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EXPANDABLE COIL SPINAL IMPLANT

FIELD

The disclosure relates generally t spinal im plant s, and In particular, to plants

configured as an expandable coll w t a balloon Interspersed between or within the loops of the

coil, which wh n inflated with a fluid expands t h coil t o facilitate spinal reconstruction,

particularly when needed to correct lesions or diseases of the vertebral body, a disc, and at

least one spinal motion segment , also known as a functional spinal unit..

BACKGROUND

n the spine, vertebrae provide the rigidity and support of the spinal column, and the

Intervertebral discs provide flexibility d shock absorption during movement, in some

individuals, t h intervertebral discs may be damaged fro trauma, and/or may lose their

integrity due t o degeneration. Degenerated and damaged discs negatively affect the flexibility

and load bearing capacity of the spine, and may cause pain and discomfort In subjects, and may

inhibit the ability of the subject t o move or lift objects.

T restore function of degenerated or damaged discs, such discs ar typically surgically

removed, at least in part, and replaced with a prosthetic d sc. Prosthetic discs may take the

form of an implant, which bridges adjacent vertebrae together and assumes the function of the

natural disc. Such implants often include bone o a material that facilitates bone growth, in

which case the Implants support fusion of two adjacent vertebrae via new bone growth. There

remains a need to provide implants for replacing intervertebral discs that re-establish and

maintain a natural spinal alignment.

some cases, bone tumors or significant bone trauma necessitate partial or entire

removal of a vertebral body. There is also a need to provide implants that provide for a three

dimensional reconstruction of vertebral bodies that restore lost height, fill cavities, and provide

long term stabilization of the reconstructed vertebrae.

Page t of 2.5



SUMMARY

The disclosure features spinal Implants that may be used for vertebral body

reconstruction and/or Intervertebral disc replacement In general, the .implants comprise an

expandable coll, and the coil comprises a top and bottom, and is formed from a hollow tube

having first end, a secon end, and side wails that define a lumen. The first end and/or the

second end may be open, or may be dosed. The coll comprises a plurality of loops formed out

of the hollow tube, and vertically adjacent loops have a space between their respective lower

and upper sidewaiis. The coil thus comprises a plurality of loops and a plurality of spaces

in some aspects, the implants comprise a plurality of apertures through the si ewa is

that extend to the lumen, in some aspects, the implants comprise, instead of a plurality of

apertures, a gap through the sidewaiis that extends Into the lumen. The gap extends

longitudinally from the f rst end to the second end, and Is present on either an upper or tower

surface of the tube that has been formed into loops

The implants may comprise at least one balloon Interspersed throughout and thereby

occupying the space between vertically adjacent loops In some aspects, the balloon Is housed

within the lumen until it is deployed. The balloon may be deployed from the lumen, through

the gap, and Into the space between vertically adjacent loops. When n the space between

vertically adjacent loops, an when filled, the balloon pushes the loops of the co l apart in an

upward and downward direction, thereby expanding the co l, For example, as It fills and

expands to its outward capacity, the balloon pushes on the lower surface o the loop directly

above the balloon, pushing that lower surface {and loop) upward, and the balloon also pushes

on the upper surface of the loop directly below the balloon, pushing that upper surface (and

loop) -downward). When the coil s expanded, the implant has a height that approximates the

height of an intervertebral disc and/or the height of a vertebral body, and in some aspects,

approximates the height of two vertebrae and at least one disc [e.g., a spinal motion segment

or functional spinal unit}. n some aspects, a spinal motion segment comprises two adjacent

vertebral bodies, the facet joint created by their articular processes, the intervertebral disc



between them and associated soft tissue. The intervertebral disc and the facet joints one on

each side of the midline} allow for motion in flexion, extension, side bending and rotation at the

level of the motion segment. The at least one balloon may foe compliant, semi-compliant, or

non-compliant,

The hollow tube may be comprised of flexible metal, including a metal that has a

shape memory capacity, enabling stress-induced supere as id y, and reversible deformation up

t o 8-1.0% strain. Suitable metals Include titanium, steel, aluminum, or alloy such as nitinol

A bone graft material or bone cement may be present in the lumen,, or may be

introduced into the lumen by way of a tool that is re easabi connected to the first end, and is

also operably connected to a supply of bone graft material or bone cement. Thus, the tool may

take the bone graft material or bone cement from the supply and insert it into th umen of the

implant. The bone graft material may be cancellous autograft bone, allograft bone,

deminera ed bone matrix DB ), bone m rphogen protein (B ), or any combination

thereof. Th bone cement may comprise calcium phosphate or hydroxyspatite.

in some aspects, the implants comprise a pluralit o f balloons, including two, three,

four, five, six, seven, eight, or more balloons. These balloons are interspersed through and

occupy the space between each loop, including after such balloons are deployed from the

lumen, A y of the balloons may comprises a single chamber, or a plurality of chambers, The

balloons also comprise an opening that allows air or a fluid t o pass int the chamber in order to

fill the balloon. To the opening a tool may be reieasabiy connected, and this tool may also be

operably connected to a supply of a r or a fluid, A fluid to be inserted, including injected, into

the balloons may comprise water, saline, a contrast medium, a hydrog , or a bone cement.

The fluid may be in a liquid for when inserted Into the balloon chamber, and lymerte ab ,

erystaiizabie, or capable of solidifying once inserted into the balloon and/or inside of the body

upon implantation of the implant. The one or plurality of balloons may be affixed to the loops

by way of an adhesive, though n some aspects an adhesive is not used.

The disclosure also features methods for augmenting or reconstructing a vertebral body,

and methods for repairing or replacing an Intervertebral disc, and methods for reconstructing a



spinal segment The methods generally comprise i lant ing the Implant, such as any

implant described or exemplified herein, into a vertebral body {e.g., a void in a vertical body

produced by a corpectomy procedure whereby a portion of t h vertebra! hone is removed) o

intervertebral space, o r removed spinal motion segment filling the balloon with an amount of a

fluid sufficient to deploy the balloon from the lumen and/or expand the co l and increase the

height of the mplant to a desired height., optionally deploying one graft material o r bone

cement from the plurality of .apertures or gap, and/or first and second openings nt the

vertebral body or intervertebral space, and optionally, removing the expandable coil from the

vertebral body or intervertebral space. The coil may be removed from the vertebral body or

intervertebral space after deploying the bone graft material or bone cement, in cases where a

bon graft material o r bone cement was deployed.

