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Description
FIELD OF THE INVENTION

[0001] Theinventionrelatestoanexpandableinterver-
tebral implant according to claim 1.

[0002] Accordingly, the present invention relates gen-
erally to the field of intervertebral implants, and more par-
ticularly relates to an expandable intervertebral implant
and associated instrumentation.

BACKGROUND

[0003] An implant of the initially-mentioned type is
known, for example, from EP-A-1 415 622. Further ex-
pandable implants are known, for example, from US-A-
5554 191 and WO 92/14423A.

[0004] There have been numerous attempts to devel-
op intervertebral implants to replace a damaged or de-
generated natural spinal disc and to maintain sufficient
stability of the disc space between adjacent vertebrae,
at least until arthrodesis is achieved. Intervertebral im-
plants can either be solid, sometimes referred to as a
spacer or plug, or can define a hollow interior designed
to permit bone in-growth, sometimes referred to as a fu-
sion device or fusion cage. The interior of a fusion device
may be filled with a bone growth inducing substance to
facilitate or promote bone growth into and through the
device to achieve a more rapid and stable arthrodesis.
[0005] Various types, shapes and configurations of in-
tervertebral implants are known in the art. For example,
one of the more prevalent designs includes intervertebral
implants having a cylindrical shape and defining external
threads to facilitate insertion into the disc space. As a
result, reaming and tapping of the adjacent vertebral bod-
ies is required to form a threaded passage for receiving
the threaded implant. However, these techniques gen-
erally involve over-reaming of the posterior portion of the
adjacent vertebral bodies, thereby resulting in excessive
removal of load bearing vertebral bone which may lead
to instability of the portion of the spinal column being
treated. Other types of intervertebral implants have a
generally rectangular configuration having planar upper
and lower outer surfaces for engagement with adjacent
vertebral bodies. However, the planar upper and lower
outer surfaces may not adequately conform to the shape
of the vertebral endplates, thereby resulting in non-uni-
form and inconsistent engagement between the implant
and the adjacent vertebral bodies.

[0006] Additionally, most intervertebral implant de-
signs have a predetermined, fixed height that approxi-
mates the natural height of the disc space. Insertion of
an intervertebral implant having a fixed height usually
requires distraction of the disc space to an insertion
height somewhat greater than the natural height of the
disc space. Attempts have also been made to develop
various types of expandable intervertebral implants that
are configured to expand along the height of the disc
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space. These types of expandable implants typically in-
clude multiple arms or branches having proximal end por-
tions that extend from a fixed base, and distal end por-
tions that remain unconnected and free to move inde-
pendently of one another. A wedge is displaced between
the arms to separate or splay the distal end portions of
the arms apart to transition the implant to an expanded
configuration defining a taper and having a maximum
implant height adjacent the distal end portion of the im-
plant. Notably, positioning of the wedge adjacent the dis-
tal end portions of the arms fails to provide support along
the mid-portion of the implant to resist compression forc-
es exerted onto the implant by the adjacent vertebral bod-
ies. Additionally, the expansion wedge may occupy a sig-
nificant portion of the inner chamber of the implant, there-
by reducing the capacity of the implant to receive bone
growth inducing material therein.

[0007] Moreover, some intervertebral implant designs
include upper and lower bearing surfaces that are en-
gaged against upper and lower vertebral endplates to
maintain a select disc space height. These implants
sometimes include teeth or other types of surface pro-
jections extending from the upper and lower bearing sur-
faces to aid in gripping the adjacent vertebral endplates
to substantially prevent migration of the implant and pos-
sible expulsion of the implant from the disc space. How-
ever, the inclusion of teeth or other types of surface pro-
jections increases the overall height of the implant. As a
result, the adjacent vertebrae must be spread apart a
distance sufficient to establish a disc space height that
is at least as great as the overall height of the implant,
including the height of the teeth. Spreading the adjacent
vertebrae apart to accommodate for the overall height of
the implant may result in over distraction of the disc
space. Additionally, insertion of the implant into the disc
space may be impeded by the teeth or other surface pro-
jections that extend beyond the upper and lower bearing
surfaces.

[0008] Thus, there is a general need in the industry to
provide an improved expandable intervertebral implant
and associated instrumentation. The present invention
satisfies this need and provides other benefits and ad-
vantages in a novel and unobvious manner.

SUMMARY

[0009] The present invention relates generally to an
expandable intervertebral implant and associated instru-
mentation. While the actual nature of the invention cov-
ered herein can only be determined with reference to the
claims appended hereto, certain forms of the invention
that are characteristic of the preferred embodiments dis-
closed herein are described briefly as follows.

[0010] Inoneform ofthe presentinvention, an expand-
able intervertebral implant is provided, including an im-
plant body having a longitudinal axis and being transi-
tionable between an initial configuration and an expand-
ed configuration, with the implant body including first and
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second axial walls spaced apart along a transverse axis,
and with at least one of the axial walls defining arecessed
region whenthe implant body isin the initial configuration.
The implant also includes an expansion member which
co-acts with the at least one of the axial walls to transition
the implant body from the initial configuration to the ex-
panded configuration wherein the recessed region is out-
wardly expanded generally along the transverse axis.
[0011] In another form of the present invention, an ex-
pandable intervertebral implant is provided, including an
implant body having a longitudinal axis and being tran-
sitionable between an initial configuration and an ex-
panded configuration, with the implant body including first
and second axial walls spaced apart along a transverse
axis, and with at least one of the axial walls defining a
slot having a length extending generally along the longi-
tudinal axis. The implant also includes an expansion
member including a first portion positioned within the slot
and a second portion positioned between the axial walls
such that axial movement of the expansion member dis-
places the first portion along the length of the slot and
displaces the second portion between the axial walls to
transition the implant body from the initial configuration
to the expanded configuration wherein at least one of the
axial walls is outwardly expanded generally along the
transverse axis.

[0012] In another form of the present invention, an ex-
pandable intervertebral implant is provided, including an
implant body having a longitudinal axis and being tran-
sitionable between an initial configuration and an ex-
panded configurations, with the implant body including
first and second axial walls spaced apart along a trans-
verse axis. The implant also includes an expansion mem-
berincluding a body portion and at least one side portion,
with the side portion at least partially positioned between
the axial walls such that movement of the expansion
member generally along the longitudinal axis displaces
the side portion between the axial walls to transition the
implant body from the initial configuration to the expand-
ed configuration wherein at least one of the axial walls
is outwardly expanded generally along the transverse
axis. The body portion of the expansion member defines
a passage extending therethrough having an inner trans-
verse dimension sized larger than an outer transverse
dimension of the side portion.

