding a vertebral body implant and 1nser-
tion tool, 1n accordance with an aspect of the present
imnvention;

[0041] FIG. 32 1s an exploded perspective view of the
system of FIG. 31, in accordance with an aspect of the
present 1nvention;

[0042] FIG. 33 1s a side view of the implant of FIG. 31 and
an end view of the insertion tool of FIG. 31, 1n accordance
with an aspect of the present invention;

[0043] FIG. 34 1s a side view of the system of FIG. 31
showing only a portion of the insertion tool, 1n accordance
with an aspect of the present invention;

[0044] FIG. 35 1s a side view of another embodiment of a
vertebral body implant, 1n accordance with an aspect of the
present 1nvention;

[0045] FIG. 36 1s a cross-sectional view of the vertebral
body implant of FIG. 35 taken along line 36-36 of FIG. 35
and showing the angled set screw openings, 1n accordance
with an aspect of the present invention;

[0046] FIG. 37 1s another embodiment of a vertebral body
system 1ncluding an implant and insertion instrument, in
accordance with an aspect of the present invention;

[0047] FIG. 381s a partially exploded view of the vertebral
body system of FIG. 37, 1n accordance with an aspect of the
present invention;

[0048] FIG. 39 1s a perspective partially exploded view of
another embodiment vertebral body system including an
implant and an insertion instrument, 1n accordance with an
aspect of the present invention;

[0049] FIG. 40 1s another perspective partially exploded
view of the vertebral body system of FIG. 39, 1n accordance
with an aspect of the present invention;

[0050] FIG. 41 15 a perspective view of the system of FIG.
39 with a transparent insertion instrument, in accordance
with an aspect of the present invention;

[0051] FIG. 42 1s a perspective view of another vertebral
body implant 1n an expanded position, 1n accordance with an
aspect of the present invention;

[0052] FIG. 43 1s a perspective view of a body of the
vertebral body implant of FIG. 42, 1n accordance with an
aspect of the present invention;

[0053] FIG. 44 1s a cross-sectional view of the vertebral
body implant of FIG. 42 taken along line 44-44 1n FIG. 42
with the extension members removed, 1n accordance with an
aspect of the present invention;

[0054] FIG. 45 1s a side view of an extension member of
the vertebral body implant of FIG. 42, 1n accordance with an
aspect of the present invention;

[0055] FIG. 46 15 a top perspective view of the extension
member of FIG. 45, 1n accordance with an aspect of the
present invention;

[0056] FIG. 47 1s a side view of an internal locking
member of the vertebral body implant of FIG. 42, i
accordance with an aspect of the present invention;

[0057] FIG. 48 1s an end perspective view of the internal
locking member of FIG. 47, 1n accordance with an aspect of
the present invention;

[0058] FIG. 49 1s an exploded, perspective view of the
vertebral body implant of FIG. 42, 1n accordance with an
aspect of the present invention;

[0059] FIG. 50 1s an exploded, side view of the vertebral
body implant of FIG. 42, 1n accordance with an aspect of the
present 1nvention;
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[0060] FIG. 51 1s a perspective end view of the extension
member of the vertebral body implant FIG. 42, in accor-
dance with an aspect of the present invention; and

[0061] FIG. 52 1s a side, cross-sectional view of the
extension member taken along line 52-52 1n FIG. 51, 1n
accordance with an aspect of the present invention.

DETAILED DESCRIPTION FOR CARRYING
OUT THE INVENTION

[0062] Generally stated, disclosed herein 1s an expandable
vertebral body replacement device. Further, methods of
assembling and using the expandable vertebral body
replacement device are discussed.

[0063] In this detailed description and the following
claiams, the words proximal, distal, anterior, posterior,
medial, lateral, superior, inferior, cephalad, and caudal are
defined by their standard usage for indicating a particular
part of a bone or implant according to the relative disposition
of the natural bone or directional terms of reference. For
example, “proximal” means the portion of an implant near-
est the insertion instrument, while “distal” indicates the
portion of the implant farthest from the 1nsertion instrument.
As for directional terms, “anterior” 1s a direction towards the
front side of the body, “posterior” means a direction towards
the back side of the body, “medial” means towards the
midline of the body, “lateral” 1s a direction towards the sides
or away from the midline of the body, “superior” means a
direction above, “inferior” means a direction below another
object or structure, “cephalad” means a direction toward the
head, and *“caudal” means a direction toward the inferior part

of the body.

[0064] Referring to the drawings, wherein like reference
numerals are used to indicate like or analogous components
throughout the several views, and with particular reference
to FIGS. 1-5, there 1s illustrated an exemplary embodiment
of a vertebral body replacement implant 500. The vertebral
body implant 500 may include a body 510, a first rotating
member 530 rotatably coupled to the first end 512 of the
body 510, a second rotating member 540 rotatably coupled
to the second end 514 of the body 3510, a first extension
member 550 moveably coupled to a first end 512 of the body
510, and a second extension member 570 moveably coupled
to a second end 514 of the body 510.

[0065] As shown in FIGS. 4-11, the body 510 may include
an opening 516 extending from the first end 512 to the
second end 514, for example, along the longitudinal axis of
the body 510. The opening 516 may include at least two
channels 517, 518, 519 extending into the body 510 from the
opening 516. At least one first channel 517 may extend from
the first end 512 toward the second end 514 and at least one
second channel 518 may extend from the second end 514
toward the first end 512. At least one third channel 519 may
extend from the first end 512 to the second end 514. In the
depicted embodiment, the at least one first channel 517 may
be one first channel 517, the at least one second channel 518
may be one second channel 518, and the at least one third
channel 519 may be, for example, four channels 519. The
channels 517, 518, 519 may be, for example, evenly spaced
around the opening 516. As shown, the body 510 may
include, for example, one first channel 517 open on the first
end 512, one second channel 518 open on the second end
514, and four third channels 519 open on both the first and

second ends 512, 514. Alternative numbers of channels 517,
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518, 519 are also contemplated, for example, the body 510
may include more or less channels 517, 518, 519.

[0066] The exterior surface of the body 510 may further
include a first groove 520 near the first end 512 and a second
groove 522 near the second end 514, as shown in FIGS. 4-7.
The first and second grooves 520, 522 may extend around
the circumierence of the body 510 and be sized to receive
the first and second rotating members 530, 540, respectively.
Each groove 520, 522 may include an opening 521 for
receiving a pin 506. As shown i1n FIGS. 4-6, the body 510
may also include at least one aperture 524 positioned around
the circumierence of the exterior surface. The at least one
aperture 524 may be positioned, for example, at a midpoint
between the first end 512 and second end 514 of the body
510. The at least one aperture 524 may be, for example, a
threaded opening. The body 510 may also include at least
one first locking hole 526 superior to the aperture 524 and
at least one second locking hole 528 inferior to the aperture
524. The aperture 524, first locking hole 526, and second
locking hole 528 may be sized and shaped to receive a
locking insert 590, as shown 1n FIGS. 28-30. In the depicted
embodiment, the body 510 may include, for example, three
apertures 524, three first locking holes 526, and three second
locking holes 528. The three sets of openings 524, 526, 528
may be positioned adjacent to each other. The body 510 may
further include openings 523 positioned around the circum-
terence of the body 510. The openings 523 may each include
at least one gripping surface or region 525 on each side of
the opening 523 to couple to an 1nsertion tool, such as, tool
600 described 1n greater detail below. As depicted, the three
sets of openings 524, 526, 528 may be positioned between
the openings 523 and adjacent to each other, such that, there
are three solid portions of the body 510 positioned between
the openings 523.