DESCRIPTION OF THE DRAWINGS

The disclosure is best understood from the following detailed description whe read in

connection with the accompanying drawings. It is emphasized that according to common

practice, the various features of the drawings are not t o scale. On the contrary, the dimensions

of the various features are arbitrarily expanded or reduced for clarity, included in the drawings

are the following figures:

F G. ΙΆ and . I B each show a perspective v ew of an embodiment of a coiled spinal

ii p a fvt without a balloon Interspersed between the co l loops;

. 2A and FIG, 2 each show a .perspective view o an embodiment of a coiled spina!

implant with a balloon Interspersed between the coil loops;

FIG, 3A shows a vertebrae with a colled implant positioned on central area of the

verteb ra1endp ate;

F G . 38 shows a vertebrae with two coiled Implants, each positioned at a lateral area of

the vertebral e ndpl e

FIG shows a coiled implant in the place of a vertebral body removed from a

topectomy procedure;



F G. SA shows a cross-section representation .ofthe deployment of a balloon out of the

lumen of a loop of the colt with the gap in the sidewal! being relatively narrow;

FIG. SB shows a cross-sectional representation of the deployment of a balloon out o he

lumen of a loop ofthe co il. with the gap in the sidewall being relatively large, approximating a

half pipe; and,.

IG. 6 shows a close-up of a the deployment of a balloon out o the lumen of a loop of

the coll, with the gap In the sidewall aiming downward toward the upper surface of an adjacent

loop,

DETAILED DESCRIPTION

Various t er s relating t o aspects ofthe present disclosure are used throughout the

specification and claims- Such terms are to be given their ordinary meaning in t h art, unless

otherwise indicated.. Other specifically defined terms are to be construed in a manner

consistent with the definition provided In this document

As used throughout, the singular forms "a," "a , and "the" include plural referents

unless expressly stated otherwise.

The terms subject and patient are used Interchangeably, A patient may be any animal,

Including mammals such as companion animals, laboratory animals, and non-human primates.

Human beings are preferred.

The disclosure features devices, systems, and methods for replacing or reconstructing

an intervertebral d sc, or replacing or reconstructing at least a portion of a vertebrae such as a

vertebral body, or replacing or reconstructing a spinal motion segment in a patient in need

thereof. The devices, systems, and methods may find use., for example, in spinal

reconstruction, repair, or fusion procedures. A foundational feature is an expandable coil with

balloons interspersed throughout the spaces ofthe coil, larger expandable coils may be used

for reconstruction of vertebral bodies. Smaller expandable coils may be used in the

intervertebral space for disc replacement. Even larger expandable coils may he used for

a S of 25



reconstruction of spinal motion segments spanning at least two vertebral bodies and at least

one intervertebral disc.

The components of the expandable coil can foe fabricated from an suitable material or

combination of materials. Materials include plastic, polymers, metals, and composites,

preferably medical or surgical grade, and preferably biocompatible, as well as natural or

synthetic hone. Non-limiting examples of suitable polymers include o yetheret erketone

(PEEK), poiyammeimide PAI), poiyethyfeneimlne ), poiyphenylsulfone (PPSU),

polyoxymethylene {POM), and ultra h gh molecular weight polyethylene U W E . Non-

limiting examples of suitable metals include titanium, tantalum, alum inum, surgical-grade steel,

as well as alloys, including titanium alloys such as n t ino (nickel-titanium alloy), T AI 4 Y TAV ,

and Ti-6 l- b TA ), and cobalt-chromium alloys. t ino i is preferred. Carbon may also be

used to fabricate at least part of the implant coil. Preferably, the material s sufficiently flexible

so that the coil may expand.

Referring now to the drawings, in which like reference numbers refer to like elements

throughout the various figures that comprise the drawings, Fig. 1 shows an example of a

expandable coil Implant 10, The coiled implant 3.0 comprises a top 12 and a bottom 14, and a

plurality of expandable loops 16. As the Implant 1 Is a co l, the coiled implant 10 also includes

a plurality of spaces 18 that are interspersed between the loops The spaces 18 are vertically

oriented between adjacent loops 18. For example, each loop 16 comprises a sldewal] 20 that

has an upper, lower, outer, and Inner surface, and each space 18 is located directly beneath the

lower surface of a loop 16 and directly above an upper surface of the loop 16 that s closest t o

the upper loop 16 In a vertical plane. The spaces 18 are between vertically adjacent loops, not

between horizontally adjacent loops; a central void 13 is between horizontally adjacent loops.

The coiled implant 10 comprises a first end 11, generally located a the top 12, and a second

end 13, generally located at the bottom 4, The first end and second end 1 may comprise a

point, or may be flat, and they each are preferably blunt. The first end .1.1 and second end 13

may comprise a edge, barb, or projection that engages and digs into vertebral bone, for

example, to he p hold the implant 10 in place.



The coifed implant 0 loops S are preferably hollow, and thus comprise tube-shaped

sidewalls 2 that surround a lu en {Pig; Sa and Fig. 58). The tube-shaped sidewalls 20 may

comprise a substantially round, elliptical, quadrilateral, pentagonal, hexagonal, heptagonal, or

octagonal shape, though a shape with any number of sides may be employed. Fig 1 shows the

sidewalls 20 i a substantially round shape, n some aspects, the Implant 10 may also Include a

plurality of apertures 24 that pass through the sidewalls 20 and into the lumen 22. In addition.

In some aspects, at least one of the rst end 11 and the second end 13 may comprise an

opening IS, 17.