[0013] Itis one object of the present invention to pro-
vide an improved expandable intervertebral implant and
associated instrumentation. Further objects, features,
advantages, benefits, and aspects of the present inven-
tion will become apparent from the drawings and descrip-
tion contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 is a perspective view of an expandable in-
tervertebral implant according to one form of the
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present invention.

FIG. 2 is a side elevational view of an expandable
implant body according to one embodiment of the
present invention for use in association with the ex-
pandable intervertebral implant illustrated in FIG. 1.
FIG. 3 is a top plan view of the expandable implant
body illustrated in FIG. 2.

FIG. 4 is an end elevational view of the expandable
implant body illustrated in FIG. 2.

FIG. 5 is an end elevational view of an expansion
member according to one embodiment of the present
invention for use in association with the expandable
intervertebral implant illustrated in FIG. 1.

FIG. 6 is a side elevational view of the expansion
member illustrated in FIG. 5.

FIG. 7 is a side elevational view of the expandable
intervertebral implant illustrated in FIG. 1, as shown
in an initial, non-expanded state within an interver-
tebral disc space.

FIG. 8 is a side elevational view of the expandable
intervertebral implant illustrated in FIG. 1, as shown
in a fully expanded state within the intervertebral disc
space.

FIG. 9is a top plan view of a pair of the expandable
intervertebral implants illustrated in FIG. 1, as shown
in a fully expanded state within the intervertebral disc
space.

FIG. 10 is a side elevational view of an expandable
spinal implant according to another form of the
present invention, as shown in an initial, non-ex-
panded state.

FIG. 11 is an end elevational view of the expandable
spinal implant illustrated in FIG. 10, as shown in the
initial, non-expanded state.

FIG. 12 is a side elevational view of the expandable
spinal implant illustrated in FIG. 10, as shown in a
fully expanded state.

FIG. 13 is an end elevational view of the expandable
spinal implant illustrated in FIG. 10, as shown in the
fully expanded state.

FIG. 14 is a side elevational view of the expandable
spinal implant illustrated in FIG. 10, as shown in a
fully expanded state within an intervertebral disc
space.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] For the purposes of promoting an understand-
ing of the principles of the invention, reference will now
be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same.
It will nevertheless be understood that no limitation of the
scope of the invention is hereby intended, and that alter-
ations and further modifications to the illustrated devices
and/or further applications of the principles of the inven-
tion as illustrated herein are contemplated as would nor-
mally occur to one skilled in the art to which the invention
relates.
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[0016] ReferringtoFIG. 1, shown thereinis anexpand-
able intervertebral implant 20 according to one form of
the present invention. The intervertebral implant 20 ex-
tends along a longitudinal axis L and is generally com-
prised of an expandable implant body 22 and an expan-
sion member 24. As will be discussed in greater detail
below, the expansion member 24 serves to transition the
implant body 22 from an initial non-expanded state (as
shown in FIG. 7) to an expanded state (as shown in FIG.
8) wherein expansion of the implant body 22 occurs gen-
erally along a transverse axis T. The expansion member
24 may also allow the implant body 22 to be retracted
from the expanded state back toward the initial, non-ex-
panded state. Further details regarding the features and
operation of the expandable intervertebral implant 20 will
be set forth below.

[0017] The components of the expandable interverte-
bral implant 20 are formed of a biocompatible material.
In one embodiment of the invention, the components of
the intervertebral implant 20 are formed of a metallic ma-
terial such as, for example, stainless steel and stainless
steel alloys, titanium and titanium alloys, shape-memory
alloys, cobaltchrome alloys, or any other suitable metallic
material. In another embodiment of the invention, the
components of the intervertebral implant 20 are formed
of a non-metallic material such as, for example, a poly-
meric material, a ceramic material, a reinforced compos-
ite material, bone, a bone substitute material, or any other
suitable non-metallic material.

[0018] Referring collectively to FIGS. 1-4, shown
therein are further details regarding the expandable im-
plantbody 22. In the illustrated embodiment of the inven-
tion, the implant body 22 is configured as an expandable
fusion cage including features that facilitate or promote
bone growth into and/or through the implant 20 to achieve
arthrodesis between the adjacent vertebral bodies, the
details of which will be discussed below. However, it
should be understood that in other embodiments of the
invention, the implant body 22 may be configured as an
expandable spacer or plug.

[0019] In one embodiment of the invention, the ex-
pandable implant body 22 comprises of upper and lower
walls 30, 32 extending generally along the longitudinal
axis L, and a pair of end walls 34, 36 extending trans-
versely between and interconnecting opposing end por-
tions of the upper and lower walls 30, 32. The upper and
lower axial walls 30, 32 and the transverse end walls 34,
36 cooperate to define an inner chamber 40 extending
generally along the longitudinal axis L. In the illustrated
embodiment of the implant body 22, the axial walls 30,
32 and the transverse walls 34, 36 provide the implant
body 22 with a generally rectangular axial cross-section.
However, it should be understood that other shapes and
configurations of the implant body 22 are also contem-
plated as falling within the scope of the present invention.
[0020] In one aspect of the invention, the upper and
lower walls 30, 32 are coupled to the end walls 34, 36 in
a manner that allows the upper and lower walls 30, 32
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to be outwardly displaced relative to one another via the
expansion member 24. In another aspect of the invention,
the expansion member 24 co-acts with the upper and
lower walls 30, 32 to flexibly deform the upper and lower
walls 30, 32 in an outward direction relative to one an-
other to provide for outward expansion of the implant
body 22 generally along the transverse axis T from the
non-expanded state illustrated in FIG. 7 to the expanded
state illustrated in FIG. 8. Such outward deformation is
primarily attributable to the flexible nature of the upper
and lower walls 30, 32 and/or the flexible interconnection
between the upper and lower walls 30, 32 and the end
walls 34, 36. In one embodiment of the invention, the
upper and lower walls 30, 32 are formed integral with the
end walls 34, 36 to define a unitary, single-piece implant
body 22. However, it is also contemplated that the upper
and lower walls 30, 32 and the end walls 34, 36 may be
formed separately and connected together to form a mul-
ti-piece expandable body assembly. As shown in FIG. 2,
in a further embodiment, the points of connection be-
tween the upper and lower walls 30, 32 and the end walls
34, 36 include rounded inner surfaces 38 to provide in-
creased flexibility to facilitate outward deformation of the
upper and lower walls 30, 32 during expansion of the
implant body 22. Additionally, the points of connection
between the upper and lower walls 30, 32 and the end
walls 34, 36 include rounded outer surfaces 39 to provide
rounded proximal and distal ends which aid in the inser-
tion of the implant body 22 between adjacent vertebral
bodies and into the disc space, and also facilitate the
possible removal of the implant body 22 from the interver-
tebral disc space.