[0067] A rotating members 530, 540 are shown 1n FIGS.
4 and 5 and the rotating member 530 1s shown 1n greater
detail in FIGS. 12-14. The first rotating member 530 may
include a center opening 3534 extending through the first
rotating member 530. The exterior surface of the first
rotating member 530 may include a plurality of grooves,
notches, gear teeth, teeth, or scallops 332, as best seen 1n
FIGS. 12 and 13. The plurality of notches 532 may be, for
example, sized to receive an insertion tool, such as tool 600
described 1n greater detail below. The first rotating member
530 may also include threads 536 on the interior surface of
the member 530, as shown 1n FIGS. 5 and 12. In addition,
the first rotating member 530 may include at least one
protrusion 538 positioned between each notch 532 to engage

the groove 520 1n the body 510.

[0068] The second rotating member 540, as shown 1n
FIGS. 4 and 5, may include a plurality of notches 542, a
center opening 544, threads 546, and at least one protrusion
548. The plurality of notches 542, center opening 544,
threads 546, and at least one protrusion 548 may be of the
type described above with reference to the plurality of
grooves 332, center opening 534, threads 536, and at least
one protrusion 538 of first rotating member 530, which will
not be described again here for brevity’s sake.

[0069] Referring now to FIGS. 4 and 5, the extension
members 550, 570 are shown. FIGS. 15-18 show the first
extension member 550. The first extension member 550 may
include a first end 552 and a second end 554. The first
extension member 550 may also include a top portion or first
end cap 556 at the first end 552 and at least one leg member
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562 extending away from the top portion 556 and toward the
second end 554. The top portion 556 may include a curved
top surface 538, for example, a hemispherical or cylindrical
shaped cup, and a center opening 560, as shown in FIGS. 5
and 15. The top surface 558 may also include grooves 559.
The curved top surface 558, grooves 559, and center open-
ing 560 may be configured to receive autologous bone graft
or allograft material which will contact and allow for fusion
with the adjacent vertebral bodies and additional graft
material positioned between the at least one leg member
562. The curved surface 558 may be, for example, sized to
allow the grait material to be positioned within the first
extension member 550 to minmimize the height. In addition,
the hemispherical shaped cup may be selected, for example,
to minimize the amount of graft material necessary to fill the
curved surface 558. The top surface 558 may be, for
example, coated, textured, porous, or of a trabecular metal
nature to allow for bone growth into the first extension
member 550 after implantation. In an alternative embodi-
ment, 1t 1s also contemplated that the curved top surface 558
may be, for example, a mesh or open slotted top surface to
allow for the bone grait material positioned in the top
portion 556 to make contact with bone grait material posi-
tioned between the at least one leg member 562. The top
portion 356 may also be configured to receive, for example,
end caps (not shown) with lordosis or a larger footprint to
contact larger adjacent vertebral bodies at the outer ring of
their end plates.

[0070] The at least one leg member 562 may be, for
example, three leg members 562, as shown 1n FIGS. 15-18.
The leg members 562 may include threads 564 on an
exterior surface. The second end 554 of the leg members 562
may be, for example, tapered or angled. The leg members
562 may include a short leg member 562 and two longer leg
members 562. The short leg member 562 may be received
within the channel 517. A first longer leg member 562 may
include a protrusion or hook 566 for engaging a channel 519
in the body 510. The protrusion 566 may include an angled
end, as shown 1n FIG. 16, to engage at least one retention pin
506 during use. A second longer leg member 562 may
include, for example, a recessed region 567. The threads 564
on the legs 562 engage the threads 536 on an interior surface
of the first rotating member 530 to translate the leg member
562 with respect to the body 510. The threads 564 may
extend from the second end 554 to a bottom surface of the
first end cap 556. The leg members 562 may be curved to
enable the leg members 562 to rotate with respect to the first
rotating member 530. The first extension member 550 may
also include support members 568 positioned between and
connected to the leg members 562. The support members
568 may be, for example, cross-hatching braces positioned
in rings. As depicted in FIGS. 15-18, the support members
568 may, for example, extend out from the back side of the
leg members 562 and be connected between the leg mem-
bers 562 1 “Y” or “T” shaped arrangements. The support
member 568 may also form an inner cylinder aligned with
the opening 560 to form an inner channel through the
implant 500. The arrangement of the leg members 562 may
be, for example, curved between the leg members 562 to
form a ring-like shape.

[0071] The second extension member 570, as shown 1n
FIGS. 4 and 5, may include a first end 572 and a second end
574. The second extension member 370 may also include a
bottom portion or second end cap 576 at the first end 572 and
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at least one leg member 582 extending away from the
bottom portion 576 and to the second end 574. The bottom
portion 576 may include a curved bottom surface 578 and an
opening 580. The curved bottom surface 578 may be of the
type described above with respect to the curved top surface
558, which will not be described again here for brevity’s
sake. The bottom surface 578 may also include grooves 579.
The curved bottom surface 578, grooves 579, and center
opening 580 may also be configured to receive autologous
bone graft or allograit material as described in greater detail
above with respect to the first extension member 550.

[0072] The at least one leg member 582 may be, for
example, three leg members 582 and may include threads
584, protrusion or hook 586, and support members 588. The
threads 584, protrusions 586, and support members 588 may
be of the type described above with reference to threads 564,
protrusion or hook 566, and support members 568, which
will not be described again here for brevity’s sake. The first
end 572 of the leg members 582 may be, for example,
tapered or angled. The leg members 582 may include a short
leg member 582 and two longer leg members 582. The short
leg member 582 may be recerved within the channel 518. A
first longer leg member 582 may include a protrusion or
hook 586 for engaging a channel 519 1n the body 510. The
protrusion 586 may include an angled end, as shown in FIG.
5, to engage at least one retention pin 506 during use. A
second longer leg member 582 may include, for example, a
recessed region 387. The threads 584 on the legs 582 engage
the threads 546 on an interior surface of the second rotating
member 540 to translate the leg member 582 with respect to
the body 510. The threads 584 may extend from the first end
572 to a bottom surface of the second end cap 576. The leg
members 582 may be curved to enable the leg members 582
to rotate with respect to the second rotating member 540.
The first extension member 350 may also include support
members 588 positioned between and connected to the leg
members 582. The support members 588 may be, for
example, cross-hatching braces positioned in rings. As
depicted 1n FIGS. 15-18, the support members 588 may, for
example, extend out from the back side of the leg members
582 and be connected between the leg members 582 1n “Y”
or ““I”” shaped arrangements. The support member 588 may
also form an 1nner cylinder aligned with the opening 580 to
form an inner channel through the implant 500. The arrange-
ment of the leg members 382 may be, for example, curved
between the leg members 582 to form a ring-like shape.

[0073] The implant 500 may also include a locking
mechamism 590, as shown in FIGS. 28-30. The locking
mechanism 590 may include a plate 5§92 with a first locking
pin or post 594, a second locking pin or post 596 and an
opening (not shown), for example, a threaded opening. The
first locking post 394 1s coupled to and extending away from
the back surface of the plate 592. The second locking post
596 coupled to and extending away from the back surface of
the plate 592. The locking posts 594, 596 are sized and
shaped to engage the legs 562, 582 of the extension mem-
bers 550, 570. The threaded opening (not shown) may be
centered 1n the middle of the plate 592 and sized and shaped
to receive a fastener 598 to lock the implant 500 1n a desired
position.