A first tool 10 may releasabiy engage either or both of the first end 11 or second end

13 of the implant 10, The first tool 00 may comprise a catch or snare, or simply be compatibly

shaped t o fit over or into the opening or 17, Including with a friction fit. The first tool 100

may comprise a pump, and or may be operably connected t o a supply of bone graft material,,

and/or t o a supply of air or fluid,

in some aspects, the implant 10 does not include a plurality of apertures 24 through the

sidewalls 20, Instead, in such aspects, the sidewalls 20 comprise a gap 26 through the sidewalls

20 and to the lumen 22. The gap 26 runs substantially the entire length of the implant 10, for

example, the gap extends from the first end 11 to the second end 13, The gap 26 may be on

any of the upper, tower, outer, or Inner surface of the sidewalls 2 of the loops 16 Preferably,

the gap 26 Is on either the upper surface or lower surface of the sidewalls 2.0. f ig. 6 shows an

exam ple of the gap 26 on the lower surface of the sidewalls 20.

In some aspects, the spaces between the loops 16 are preferably occupied by a

balloon 30 or membrane 30. An example of this embodiment is shown in Fig, 2 The balloon 30

or membrane 30 may e wedged between the sidewalls 20 of vertically adjacent loops 16, fo

example, with a friction fit, and/or may be affixed to the sidewalls 20 by way of an adhesive.

n some aspects, the balloon 3 or membrane 3 Is not present in the spaces S at first,

for example, during the implantation process itself, in such aspects, the balloon 30 or

membrane 30 s housed within the lumen 22 of the implant 10, and Is deployed from the lumen

22. Into the spaces B once the implant 10 s placed In the desired location within the vertebrae



or t vertebral space. While housed within t h lumen 22, the balloon 3 or membrane 30 s

preferably substantially not inflated. n such aspects, the implant 10 comprises the ga 26.. and

the balloon 30 or membrane 30 s deployed from the lumen 22, through the gap 26, and nt o

the spaces 18 of the implant 10. See, e.g., Fig. 6. The gap 26 may comprise any suitable width.

See, e.g., Fig SA 58. The balloon 30 or membrane 30 may be deployed, for example, y

filling it with air or a fluid as described herein. The filling of the balloon 30 or membrane 30

forces t t hrough the gap 26, where it continues to be filled, becomes wedged within the spaces

18 and thereby contacts e pper and lower surfaces of vertically adjacent loops 1 , and as it

continues to be filled, forces vertically adjacent loops 1 upward and downward, respectively,

thereby expanding the coil,

A second tool 200 may reieasahly engage an open end of the balloon 30 or membrane

30, whether the balloon 30 or membrane 30 is within the lumen 22 and/or in the spaces 18

and/or in the central void 19. The second tool 200 ma comprise a t ube. including a flexible

plastic or rubber tube, or eve a more rigid etal tube. For example, such a tube may engage

an opening on the balloon 30 or membrane 30, including with a friction f t The second tool

20 may comprise a pump, and or ma be perab y connected to a supply of air or fluid.

The first tool 100 ay be used to hold the implant 10, for example, t o place the coiled

implant 10 at its desired location w t hin the vertebral body or in the Intervertebral space. The

first tool 100 may also be used to move the implant 10 in order to position the implant 10 at its

desired location, n some aspects, the first tool 100 ma e used to deliver a bone graft

material or bone cement through the first en 11 or second end and i t o the lumen 22 of

the implant 10. For example, the a bone graft material may be extruded through the first tool

100 and through the opening 15 or 1? (depending on if the first tool 00 is attached to the first

end 11 or second e d 13} of the coiled implant 10 t o which the first tool 100 is attached. The

bone graft material or bone cement may then pass into and through the lumen 22, and may

exit the lumen 22 through the plurality of apertures 24, or the gap 26, as well as the opening I S

or 17 that is not connected t o the first too! 100. Thus, the plurality of apertures 24 and the



openings 15 or 1? deploy t h bone graft material or bone cement n some aspects, the gap 26

ma e used to deploy the hone graft material or horse cement.

one balloon 30 or membrane 30 may be used. The balloon 30 or membrane

30 may be fab cat ed from any suitable material. For example, the materia! may comprise a

biocompatible plastic, polymer, rubber, composite, foil, or combination thereof. The balloon 30

or membrane 30 may e compliant o r semi-compliant, fo example, may expand upon filling.

The balloon 3 or membrane 30 may be non-compliant, for example, may not substantially

expand upon filling, although such non-compliant balloons 30 or membranes 30 may unfold if

folded up. The balloon 30 or membrane 3 may comprise single volume or a plurality of

volumes, for example, In the latter case, the balloon 30 or membrane 30 may have a plurality of

chambers that may be filled. The balloon 30 or membrane 30 includes at least one opening in

communication with each chamber through with fluid or air ma be inserted in order t o fill the

chamber. Once the balloon 30 or membrane 30 Is filled to a desired level, the opening may be

closed, for example, with a stopper, i , adhesive, seal, solder, or other suitable closure. The

opening may comprise a .valve, including a self-sealing valve.

The balloon 3 or m 30 may be filled, for example, with suitable amount of air

or a fluid. For example, the balloon 30 or membrane 30 may be at least partially filled with air

or a fluid such that the balloon 30 or membrane 30 expands, thereby holding: he balloon 30 or

membrane 30 in place In the inter-bop spaces 18 during insertion and placement of the

implant 10, Once the implant 0 is seated in the desired location within the vertebral body or

t h intervertebral space, the balloon 30 or membrane 30 may be filled with additional air or

liquid t further expand the balloon 30 or membrane 30, As the balloon 30 or membrane 30 Is

filled and expands, it exerts outward pressure on adjacent loops 16 of the coil, and thereby

forces the loops 6 apart from each other in an upward/downward direction about an axis X

As the loops 16 expand apart, the height H of the implant 10 increases. Increasing the height

of the Implant 10 enhances the fit of the Implant 10 between vertebrae, and when used as a

disc replacement in the intervertebral space, establishes the desired distance between the



endplates of adjacent vertebrae, for example, to restore the natural formerly occupied

by the natural disc, or to establish an angle of lordosis.