[0021] In a further aspect of the invention, when in the
non-expanded state (FIG. 7), the outer surfaces of the
upper and lower walls 30, 32 define a recessed region
extending inwardly along the transverse axis T. In the
illustrated embodiment, the recessed region defined by
the upper and lower walls 30, 32 comprises an inwardly
extending concave curvature. However, other types and
configurations of recessed regions are also contemplat-
ed as falling within the scope of the present invention.
As will be discussed in greater detail below, the recessed
region or concave curvature provides the intervertebral
implant 20 with a lower overall vertical profile to facilitate
insertion of the implant 20 into the disc space without
having to distract the adjacent vertebrae apart to accom-
modate for the additional height that would otherwise be
presented by teeth or other surface projections extending
from the upper and lower walls 30, 32. However, as
shown in FIG. 8, once the intervertebral implant 20 is
inserted into the disc space, expansion of the implant
body 22 causes outward deformation of the upper and
lower walls 30, 32 wherein the recessed region or con-
cave curvature is outwardly expanded generally along
the transverse axis T. In the illustrated embodiment, ex-
pansion of the implant body 22 provides each of the upper
and lower walls 30, 32 with an outwardly extending con-
vex curvature relative to the longitudinal axis L. As will
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be discussed below, the convex curvature defined by
each of the upper and lower walls 30, 32 when the implant
20 is transitioned to the expanded state corresponds to
a concave surface curvature defined by each of the ad-
jacent vertebral bodies.

[0022] The upper and lower walls 30, 32 of the implant
body 22 define upper and lower engagement surfaces
50, 52. In one embodiment of the invention, the upper
and lower engagement surfaces 50, 52 in turn define
upper bearing surfaces 54a, 54b and lower bearing sur-
faces 56a, 56b adjacent the end walls 34, 36. As will be
discussed below, the upper and lower bearing surfaces
54a, 54b and 56a, 56b contact and bear against the cor-
tical rim/apophyseal ring region of the respective upper
and lower vertebral bodies V\,, V| (FIGS. 7-9) to provide
support and resistance to a substantial amount of the
compressive forces exerted onto the implant body 22. In
the illustrated embodiment of the invention, the upper
and lower bearing surfaces 54a, 54b and 56a, 56b are
substantially smooth and devoid of any steps, protru-
sions, projections or irregularities. However, it should be
understood that in other embodiments, the upper and
lower bearing surfaces may define anchoring features to
aid in engaging and gripping vertebral bone.

[0023] In a further embodiment of the invention, the
upper and lower engagement surfaces 50, 52 of the im-
plant body 22 include a number of anchor elements po-
sitioned axially between the upper and lower bearing sur-
faces 54a, 54b and 56a, 56b. The anchor elements are
adapted for engagement with the adjacent vertebral bod-
ies Vy, V_ to prevent or inhibit movement of the implant
body 22 and/or to facilitate bone growth onto the implant
body 22 subsequent to implantation within the interver-
tebral disc space. In one embodiment, the anchor ele-
ments comprise a number of teeth or surface protrusions
60 projecting from the upper and lower engagement sur-
faces 50, 52. In another embodiment, the anchor ele-
ments comprise a number of grooves 62 cut into the up-
per and lower engagement surfaces 50, 52. However, it
should be understood that other combinations and/or
configurations of anchor elements are also contemplated
for use in association with the implant body 22, including
other features or elements extending from the upper and
lower engagement surfaces 50, 52 such as, for example,
spikes, threads, ridges, bumps, surface roughening, or
any other element or feature suitable for anchoring to
vertebral tissue. It should also be understood thatin other
embodiments of the invention, the upper and lower en-
gagement surfaces 50, 52 of the implant body 22 need
not necessarily include any anchor elements, but may
alternatively define a substantially smooth configuration
devoid of any surface projections or surface irregularities.
[0024] As shown in FIG. 2, the upper surfaces 54a,
54b adjacent the end walls 34, 36 are positioned along
afirstplane P4, and the lower surfaces 56a, 56b adjacent
the end walls 34, 36 are positioned along a second plane
P,. The distance between the first and second planes
P4, P, defines the maximum initial, non-expanded height
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h, of the implant body 22. As discussed above, when the
implant body 22 is in the initial, non-expanded state, the
outer surfaces of the upper and lower walls 30, 32 define
an inwardly extending concave curvature. Due to this
concave curvature, the teeth 60 (or other types of surface
protrusions) projecting from the upper and lower engage-
ment surfaces 50, 52 are at least partially positioned in-
ward of the first and second planes P4, P, which define
the maximum non-expanded height h; of the implant
body 22. In the illustrated embodiment of the invention,
the teeth 60 are positioned entirely inward of the first and
second planes Py, P,.

[0025] Since the teeth 60 preferably do not protrude
or extend beyond the first and second planes P,, P, when
the implant body 22 is in the initial, non-expanded state,
the teeth 60 do not interfere with the upper and lower
vertebral bodies V|, V| and potentially impede place-
ment of the implant 20 during insertion into the disc
space. Accordingly, distraction of the upper and lower
vertebral bodies V\;, V| to accommodate for the height
of the teeth 60 above the upper and lower surfaces of
the walls 30, 32 is substantially avoided. Additionally, the
implant body 22 may be provided with teeth 60 (or other
types of surface projections) having a greater height than
would otherwise be allowed for if the upper and lower
walls 30, 32 did not define a concave curvature when in
the initial, non-expanded state. Although the illustrated
embodiment of the implant body 22 contemplates that
the planes P, and P, are arranged substantially parallel
to one another, it should be understood that in other em-
bodiments of the invention, the planes P4, and P, may
be angled or tapered relative to one another. As should
be appreciated, the implant body 22 may be configured
such that the planes P, and P, are angled relative to one
another to provide the implant body 22 with a tapered
configuration that corresponds to the lordotic angle be-
tween the upper and lower vertebral bodies Vy, V|
[0026] In the illustrated embodiment of the implant
body 22, the teeth 60 are arranged in rows extending
laterally across a central portion 22c of the implant body
22. Although the implant body 22 is shown as having two
rows of teeth 60 extending from the upper and lower en-
gagement surfaces 50, 52, it should be understood that
the inclusion of a single row of teeth or three or more
rows of teeth are also contemplated. Additionally, it
should be understood that the teeth 60 may be orientated
in other directions such as, for example, in a direction
parallel with the longitudinal axis L or arranged at an ob-
lique angle relative to the longitudinal axis L. It should
also be understood that one or more rows of teeth 60
may extend from other portions of the upper and lower
engagement surfaces 50, 52, including the end portions
22a, 22b of the implant body 22. In one embodiment, the
teeth 60 have a triangular-shaped configuration; howev-
er, other shapes and configurations of teeth are also con-
templated as falling within the scope of the present in-
vention. As shown in FIG. 8, upon transitioning of the
implant body 22 to an expanded configuration, the teeth
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60 are engaged/impacted into the vertebral endplates of
the adjacent vertebral bodies V|, V| to prevent or inhibit
movement of the implant body 22 and possible expulsion
from the disc space.