[0074] The vertebral body replacement device 500 may be
assembled by obtaining a body 510 with a first rotating
member 530 positioned 1n the first groove 520 and a second
rotating member 540 positioned in the second groove 522.
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Next, the first and second extension members 350, $70 may
be 1nserted into the channels 517, 518, 519 in the opening
516 of the body 510. The first extension member 550 may
be inserted 1into the channels 517, 519 from the first end 512.
During insertion into the channels 517, 519, the protrusion
566 of the first extension member 550 may be aligned with
at least one channel 519 on the interior surface of the body
510. The first extension member 550 may be translated until
the threads 564 of the leg members 562 engage the interior
threads 536 of the first rotating member 530. The first
rotating member 330 may be rotated until the first extension
member 550 engages the first end 512 of the body 510. Once
the first extension member 550 1s positioned 1n the body 510,
then, the second extension member 570 may be inserted into
the opening 516. The second extension member 570 may be
inserted into the channels 518, 519 from the second end 514.
During insertion into the channels 518, 519, the protrusion
586 of the second extension member 570 may be aligned
with at least one channel 519 on the interior surface of the
body 510. The second rotating member 540 may be rotated
until the second extension member 570 engages the second
end 514 of the body 510. The locking plate may be coupled
to the implant 500 using the aperture 524 and locking holes
526, 528. The fastener 598 may be partially screwed into
place, so that the locking plate 1s coupled to the implant 500.

[0075] An embodiment of an insertion tool 600 1s shown
in FIGS. 19-21. The insertion tool 600 may include a
gripping member or tong member 610, a compression sleeve
630, a first deployment handle 640 and a second deployment
handle 650. The gripping member 610 has a first end 612
and a second end 614 opposite the first end 612. The second
end 614 may include a handle portion 616. The first end 612
may 1nclude two gripping arms 618 and each gripping arm
618 may include a channel 620 on an 1nterior surface of the
gripping arms 618. The gripping arms 618 sized and shaped
to engage the gripping surfaces 525 on the body 510. The
gripping arms 618 are also sized and shaped to grasp
gripping surfaces 525 on body 510 while a locking member
590 1s attached to or assembled to the body 510. The
gripping arms 618 may be used to remove and reposition the
locking member 590. The gripping member 610 may also
include an opening extending along the longitudinal axis of
the member 610 from the first end 612 to the second end
614. The compression sleeve 630 including a first end 632
and a second end 634 opposite the first end 632. The
compression sleeve 630 also including an opeming 636
extending from the first end 632 to the second end 634 and
s1ized to receirve the gripping member 610 and clamp the
gripping arms 618 together to secure the implant 500 to the
insertion tool 600.

[0076] As shown in FIGS. 19-25, the first deployment
handle 640 includes a first end 642 and a second end 644
opposite the first end 642. The first deployment handle 640
also includes an opening 646 extending from the first end
642 to the second end 644. The first end 642 may also
include a plurality of projections 648 sized and shaped to
rotate the two rings 530 and 540 simultaneously to translate
both extension members 350, 570 simultaneously. The plu-
rality of projections 648 may be, for example, cone shaped
or angled toward the point of attachment with the first end
642 of the handle 640 to allow for the projections 648 to
engage the grooves or teeth 532, 542 of the rotating mem-
bers 530, 540. The teeth 532, 542 may have, for example, an

undercut or angled shape to lock the plurality of projections
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648 1nto the teeth 532, 542 and prevent jumping of the
projections 648 with respect to the teeth 532, 542 as the
handle 610 1s rotated.

[0077] Referring now to FIGS. 21, 26, and 27, the second
deployment handle 650 includes a first end 652 and a second
end 654 opposite the first end 652. The second deployment
handle 650 also including an opening 656 extending
between the first end 652 and the second end 654. The first
end 652 may also 1include a semi-circular protrusion 658 and
the end of the protrusion 658 may include a plurality of
projections 660. The plurality of projections 660 may be, for
example, cone shaped or angled toward the point of attach-
ment with the semi-circular protrusion 658 at the first end
652 of the handle 650 to allow for the projections 660 to
engage the grooves or teeth 532, 542 of the rotating mem-
bers 530, 540. The teeth 532, 542 may have, for example, an
undercut or angled shape to lock the plurality of projections
660 into the teeth 532, 542 and prevent jumping of the
projections 660 with respect to the teeth 532, 542 as the
handle 650 1s rotated. The second end 654 may also include
a semi-circular protrusion 662 aligned with the semi-circular
protrusion 658 on the first end 652.

[0078] Referring now to FIGS. 22-30, methods of using
the vertebral body implant 500 and insertion instruments
600 are shown. The method includes obtaining a vertebral
body implant 500 and an insertion instrument 600. The
vertebral body implant 500 and insertion instrument 600
may be assembled as described in greater detail above,
which will not be described again here for brevity’s sake.
The mstrument 600 may then be coupled to the vertebral
body device 500 by inserting the gripping arms 618 of the
gripping member 610 1nto the openings 523 to engage the
gripping surfaces 525, as shown in FIG. 23. The gripping
member 610 may be pre-loaded with a locking member 590
positioned between the gripping arms 618. The locking
mechanism 590 may engage the aperture 524 and locking

holes 526, 528 of the body 510.

[0079] Once the gripping member 610 1s coupled to the
implant 500, the compression sleeve 630 may be inserted
over the gripping member 610. The compression sleeve 630
may engage the gripping member 610 to secure the gripping
arms 618 to the implant 500 for insertion into the patient.
Next, a deployment handle 640, 650 may be selected. If the
surgeon wants to simultaneously extend both the expansion
members 550, 570, then the first deployment handle 640
may be selected. Alternatively, 1t the surgeon wants to
extend only one expansion member 550, 570 at a time, then
the second deployment handle 650 may be selected.

[0080] After the deployment handle 640, 650 1s selected 1t

may be slid over the coupled gripping member 610 and
compression sleeve 630. The plurality of projections 648,
660 of the selected deployment handle 640, 650 may be
aligned with at least one set of the plurality of notches 532,
542 1n at least one of the rotating members 530, 540. Once
aligned the selected deployment handle 640, 650 may be
rotated to turn at least one of the rotating members 530, 540.
As at least one of the rotating members 530, 540 turns, at
least one of the expansion members 550, 5§70 translates 1n a
superior-inferior direction to expand the size of the implant
500. The first extension member 550 will translate i1n a
superior direction increasing the height of the vertebral body
implant 500. The second extension member 570 will trans-
late 1n an 1inferior direction increasing the height of the
vertebral body implant 500. The amount of superior-inferior
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translation 1s limited by the length of the leg members 562,
582. Alternatively, if the deployment handle 640, 650 1is
rotated 1n the reverse direction, at least one of the rotating
members 530, 540 may be rotated in the reverse direction
and at least one of the extension members 550, 570 will
translate 1n the superior-inferior direction to decrease the
height of the vertebral body implant 500. Once the desired
configuration and height of the vertebral body implant 500
1s achieved, the locking mechanism 590 may be tightened to
lock the vertebral body implant 500 by inserting a driver
through the insertion mstrument 600. The locking mecha-
nism 590 may be tightened with, for example, a hex wrench
inserted through the center opening 524 of the instrument
600 to tighten the fastener 598 and secure the locking plate
592 1n place on the implant 500. The locking mechanism 590
may engage the aperture 524 and locking holes 526, 528 of
the body 510. Alternatively, the locking mechanism 590 may
be inserted through the opening 622 1n the gripping member
610 once the desired expansion 1s achieved. After the
implant 500 1s secured 1n the desired expanded position, the
insertion tool 600 may be removed from the vertebral body
implant 500.