Together, the balloon 30 or membrane 30 and the loops 18 may essentially "wall off" a

center 19 of the implant 10» the center being essentially a void 19 surrounded by the loops

16 and spaces S, which spaces 18 ma be occupied by balloon 30 or membrane 30. Thus, in

some aspects, a bone graft materia!, for example, such a material deployed through the

apertures 24 and/or openings 15 or 1 , may fill the void 19, being contained between the nner

surface of the loops 16 and inner surface of the balloon 30 or membrane, and may make

contact vertebral bone, and in some aspects, contact bone of adjacent vertebrae..

In some alternative embodiments, the balloon 30 or me rane 30 also is present n at

least a portion of the void 9 in the center of the coil Thus, the balloon 30 or membrane 30

may occupy some or ail of the center 19 of the co led Implant 10, Such a balloon 30 or

membrane 30 may also be In at least one of t he spaces 18 between the loops 16, or the balloon

30 or membrane 30 may not occupy any of the spaces 18 between t h loops 16, and essentially

be caged by the plurality of o ps 26 that constitute the coil.

The bone graft material may he natural or synthetic, and may comprise cancellous

autograft bone, allograft bone, collagen-hydroxyapatite, dem ne al ed bone matrix (D8 )

porous synthetic bone graft substitute, bo e morphogenic protein , or combinations

thereof. Any material that promotes bo e growth and osseointegratlon may be used. The

bone graft material may be n the form of a paste, putty, or slurry. The bone graft material may

comprise growth factors. Numerous bone graft materials are commercially available, and are

suitable for use In connection with the Implant 10.

The balloon 30 or membrane 30 may be filled by way of the second too! 200, which may

be attached t o the open end of the balloon 30 or membrane, and which thereby may deliver

the air or fluid nt o the balloon 30 or membrane 3 chamber. The fluid may comprise a

physiologic saline solution, a radiopaque contrast solution, or may comprise water, or may

comprise a hydrogel, or may comprise a polymerixable monomer or polymer, or may comprise

a bone cement, or may comprise a cry tafi ab e material. Non -limiting examples of a one



comprise calcium phosphate (Cap) and/or comprise hydroxyapa e . Preferably, the

fluid is biocompatible. Preferably, the fluid provides for cushioning effect, yet may bear some

of the load forces from movement of the spine, for example, when the subject moves, or lifts

objects. For vertebral reconstruction, the fluid may be a bone cement, and provide less of a

cushioning effect a d provides more of a load bearing function. The fluid ma comprise

iymet y rne ha rylat F A). The fluid may be in liquid form when inserted into the

balloon chamber poiymerizahie, cr st li abie or capable of solidify ing once inserted into the

balloon and/or inside of the body upon implantation of the implant

The coiled mplant 10 comprises a height {Fig. 1 and Fig. 2 . The implant height ,

expanded or u expand d, s preferably measured from the surface of the top 12 to the surface

of the bottom 14. Coiled implants 10 for vertebral reconstruction may have comparatively

larger heights H, which substantially approximate the height of the vertebral body being

reconstructed. Coiled implants 0 for disc replacement may have comparatively smaller

heights H, which substantially approximate the height of the disc being replaced.

The height H of the non-expanded coiled implant 10 that s used for d sc replacement

e.g., an intervertebral coiled implant 0) may be about S mm to abou 20 mm. n some

aspects, the height of the non-expanded disc replacement implant is about mm to about 10

mm, about S mm t o about 12 mm, about 5 mm to about 14 mm, about 5 mm to about . mm,

about mm. to about 18 mm, about 5 mm t about 18 mm, about 5 mm t o about 20 mm, about

7 mm to abou 10 mm, about 7 mm t o about 12 mm, about 7 mm to about 14 mm, about 7 mm

to about 15 mm, about 7 mm to about 16 mm, about 7 mm to about 18 mm, about ? mm to

about 20 mm, about 9 mm t o about 12 mm, about 9 mm to about 14 mm, about 9 mm to about

15 mm, about 9 mm t o about 16 mm, about 9 mm to about 18 mm, about 9 mm to about 20

mm, about 10 mm t o about 12 mm, about 10 mm to about 14 mm, about 10 mm t o about 15

mm, about 10 mm t o about 16 mm, about 10 mm to about 18 mm, about TO mm t o about 2

mm, about 1:1 mm t o about 13 mm, about 12 mm to about 14 mm, about 12 mm to about I S

mm, about 12 mm t o about 16 mm, about 12 mm to about 18 mm, about. 12 mm to about 20

mm, about 13 mm to about S mm, about 14 mm to about 16 m , abou 14 mm to about 18



-about 14 mm to about 20 mm, about 15 mm to about 17 mm, about 15 mm t o about 18

mm, o about 15 mm to about 20 mm. The tmexpanded Implant height may be less than 5 mm,

or greater than 20 mm.

The expanded implant 10 may approximate the height of the Intervertebral disc being

ed, including a cervical, thoracic, lumbar, or sacral disc- O ce expanded, the heigh Hof

the coiled implant 10 used for disc replacement may be about 5 mm t o about 35 mm in some

aspects, the height of the expanded implant is about 7.5 mm to about 10 , about 7.5 mm

to about 12 mm, about 7 5 mm t o about 14 , abou 7.5 mm to about 15 mm, about 7,5 mm

to about 16 mm, about 7.5 mm to about 18 mm, about 7.5 mm to about 20 mm, abou 7,5

t o about 25 mm, about 7,5 mm t o about 27 mm, about 7.5 mm to about 30 mm, about 9 mm t o

about 12 mm, about 9 mm to about 15 mm, about mm t o about 16 mm, about 8 m m t o about