[0027] In the illustrated embodiment of the implant
body 22, the grooves 62 are arranged in rows extending
laterally across the end portions 22a, 22b of the implant
body 22. Although the implant body 22 is shown as having
ten grooves 60 formed into each of the upper and lower
engagement surfaces 50, 52, it should be understood
that any number of grooves 60 may be included. Addi-
tionally, it should be understood that the grooves 62 may
be orientated in other directions such as, for example, in
adirection parallel with the longitudinal axis L or arranged
at an oblique angle relative to the longitudinal axis L. It
should also be understood that grooves may be cut into
other portions of theimplantbody 22, including the central
portion 22c.

[0028] In one embodiment of the invention, the
grooves 62 are formed by cutting swales or channels into
the upper and lower engagement surfaces 50, 52 which
are spaced apart so as to define lands or plateaus 64
that are substantially co-planar with the upper and lower
engagement surfaces 50, 52. Edges or corners 66 are
defined at the point where the grooves 62 and the lands
64 meet. In one embodiment, the grooves 62 are config-
ured to have a groove width and a groove depth that is
greater than the width of the lands 64. However, other
configurations of the grooves 62 are also contemplated.
Additionally, in the illustrated embodiment, the grooves
62 have a substantially circular configuration defining a
substantially uniform radius or curvature. However, other
shapes and configurations of the grooves 62 are also
contemplated such as, for example, arcuate or bow-
shaped grooves, V-shaped or U-shaped grooves, or any
other suitable groove shape or configuration. As illustrat-
ed in FIG. 8, upon transitioning of the implant body 22 to
an expanded configuration, the lands 64 engage the ver-
tebral endplates of the adjacent vertebral bodies Vy, V|
so0 as to position the grooves 62 in close proximity thereto
to receive bone tissue therein and/or to facilitate bone
growth onto the implant body 22. Additionally, the edges
66 formed between the grooves 62 and the lands 64 aid
in preventing or otherwise inhibiting movement of the im-
plantbody 22 and possible expulsion from the disc space.
[0029] As shown most clearly in FIGS. 1 and 3, in one
embodiment of the invention, the implant body 22 defines
a bone in-growth opening or slot 80 extending trans-
versely therethrough in communication with the inner
chamber 40 and opening onto the upper and lower en-
gagement surfaces 50, 52 of the walls 30, 32. In the il-
lustrated embodiment, the slot 80 extends along sub-
stantially the entire length / of the implant body 22 and
defines a pair of longitudinally extending and oppositely
facing side surfaces 82a, 82b where the slot 80 extends
through the upper and lower walls 30, 32. As should be
appreciated, the bone in-growth slot 80 permits bone
growth from the adjacent vertebral bodies and into and
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potentially through the implant body 22. Additionally, the
slot 80 is also sized to receive a portion of the expansion
member 24 therein, between the opposing side surfaces
82a, 82b, to aid in guiding the expansion member 24
generally along the longitudinal axis L to substantially
prevent side-to-side displacement as the expansion
member 24 is axially displaced through the implant body
22 during expansion of the intervertebral implant 20.
[0030] Although the implant body 22 is illustrated as
having a single bone in-growth slot 80 extending trans-
versely through and along substantially the entire length
I of the implant body 22, it should be understood that the
implant body 22 may be configured to have any number
of bone in-growth slots, including two or more bone in-
growth slots or openings positioned at various locations
along the length of the implant body 22. Additionally, al-
though the bone in-growth slot 80 is illustrated as having
a generally rectangular configuration having a slot length
Is extending along substantially the entire length / of the
implant body 22, and a slot width w, extending across
about one-third of the width w of the implant body 22, it
should be understood that other shapes, configurations
and sizes of bone in-growth openings are also contem-
plated. It should further be understood that although the
bone in-growth slot 80 is illustrated and described as
communicating with the inner chamber 40, in other em-
bodiments, the slot 80 need not necessarily extend en-
tirely through the upper and lower walls 30, 32.

[0031] As shown most clearly in FIGS. 1 and 4, in the
illustrated embodiment of the implant body 22, an axial
opening 84 extends through each of the end walls 34, 36
in communication with the inner chamber 40. As will be
discussed in further detail below, the axial openings 84
are sized to receive an end portion of aninstrument there-
in for engagement with the expansion member 24 to fa-
cilitate transitioning of the implant body 22 to an expand-
ed configuration. Additionally, the axial openings 84 also
permit bone growth from the adjacent vertebral bodies
into the inner chamber 40 of the implant body 22 from
posterior and anterior directions. In the illustrated em-
bodiment of the invention, the axial openings 84 have a
generally rectangular configuration and have a relatively
large size which encompasses almost all of the end walls
34, 36. However, it should be understood that other sizes,
shapes and configurations of the axial openings 84 are
also contemplated as falling within the scope of the
present invention. It should also be understood that in
other embodiments of the invention, only one of the end
walls 34, 36 defines an axial opening 84, with the other
end wall having a substantially solid configuration to
close off the end of the implant body 22 opposite the axial
opening 84.

[0032] As illustrated in FIGS. 1 and 2, in one embodi-
ment of the invention, the inner chamber 40 includes a
number of distinct compartments or sections positioned
along the length / of the implant body 22. In the illustrated
embodiment of the implant body 22, the inner chamber
40 includes end compartments 90a and 90b positioned
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adjacent the end portions 22a and 22b of the implant
body 22, and an intermediate or center compartment 90c
positioned adjacent the central portion 22¢ of the implant
body 22. However, it should be understood that the inner
chamber 40 may include any number of compartments,
including a single compartment, two compartments, or
four or more compartments. In the illustrated embodi-
ment of the invention, each of the chamber compart-
ments 90a, 90b, 90c extends laterally through the entire
width w of the implant body 22, thereby providing in-
creased flexibility for expansion of the implant body 22
and also providing the implant body 22 with open sides
to permit bone growth into the inner chamber 40 from
lateral directions.

