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MINIMALLY INVASIVE EXPANDABLE CONTAINED
VERTEBRAL IMPLANT AND METHOD

BACKGROUND

It is sometimes necessary to remove one or more vertebrae, or a portion of the
vertebrae, from the human spine in response to various pathologies. For example, one or
more of the vertebrae may become damaged as a result of tumor growth, or may become
damaged by a traumatic or other event. Removal, or excision, of a vertebra may be
referred to as a vertebrectomy. Excision of a generally anterior portion, or vertebral body,
of the vertebra may be referred to as a corpectomy. An implant is usually placed between
the remaining vertebrae to provide structural support for the spine as a part of a
corpectomy or vertebrectomy. FIG. 1 illustrates four vertebrae, V-V, of a typical lumbar
spine and three spinal discs, D;-Ds. As illustrated, V3 is a damaged vertebra and all or a
part of V3 could be removed to help stabilize the spine. If removed along with spinal discs
D5 and D;, an implant may be placed between vertebrae V, and V,. In some cases, the
implant inserted between the vertebrae is designed to facilitate fusion between remaining
vertebrae. In other cases, especially when treating tumors, the ultimate goal of the
procedure is spinal stability, regardless of fusion. A successful procedure may decrease
pain, preserve or enhance neurological function and allow a patient greater mobility
without an external orthosis. Sometimes an implant is designed to replace the function of
the excised vertebra and discs. All or part of more than one vertebra may be damaged and
require removal and replacement in some circumstances. If only a portion of a vertebral
body and adjacent discs are removed and replaced, the procedure is called a heni-
vertebrectomy.

Many implants are known in the art for use in vertebrectomy and corpectomy
procedures. One class of implants is sized to directly replace the vertebra or vertebrae that
are being replaced, without in situ expansion. Another class of implants is inserted in a
collapsed state and then expanded once properly positioned. Expandable implants may be
advantageous because they allow for a smaller incision and entry path when positioning an
implant. A smaller incision may be particularly useful with a posterior approach, as
illustrated in FIG 2. FIG. 2 is an illustration from the posterior of a portion of a human
spine, with one thoracic vertebra removed. To support the remaining vertebral structure,

an implant may be placed through the window W, avoiding the nerve root N. The nerve
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root N, may be mobilized to increase the size of the window W slightly, but excess
movement may risk damage to the nerve root N. Therefore, for a posterior approach, an
initially small expandable implant may have particular utility. A posterior approach may
be preferred for patients with circumferential tumors or for patients more susceptible to the
risks associated with a more extensive anterior approach. Similarly, initially small
implants enabling minimal tissue disruption may be useful from any surgical approach to
reduce trauma to surrounding tissues and to enhance patient recovery.

Once in position and expanded, it may be advantageous for a corpectomy or
vertebrectomy implant to, as nearly as possible, fill the space vertically between the
remaining vertebrae and laterally among the remaining soft tissues. Lateral expansion may
increase the contact area between the implant and vertebral endplates. This expansion may
reduce the potential for subsidence of the device into the adjacent vertebrae. However, it
may be important that the lateral expansion not impinge on the spinal cord or nerve roots.
In some instances, it may be useful to control lateral expansion to a particular distance or
volume.

Expandable implants may also be uselul in replacing long bones or portions ol
appendages such as the legs and arms, or a rib or other bone that is generally, though not
necessarily, longer than it is wide. Examples include, but are not limited to a femur, tibia,
fibula, humerus, radius, ulna, phalanges, clavicle, and any of the ribs. Use of the
mechanisms described and claimed herein are equally applicable to treatment or repair of
such bones or appendages. Similarly, expandable implants may be uselul in at least some
spinal fusion procedures where a spinal disc is replaced without replacing a vertebral
body.

SUMMARY

One embodiment of the invention is an expandable medical implant for supporting
skeletal structures. The embodiment includes a membrane defining a volume and having
an upper surface, an opposite lower surface, and a first side between the upper and lower
surfaces, and a laterally rigid component coupled at least at one point to the first side. The
laterally rigid component may be substantially contained within the volume of the
membrane. The membrane may also be coupled to the laterally rigid component at its first

side to restrict lateral expansion of the membrane in at least a first direction.
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Another embodiment of the invention is an expandable medical implant for
supporting skeletal structures with a membrane defining a volume and a linearly
expandable component coupled to the membrane. The linearly expandable component
may be substantially contained within the volume of the membrane. The linearly
expandable component may be configured to receive a fluid that drives linear expansion of
the expandable medical implant or maintains linear expansion of the expandable medical
implant. The membrane may also be configured to expand laterally.