[0081] Another embodiment vertebral body replacement
device 700 and insertion mstrument 800 are shown in FIGS.
31-34. The vertebral body device 700 may include a body
710, a first rotating member 730 rotatably coupled to the first
end 712 of the body 710, a second rotating member 740
rotatably coupled to the second end 714 of the body 710, a
first extension member 750 moveably coupled to the first

end 712 of the body 710, and a second extension member
770 moveably coupled to a second end 714 of the body 710.

[0082] As shown in FIG. 32, the body 710 may include an
opening (not shown) extending from the first end 712 to the
second end 714, for example, along the longitudinal axis of
the body 710. The opening (not shown) may include at least
two channels (not shown) extending into the body 710 from
the opening. The opening and channels may be of the type
described above with reference to opening 516 and channels
517, 518, 519, which will not be described again here for
brevity’s sake. The exterior surface of the body 710 may
turther include a first groove 720 near the first end 712 and
a second groove 722 near the second end 714, as shown 1n
FIG. 32. The first and second grooves 720, 722 may extend
around the circumierence of the body 710 and be sized to
receive the first and second rotating members 730, 740,
respectively. As shown in FIGS. 32 and 34, the body 710
may also include at least one driver slot 726, 728 positioned
on at least one section of the exterior surface. In one
embodiment the drniver slots 726, 728 may be located on
three faces of the body 710 each spaced 60° apart from each
other. The body 710 may also include at least one driver hole
724 positioned between the driver slots 726, 728. Further,
the locking faces may include openings 727, 729 for receiv-
ing set screws (not shown) to secure the implant 700 1n the
desired expansion. The opemings 727, 729 may be threaded.
A first opening 727 may be positioned superior to the driver
slots 726, 728 and the second opeming 729 may be posi-
tioned inferior to the driver slots 726, 728. The body 710
may also include at least one opening 729 positioned on the
non-locking faces. The at least one opening 729 may be
sized and shaped to optimize bone grafting.

[0083] Rotating members 730, 740 are shown in FIG. 32
and the first rotating member 730 may include a center
opening (not shown) extending through the first rotating
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member 730. The exterior surface of the first rotating
member 730 may include a plurality of grooves, notches,
gear teeth, teeth, or scallops 732, as best seen 1 FIGS.
32-34. The plurality of notches 732 may be, for example,
sized to receive an 1nsertion tool, such as tool 800 described
in greater detail below. The first rotating member 730 may
also include threads (not shown) on the interior surface of
the member 730.

[0084] The second rotating member 740, as shown 1n FIG.
32, may include a plurality of notches 742, a center opening
(not shown), and threads (not shown). The plurality of
notches 542, center opening (not shown), and threads (not
shown) may be of the type described above with reference
to the plurality of grooves 732, center opening (not shown),
and threads (not shown) of first rotating member 730, which
will not be described again here for brevity’s sake.

[0085] Referring now to FIG. 32, the extension members
750, 770 are shown. The first extension member 750 may
include a first end 752 and a second end 754. The first
extension member 750 may also include a top portion or first
end cap 756 at the first end 752 and at least one leg member
762 extending away from the top portion 756 and toward the
second end 754. The top portion 756 may include a top
surface 758 and a center opening 760. The top surface 758
may also iclude grooves 759. The top surface 758, grooves
759, and center opening 760 may be configured to receive
autologous bone grait or allograft material which will con-
tact and allow for fusion with the adjacent vertebral bodies
and additional graft material positioned between the at least
one leg member 562. The surface 758 may be, for example,
sized to allow the graft material to be positioned within the
first extension member 750 to mimimize the height. In
addition, the top surface 758 may be shaped, for example, to
receive grait material to allow for bone ingrowth to achieve
the desired fusion. The top surface 758 may be, for example,
coated, textured, porous, or of a trabecular metal nature to
allow for bone growth into the first extension member 750
after implantation. In an alternative embodiment, 1t 1s also
contemplated that the curved top surface 758 may be, for
example, a mesh or open slotted top surface to allow for the
bone graft material positioned 1n the top portion 756 to make
contact with bone graft material positioned between the at
least one leg member 762. The top portion 756 may also be
configured to receive, for example, end caps (not shown)
with lordosis or a larger footprint to contact larger adjacent
vertebral bodies at the outer ring of their end plates.

[0086] The at least one leg member 762 may be, for
example, three leg members 762, as shown in FIGS. 32-34.
The leg members 762 may include threads 764 on an
exterior surface. The leg members 762 may include a short
leg member 762 and two longer leg members 762. The short
leg member 762 may be received within a channel which
does not extend the entire length of the body 710. In one
embodiment, as shown 1n FIG. 32, the shorter leg member
762 may include a protrusion or hook 766 positioned on the
distal portion of the leg member 762. The protrusion or hook
766 may be sized and shaped to engage a retention pin, for
example, the protrusion 766 may include a proximal portion
that 1s angled toward the leg member 762 creating a recess
for recerving the retention pin. The longer leg members 762
may each be recetved within a channel which extends
through the entire length of the body 710. The longer leg
members 762 may each include, for example, a recessed
region 765. In an alternative embodiment, for example, one
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of the longer leg members 762 may include the protrusion or
hook 766 and the shorter leg member 762 and the second
longer leg member 762 may each include a recessed region
765. The threads 764 on the legs 762 engage the threads 736
on an interior surface of the first rotating member 730 to
translate the leg member 762 with respect to the body 710.
The threads 764 may extend from the second end 754 to a
bottom surface of the first end cap 756. The leg members
762 may be curved to enable the leg members 762 to rotate
with respect to the first rotating member 730. The first
extension member 750 may also include support members
768 positioned between and connected to the leg members
762. The support members 768 may be, for example, cross-
hatching braces positioned 1n rings. As depicted 1n FIG. 32,
the support members 768 may, for example, extend out from
the back side of the leg members 762 and be connected
between the leg members 762 1 “Y” or “I” shaped arrange-
ments. The support member 768 may alternatively form an
inner cylinder aligned with the opening 760 to form an 1nner
channel through the implant 700. The arrangement of the leg
members 762 may be, for example, curved between the leg
members 762 to form a ring-like shape.

[0087] The second extension member 770, as shown 1n
FIG. 32, may include a first end 772 and a second end 774.
The second extension member 770 may also include a
bottom portion or second end cap 776 at the first end 772 and
at least one leg member 782 extending away from the
bottom portion 776 and to the second end 774. The bottom
portion 776 may 1nclude a curved bottom surface 778 and an
opening 780. The curved bottom surface 778 may be of the
type described above with respect to the curved top surface
758, which will not be described again here for brevity’s
sake. The bottom surface 778 may also include grooves 779.
The curved bottom surtace 778, grooves 779, and center
opening 780 may also be configured to receive autologous
bone graft or allograit material as described in greater detail
above with respect to the first extension member 750.