[0033] In the illustrated embodiment of the implant
body 22, the end compartments 90a, 90b each have a
tapered region wherein the inner surfaces of the upper
and lower walls 30, 32 adjacent the intermediate com-
partment 90c taper inwardly toward one another to define
a pair of opposing ramped surfaces 92a, 92b. The center
compartments 90c has an arcuate configuration, with the
inner surfaces of the upper and lower walls 30, 32 defin-
ing a pair of opposing concave surfaces 94a, 94b having
substantially the same curvature as the upper and lower
arcuate engagement surfaces 120a, 120b defined by the
expansion member 24 (FIGS. 5 and 6), the details of
which will be discussed below. The point of intersection
between the ramped surfaces 92a, 92b of the end com-
partments 90a, 90b and the concave surfaces 94a, 94b
of the center compartment 90c defines opposing apices
or vertices 96a, 96b and 98a, 98b positioned on either
side of the center compartment 90c. Although the illus-
trated embodiment of the implant body 22 depicts the
inner chamber 40 and the compartments 90a, 90b and
90c as having a particular shape and configuration, it
should be understood that other suitable shapes and con-
figurations are also contemplate as falling within the
scope of the presentinvention. In one embodiment of the
invention, the end compartments 90a, 90b are substan-
tially symmetrical to one another relative to the trans-
verse axis T, the purpose of which will be discussed be-
low.

[0034] Referringto FIGS. 5and 6, shown therein is the
expansion member 24 according to one embodiment of
the present invention. In the illustrated embodiment, the
expansion member 24 includes a central main body por-
tion 100 and a pair of side portions 102a, 102b projecting
laterally from the central portion 100 and arranged gen-
erally along a lateral axis 104.

[0035] Inone embodiment of the invention, the central
portion 100 of the expansion member 24 has a generally
rectangular or square cross section that defines substan-
tially flat or planar side surfaces 106a, 106b from which
the side portions 102a, 102b extend. However, it should
be understood that other shapes and cross sections of
the central portion 100 are also contemplated such as,
for example, hexagonal or polygonal cross sections, or
circular or elliptical cross sections, with the side surfaces

10

15

20

25

30

35

40

45

50

55

106a, 106b having a curved or arcuate configuration, or
any other shape or configuration that would occur to one
of skill in the art. At least the upper and lower segments
108a, 108b of the central portion 100 define a width w,
between the side surfaces 106a, 106b that closely cor-
responds to the width w; of the slot 80 extending through
the implant body 22. As will be discussed below, the up-
per and lower segments 108a, 108b of the central portion
100 are displaced through the slot 80 and along the op-
posing side surfaces 82a, 82b as the expansion member
24 is axially displaced through the inner chamber 40 dur-
ing transitioning of the implant body 22 toward the ex-
panded configuration illustrated in FIG. 8.

[0036] In the illustrated embodiment, the central por-
tion 100 defines a passage 110 having a diameter d;.
The passage 110 extends entirely through the central
portion 100 and is arranged generally along the longitu-
dinal axis L when the expansion member 24 is positioned
within the implant body 22. The passage 110 is sized to
receive a distal end portion of a surgical instrument 200
(FIG. 7) which is configured to axially displace the ex-
pansion member 24 through the inner chamber 40 during
transitioning of the implant body 22 to an expanded con-
figuration, the details of which will be discussed below.
In one embodiment, the passage 110 has a generally
circular cross section and includes internal threads 112
that define a continuous thread pattern through the axial
passage 110 which are adapted for engagement with a
threaded distal end portion of the surgical instrument 200.
However, it should be understood that other shapes and
configurations of the axial passage 110 are also contem-
plated for use in association with the present invention.
[0037] In a further embodiment of the invention, the
side portions 102a, 102b of the expansion member 24
each have a generally circular cross section relative to
the lateral axis 104 and define an outer diameter d,. As
shown in FIG. 5, the diameter d; of the axial passage
110 extending through the central portion 100 of the ex-
pansion member 24 is greater than the outer diameter
d, of the side portions 102a, 102b. As should be appre-
ciated, absent the enlarged central portion 100, the max-
imum diameter d; of the axial passage 110 extending
through the expansion member 24 would be somewhat
less than the outer diameter d, of the side portions 102a,
102b. As will be discussed below, providing the passage
110 with a relatively large diameter d, facilitates the pas-
sage of graft material (or other types of material) through
the expansion member 24 and into one of the end com-
partments 90a, 90b defined by the inner chamber 40 of
the implant body 22. Additionally, providing the passage
110 with arelatively large diameter d; also provides more
stable and secure engagement with the distal end portion
of the surgical instrument 200.

[0038] In the illustrated embodiment, each of the side
portions 102a, 102b of the expansion member 24 has a
generally circular cross section which defines upper and
lower engagement surfaces 120a, 120b having a curved
or arcuate configuration. However, it should be under-
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stood that other shapes and cross sections of the side
portions 102a, 102b and the upper and lower engage-
ment surfaces 120a, 120b are also contemplated. For
example, in other embodiments of the invention, the side
portions 102a, 102b may have triangular, rectangular,
hexagonal or polygonal cross sections with the upper
and lower engagement surfaces 120a, 120b having an-
gled or substantially flat or plantar configurations, or any
other shape or configuration that would occur to one of
skill in the art. The side portions 102a, 102b provide the
expansion member 24 with an overall width that is less
than or equal to the overall width of the implant body 22
so that the side portions 102a, 102 do not extend laterally
beyond the side surfaces of the implant body 22. As will
be discussed in greater detail below, the upper and lower
engagement surfaces 120a, 120b of the side portions
102a, 102b slide along the ramped surfaces 92a, 92b of
the upper and lower walls 30, 32 as the expansion mem-
ber 24 is axially displaced through the inner chamber 40
during transitioning of the implant body 22 to the expand-
ed configuration illustrated in FIG. 8.

[0039] Referring now to FIG. 7, shown therein is the
intervertebral implant 20 positioned within the disc space
between the upper and lower vertebral bodies V|, V| in
an initial, non-expanded configuration. As discussed
above, the maximum initial height h, of the implant body
22 when in the initial, non-expanded state is the distance
between the upper and lower end surfaces 54a, 56a and
54b, 56b adjacent the end walls 34, 36, respectively,
which in the illustrated embodiment is the distance be-
tween the first and second planes P, P,. In order to min-
imize distraction of the upper and lower vertebral bodies
Vy, VL and avoid over distraction of the disc space, the
initial height h, of the implant body 22 is preferably se-
lected to correspond to the natural disc space height. In
one embodiment, the initial height h; of the implant body
22 closely corresponds to the natural disc space height
adjacent the cortical rim/apophyseal ring region adjacent
the anterior/posterior portions of the upper and lower ver-
tebral bodies V|, V| However, other initial heights h; of
the implant body 22 are also contemplated as falling with-
in the scope of the present invention. As also discussed
above, due to the inwardly extending configuration of the
upper and lower walls 30, 32, the teeth 60 (or other types
of surface projections) extending from the upper and low-
er walls 30, 32 do not protrude or extend beyond the first
and second planes P4, P,, thereby avoiding interference
between the teeth 60 and the upper and lower vertebral
bodies V|, V| which could otherwise impede insertion of
the implant 20 into the intervertebral disc space.