S mm, about 8 mm to about 20 mm, about 9 mm to about 2 mm, about 9 mm t o about 24

mm, about 9 mm to about 25 mm, about 9 mm to about 30 mm, about 10 mm t o about 12 mm,

about 10 mm to about 14 mm, about 10 mm to about 15 mm, about 10 mm to about 1 mm,

about .10 mm to about 8 mm, about 10 mm to about 20 mm, about 10 mm to abou 22 mm,

about 10 mm to about 24 mm, about 10 mm to about 26 mm, about 10 mm to about 28 mm,

about 10 mm to about 30 mm, about 1-2 mm to about 1 mm, about 12 mm to about 18 mm,

about 12 mm to about 20 mm, about 12 mm to about 22 mm, about 12 mm to about 24 mm,

about 12 mm to about 26 mm, about 12 mm t o about 30 mm, about 14 mm to about 18 mm,

about. 14 m m to about 20 mm, about 14 mm to about 22 mm, about 14 mm to about 24 mm,

about 16 mm to about S mm, about 16 mm to about 20 mm, abou 16 mm to about 22 mm,

abou 16 mm t o about 24 mm, about. S mm to about 20 mm, about 18 mm t o abou 22 mm,

about 18 mm to about 25 mm, about 20 mm to about 22 mm, about 20 mm to about 24 mm,

about 22 mm to about 26 mm, or about 23 mm to about 25.. The unexpended implant. height

may be less than 5 mm, or greater than 35 mm

The height of the non-expanded coiled implant 0 that is used for vertebral body or

spinal motion segment reconstruction {e.g., a vertebral body colled implant 10) may be about

10 mm t o about 60 mm, some aspects, the height H may be about 10 mm t o about 15 mm,



about 10 mm to about 20 mm, about 0 mm to about 25 mm, about 0 mm to about 30 mm,

about. 10 mm to about 35 mm, about 10 mm to about 40 mm about 10 mm to about 45 m ,

about 15 mm to about 2 mm, about 15 mm to about 25 mm, about S mm to about 30 mm,

about 25 mm to about 35 mm, about 15 mm to about 4 mm, about 15 mm to about 45 mm,

about 2ϋ mm to about 25 mm, about 20 mm to about 30 mm, about 20 mm to about 35 mm,

about 20 mm to about 40 mm, .about 20 mm to about 45 mm, about 25 mm to about 30 mm,

about 25 mm to about 35 mm, about 2.5 mm to about 40 mm, about 25 mm to about 45 mm,

about 30 mm to about 40 mm, about 30 mm to about 45 mm, or about 35 mm t about 40 mm.

expanded implant- 0 may approximate height of the vertebra! body or s

motion segment being reconstructed, including a cervical,, thoracic, lumbar, or sacral vertebral

body, and in s me aspects, also at least one intervertebral disc. Once expanded, the height H

of the coiled implant 10 used for vertebral body reconstruction may be about 10 mm to about

80 mm. in some aspects, the expanded height H may be about 10 mm to about 15 mm, about

10 mm to about 20 mm, about 10 mm to about 25 mm, about. 10 mm to about 30 mm, about

10 mm to about 35 mm, about 10 mm t about 40 , about 10 mm to about 45 mm, about

10 mm to about 50 mm, about 10 mm to abou 55 mm, about 10 mm to about 50 mm, about.

10 mm to about 0 mm, about S mm to about 20 mm, about 15 mm to about 25 mm, about.

1 mm to about 30 mm, about 15 mm to about 35 mm, about 15 m.m to about 40 mm, about

15 mm to about 45 mm, abou 15 mm to about 50 mm, about 15 mm to about 5S mm, about

15 mm to abou 60 mm, about 15 mm t o about 70 mm, about 20 mm t o about 25 mm, about

20 mm to about 30 mm, about. 20 mm to about 35 mm, about 20 mm t o about 40 mm, about

20 mm to about 45 mm, about 20 mm t o about 50 mm, about 20 mm to about 55 mm, about

20 mm to about 60 mm, about 20 mm to about 65, mm about 2 mm to about 0 mm, about

25 mm to about 35 mm, about 25 mm t about 40 mm, about 25 mm to about 45 mm, about

25 mm to about 50 mm, about 25 mm to about 55 mm, about 30 mm to about 40 mm, about

30 mm to about. 45 m , about 30 mm to about 50 mm, about 3 mm to about 45 m , about

35 mm to about 40 mm, about 35 mm t about 45 mm, about. 35 mm to sbout 50 mm, or about

35 mm to about 60 mm.



Once the balloon 30 or membrane 30 is f i led, the implant height may increase up to

about %, or in some aspects, up to. about 125%, up t o about 150%, or up to about 75%.

Preferably, the implant height increases about 10% t o abou t 50% relative to the u pan ed

height H. The implant height H ma increase about 10% t o about 40%, about 10% to about

about 10% to about 30 %, about 10% t o about 25%, about 10% t o about 20%, about 10%

t o about 15%, about 15% to about 45%, about 15% to about 40%. about 15% to about 33%,

about 1 % t o about 30%, about 15% to about 2 %, about 15% to about 2 %, about 20% t o

about 50%, about 20% to about 40%, about 20% t o about 33%, about 20% t o about 30 % about

20% to about 25%, about 25% to about 50%, about 25% to about 40%, about 25% to about

33%, about 25% to about 3 %, about 50% t o about 05%, about 30% to about 40%, or about

40% to about 50%, relative to the unexpanded height H. in some aspects, the implant height

increases about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%,

about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%,

about 85%, about 90%, about 95%, about 100%, or more, relative to its unexp ride height H.

In some aspects, the coiled implant 10 comprises a lordotic angle such that the height

o one sid of the implant 10 is greater than the height H on an opposing side of the implant

0 . The greater height H and the lesser height may independently comprise a described

or exemplified herein .

The coiled implant 10 preferably has a substantially un iform width . The width may

be measured from the outer surface of a loop 16 on one s e o the implant 10 to th outer

surface of a loop 16 on the opposing side of the implant 10. in embodiments where the colled

implant 10 comprises a substantially circular shape, the width W comprises a diameter. The

coiled implant may comprise non-circular shapes, including oval shapes or elliptical shapes, or

even irregular shapes.