[0088] The at least one leg member 782 may be, for
example, three leg members 782 and may include threads
784, protrusion or hook 786, and support members 788. The
threads 784, protrusions 786, and support members 788 may
be of the type described above with reference to threads 764,
protrusion or hook 766, and support members 768, which
will not be described again here for brevity’s sake. The leg
members 782 may include a short leg member 782 and two
longer leg members 782. The short leg member 782 may be
received within a channel which extends along a portion of
the length of the body 710. A first longer leg member 782
may include a protrusion or hook 786 for engaging a channel
719 1n the body 710. A second longer leg member 782 may
include, for example, a recessed region 787. The threads 784
on the legs 782 engage the threads 746 on an interior surface
of the second rotating member 740 to translate the leg
member 782 with respect to the body 710. The threads 784
may extend from the first end 772 to a bottom surface of the
second end cap 776. The leg members 782 may be curved to
enable the leg members 782 to rotate with respect to the
second rotating member 740. The first extension member
750 may also include support members 788 positioned
between and connected to the leg members 782. The support
members 788 may be, for example, cross-hatching braces
positioned 1n rings. As depicted i FIG. 32, the support
members 788 may, for example, extend out from the back
side of the leg members 782 and be connected between the
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leg members 782 1n “Y” or “I”” shaped arrangements. The
support member 788 may alternatively form an inner cyl-
inder aligned with the opening 780 to form an inner channel
through the implant 700. The arrangement of the leg mem-
bers 782 may be, for example, curved between the leg
members 782 to form a ring-like shape.

[0089] As shown in FIGS. 32-33, the insertion mstrument
800 may include shifter 810, a gripper member 820, a
locking sleeve 840, and a drniver sleeve 850. The shifter 810
includes a first end 812, a second end 814, an extension
member 816 and a handle 818. The gripper member 820
includes a first end 822, a second end 824 and an opening
828, 830, 832 extending between the first end 822 and the
second end 824. The gripper member 820 may also include
at least two gripper arms 826 sized and shaped to engage the
body 710 of the implant 700. The opening 828, 830, 832
may include a slot 828 extending in a superior-inierior
direction, a first opening 830 positioned at the superior end
of the slot 828 and a second opening 832 positioned at the
inferior end of the slot 828. The opening 828, 830, 832 may
be shaped to receive the shifter 810.

[0090] With continued reference to FIG. 32, the locking
sleeve 840 may include an opening 842 extending from a
first end to a second end of the locking sleeve 840. The
opening 842 may be sized and shaped to receive the gripper
member 820 to secure the gripping arms 826 to the implant
700. The drive sleeve 850 may include a first end 852 and
a second end 854. The driver sleeve 850 may also include an
opening 856 extending from the first end 852 to the second
end 854 and a plurality of projections, protrusions, teeth, or
gear members 858 for engaging the rotating members 730,
740. The plurality of projections 858 may be, for example,
cone shaped or angled toward the point of attachment with
the first end of the drive sleeve 850 to allow for the
projections 858 to engage the grooves or teeth 732, 742 of
the rotating members 730, 740. The teeth 732, 742 may
have, for example, an undercut or angled shape to lock the
plurality of projections 858 into the teeth 732, 742 and
prevent jumping of the projections 858 with respect to the
teeth 732, 742 as the drive sleeve 850 1s rotated.

[0091] Referring now to FIGS. 33-34, the extension mem-
ber 816 of the shifter 810 engages the slots 726, 728 to move
the driver sleeve 850 from engagement with the first rotating
member 730 to the second rotating member 740 and vice
versa. The shifter 810 may be positioned 1n the first opening
830 to engage the second rotating member 740, as shown 1n
FIG. 33, and in the second opening 832 to engage the first
rotating member 730. Once an extension member 750, 770
1s positioned at the desired extension a set screw may be
inserted into the respective opening 727, 729 to secure the
extended extension member 750, 770. After one extension
member 750, 770 1s expanded and secured, the second
extension member 750, 770 may be extended and secured.

[0092] FIGS. 35-36 show another embodiment of a ver-
tebral body replacement implant 900. The implant 900 may
include a body 910, a first rotating member 930 rotatably
coupled to the first end 912 of the body 910, a second
rotating member 940 rotatably coupled to the second end
914 of the body 910, a first extension member 950 moveably
coupled to the first end 912 of the body 910, and a second
extension member 970 moveably coupled to a second end
914 of the body 910. The body may include a first end 912
and a second end 914. As shown in FIG. 36, the body 910

may include a first angled opening 916 and a second angled
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opening 918. The angled openings 916, 918 may be, for
example, threaded opemings. The first angled opening 916
may extend 1n a superior direction and the second angled
opening 918 may extend 1n an inferior direction. The first
rotating member 930 and the second rotating member 940
may be of the type described above with reference to
rotating members 730, 740 and which will not be described
again here for brevity’s sake. The first extension member
950 and second extension member 970 may be of the type
described above with reference to extension members 750,
770 and which will not be described again here for brevity’s

sake.

[0093] Another embodiment vertebral body replacement
system 1000 1s shown in FIGS. 37-38. The system 1000
includes an implant 1002 and a dniver sleeve 1100. The
implant 1002 may include a body 1010, a first rotating
member 1030 rotatably coupled to the first end 1012 of the
body 1010, a second rotating member 1040 rotatably
coupled to the second end 1014 of the body 1010, a first
extension member 1050 moveably coupled to the first end
1012 of the body 1010, and a second extension member
1070 moveably coupled to a second end 1014 of the body
1010. The body may include a first end 1012 and a second
end 1014. As shown 1n FIGS. 37-38, the body 1010 may
include at least one opening 1012. The openings 1012 may
be, for example, threaded openings. The first rotating mem-
ber 1030 and the second rotating member 1040 may be of
the type described above with reference to rotating members
730, 740, 930, 940 and which will not be described again
here for brevity’s sake. The first extension member 1050 and
second extension member 1070 may be of the type described
above with reference to extension members 750, 770, 950,
970 and which will not be described again here for brevity’s

sake.

[0094] The driver sleeve 1100 may include a body 1102
and a driver head 1120 at a first end of the body 1102. The
driver head 1120 may include a pivoting member 1110
coupled to the body 1102 and a plurality of projections,
protrusions, teeth, gear members 1122 for engaging the
rotating members 1030, 1040. The plurality of projections
1122 may be, for example, cone shaped or angled toward the
point of attachment with the first end of the driver head 1120
to allow for the projections 1122 to engage the grooves or
teeth 1032, 1042 of the rotating members 1030, 1040. The
teeth 1032, 1042 may have, for example, an undercut or
angled shape to lock the plurality of projections 1122 into

the teeth 1032, 1042 and prevent jumping of the projections
1122 with respect to the teeth 1032, 1042 as the driver head

1120 and body 1102 are rotated. The pivoting member 1110
may be, for example, a splined end that allows for the driver
1100 to pivot at an angle while being rotated to turn the

rotating members 1030, 1040.

[0095] FIGS. 39-41 illustrate another embodiment of a

vertebral body replacement system 1200. The system 1200
includes an implant 1202 and a drive mechanism 1300. The
implant 1202 may include a body 1210, a first rotating
member 1230 rotatably coupled to the first end of the body
1210, a second rotating member 1240 rotatably coupled to
the second end of the body 1210, a first extension member
(not shown) moveably coupled to the first end of the body
1210, and a second extension member (not shown) move-
ably coupled to a second end of the body 1210. The body
1210 1nclude at least one opening 1212. The opening 1212
may be sized to engage the drive sleeve 1300. The first
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rotating member 1230 and the second rotating member 1240
may be of the type described above with reference to
rotating members 730, 740, 930, 940 and which will not be
described again here for brevity’s sake. The first extension
member (not shown) and second extension member (not
shown) may be of the type described above with reference
to extension members 750, 770, 950, 970 and which will not
be described again here for brevity’s sake.