[0040] A surgical instrument 200 is engaged to the in-
tervertebral implant 20 to aid in the insertion of the implant
20 into the disc space and to transition the implant body
22 to the expanded configuration illustrated in FIG. 8. In
one example, the surgical instrument 200 generally in-
cludes an outer sleeve 202 engagable with the implant
body 22, and an inner drive shaft 204 positioned within
the outer sleeve 202 and engagable with the expansion
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member 24. Although a specific configuration of the sur-
gical instrument 200 has been illustrated and described
herein, it should be understood that other suitable types
and configurations of surgical instruments are also con-
templated for use in association with the present inven-
tion, and that the elements and operation thereof may
differ from the example of the surgical instrument 200
illustrated and described herein. For example, another
type of instrument suitable for use in association with the
present invention is illustrated and described in U.S. Pat-
ent No. 6,436,140 to Liu et al.

[0041] The surgical instrument 200 may include a first
handle (not shown) attached to the outer sleeve 202 to
aid in the manipulation and handling of the intervertebral
implant 20, and a second handle (not shown) attached
to the inner drive shaft 204 to aid in actuation of the drive
shaft 204 to expand the implant 20. In one embodiment,
the handle associated with the outer sleeve 202 may be
configured as a counter torque-type handle that is easily
grasped by the surgeon during manipulation and han-
dling of the implant 20 (e.g., during insertion of the implant
20 into the disc space), and which may also be used to
oppose any torque forces that may be exerted onto the
outer sleeve 202 during actuation or expansion of the
implant 20 (e.g., during displacement of the expansion
member 24 through the inner chamber 40 of the implant
body 22). In another example the handle associated with
the inner drive shaft 204 may be configured as a T-handle
that is manipulated by the surgeon to impart a rotational
force onto the drive shaft 204, which in turn displaces the
expansion member 24 through the inner chamber 40 of
the implant body 22 to expand the implant 20 subsequent
to insertion into the disc space. However, it should be
understood that other suitable types and configurations
of handles are also contemplated for use in association
with the instrument 200, and that the elements and op-
eration thereof may differ from the embodiment of the
surgical instrument 200 illustrated and described herein.
[0042] The outer sleeve 202 of the surgical instrument
200 has a distal end portion 202a adapted for engage-
ment with the implant body 22. In one embodiment of the
invention, the distal end portion 202a defines an engage-
ment surfaces 206 formed by the distal end of the sleeve
202, or by a shoulder or boss that can be abutted or
compressed against either of the end walls 34, 36 of the
implant body 22, the purpose of which will be discussed
below. In another embodiment, the instrument 200 and
the implant body 22 may include features that cooperate
with one another to prevent rotation of the implant body
22 relative to the outer sleeve 202. In a specific example,
one or more projections associated with the distal end
portion 202a of the outer sleeve 202 may be inserted into
a recessed area formed in either of the end walls 34, 36
of the implant body 22. For example, one or more pins
associated with the distal end portion 202a may be in-
serted into openings or recesses formed in the end walls
34,36 of the implant body 22. In another specific example
the distal-most end portion of the instrument 200 may be
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provided with an outer profile that closely corresponds
to the inner profile of the axial opening 84 formed through
the end walls 34, 36 of the implant body 22. In yet another
specific example the instrument 200 may include a pair
of prongs (not shown) extending axially from the distal
end portion 202a of the sleeve 202 and including trans-
verse flanges extending inwardly toward one another in
an opposing manner. As should be appreciated, posi-
tioning of the transverse flanges into either of the end
compartment 90a, 90b of the implant body 22 would func-
tion to secure the outer sleeve 202 to the implant body
22 and to prevent rotation of the implant body 22 relative
tothe outer sleeve 202. It should be understood that other
types of engagement features between the sleeve 202
and the implant body 22 are also contemplated as would
occur to one of skill in the art including, for example,
threaded engagement, clamping engagement, keyed en-
gagement, tongue-and-groove engagement, frictional
engagement, or any other suitable means for engage-
ment.

[0043] The inner drive shaft 204 of the surgical instru-
ment 200 is positioned within the outer sleeve 202 in a
manner which allows rotation of the drive shaft 204 within
the sleeve 202 while constraining axial displacement of
the drive shaft 204 through the sleeve 202. The drive
shaft 204 includes a distal end portion 204a that extends
through the axial opening 84 in the end wall 36 of the
implant body 22 and into engagement with the expansion
member 24. In one example, atleastthe distal end portion
204a of the drive shaft 204 includes external threads 210
adapted for threading engagement with the internal
threads 112 formed along the passage 110 in the central
portion 100 of the expansion member 24 to thereby en-
gage the drive shaft 204 to the expansion member 24.
However, it should be understood that other types of en-
gagement between the drive shaft 204 and the implant
body 22 are also contemplated, such as, for example,
abutting engagement, clamping engagement, keyed en-
gagement, tongue-and-groove engagement, frictional
engagement, or any other suitable means for engage-
ment.

[0044] As shown in FIG. 7, in one embodiment of the
invention, the expansion member 24 is initially positioned
in the end compartment 90a adjacent the distal end 22a
of the implant body 22 and, as will be discussed below,
expansion of the implant 20 is accomplished by pulling
the expansion member 24 toward the proximal end 22b
of the implant body 22 until the expansion member 24 is
positioned within the center compartment 90c. In another
embodiment of the invention, the expansion member 24
may be initially positioned in the end compartment 90b
adjacent the proximal end 22b of the implant body 22,
with expansion of the implant 20 resulting from pushing
the expansion member 24 toward the distal end 22a until
the expansion member 24 is positioned within the center
compartment 90c. However, the initial positioning the ex-
pansion member 24 in the distal end compartment 90a
and pulling the expansion member 24 into the center
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compartment 90c results in the relatively simpler overall
design of a "pull" style instrument, such as the surgical
instrument 200 illustrated and described herein. For ex-
ample, with regard to the pull-style instrument 200, en-
gagement between the outer sleeve 202 and the implant
body 22 can be accomplished via non-positive, abutting
engagement since pulling of the expansion member 24
toward the proximal end 22b of the implant body 22 com-
presses the proximal end wall 36 against the distal end
portion of the outer sleeve 204. Accordingly, positive
locking engagement between the outer sleeve 202 and
the implant body 22 is not required, as would be the case
with a "push" style instrument. Additionally, a pull-style
instrument also tends to provide a greater degree of con-
trol over the forces required to expand the implant 20
compared to that of a push-style instrument.