An embodiment of the invention is an expandable medical implant for supporting
skeletal structures. The expandable medical implant may include a membrane defining a
volume and having an upper surface, an opposite lower surface, and 4 first side between
the upper and lower surlaces, and a laterally rigid component coupled (o the membrane,
the laterally rigid component substantially contained within the volume of the membrane.
In some embodiments, the laterally rigid component is expandable to separate the upper
surface from the lower surface.

Sull another embodiment of the invention is a method of making an expandable
medical implant. The method may include providing a linearly and laterally expandable
membrane, coupling a laterally rigid component that is linearly expandable (o the inside of
the membrane at least at one side of the membrane, and forming a first port in the
expandable medical implant for receiving a fluid to drive or hold linear expansion of the
expandable medical implant. 'The method may also include forming a second port in the
expandable medical implant [or receiving a [ill material that laterally expands the
membrane.

Another embodiment of the invention is a means for occupying a vertebral space
including a containment means defining a volume, and a linearly expandable means
substantially contained within the volume of the containment means. 'The linearly
expandable means may be configured to receive a fluid that drives linear expansion or
maintains linear expansion of the means for occupying a vertebral space. The containment
means may also be configured to expand laterally.

Yet another embodiment of the invention is a method of occupying a vertebral
space. The method may include introducing a vertebral prosthesis comprising a laterally
rigid expandable component and a membrane that substantially encapsulates the laterally

rigid expandable component, and introducing a fluid into the vertebral prosthesis to
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expand the laterally rigid expandable component. Embodiments may also include
introducing a fill material into the vertebral prosthesis to provide a non-fluidic structural

support within the vertebral space.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an elevation view of a segment of a lumbar spine.
FIG. 2 is a posterior perspective view of a portion of a human spine.
FIG. 3 is a perspective view of an embodiment of an expandable medical implant.

FIG. 4 is a perspective view of the laterally rigid component embodiment of FIG.

(O3]

FIG. 5 is a plan view of the superior end of the implant of FIG. 3 with a portion of
the membrane removed to illustrate an end of the laterally expandable component.

FIG. 6 is an elevation view of an embodiment of an expandable medical implant.

FIG. 7 is an elevation view of an embodiment of an expandable medical implant.

FIG. 8 is an elevation view ol an embodiment ol an expandable medical implant.

IFIG. 9 is an elevation view ol an embodiment ol an expandable medical implant.

FIG. 10 is a perspeclive view of an embodiment ol an expandable medical implant
in an unexpanded state.

FIG. 11 is a perspective view of the laterally rigid component embodiment of FIG.
10 in an unexpanded state.

FIG. 12 is a perspeclive view o[ an embodiment of the expandable medical implant
of FIG. 10 in an expanded state.

FIG. 13 is a perspective view of the laterally rigid component embodiment of FIG.
10 in an expanded state.

FIG. 14 is a cross-sectional view of an embodiment of an expandable medical
implant.

FIG. 15 is a cross-sectional view of an embodiment of an expandable medical
implant.

FIG. 16 is a cross-sectional view of an embodiment of an expandable medical
implant.

FIG. 17 is a perspective view illustrating an embodiment of an expandable medical

implant being introduced through a generally posterior approach.



10

15

30

WO 2010/120911 PCT/US2010/031071

5

FIG. 18 is a perspective view illustrating an embodiment of an expandable medical

implant expanded between vertebrae.

DETAILED DESCRIPTION

FIGS. 3-5 illustrate one embodiment of an expandable medical implant 1 for
supporting skeletal structures. The expandable medical implant 1 shown is depicted in an
expanded state. The illustrated expandable medical implant 1 includes a membrane 5
defining a volume and having an upper surface 6, an opposite lower surface 4, and a first
side 10 between the upper and lower surfaces 6, 4. A laterally rigid component 3 is shown
coupled at least at one point to the first side 10 of the membrane 5. In some embodiments,
an adhesive is applied between the membrane and the laterally rigid component (o couple
the parts to one another. Some embodiments may not include a coupling between the
laterally rigid component 3 and the first side 10. The illustrated laterally rigid component
3 of FIGS. 3-5 is a bellows. The laterally rigid component 3 is substantially contained
within the volume of the membrane 5. Coupling ol the membrane 5 (o the laterally rigid
component at the [irst side 10 may restrict lateral expansion ol the membrane 5 in at least
a [irst direction. In some embodiments, the expandable medical implant 1 will be oriented
with the membrane 5 toward the anterior of a spinal column, as noted by the letter A, and
with the laterally rigid component 3 toward the posterior of the spinal column, as noted by
the letter P. The specified orientations are for illustrative purposes only and may be
altered in various other embodiments. The longitudinal axis, or linear expansion direction
L, of the laterally rigid component 3 is also illustrated.