[0096] The drnive sleeve 1300 may include a body 1302
and a coupling protrusion 1304. The coupling protrusion
engages the opening 1212 in the body 1210. The drive sleeve
1300 1s then positioned for engagement with one of the
rotating members 1230, 1240 to expand the implant 1202.
Although not shown, a deployment handle, such as deploy-
ment handles 640, 650 as described 1n greater detail above,
may be slid over the body 1302 to engage one of the rotating
members 1230, 1240 to expand the implant 1202. Once a
first rotating member 1230, 1240 1s expanded, then the
deployment handle (not shown) may be disengaged from the
teeth 1232, 1242. Next, the drive sleeve 1300 may be rotated
to a second position and the deployment handle (not shown)
positioned to engage the second rotating member 1230,
1240 to expand the implant 1200. The implant 1200 may be
secured 1n the expanded position by inserting locking
mechanisms (not shown) into the openings 1214, 1216. One
locking mechanism (not shown) may extend through the
opening 1214 and engage at least a portion of the first
extension member (not shown) to secure the first extension
member 1n the desired expanded position. A second locking
mechanism (not shown) may extend through the opening
1216 and engage at least a portion of the second extension
member (not shown) to secure the second extension member
in the desired expanded position.

[0097] Referring now to FIGS. 42-52, another vertebral
body replacement implant 1500 1s shown. The vertebral
body implant 1500 may include a body 1510, a first rotating
member 530 rotatably coupled to the first end 1512 of the
body 1510, a second rotating member 540 rotatably coupled
to the second end 1514 of the body 1510, a first extension
member 1550 coupled to a first end 1512 of the body 1510,
and the second extension member 1570 coupled to a second
end 1514 of the body 1510. The first rotating member 530
and the second rotating member 540 are as described 1n
greater detail above with reference to FIGS. 1-30 and will
not be described again here for brevity’s sake.

[0098] As shown in FIGS. 43, 44, 49 and 50, the body

1510 may include an opening 1516 extending from the first
end 1512 to the second end 1514, for example, along the
longitudinal axis of the body 1510. The opening 1516 may
include at least two channels 1517, 1518, 1519, extending
into the body 1510 from the opening 1516. At least one first
channel 1517 may extend from the first end 1512 towards
the second end 1514. At least one second channel 1518 may
extend from the second end 1514 toward the first end 1512.
At least one third channel 1519 may extend from the first
end 1512 to the second end 1514. In the depicted embodi-
ment, the at least one first channel 1517 may be one first
channel 1517, that at least one second channel 1518 may be
one second channel 1518, and the at least one third channel
1519 may be, for example, for channels 1519. The channels
1517, 1518, 1519 may be, for example, evenly spaced
around the opening 1516. As shown, the body 1510 may
include, for example, one first channel 1517 open on the first
end 1512, one second channel 1518 open on the second end
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1514, and four third channels 1519 open on both the first and
second ends 1512, 1514. Alternative numbers of channels
1517, 1518, 1519 are also contemplated, for example, the
body 1510 may include more or less channels 1517, 1518,

1519.

[0099] The exterior surface of the body 1510 may further
include a first groove 1520 near the first end 1512 at a second
groove 1522 near the second end 1514, as shown 1n FIGS.
43, 44, 49 and 50. The first and second grooves 1520, 1522
may extend around the circumierence of the body 1510 and
be sized to receive the first and second rotating members
530, 540, respectively. Each groove 1520, 1522 may include
an opening 1521 for receiving a pin 1506. As shown 1n
FIGS. 42-44, 49 and 50, the body 1510 may also include at
least one aperture 1606 positioned around the circumierence
of the exterior surface. The at least one aperture 1606 may
be positioned, for example, at a midpoint between the first
end 1512 and the second end 1514 of the body 1510. The at
least one aperture 1606 may be, for example, a threaded
opening. The at least one aperture 1606 may also be sur-
rounded by a recessed region or countersunk sheltf 1607, as
shown 1n FIGS. 43 and 50. The countersunk shelf 1607
allows a screw 1604 to be inserted into the body 1510 flush
with the exterior surface of the body 1510. The body 1510
may also include at least one first guide pin hole 1605
superior to the aperture 1606 and at least one second guide
pin hole 1605 inferior to the aperture 1606. The aperture
1606 may be sized and shaped to receive a fastener or screw
1604, as shown in FIGS. 42, 44, 49 and 50. The first gmide
pin hole 1605 and second guide pin hole 1605 may be sized
and shaped to receive a locking insert 1600, as shown 1n
FIGS. 42, 44, 49 and 50. In the depicted embodiment, one
aperture 1606 surrounded by the first and second guide pin
holes 1605 1s shown, however, additional apertures 1606 and
guide pin holes 1605 positioned around the circumierence of
the body 1510 are also contemplated. The body 1510 may
further include openings 1523 positioned around the cir-
cumierence of the body 1510. The openings 1523 may, for
example, be separated by a gripping surface or recessed
region 1525. The recessed regions 1525 may be used, for
example, to couple to an insertion tool (not shown). As
depicted, the three sets of openings 1605, 1606 may be
positioned between recessed regions 1525.

[0100] Referring now to FIGS. 42, 45, 46, 49 and 50, the
extension members 1550, 1570 are shown. FIGS. 45 and 46
show the first extension member 1550. The first extension
member 1550 may include a first end 1552 and a second end
1554. The first extension member 1550 may also include a
top portion or first end cap 556 at the first end 1552 and at
least one leg member 1562 extending away from the top
portion 556 and toward the second end 1554. The top portion
556 may include a curved top surface 558, grooves 559, and
a center opening 560, as described 1n greater detail above
with reference to mmplant 500 and which will not be
described again here for brevity sake.

[0101] The at least one leg member 1562 may be, for
example, three leg members 1562, as shown in FIGS. 49-51.
The leg members 1562 may include threads 1564 on an
exterior surface. The second end 1554 of the leg members
1562 may be, for example, tapered or angled. The leg
members 1562 may include a short leg member 1562 and
two longer leg members 1562. The short leg member 1562
may be received within the channel 1517 and include, for
example, a recessed region 1567, as shown 1n FIGS. 46, 49,
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51 and 52. A first longer leg member 1562 may include a
protrusion or hook 1566 for engaging a channel 1519 1n the
body 1510. The protrusion 1566 may include an angled end
1569, as shown 1n FIG. 52, to engage at least one retention
pin 1506 during use. The protrusion 1566 may have a recess
positioned adjacent to the protrusion 1566 and the remaining
interior surface of the leg member 1562 may extend into the
center of the extension member 1550, for example, approxi-
mately the same distance as the protrusion 1566.

[0102] The threads 1564 on the legs 1562 engage the

threads 536 on an interior surface of the first rotating
member 530 to translate the leg member 1562 with respect
to the body 1510. The threads 564 may extend from the
second end 1554 to a bottom surface of the first end cap 556.
The leg members 1562 may be curved to enable the leg
members 1562 to rotate with respect to the first rotating
member 530. The first extension member 1550 may also
include at least one support member 1568 positioned
between and connected to the leg members 1562. The at
least one support member 1568 may be, for example, 1nset
into the extension member 1550 with respect to the exterior
surface of the leg members 1562. As depicted in FIGS.
51-52, the support members 1568 may, for example, form an
inner structure surrounding the opening 560 to form an 1nner
channel through the implant 1500. The arrangement of the
leg members 1562 may be, for example, straight or curved
between the leg members 1562.