[0045] As shownin FIG. 7, the distal end portion 202a
of the outer sleeve 202 is engaged against the proximal
end wall 36, with the threaded distal portion 204a of the
inner drive shaft 204 extending through the axial opening
84 in the end wall 36 and into threading engagement with
the threaded passage 110 in the central portion 100 of
the expansion member 24. As should be appreciated,
since the drive shaft 204 is axially constrained relative to
the outer sleeve 202 (and hence relative to the implant
body 22), rotation of the drive shaft 204 in a direction of
rotation R will threadingly engage the distal end portion
204a of the drive shaft 204 along the threaded passage
110, which will in turn result in the expansion member 24
being drawn in the direction of arrow A toward the center
compartment 90c of the implant body 22.

[0046] Although a specific instrument and technique
for displacing the expansion member 24 relative to the
implant body 22 has been illustrated and described here-
in, it should be understood that other instruments and
techniques are also contemplated as falling within the
scope of the present invention. For example, the drive
shaft 204 may be axially displaced relative to the outer
sleeve 202 via threading engagement between the drive
shaft 204 and the outer sleeve 202, as illustrated, for
example, in U.S. Patent No. 6,436,140 to Liu et al. In this
manner, rotation of the drive shaft 204 would result in
axial displacement of the drive shaft 204, which would in
turn result in axial displacement of the expansion mem-
ber 24 relative to the implant body 22. In other embodi-
ments, the drive shaft 204 may simply be pulled in the
direction of arrow A, which would in turn result in axial
displacement of the expansion member 24 toward the
center compartment 90c of the implant body 22. Addi-
tionally, although the illustrated embodiment of the in-
vention contemplates the use of linear displacement of
the expansion member 24 relative to the implant body
22 to expand the implant 20, it should be understood that
in other embodiments of the invention, the implant body
22 and the expansion member 24 may be configured
such that transverse, rotational and/or pivotal displace-
ment of the expansion member 24 relative to implant
body 22 serves to expand the implant body 22 along the
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transverse axis T. For example, in an alternative embod-
iment of the invention, the expansion member 24 may
be configured to have an oblong or cam-like configuration
such that rotation of the expansion member 24 within the
center compartment 90c results in expansion of the im-
plant body 22.

[0047] As should be appreciated, axial displacement
of the expansion member 24 in the direction of arrow A
will correspondingly transition the implant body 22 toward
the fully expanded configuration shown in FIG. 8. More
specifically, axial displacement of the expansion member
24 fromthe distal end compartment 90a toward the center
compartment 90c slidably engages the upper and lower
engagement surface 120a, 120b defined by the side por-
tions 102a, 102b of the expansion member 24 along the
opposing ramped surfaces 92a, 92b defined by the im-
plant body 22. As a result, the upper and lower walls 30,
32 of the implant body 22 are driven away from one an-
other and are outwardly deformed along the transverse
axis T to transition the implant body 22 from the initial,
non-expanded configuration illustrated in FIG. 7 toward
the expanded configuration illustrated in FIG. 8. The ex-
pansion member 24 is further displaced in an axial direc-
tion until positioned within the center compartment 90c
of the inner chamber 40, with the side portions 102a,
102b of the expansion member 24 positioned within the
recessed areas formed by the opposing concave surfac-
es 94a, 94b and captured between the opposing apices/
vertices 96a, 96b and 98a, 98b.

[0048] It should be appreciated that positioning of the
side portions 102a, 102b of the expansion member 24
within the opposing concave surfaces 94a, 94b and be-
tween the opposing apices/vertices 96a, 96b and 98a,
98b retains the expansion member 24 within the center
compartment 90c and resists or inhibits further axial dis-
placement of the expansion member 24 to thereby main-
tain the implant body 22 in the expanded configuration
shownin FIG. 8, even after the drive shaft 204 is detached
from the expansion member 24. It should also be appre-
ciated that during expansion of the implant body 22, once
the expansion member 24 is positioned beyond the pair
of opposing apices/vertices 96a, 96b and enters or
"clicks" into the center compartment 90c, the amount of
linear driving force or rotational torque exerted onto the
drive shaft 204 of the instrument 200 will significantly and
abruptly decrease. This abrupt drop-off in driving force
or torque provides the surgeon with a perceptible indica-
tion that the expansion member 24 is properly positioned
within the center compartment 90c and that the desired
amount of expansion has been attained.

[0049] Additionally, as indicated above, the upper and
lower segments 108a, 108b of the expansion member
24 define a width w, between the side surfaces 106a,
106b (FIG. 5) that closely corresponds to the width wy of
the slot 80 extending through the implant body 22 (FIG.
3). Accordingly, as the expansion member 24 is dis-
placed through the inner chamber 40 of the implant body
22 to transition the implant body 22 toward an expanded
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configuration, the upper and lower segments 108a, 108b
of the central portion 100 are displaced through the slot
80, with the side surfaces 106a, 106b being displaced
along the opposing side surfaces 82a, 82b of the slot 80.
Displacement of the upper and lower segments 108a,
108b of the central portion 100 through the slot 80 aids
in guiding the expansion member 24 through the inner
chamber 40 during expansion of the implant body 22.
Additionally, the relatively close fit between the side sur-
faces 106a, 106b of the expansion member 24 and the
opposing side surfaces 82a, 82b of the slot 80 provides
additional support and rigidity to the implant body 22, and
particularly resists side-to-side or lateral forces exerted
onto the implant 20 by the upper and lower vertebral bod-
ies Vy, V.

[0050] As shown in FIG. 8, expansion of the implant
body 22 increases the overall height of the implant body
22 adjacent the central portion of the implant to an ex-
panded height h, that is substantial equal to the height
adjacent the central portion of the disc space. As should
be appreciated, the difference between the initial height
h, and the expanded height h, of the implant body 22
corresponds to the difference between the diameter d;
(or height) of the side portions 102a, 102b of the expan-
sion member 24 (FIGS. 5 and 6) and the non-expanded
distance d, between the concave surfaces 94a, 94b of
the center compartment 90c of the implant body 22 (FIG.
2). Accordingly, expansion of the implant body 22 can be
easily and accurately controlled by providing the expan-
sion member 24 with side portions 102a, 102b having a
select diameter d; (or height) and/or by providing the
center compartment 90c with a configuration having a
select non-expanded distance d, between the concave
surfaces 94a, 94b.