The implant width W ma be about 10 mm to about 70 mm. i some aspects, the width

may be about 10 mm to abou 20 mm, about 10 mm to about 25 mm, about 10 mm to about

30 mm, about 10 mm to about 35 mm, about 10 mm to about 40 mm, about 10 mm t o about

4 mm, about 10 mm t o about 50 mm, about 10 mm t o about 65 mm, about 15 mm t o about



20 mm, about S m to about 25 mm., about .15 t o about 30 mm, about 15 mm t o about

3.5 , about 15 mm to about 40 mm, about 1 mm to about 45 mm, about .15 mm to about

5 mm, about S mm to about 55 mm, about 15 mm to about 60 mm, about 15 mm to about

65 mm, about 1 mm t o about 70 mm, about 20 mm to about 25 mm, about 20 m to about

3 mm, abou 20 mm t o about 35 mm, about 20 mm to about 40 , about 20 to about

45 mm, about 20 to about S mm, about 20 mm to about 0 mm, abou 20 mm to about

65 mm, about 20 mm to about. 70 mm, about 2.5 mm to about 30 mm, about 25 mm to about

35 mm, about 25 mm to about 40 mm, about 25 mm to about 45 m m about 2.5 mm to about

50 mm, about 25 mm to about 60 mm, about 30 mm to about 35 mm, about 30 mm to about

40 mm, about 30 mm to about 45 mm, about 30 nun to about 50 mm, about 30 mm to about

6 mm, about 35 mm t o about 40 mm, about 35 mm to about 45 mm, about 35 mm to about

50 mm, about 35 mm to about 55 mm, about 40 mm to about 45 mm, about 40 mm t o about

50 mm, about 40 mm to about 55 mm, about 45 mrn t o about 50 mm, about 45 mm t o about

55 mm, or about 45 mm t o about 60 mm. Widths W shorter than 10 mm or longer than 70 mm

are possible. It Is preferred that the width v¥ does not extend beyond the outer dimensions of

the vertebrae.

n some aspects, the colled implant 10 is preferably used for insertion into the

intervertebral space. Thus, once Inserted, the top 12 and bottom 1 of the implant .1.0 contact

adjacent vertebral endp!ate bon , with the implant 10. seated between these adjacent vertebral

endpiates, in the space formerly occupied by a damaged, diseased, or degenerated disc. The

l d implant 10 may be inserted nt o the intervertebral space of cervical, thoracic, lumbar, o

sacral vertebrae, and the height may be according to the Intended location of the Implant

within the spinal column (e.g., cervieai, thoracic, lumbar, or sacrai region of the spine),

in aspects, the coiled implant 10 is preferably used for three dimensional

reconstruction of a vertebral body. Thus, once inserted, the top 12 and bottom of the

implant 10 approximate the missing portion of the vertebral body, with the implant 10

preferably seated within vertebral body, n the space formerly occupied by a damaged,

diseased, or degenerated segment of the vertebral bone, The coiled implant 10 may



Inserted into a cervical thoracic, lumbar, or sacral vertebrae, and the height H may b

according o the missing section of bo e.

In some aspects, the coiled implant 10 is preferably used for three dimensional

reconstruction o a spinal motion segment. Thus, once inserted, the top 12 and bottom 1.4 of

the Implant 10 approximate the missing portion of two vertebral bodies and at least one

intervertebral disc, with the implant 10 preferably seated within i the space formerly occupied

by a damaged, diseased, or degenerated segment of the vertebra; bone a d disc. The coiled

implant 10 may be inserted Into the space of cervical, thoracic, lumbar, or sacral vertebrae,

and their respective intervertebral disc, and the height H may e according to the m issing

section of bone and disc.

The implant 10 may be Inserted nto the body as part of spinal f usio procedure, or may

be inserted as a form of a disc prosthesis without participating in any f usion in this latter case,

for example, the implant 10 occupies the intervertebral space, but does not facilitate new bo e

growth or fusion of adjacent vertebrae. If not fused, the implant 10 may be removed from the

Intervertebral space at some point In the future. When used as part of spinal fusion

procedure, the implant 10 includes bone graft material delivery, and it is this bone graft

material that facilitates new bone growth and osseointegratlon of the Implant 10.

In some preferred aspects, the material of which the implant sidewai!s 20 are

fabricated has elasticity and also comprises a shape memory. For example, th material may be

used to form a coll outside of the body of t h subj ect , and the coil may foe straightened for

insertion Into the subject, for example, t o minimize the size of the incision through which the

implant passes during the insertion procedure, yet the straightened coil returns to the co

shape once inserted nto the body. A guide wire, including a exible wire, may be used t o guide

the uncoiled implant 1.0 t o its location in the disc space or in the vertebral body, and removed

one the mplant 20 Is in a desired piece, with removal of the guide wire allowing the coil to re¬

form according to the shape memory of the material from which the co led implant 10 s made.

In some aspects, the implant 10 comprises a temperature memory, e.g., thermal

memory. For example, an implant 1 with a thermal memory may be straightened at room



temperature, yet coiled at 3 heated temperature, including body fn some

aspects, the plant 10 comprises a super-elastic- memory, for * 3 straight tube e .g<,

nitinol) may be pre-formed into a co at high temperatures , 480-520 and quenched, for

example, n cooled water. The coiled tube may be forcibly uncoiled a d inserted

into/constrained by a straight cannula or sheath,, yet w he released from the straight cannula

or sheath, the tube automatically re- co ls, stemming from the super-elastic memory of t h

materia! from which the tube was fabricated.

The Implant 10, whether in coiled form or i straightened form {including a guide wire, if

used), ma e inserted into the body of a subject through an anterior or posterior surgical

procedure. The implant 10 may be inserted through the anterior, posterior, lateral side, or

foramsn of the vertebrae. The implant 10 may be inserted r ns-pedicuia y,

During a disc replacement procedure, at least a portion of the damaged or degenerated

Intervertebral disc is removed; the entire disc may be removed in some aspects. The

intervertebral disc space may then be shaped and prepared t o receive the coiled implant 10 ,

including shaping and preparation of vertebral endp one.. If necessary. Once the

intervertebral space is , at least one co led implant 0 may b inserted into the prepared

intervertebral space. The colled implant 10 may be Inserted nto the body as an uncoiled

straight tube, for example, by housing the uncoiled implant 10 through a straight cannula, with

the cannula inserted into the body. The implant 10 may then b released from the cannula,

upon which the implant 10 will re-coil. The re-coiling may be due to the thermal memory or

super-elastic memory of the material used t o fabricate the implant 10.