[0103] The second extension member 1570, as shown 1n
FIGS. 42, 49 and 50, may include a first end 1572 and a
second end 1574. The second extension member 1570 may
also include a bottom portion or second end cap 576 at the
first end 1572 and at least one leg member 1582 extending
away from the bottom portion 576 and to the first end 1572.
The bottom portion 576 may include a curved bottom
surface 578, grooves 579 and an opening 580, as described
in greater detail above with reference to implant 500 and
which will not be described again here for brevity’s sake.

[0104] The at least one leg member 1582 may be, for
example, three leg members 1582 and may include threads
1584, protrusion or hook 1586, and support members 1588.
The threads 1584, protrusions 1586, and support members
1588 may be of the type described above with reference to
threads 1564, protrusion or hook 1566, and support mem-
bers 1568, which will not be described again here for
brevity’s sake. The first end 1572 of the leg members 1582
may be, for example, tapered or angled. The leg members
1582 may include a short leg member 1582 and two longer
leg members 1582. The short leg member 1582 may be
received within the channel 1518 and 1nclude, for example,
a recessed region 1587, as shown i FIG. 49. A first longer
leg member 1582 may include a protrusion or hook 1586 for
engaging a channel 1519 in the body 1510. The protrusion
1586 may include an angled end to engage at least one
retention pin 1506 during use. The protrusion 1586 may
have a recess positioned adjacent to the protrusion 1586 and
the remaining interior surface of the leg member 1582 may
extend into the center of the extension member 1570, for

example, approximately the same distance as the protrusion
1586.

[0105] The threads 1584 on the legs 1582 engage the

threads 546 on an interior surface of the second rotating

member 540 to translate the leg member 1582 with respect
to the body 1510. The threads 1584 may extend from the first

end 1572 to a bottom surface of the second end cap 576. The
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leg members 1582 may be curved to enable the leg members
1582 to rotate with respect to the second rotating member
540. The second extension member 1570 may also include
at least one support member 1588 positioned between and
connected to the leg members 1582. The at least one support
member 1588 may be, for example, mset into the extension
member 1570 with respect to the exterior surface of the leg

members 1582. As shown with respect to extension member
1550 1in FIGS. 51-52, the support members 1588 may, for
example, form an nner structure surrounding the opening
580 to form an iner channel through the implant 1500. The
arrangement of the leg members 1582 may be, for example,
straight or curved between the leg members 1582.

[0106] The mmplant 1500 may also include a locking

mechanism, locking insert, or internal friction lock 1600, as
shown in FIGS. 42, 44, and 47-50. The lock 1600 may

include a body portion 1602 and guide pins 1601 coupled to
the front side of the body portion 1602. As shown, the lock
1600 may include, for example, two guide pins 1601. The
lock 1600 may also include a threaded opening 1603 for
receiving a screw or fastener 1604, as shown in FIGS. 42
and 44. The threaded opening 1603 may extend through the
body portion 1602 from a front side to a back side. The guide
pins 1601 may extend away from the front side of the body
portion 1602 above and below the threaded opening 1603.
The body portion 1602 may also include two surfaces,

friction surfaces, or press legs 1610 for engaging the interior
wall of the body 1510. The back side of the body portion

1602 may be, for example, wider than the front side of the
body portion 1602.

[0107] The vertebral body replacement device 1500 may
be assembled by obtaining a body 1510 with a first rotating
member 530 positioned 1n the first groove 1520 and a second
rotating member 540 positioned in the second groove 1522.
Next, the first and second extension members 1550, 1570
may be inserted into the channels 1517, 1518, 1519 in the
opening 1516 of the body 1510. The first extension member
1550 may be inserted, for example, into the channels 1517,
1519 from the first end 1512. During insertion into the
channels 1517, 1519, the protrusion 1566 of the first exten-
sion member 1550 may be aligned with at least one channel
1519 on the interior surface of the body 1510. The first
extension member 1550 may be translated until the threads
1564 of the leg members 1562 engage the interior threads
1536 of the first rotating member 530. The first rotating
member 530 may be rotated until the first extension member
1550 engages the first end 1512 of the body 1510. Once the
first extension member 1550 1s positioned 1n the body 1510,
the second extension member 1570 may be inserted into the
opening 1516, or vice versa. The second extension member
1570 may be inserted 1nto the channels 1518, 1519 from the
second end 1514. During insertion into the channels 1518,
1519, the protrusion 1586 of the second extension member
1570 may be aligned with at least one channel 1519 on the
interior surface of the body 1510. The second rotating
member 540 may be rotated until the second extension
member 1570 engages the second end 1514 of the body
1510. The locking mechanism 1600 may be coupled to the
implant 1500 using the locking holes 1605. The fastener
1604 may be coupled to the implant 1500 using the aperture
1524 and may be partially screwed into place, so that the
locking mechanism 1600 1s coupled to the implant 1500.
Once a desired position has been achieved for the extension
members 1550, 1570 of the implant 1500, the screw 1604
may be tightened to secure the locking mechanism 1600 to
the body 1510 and fix the members of the implant 1500 from
rotating.
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[0108] As may be recognized by those of ordinary skill 1n
the art based on the teachings herein, numerous changes and
modifications may be made to the above-described and other
embodiments of the present disclosure without departing
from the scope of the disclosure. The implants, devices,
systems, and their components as disclosed 1n the specifi-
cation, including the accompanying abstract and drawings,
may be replaced by alternative component(s) or feature(s),
such as those disclosed 1n another embodiment, which serve
the same, equivalent or similar purpose as known by those
skilled 1n the art to achieve the same, equivalent or similar
results by such alternative component(s) or feature(s) to
provide a similar function for the intended purpose. In
addition, the devices, implants and systems may include
more or fewer components or features than the embodiments
as described and 1llustrated herein. For example, the com-
ponents and features of the vertebral body implants of FIGS.
1-30, FIGS. 31-34, FIGS. 35-36, FIGS. 37-38, FIGS. 3941,
and FIGS. 42-52 may all be used interchangeably and 1n
alternative combinations as would be modified or altered by
one of skill in the art. Accordingly, this detailed description
of the currently-preferred embodiments is to be taken 1n an
illustrative, as opposed to limiting of the disclosure.

[0109] The terminology used herein 1s for the purpose of
describing particular embodiments only and 1s not intended
to be limiting of the mnvention. As used herein, the singular
forms “a”, “an” and *“the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprise” (and
any form of comprise, such as “comprises” and “compris-
ing”’), “have” (and any form of have, such as “has”, and
“having”), “include” (and any form of include, such as
“includes” and “including™), and “contain” (and any form of
contain, such as “contains” and “containing’) are open-
ended linking verbs. As a result, a method or device that
“comprises,” “has,” “includes,” or “contains” one or more
steps or elements possesses those one or more steps or
clements, but 1s not limited to possessing only those one or
more steps or elements. Likewise, a step of a method or an
clement of a device that “comprises,” “has,” “includes,” or
“contains” one or more features possesses those one or more
features, but 1s not limited to possessing only those one or
more features. Furthermore, a device or structure that 1s
configured 1n a certain way 1s configured 1n at least that way,

but may also be configured 1n ways that are not listed.