‘The membrane 5 is illustrated in an expanded state in FIGS. 3 and 5. 'The
membrane 5 of some embodiments is configured to be placed between vertebrae and
expanded such that the upper surface 6 contacts a first vertebra and the opposite lower
surface 4 contacts a second vertebra to provide support between the vertebrae. Lateral
expansion of the membrane 5 is also accomplished in some embodiments. For example,
in FIGS. 3 and 5, anterior expansion, as well as medial-lateral expansion, and intervening
radial expansions, are illustrated. As used herein, the term lateral means directions
approximately normal to the linear expansion direction L.

The membrane 5 may be constructed, in whole or in part, of a non-permeable

material. The membrane 5 may include compliant or non-compliant balloon materials
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such as those commonly used to manufacture coronary and Kyphoplasty medical devices.
Such materials may include, but are not limited to, mylar, rubber, polyurethane, vinyl,
latex, polyethylenes, ionomer, and polytetrapthalate (PET), as well as less flexible
materials such as Kevlar®, PEBAX®, stainless steel, titanium, nickel-titanium alloys, and
other metals and alloys and/or ceramics. A compliant membrane may include reinforcing
to limit one or both of the size and shape of the membrane to a clinically advantageous
extent. A non-compliant membrane may expand more elastically to more completely fill
an irregular opening, depending on the amount of material introduced into the membrane.

Likewise the membrane 5 may be constructed, in whole or in part, of a permeable
material, which allows a certain amount of a fill material 100 to pass through the
membrane 5. All or a portion may be made permeable by [abricaling a malterial, including
but not limited to, the membrane materials listed above, into a fabric, weave, mesh,
composite, bonded fiber assembly, or any other manufacture known to those skilled in the
art. For example, all or part of the upper surface 6 and the opposite lower surface 4 may
be constructed of a permeable material (o allow fill material 100 Lo move through the
membrane 5 and (o come into contact with vertebrae.,

FIG. 4 illustrates an embodiment of the laterally rigid component 3 in an expanded
state. As shown in FIGS. 3-5, the cross-sectional shape of the embodiment of the laterally
rigid component 3 is concave-convex. However, in other embodiments, the cross-
sectional shape of the laterally rigid component 3 may be any functional shape, such as but
not limited (o, generally round, oval, reclangular, triangular, polygonal, or combinations ol
these shapes.

‘The laterally rigid component 3 illustrated in FIG. 4, which is a bellows, is defined
herein as "laterally rigid" because it appreciably resists forces applied lateral to its linear
axis L. Other devices that expand linearly and resist forces applied laterally to their linear
axes L, are devices of FIGS. 6-16. These, and any other devices that provide resistance to
lateral forces, are contemplated in embodiments of the present invention and are within the
scope of the claims herein. Resistance to lateral forces may be useful in the illustrated
embodiments for protecting posterior neural structures such as, but not limited to, the
spinal cord, spinal canal, and nerve roots,

FIGS. 3 and 4 illustrate a nozzle 2 extending from the laterally rigid component 3.

A similar nozzle, alternatively or in addition, may extend from the opposite end of the
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laterally rigid component 3. The illustrated nozzle 2 is open to the interior of the laterally
rigid component 3. A balloon 11 is shown extending from an open, distal end of the
nozzle 2. The balloon 11 shown is in fluid communication with the interior of the laterally
rigid component 3. The nozzle 2 and balloon 11 of some embodiments are configured to
extend from the laterally rigid component 3 and into an endplate of an adjacent vertebra.
The balloon 11 may be filled with a material, such as a flowable material, to assist in
attachment of the lateral rigid component 3 to the adjacent vertebra. The balloon 11 may
additional have a therapeutic effect on the vertebra. For example, and without limitation,
the balloon 11, alone or in combination with the nozzle 2, may help to stabilize the
vertebra. The material used to inflate the balloon 11 may be a curable material or may be
a malterial thal is used to expand the balloon 11, but does not cure in place. Once
expanded, the balloon 11 may also receive additional materials that permanently fill the
balloon 11, or that have an additional therapeutic effect on the vertebra. Any of the
materials for use in the balloon 11 may also be a fill material 100 as described in detail
below. In addition to the nozzle 2 or balloon 11, an end ol an embodiment ol the laterally
rigid component 3 my include teeth, spikes, ridges, indentations, roughening, knurling, or
any other device [or enhancing [ixation beltween a vertebra and the laterally rigid
component 3. Any of the balloon 11 embodiments noted herein may be non-permeable or
permeable to some degree and may be elastic or constrained to a particular size or shape.
FIGS. 4 and 5 illustrate an upper cap 16 of the laterally rigid component 3. FIG. 4
additionally shows a lower cap 14. The upper and lower caps 16, 14 may be non-
permeable or permeable to some degree, with similar functions to, and made from similar
materials to, the membrane 5 discussed above. 'The upper and lower caps 16, 14 may be
made from the same material as the rest of the laterally rigid component 3, or may be
made from a separate material. FIG. 5 illustrates an upper cap 16 made from an at least
partially permeable woven or mesh material. As illustrated, a mesh end 17 is integrated
into the upper cap 16 to allow passage of some of the fluid or fill material 100 to contact
an adjacent vertebra. Alternatively, or in addition, the upper cap 16 may be expanded or
stretched into contact with an adjacent vertebra. The upper and lower caps 16, 14 of some
embodiments directly contact adjacent vertebra, or alternatively may contact inner