During a vertebral body reconstruction procedure, at least a portion of the damaged or

diseased vertebral body Is removed topectomy); the entire vertebral body may be

removed i some aspects. The portion of the vertebral body may then be shaped and prepared

to receive the coiled implan 10. Once the intervertebral space is ready, at least one coiled

implant 10 ma e inserted into the prepared portion of the vertebral body. The coiled implant

10 may be inserted into the body as an uncoiled straight tube, for example, by housing the

uncoiled implant 10 through a straight cannula, with the cannula inserted nto the body, The
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Implant 10 may then be released from the can nula, upon which the implant 10 will re-coil. The

re-coiling may be due to the thermal memory or supe .-e a t ic memory of the material used to

fabricate the implant 10,

Preparation of the vertebral area for insertion of the implant 10 may comprise a cavity

creation procedure, in such a procedure, the practitioner forms a cavity around the local area

surrounding the target oci of the insert, for example, by pushing apart cancellous bone using a

cavi t forming balloon which s not the balloon 30 of the implant : 0 , Once the cavity is

formed, the cavity forming balloon may be deflated a d removed, leaving behind an enlarged

space or cavity. This cavity reduces resistance that may accompany insertion of the implant 10,

including insertion v a a cannula, in fact, the cavity may e used to allow the straightened

Implant 10 to re-coil within the cavity according to t s thermal or super-elastic memory.

More than one co led Implant 10 may be implanted into the intervertebral space or into

the vertebral body. Although one coiled implant 10 may be used in some aspect s two, or even

three Implants 10 may be implanted in some aspects. The coiled implant 10 may be placed at

the anterior area, posterior area, or lateral area of the vertebral endpiate, Including in the

anterior-lateral or posterior-lateral areas of the vertebral endpiate, see, eg,,, fig. A, Where

more than one Implant 10 Is one implant 10 may be placed In the anterior area, and a

second implant 10 may be placed in the posterior area (see, .g . Fig, 38),, or one implant 10

ay be placed on one lateral area and the second implant 10 may be placed in the opposing

lateral ea.

Once the Implant 10 is in place, the balloon 30 or membrane 30 may be filled to a

desired level with air or a fluid, thereby expanding the height H of the coil by forcing the ops

1 that the balloon 30 or membrane 30 touches to move upward and downward about the axis

X of the implant 10. The axis X preferably approximates the vertical orientation of the spine of

the subject, for example, the vertical spine of a human being that walk upright in some

aspects, for example, where the subject Is an animal that walks on four legs, the axis X may

approximate the horizontal orientation of the spine of the subject. The air or fluid may be

supplied by the second tool 200



In some aspects,, once the implant 10 in place, but before the balloon 30 or membrane

30 s filled w th air or fluid, the balloon 30 or membrane 30 may he filled w th a contrast

solution such as a radiocontrast solution, such that the coiling (if Inserted uncoiled with coilin

in situ) and/or placement of the Implant 10 may be visualized and confirmed before

permanence s established,, for example, fey filling the balloon with a permanent air or fluid

and/or by deploying a bone graft material or bone cement, Filling the balloon 30 or membrane

30 with a contrast solution may also be used t o visualize a d confirm that the balloon 30 or

membrane wi l properly deploy out of the gap 26 and/or into spaces . The contrast solution

Is preferably removed from the balloon 30 or membrane 30 before the balloon 30 or

membrane 30 is filled w th air or fluid.

The level of air or fluid may vary according to the needs of the subject, including the

proper restored height of the intervertebral space, or the proper reconstructed height of the

vertebral body. In some aspects, more than one balloon 30 or membrane 30 Is present in the

coiled Implant 10, or a single balloon 30 or membran 30 with .more than one chamber s

present the coiled implant, such aspects, a first balloon 30 or membrane 30, or a first

chamber of the balloon 30 or membrane 30, may be filled to one level and at least a second

balloon 30 or membrane 30. or second chamber of the balloon 30 or membrane, may be filled

t o another level that is greater or less than the level of the first balloon 30 or membrane or first

chamber, s as to establish a lordotic angle in the intervertebral space n other words, with

one balloon 30 o membrane 30., or with one chamber of a single balloon 30 or membrane 30,

filled to one level, and the other balloon 30 or membrane, or other chamber of a single balloon

30 or membrane 30, filled t another level, the expanded height of the colled implant 10

differs on at least t o sides and this difference in height H among these sides establishes a

desired angle of lordosis.

Before., after, or concomitant t h the filling of t h baliDon s 30 or membr r e ) 30, a

bone graft material may he deployed from the Implant 10. For example, a bone graft material

ay be Inserted nto an opening 15 or 17, for example, by way the first tool 00, nto the

lumen 22, out from the plurality of apertures 24 a d, optionally also from the other opening 5



or 7, and into he erv te space. Upon deployment the graft materia! may be

present o and about the exterior of the coil, and/or may be present on and about the interior

or the coll, Including the central void 19 established by the loops 6 and balloon 30 or

membrane 30. In some aspects, the bone graft at eri a pre-loaded nto the lumen 22„ and

air, water, or saline is forced into the opening S or 17, thereby forcing the bon graft material

out of the apertures 24, The bone graft material remains in place and facilitates

sseolnt gr t ion of the Implant and I some aspects, may facilitate fusion of the adjacent

vertebrae as one begins to form off of the bone graft material,

some optional embodiments. the coiled mplant 0 is removed from the subject after

the balloon 30 or membrane 30 is filled. In which case, the balloon 30 or membrane 30 is

retained and supports disc replacement or vertebral body reconst ruct ion if the coiled implant

10 remains, the implant 10 and balloon 30 or membrane 30 supports disc replacement or

vertebral body reconstruction. The Implant 10 and/or balloon 30 or membrane 30 serve as the

missing disc or ssing vertebral hone until osseointegratlon and fusion, mediated by one

graft mat erial proceeds sufficiently.