[0110] The invention has been described with reference to
the preferred embodiments. It will be understood that the
architectural and operational embodiments described herein
are exemplary of a plurality of possible arrangements to
provide the same general features, characteristics, and gen-
eral system operation. Modifications and alterations will
occur to others upon a reading and understanding of the
preceding detailed description. It 1s intended that the imnven-
tion be construed as including all such modifications and
alterations.

Having thus described the preferred embodiments, the
invention 1s now claimed to be:

1. A vertebral body implant, comprising:

a body with a first end and a second end;

a first rotating member rotatably coupled to the first end,
wherein an end includes a plurality of first notches inset
into the first rotating member;
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a second rotating member rotatably coupled to the second
end, wherein an end includes a plurality of second
notches inset 1to the second rotating member;

a first extension member moveably coupled to the first
end; and

a second extension member moveably coupled to the
second end.

2. The vertebral body implant of claim 1, wherein the
body further comprises:

at least one threaded aperture positioned at a midpoint
between the first end and the second end;

at least one first locking hole positioned superior to the at
least one aperture; and

at least one second locking hole positioned inferior to the
at least one aperture.

3. The vertebral body implant of claim 2, further com-

prising:

a locking plate with a first post positioned 1n the first
locking hole, a second post positioned 1n the second
locking hole, and a bore located between the first post
and the second post, wherein the bore 1s concentric to
the at least one threaded aperture;

a threaded {fastener;

wherein the threaded fastener extends through the bore of
the locking plate and engages the threads of the
threaded aperture of the body; and

wherein engaging the threads of the threaded aperture
positions the first post against the first extension mem-
ber and positions the second post against the second
extension member preventing further extension.

4. The vertebral body implant of claim 2, further com-
prising:
a locking member, wherein the locking member com-
prises:
a body portion with a first side and a second side;
guide pins extending away from the first side of the
body portion; and
a through hole extending through the body portion from
the first side to the second side and positioned
between the guide pins;
wherein the first side of the body portion of the locking

member engages an interior surface of the body of the
vertebral body implant; and

a fastener inserted through the body of the vertebral body
implant and coupled to the through hole of the locking
member.

5. The vertebral body implant of claim 2, wherein the
body further comprises:

at least two solid faces; and
at least two bone grafting windows;

wherein the solid faces and bone grafting windows alter-
nate around the body; and

wherein at least one solid face of the at least two solid
faces contains a threaded aperture, a first locking hole
and a second locking hole.

6. The vertebral body device of claim 1, wherein the first
rotating member comprises:

a center opening forming an interior surface, wherein the
interior surface comprises:

threads positioned on the interior surface; and

wherein the plurality of first notches open toward an
inferior end; and
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wherein the second rotating member comprises:
a center opening forming an interior surface, wherein the
interior surface comprises:
threads positioned on the interior surface; and
wherein the plurality of second notches are open
toward a superior end.
7. The vertebral body device of claim 6, wherein the first
extension member comprises:
a top portion;
at least one first leg member extending away from the top
portion, wherein the at least one first leg member
COmprises:
threads positioned on an exterior surface of the at least
one first leg member and configured to engage the
threads on the interior surface of the first rotating
member; and
a protrusion positioned on a second end of the at least
one first leg member and configured to engage a stop
member coupled to the body; and
at least one first support member positioned between and
coupled to the at least one first leg member;
wherein the second extension member comprises:
a bottom portion;
at least one second leg member extending away from
the bottom portion, wherein the at least one second
leg member comprises:
threads positioned on an exterior surface of the at
least one second leg member and configured to
engage the threads on the interior surface of the
second rotating member; and
a protrusion positioned on a second end of the at least
one second leg member and configured to engage
a pin coupled to the body; and
at least one second support member positioned between
and coupled to the at least one second leg member.
8. An expandable cage system, comprising:
a vertebral body device, comprising:
a body with a first end and a second end, the body
comprising:
at least one aperture positioned on the body along a
midpoint between the first end and the second end;
at least one first locking hole positioned superior to
the at least one aperture; and
at least one second locking hole positioned inferior
to the at least one aperture;
a first rotating member coupled to the first end;
a second rotating member coupled to the second end;
a first extension member moveably coupled to the first
end; and
a second extension member moveably coupled to the
second end; and
an 1sertion mstrument, wherein the insertion istrument
1s s1zed to be placed around the at least one aperture, the
at least one first locking hole, and the at least one
second locking hole.
9. The expandable cage system of claim 8, wherein the
insertion mstrument comprises:
a gripping member;
a compression sleeve sized to engage the gripping mem-
ber; and
at least one rotating member sized to receive the com-
pression sleeve and gripping member.
10. The expandable cage system of claim 9, wherein the
body further comprises:
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at least one opening positioned on each side of the at least
one aperture, wherein the gripping member 1s inserted
into the at least one opening on each side of the aperture
and wherein the gripping member engages a side of
cach of the at least one openings.
11. The expandable cage system of claim 9, wherein the
at least one rotating member comprises:
a first end having a plurality of projections positioned
around the circumierence of the first end.
12. The expandable cage system of claim 9, wherein the
at least one rotating member comprises:
a first end having a first semi-circular protrusion and a
plurality of projections positioned around the first pro-
trusion on the first end.

13. The expandable cage system of claim 12, wherein the
at least one rotating member comprises:

a second end having a second semi-circular protrusion
extending away from the second end and aligned with
the first semi-circular protrusion around the circumier-
ence of the rotating member.

14. A method of using an expandable cage system,
comprising:
obtaining a vertebral body implant, the vertebral body
implant comprising:
a body with a first end and a second end;
a first rotating member rotatably coupled to the first
end;
a second rotating member rotatably coupled to the
second end:

a first extension member moveably coupled to the first
end; and

a second extension member moveably coupled to the
second end;

obtaining an insertion instrument;

coupling the vertebral body implant to the insertion
instrument;

inserting the vertebral body implant 1into a patient between
two vertebral bodies;

expanding the vertebral body implant; and
removing the insertion instrument.

15. The method of claim 14, wherein the insertion instru-
ment comprises:
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a gripping member;

a compression sleeve sized to engage the gripping mem-
ber; and

at least one rotating member sized to receive the com-
pression sleeve and gripping member.

16. The method of claim 15, wherein the method further

COMpPIrises:

inserting a locking member into the body of the vertebral
body implant.

17. The method of claam 15, wherein expanding the

vertebral body implant comprises:

rotating the rotating member 1n a first direction to engage
and rotate the first rotating member, wherein rotating
the first rotating member translates the coupled first
extension member to increase a height of the vertebral
body device.

18. The method of claam 14, wherein expanding the

vertebral body implant comprises:

expanding only one of the first extension member and the
second extension member.

19. The method of claim 15, wherein the at least one

rotating member comprises:

a first end having a semi-circular protrusion and a plu-
rality of projections positioned around the protrusion
on the first end, wherein the semi-circular protrusion
engages one of the first rotating member and the second
rotating member to expand one of the first extension
member and the second extension member.

20. The method of claim 14, wherein 1nserting a locking
member 1nto the body of the vertebral body implant com-
prises:

obtaining a locking plate with a first post, a second post
and a bore located between the first post and the second
pOSt;

inserting a threaded fastener through the bore in the
locking plate and a threaded opening 1n the body of the
vertebral body implant; and

tightening the threaded fastener to insert the first post into
an opening superior to the bore and to insert the second
post 1nto an opening inferior to the bore, wherein the
first post engages the first extension member and the
second post engages the second extension member to
secure the vertebral body implant i an expanded

position.
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