portions of the membrane 5.
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In some embodiments, elasticity in the material of the laterally rigid component 3
may sever as a biasing force to bias the laterally rigid component 3 toward an expanded or
unexpanded state, as may be advantageous in various circumstances. For example, it may
be advantageous to bias the laterally rigid component 3 toward an unexpanded state to
provide a low profile device for insertion. Other devices may be used to expand the device
as needed. In other circumstances, it may be preferred to bias the laterally rigid
component 3 toward an expanded state. With such an embodiment, another component
may be used to keep the laterally rigid component 3 in an unexpanded state while it is
inserted. Then following insertion, the laterally rigid component 3 may be released and
allowed to increase toward its expanded state.

The laterally rigid component 3 may be coupled (o the membrane at more than one
point along the first side 10 of the membrane S. For example and without limitation, FIG.
6 illustrates an embodiment of the invention with multiple tethers 29 between a membrane
25 and a laterally rigid component 23. The illustrated embodiment is depicted in cross-
section and shows the tethers 29 limiting expansion ol the membrane 25 (o the posterior P,
In other embodiments, the restriction ol expansion may be for another desired direction or
[or a combination ol directions. The cross-section also illustrates a telescoping
mechanism that is part of the laterally rigid component 23. Each tether 29 may be made of
any biocompatible material. The tethers 29 illustrated are strands, but in other
embodiments may be loops, hooks, staples, fasteners of any kind, or any other component
capable ol connecting the membrane 25 with the laterally rigid component 23. The
telescoping mechanism may include a tluid communication opening to drive or hold
expansion, or may merely be a passive component that provides a linear travel trajectory
and lateral rigidity to the implant.

FIG. 7 shows a laterally rigid component 33 coupled with a membrane 35. The
laterally rigid component 33 is a telescoping shield. The term telescoping may include
devices that have interlocking members that slide relative to one another regardless of
whether members fit within the periphery of other members. The laterally rigid
component 33 is a passively expanding component that does not drive or hold vertical
expansion of the expandable medical implant 31. The laterally rigid component 33 may
be coupled to the membrane 35 at a first point 36 near an upper surface of the membrane

35 and at a second point 37 near a lower surface of the membrane 35.
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FIGS. 8 and 9 show embodiments of expandable medical implants 41, 51 between
vertebrae. The illustrated embodiments include a laterally rigid component 43, 53
imbedded into, formed with, juxtaposition with, or otherwise integral with at least a first
side of the respective membranes 45, 55. These embodiments may provide for continuous
coupling between laterally rigid components 43, 53 and respective membranes 45, 55.

The laterally rigid component 43 may be an elastic band that resists lateral expansion of
the membrane 45. The laterally rigid component 43 may further be compressed with the
membrane 45 prior to expansion for reduced profile insertion into a vertebral space. The
laterally rigid component 53 may include wires, stiff filaments, or the like that resist
lateral expansion of the membrane 55. For example and without limitation, the laterally
rigid component may include a fabric, weave, mesh, composite, bonded [iber assembly, or
any other manufacture known to those skilled in the art, of wires, stiff filaments, or the
like.

Returning to FIGS. 3-5, for example, expansion of the laterally rigid component 3
may be realized by introduction of a (luid into the laterally rigid component 3, may result
[rom elasticily in the material [rom which the component is made, [rom internal or
exlernal biasing devices, or [rom any other ellective device [or generating expansion.
Embodiments of the expandable medical implant 1 include a port 7 for receiving a fluid.
As used in association with this function, a fluid may be a paste, gel, liquid, suspension,
granular mixture, or similar substance. A substance as described herein will be considered
a [luid even il it later cures or hardens o a non-{luidic state. As illustrated in FIGS. 3-53,
the port 7 is connected to the laterally rigid component 3. In other embodiments, the port
7 may connect to the membrane 5, or to another portion of the expandable medical implant
1. 'The fluid received through the port 7 in some circumstances will drive expansion of the
expandable medical implant 1. This may be accomplished by pressurizing the laterally
rigid component 3 or the membrane 5, or by pressurizing both. In other embodiments, the
fluid may be used to maintain expansion generated by some other force such as expansion
from elasticity in the material from which the laterally rigid component 3 or membrane 5
are made, from biasing devices internal or external to the laterally rigid component 3 or
membrane 5, or from any other effective device for generating expansion. The port 7 may

also serve as an extension of the expandable medical implant 1 useful in manipulating the
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expandable medical implant 1 into a clinically effective location. The port 7 may be cut,
broken, or otherwise removed from the expandable medical implant 1 once implanted.