The disclosure is riot limited to the embodiments described and exemplified above, but

Is capable of variation and modification within the scope of the appended claims.



What s Claimed:

1. A spinal implant, comprising; an expandable coil comprising a hollow tube having a first

end, a second end, side walls defining a lumen, and a plurality of apertures through the

sidewalis.. the hollow tuhe formed into a plurality of loops having a space between the lower

and upper sidewalis of vertically adjacent loops, and at least one balloon present in at least

some of the spaces between vertically adjacent loops, wherein the implant, when the coil is

expanded, has a height that approximates the height of an intervertebral disc, the height of a

vertebral body, or the height of a spinal motio segment.

2. The spinal implant of claim 1, wherein the hollow tube comprises nickel, titanium, steel,

aluminum, o alloy t hereof

3 . The spinal Implant of claim 2., wherein the alloy comprises nitinol.

4 . The spinal Implant of claim , wherein the at least one balloon comprises a single

chamber,

5. The spinal Implant of claim 1, wherein the at least one balloon comprises a plurality of

chambers,

The spinal implant of claim 4, wherein the chamber comprises a fluid selected from the

group consisting of water, physiologic saline solution, a radiopaque contrast medium,,

ydroge , and a bone cement

? The spinal Implant of claim 5, wherein the plurality of chambers comprises a fluid

selected from the group consisting of water, physiologic saline solution, a radiopaque contrast

medium, a hydrogei, and a one cement.

8. The spinal implant of claim i , wherein the at least one balloon s a compliant o r semi-

compliant balloon.

9, The spinal implant of clai , wherein the at least one balloon is a non-compliant

balloon.
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0 A spinal implant, comprising; a expandable coll comprising a hollow tube having a first

end, a second end, side walls defining a lumen, and a gap through the sidewalls extending from

the first end t o the second the hollow tube formed into a plurality of loops having a space

between the lower and upper sidewalls of vertically adjacent ops, and at least one balloon

present in the lumen, wherein the when the co l Is expanded, has a height that

approximates the height of a Intervertebral disc, the height of a vertebral body, or the height

of a spinal motion segment.

11. The spinal implant of claim 10, wherein the hollow tube comprises titanium, steel,

aluminum ., or alloy thereof.

12. The spinal Implant of claim 1 , wherein the alloy comprises nit n

13. The spinal Implant of claim 10, wherein the at least one balloon comprises a single

chamber.

14 The spinal implant of claim 10 wherein the at least one balloon comprises a plurality of

chambers,

15. The spinal Implant of claim 13, wherein the chamber comprises a fluid selected from the

group consisting of water, a physiologic saline solution, a radiopaque contrast medium, a

hydrogel, and a bone cement.

16. The spinal implant of claim 14, wherein the plurality of chambers comprises a fluid

selected from the group consisting of water, a physiologic saline solut ion, a radiopaque contrast

medium, a hydrogel, and a bone cement,

17. The spinal implant of claim 10, wherein t h at least one balloon is a compliant or semi-

compliant balloon,

S. The spinal implant of claim 10, wherein the at least one balloon is a non-compliant

balloon.

19. A method for reconstructing a vertebral body,, comprising Implanting the implant of

claim I Into a vertebral body, filling the at least one balloon with an amount of a fluid sufficient



to expand the coi and Increase the height of the implant, optionally, deploying a hone graft

material or one cement fr o the plurality of apertures into the vertebral body, and optionally,

removing the expandable coil from the vertebral body.

20. A method for replacing an intervertebral disc, comprising implanting t h implant of

claim 1 I to an intervertebral space f om which at least a portion of the Intervertebral disc has

been removed, filling the at least one balloon with an amount o a fluid sufficient to expand the

coil and increase the height of the implant, optionally, deploying a bone graft material or bone

cement from the plurality of apertures into the Intervertebral space, and optionally, removing

the expandable coil fro the Intervertebral.

2 , A method for reconstructing a vertebral body, comprising implanting the Implant of

claim 10 Into vertebral body, filling the at least one balloon w th an amount of a fluid

sufficient to deploy the at least one balloon from the gap and nto the spaces between the

lower and upper sidewaiis of vert ica y adjacent loops and thereby expand the coil and increase

the height of the Implant, optionally, deploying a bone graft material or bone cement from the

ga into the vertebra! body, and optionally, removing the expandable coil from the vertebral

body,

22. A method for replacing an intervertebral disc, comprising implanting the Implant of

claim 10 into an intervertebral space from which at leas a portion of the intervertebral disc has

been removed, filling the at least one bailoon with an amount of a fluid sufficient t o deploy the

at least one balloon from the gap and into the spaces between the lower and upper sidewa i o

vertically adjacent loops and thereby expand the coil and increase the height of the implant,

optionally, deploying a hone graft materia! or bone cement from the gap into the intervertebral

space, and optionally,- removing the expandable coil from the intervertebral space.

23, A method for reconstructing a spinal motion segment, comprising implanting the

implant of claim 1 into void formerly occupied by at least a portion of two vertebral bodies and

at leas one Intervertebral dise filling the at least one bailoon with an amount of a fluid

sufficient to expand the coil and increase the height of the implant, optionally, deploying a



bone graft material or bone cement from the gap into the void, and optionally, removing the

expandable co ! from the void,

24. A method for reconstructing a spina! motion segment, comprising implanting the

implant of claim 10 into void formerly occupied by at a a portion of vertebral bodies

and at least one Intervertebral d sc filling the at least one balloon with an amount o a fluid

sufficient t o deploy the at least one balloon from the gap and into the. spaces between the

lower and upper side a! s of vertically adjacent bops and thereby expand the coil and increase

the height of th implant, optionally, deploying a bone graft material or bone cement from the

gap into the void, and optionally, removing the expandable coil from void.
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