As shown in FIG. 4, a transfer opening 9 is provided between the laterally rigid
component 3 and the membrane 5. In some embodiments, the transfer opening 9 is a hole
through which a fluid or fill material 100, or both, may pass. Passage may occur in either
direction between the laterally rigid component 3 and the membrane 5 in various
embodiments. As illustrated, fluid, fill material 100 or both enter the laterally rigid
component 3 through the port 7 and pass through the transfer opening 9 into the membrane
5. In some embodiments, a valve is provided at the transfer opening 9 to control flow
between the laterally rigid component 3 and the membrane 5. The valve may be
controlled by direct manipulation or through instrumentation connected through the port 7.
The valve, a combination of a series of valves, or configurations of conduits may be used
to simultaneously or selectively pass fill material 100 through or into one or all of the
laterally rigid component 3, the balloons 11, and the membrane 5. Valves used with any
embodiment may be pressure activated valves that pass material withoul further user
intervention once a threshold pressure is reached.

The [ill material 100 may enter the expandable medical implant 1 as a {luid, and
then harden or cure in the implant. In some embodiments, a non-hardenable and non-
curing fluid is used to expand, or to hold expansion in, the implant or one or some of the
components of the implant. A fill material 100 may then be introduced into at least the
membrane 5 o provide support between the upper surface 6 and the lower surlace 4. The
fill material 100 may be a paste, gel, liquid, suspension, granular mixture, or similar
substance. Non-limiting examples of fill materials 100 include bone cement, paste,
morselized allograft, autograft, or xenograft bone, ceramics, or various polymers. An
example bone cement is polymethylmethacrylate (PMMA), which may be made from
methylmethacrylate, polymethylmethacrylate, esters of methacrylic acid, or copolymers
containing polymethylmethacrylate and polystyrene. Additional non-limiting examples of
the fill material 100 include semi-rigid flowable or hardenable material such as silicone or
various types of urethane materials. It should further be understood that other types of fill
materials 100 which are not necessarily hardenable or curable may be used in association
with the present invention. For example, the fill material may comprise beads or small

particles or grains of material, some of which may, in aggregate, achieve a harder
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consistency as a result of interlocking or compaction. In some embodiments, the fill
material may also include a bone growth promoting substance. The use and components
of such bone growth promoting substances are described in more detail below.

FIGS. 10-13 illustrate an embodiment of an expandable medical implant 61. Tn
FIGS. 10 and 11, the expandable medical implant 61 is in a contracted or unexpanded
state, and in FIGS. 12 and 13, an expanded state. FIGS. 10 and 12 show a membrane 65
defining a volume and ends of a linearly expandable component 63 coupled to the
membrane and substantially contained within the volume of the membrane 65. The
linearly expandable component 63 may also be laterally rigid, as defined herein, in some
embodiments. Similarly, properties and functions of the linearly expandable component
63 described herein may be applied Lo any ol the other laterally rigid or linearly
expandable components illustrated through other embodiments. The linearly expandable
component 63 illustrated in FIGS. 10-13 is configured to receive a fluid that drives linear
expansion of the expandable medical implant 61 or maintains linear expansion of the
expandable medical implant 61. In the illustrated embodiment, a (luid may be introduced
through a port 67. As noted with previous embodiments, the [luid may be merely [or
expansion and retention, or may be a component of the [ill material 100. As used in
association with this function, a fluid may be a paste, gel, liquid, suspension, granular
mixture, or similar substance. A substance as described herein will be considered a fluid
even if it later cures or hardens to a non-fluidic state. 'The port 67 may be used to handle
the expandable medical implant 61 or (o guide the implant into a position where it can be
effectively deployed. A nozzle 62 extends from each end of the linearly expandable
component 63. 'The illustrated nozzles 62 are open to the interior of the linearly
expandable component 63.

As is graphically illustrated in the state change between F1GS. 10 and 12, the
membrane 65 is also configured to expand laterally. Lateral expansion of the membrane
65 may be accomplished by introducing fill material 100 through the linearly expandable
component 63 and into the membrane 65 through an opening or valve in the linearly
expandable component 63. Alternatively or in addition, fill material 100 may be
introduced directly into the membrane 65 through a port formed in the membrane 65.
Lateral expansion may be directed or restricted in some embodiments through composition

of the membrane 65 or by coupling the membrane 65 at one or more points to the linearly
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expandable component 63. Coupling may be accomplished by use of an adhesive or
tethers, or by any effective device, including those specified in association with the
coupling of the membranes of FIGS. 3-9. Additionally, lateral expansion may be directed
or restricted by use of an expandable medical implant with another implant or instrument.
For example, and without limitation, an instrument may be placed between the expandable
medical implant and a spinal cord or other structure during expansion of the expandable
medical implant. After expansion, and in some instances after expansion and hardening of
a fill material, the instrument is removed from the patient.

FIG. 14 illustrates an expandable medical implant 71 with particular fluid and fill
material directing features. The cross-sectional view of FIG. 14 shows a linearly
expandable and laterally rigid component 73 within a volume defined by a membrane 75.
A port 77 for receiving a fill material 100 such as cement is in fluid communication with
the laterally rigid component 73. A chamber 74 is defined within the laterally rigid
component 73. In the embodiment shown, the chamber 74 is in fluid communication with
each of the nozzles 72, and respeclive balloons 11 that extend [rom the nozzles 72,
Therelore, when the laterally rigid component 73 is pressurized with a [luid or [ill material
100, the laterally rigid component 73 is [orced open or held in an open state, and the
balloons 11 are pressurized to expand into adjacent vertebrae. The laterally rigid
component 73 also includes a transter opening 79 through which tluid or fill material 100
may be passed to fill the membrane 75. In some embodiments, the transfer opening 79
may include a valve to control [low between the laterally rigid component 73 and the
membrane 75. The valve may be controlled by direct manipulation or through
instrumentation connected through the port 77.

FIG. 15 shows an expandable medical implant 81 with particular fluid and fill
material directing features. 'The cross-sectional view of FIG. 15 shows a linearly
expandable and laterally rigid component 83 within a volume defined by a membrane 85.
A first port 87 for receiving a force to drive expansion is in fluid communication with the
laterally rigid component 83. The force to drive expansion in this or any of the other
disclosed embodiments may be a fluid pressure, a push from a structural member, a
rotation of a member internal to the laterally rigid component 83, or any force effective to
expand the component or hold expansion of the component. A chamber 84 is defined

within the laterally rigid component 83 to contain and direct the force. The membrane 85
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includes a second port 88 through which fluid or fill material 100 may be passed to fill the
membrane 85. In the embodiment shown, the membrane 85 is in fluid communication
with each of the nozzles 82, and respective balloons 11 that extend from the nozzles 82.
Therefore, when the membrane 85 is pressurized with a fluid or fill material 100, the
membrane 85 is moved to an expanded state, and the balloons 11 are pressurized to
expand into adjacent vertebrae.

FIG. 16 depicts an expandable medical implant 91 with particular fluid and fill
material directing features. The cross-sectional view of FIG. 16 shows a linearly
expandable and laterally rigid component 93 within a volunie defined by a membrane 95.
A first port 97 for receiving a force to drive expansion is in fluid communication with the
laterally rigid component 93. The [orce to drive expansion in this or any ol the other
disclosed embodiments may be a fluid pressure, a push from a structural member, a
rotation of a member internal to the laterally rigid component 93, or any force effective to
expand the component or hold expansion of the component. A chamber 94 is defined
within the laterally rigid component 93 (o contain and direct the force. In (he embodiment
shown, the chamber 94 is in (luid communication with each ol the nozzles 92 and
respective balloons 11 that extend [rom the nozzles 92. Therefore, when the laterally rigid
component 93 is pressurized with a fluid or fill material 100, the laterally rigid component
93 is forced open or held in an open state, and the balloons 11 are pressurized to expand
into adjacent vertebrae. In some embodiments the balloons 11 may be filled separately
[rom the laterally rigid component 93. The membrane 95 includes a second port 98
through which fluid or fill material 100 may be passed to fill the membrane 95.

Each of the embodiments disclosed herein may be described as a means for
occupying a vertebral space. 'I'he means for occupying a vertebral space may include a
containment means defining a volume, and a linearly expandable means substantially
contained within the volume of the containment means. In some embodiments, the
containment means is a membrane that is placed into the vertebral space in an unexpanded
state and is then expanded either or both linearly and laterally to occupy a desired portion
of the vertebral space. The linearly expandable means of some embodiments is configured
to receive a fluid or fill material that drives linear expansion or maintains linear expansion
of the means for occupying a vertebral space. The linearly expandable means may also

linearly expand the containment means in some embodiments. The containment means of
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some embodiments is configured to occupy a vertebral space to the extent of soft tissues
that surround the spinal column. These soft tissues may include, but are not limited to,
one or more of ligaments, muscles, vessels, arteries, and neural structures.

For embodiments of each of the implants disclosed herein, the size or shape of the
membrane may be limited to only fill a particular portion of a vertebral space. For
example, and without limitation, an implant may be configured to only occupy a lateral
portion of a vertebral space to accomplish a hemi-vertebrectomy. Implants may be
alternatively shaped to occupy other, limited portions of a vertebral space.

Embodiments of the implant in whole or in part may be constructed of
biocompatible materials of various types. Examples of implant materials include, but are
not limited (o, non-reinforced polymers, carbon-reinforced polymer composites, PEEK
and PEEK composites, low density polyethylene, shape-memory alloys, titanium, titanium
alloys, cobalt chrome alloys, stainless steel, ceramics and combinations thereof, If a trial
instrument or implant is made from radiolucent material, radiographic markers can be
located on the trial instrument or implant (o provide the ability Lo monitor and determine
radiographically or [luoroscopically (he location ol the body in the spinal space. In some
embodiments, the implant or individual components of the implant may be constructed of
solid sections of bone or other tissues. Tissue materials include, but are not limited to,
synthetic or natural autograft, allograft or xenogratt, and may be resorbable or non-
resorbable in nature. Examples of other tissue materials include, but are not limited to,
hard tissues, conneclive (issues, demineralized bone maltrix and combinations thereof.

FIG. 1 illustrates four vertebrae, V-Vy4, of a typical lumbar spine and three spinal
discs, D1-Ds, and FIG. 2 depicts a portion of a typical thoracic spine. Embodiments of the
invention may be applied to the lumbar spinal region, and embodiments may also be
applied to the cervical or thoracic spine or between other skeletal structures.

Some embodiments may also include supplemental fixation devices in addition to
or as part of the expandable medical implant for further stabilizing the anatomy. For
example, and without limitation, rod and screw fixation systems, anterior, posterior, or
lateral plating systems, facet stabilization systems, spinal process stabilization systems,
and any devices that supplement stabilization may be used as a part of or in combination

with the expandable medical implant. Embodiments of the invention may be useful in at
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least some spinal fusion procedures where a spinal disc is replaced without replacing a
vertebral body.

A method embodiment of the invention includes making an expandable medical
implant by providing a linearly and laterally expandable membrane and coupling a
laterally rigid component that is linearly expandable to the inside of the membrane at least
at one side of the membrane. A coupling to the inside of the membrane may include
imbedding a laterally rigid component into the wall of a membrane or forming the devices
together or juxtaposition with each other. Embodiments of the method also include
forming a port in the expandable medical implant for receiving a fluid to drive or hold
linear expansion of the expandable medical implant, and forming a port in the expandable
medical implant (or receiving a [ill material that laterally expands the membrane. For
example, and without limitation, the expandable medical implant 1 of FIGS. 3-5 provides
a linearly and laterally expandable membrane 5 with a laterally rigid component 3 coupled
inside of the membrane 5. A port 7 provides for receiving fluid to drive or hold linear
expansion of the expandable medical implant 1. The drive (luid may be a separate drive
[uid, as specilied [or the embodiment ol FIG. 15, or it may be a [ill material 100 in a
[luidic state prior to hardening. The transfer opening 9 of FIG. 4 is an example of a port in
the expandable material that laterally expands the membrane 5. Other exemplary ports for
receiving material to laterally expand the membrane 5 include second ports 88, 98 of
FIGS. 15 and 16. 'The device of FIGS. 3-5 illustrates a device made by forming a port 7
[or receiving a [luid to drive or hold linear expansion in the laterally rigid component 3
and forming a port (transter opening 9) for receiving fill material out of the laterally rigid
component 3 and into the membrane 5.

In some methods, the acts of forming the ports noted are accomplished by forming
a single port in the membrane. LFor example, and without limitation, in the embodiments
of FIGS. 7-9, a single port into the membrane 35, 45, 55 would provide both a port for
receiving a fluid to drive or hold linear expansion and a port for receiving a fill material
100. As the membranes 35, 45, 55 are filled with a fluid fill material, the laterally rigid
components 33, 43, 53 are also linearly expanded. Further introduction of fill material
also laterally expands the membranes 35, 45, 55.

FIGS. 17 and 18 illustrate the introduction and expansion of an embodiment of an

expandable medical implant 61 into a vertebral space. The implant is placed through the
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window W, as described above, and past a nerve root N. The window W is created among
the soft tissues of a segment of the spinal column. The expandable medical implant
introduced is a vertebral prosthesis that includes the laterally rigid expandable component
63 and the adjacent membrane 65 with an upper surface and an opposite lower surface.
FIG. 17 shows a distal end of the expandable medical implant being introduced through
the window W first. In other embodiments, another portion of the expandable medical
implant may be introduced first and other translational and rotational manipulations may
be conducted on the implant as it is introduced.

Once the expandable medical implant 61 has been introduced through the window
W and positioned appropriately in the vertebral space, it may be expanded linearly and
laterally. A linearly and laterally expanded implant is illustrated in FIG. 18. The
embodiment illustrated may be expanded by introducing a fluid through the port 67 and
into the laterally rigid component 63. Introducing fluid through the port 67 may be caused
by pressure or force generated by a syringe, injector, multi-stage injector, central
pressurization reservoir, or any elfective system or device. The (luid introduced Lo expand
the laterally rigid component 63 may be [(luid that is introduced only (o expand the
component, or in some instances, is a [(inal [ill material 100, When the [luid introduce Lo
expand the implant is not, or is not a component of, the fill material 100, the fluid may be
removed from the implant after the fill material 100 has been introduced. The introduced
fluid may be one part of a multi-part fill material. The fluid or a fill material 100 may
[urther be passed [rom the laterally rigid component 63 into the membrane 63 Lo linearly
and laterally expand the membrane 65. In some embodiments, flow into the laterally rigid
component 63 and the membrane 65 are separately controlled so that one or the other may
be selectively filled independent from the other. In some embodiments, an additional port,
or a port replacing the port 67 in the laterally rigid component 63, may connect with the
membrane 65 directly.

In some embodiments, introduction of the fill material 100, by whatever
mechanism that is effective, results in a non-fluidic structural support between the upper
and lower surfaces of the membrane 65. Even though a fill material 100 may be initially
introduced as a fluid, embodiments of the invention provide for the fill material 100 to

cure or harden as noted above and provide structural support. Other fill materials 100 may
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have a non-fluidic state as a result of interlocking of the particles with one another or with
the membrane 635, or may be non-fluidic as a response to compaction.

The expandable medical implant is shown in FIGS. 17 and 18 as being implanted
from a generally posterior approach. However, embodiments of the invention may include
implantation from any surgical approach, including but not limited to, posterior, lateral,
anterior, transpedicular, lateral extracavitary, in conjunction with a laminectomy, in
conjunction with a costotransversectomy, or by any combination of these and other
approaches.

Various method embodiments of the invention are described herein with reference
to particular expandable medical implants. However, in some circumstances, each
disclosed method embodiment may be applicable (o each of the expandable medical
implants, or to some other implant operable as disclosed with regard to the various method
embodiments,

Terms such as lower, upper, anterior, posterior, inferior, superior, lateral, medial,
contralateral, and the like have been used herein (o note relative positions. However, such
terms are not limited o specilic coordinale orientations, but are used Lo describe relative
positions relerencing particular embodiments. Such terms are not generally limiting (o the
scope of the claims made herein.

While embodiments of the invention have been illustrated and described in detail
in the disclosure, the disclosure is to be considered as illustrative and not restrictive in
character. All changes and modilications that come within the spirit of the invention are

to be considered within the scope of the disclosure.
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CLAIMS

What is claimed is:

1. An expandable medical implant for supporting skeletal structures
comprising:

a membrane defining a volume and having an upper surface, an opposite lower
surface, and a first side between the upper and lower surfaces; and

a laterally rigid component coupled at least at one point to the first side, the
laterally rigid component substantially contained within the volume of the membrane;

wherein the membrane is coupled to the laterally rigid component at its first side to

restrict lateral expansion ol the membrane in at least a [irst direction.

2. The expandable medical implant of claim 1 wherein the membrane is, at

least in part, a permeable membrane.

3. The expandable medical implant of claim 1 wherein the laterally rigid
component is coupled Lo the membrane at more than one point along the first side ol the

membrane.

4. 'The expandable medical implant of claim 1 wherein the laterally rigid
component is coupled (o the membrane at a [irst point near the upper sur(ace of the

membrane and at a second point near the lower surface of the membrane.

5. 'The expandable medical implant of claim 1 wherein the laterally rigid

component is coupled to the membrane continuously along the first side of the membrane.

6. The expandable medical implant of claim 1 wherein the laterally rigid

component is imbedded in at least a first side of the membrane.

7. The expandable medical implant of claim 1, further comprising an adhesive

between the membrane and the laterally rigid component.
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8. The expandable medical implant of claim 1 further comprising at least one

tether between the membrane and the laterally rigid component.

0. The expandable medical implant of claim 1 wherein the laterally rigid

component is a linearly expandable bellows.

10. The expandable medical implant of claim 1 wherein the laterally rigid

component is a telescoping body.

11. The expandable medical implant of claim 1 wherein the laterally rigid
component is integral with a portion of the membrane (o restrict lateral expansion of the
membrane in the direction of the laterally rigid component that is integrated into the

membrane.

12.  The expandable medical implant of claim 1 wherein the laterally rigid

component receives a [orce o drive expansion ol the expandable medical implant.

13. The expandable medical implant of claim 1, further comprising a fill

material for filling at least the membrane.
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