[0051] When the implant body 22 is transitioned to the
expanded configuration, the upper and lower walls 30,
32 are outwardly deformed away from one another along
the transverse axis T to increase the overall height h, of
the implant body 22. Since the end portions of the upper
and lower walls 30, 32 are integrally connected to the
end walls 34, 36, the end portions of the upper and lower
walls 30, 32 remain relatively stationary and expansion
of the implant body 22 adjacent the end portions 223,
22b is limited. However, since the central portions of the
upper and lower walls 30, 32 are not interconnected, ex-
pansion of the implant body 22 occurs primarily along
the central portion of the implant body 22. As a result,
upon expansion of the implant body 22, the upper and
lower walls 30, 32 each form an outwardly extending con-
vex curvature relative to the longitudinal axis L. The con-
vex curvature of the outwardly deformed upper and lower
walls 30, 32 preferably substantially corresponds to the
anterior-to-posterior surface curvature C defined by the
vertebral endplates of the adjacent vertebral bodies V\,,
V| . Additionally, expansion of the implant body 22 gen-
erally along the transverse axis T imbeds or impacts the
teeth 60 extending from the upper and lower engagement
surfaces 50, 52 into the vertebral endplates to resist mi-
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gration and possible expulsion of the implant body 22
from the disc space. Following expansion of the implant
body 22, the surgical instrument 200 is disengaged from
the expansion member 24 and removed from the patient.
In the illustrated embodiment, this may be accomplished
by simply rotating the drive shaft in a direction opposite
the initial direction of rotation R until the threaded distal
end portion 204a is disengaged from the threaded pas-
sage 110.

[0052] If removal of the expanded implant 20 from the
disc space is required due to non-optimal placement of
the implant 20 or for other reasons, due to the symmet-
rical nature of the end compartments 90a, 90b, the im-
plant body 22 can be transitioned from the expanded
configuration (FIG. 8) back toward the initial, non-ex-
panded configuration (FIG. 7) by simply repositioning the
expansion member 24 from the center compartment 90c
to the proximal end compartment 90b. As should be ap-
preciated, further axial displacement of the expansion
member 24 is accomplished by rotating the drive shaft
204 in a direction of rotation R, which will in turn draw
the expansion member 24 in the direction of arrow A until
the side portions 102a, 102b of the expansion member
24 are removed from the concave surfaces 94a, 94b of
the center compartment 90c and positioned within the
proximal end compartment 90b of the implant body 22.
Such repositioning will in turn cause the flexible implant
body 22 to retract toward the initial, non-expanded con-
figuration illustrated in FIG. 7 wherein the teeth 60 will
once again be inwardly recessed relative to the planes
P4, P, so as to avoid interfering with the upper and lower
vertebral bodies V;, V_which may otherwise impede re-
moval of the implant 20 from the disc space. The implant
20 may then be removed from the disc space and reintro-
duced therein using the insertion and expansion proce-
dures outlined above to reposition the implant 20 into a
revised position within the disc space.

[0053] In a further aspect of the invention, following
the insertion and expansion of the implant 20 within the
disc space, a bone growth promoting material 130 (FIGS.
8 and9)is loaded into the inner chamber 40 of the implant
body 22 to facilitate or promote bone growth from the
upper and lower vertebral bodies Vy, V|, through the slot
80 extending through the upper and lower walls 30, 32,
and into and possibly through the implant body 22. In one
embodiment, the bone growth promoting material 130
comprises of a bone graft material, a bone morphogenic
protein (BMP), or any other suitable bone growth pro-
moting material or substance, including but not limited to
bone chips or bone marrow, a demineralized bone matrix
(DBM), mesenchymal stem cells, and/or a LIM mineral-
ization protein (LMP). It should be understood that the
bone growth promoting material 130 can be used with or
without a suitable carrier.

[0054] In one embodiment of the invention, the bone
growth promoting material 130 is loaded or packed into
the inner chamber 40 via the axial opening 84 in the end
wall 36 subsequent to insertion and expansion of the im-
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plant body 22. However, in an alterative embodiment, a
portion of the bone growth promoting material 130 may
be pre-loaded into the inner chamber 40 prior to insertion
and expansion of the implant body 22. As indicated
above, the size of the passage 110 in the central portion
100 of the expansion member 24 is relatively large. As
a result, the bone growth promoting material 130 may be
conveyed through the large passage 110 in the expan-
sion member 24 and into the distal end compartment 90a
of the inner chamber 40. Once the distal end compart-
ment 90a is fully loaded, additional bone growth promot-
ing material 130 may be loaded into the proximal end
compartment 90b of the inner chamber 40. As should be
appreciated, due to the inclusion of the relatively large
passage 110 in the expansion member 24, the bone
growth promoting material 130 need not be preloaded
into the distal end compartment 90a prior to insertion and
expansion of the implant 20 within the disc space. Addi-
tionally, conveying the bone growth promoting material
130 through the relatively large passage 110 in the ex-
pansion member 24 allows the entire inner chamber 40
to be tightly packed with the bone growth promoting ma-
terial 130. Additionally, bone graft, morselized autograft
bone or a similar type of material may be positioned lat-
erally adjacent the expanded implant body 22 to further
promote fusion with the adjacent vertebral bodies V;, V| .
[0055] Having illustrated and described the elements
and operation of the intervertebral implant 20, reference
will now be made to a technique for implanting the in-
tervertebral implant 20 within a disc space. However, it
should be understood that other implantation techniques
and procedures are also contemplated, and that the fol-
lowing technique in no way limits the scope of the present
invention.

[0056] In one example, access to the spinal column
and insertion of the intervertebral implant 20 into the disc
space is accomplished via a posterior surgical approach.
However, it should be understood that access and inser-
tion of the intervertebral implant 20 into the disc space
may be accomplished via other surgical approaches such
as, for example, an anterior approach or a lateral ap-
proach. In another example, the intervertebral implant 20
is used to treat the lumbar region of the spine, with the
upper and lower vertebral bodies V|, V|_comprising lum-
bar vertebral bodies. However, it should be understood
that the present invention is also applicable to other por-
tions of the spine such as, for example, the cervical, tho-
racic or sacral regions of the spinal column.

[0057] Initially, the portion of the spinal column to be
treated is identified and accessed from a posterior ap-
proach using known surgical techniques. At least a por-
tion of the natural intervertebral disc is removed via a
total or partial discectomy to provide an opening for re-
ceiving the intervertebral implant 20 between the upper
and lower vertebral bodies Vu, V| . The disc space is then
distracted to a height substantially equal to the natural
disc space height. Prior to insertion of the intervertebral
implant 20, the disc space and the endplates of the upper
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and lower vertebral bodies V|, and V_may be prepared
using various cutting tools and/or other types of surgical
instruments (e.g., curettes, chisels, etc.). One example
of a cutting instrument suitable for preparing the vertebral
bodies V,, V| is illustrated and described in U.S. Patent
No. 6,610,089 to Liu et al. However, it should be under-
stood that other types and configurations of cutting in-
struments are also contemplated for use in association
with the present invention.

[0058] In one example, the cutting instrument used to
prepare the vertebral bodies V\,, V|_is adapted to cut and
remove bone tissue from the vertebral endplates while
substantially retaining the natural concave curvature of
the endplates and avoiding cutting into the cortical rim/
apophyseal ring region adjacent the anterior/posterior
portions of the vertebral endplates. The cutting instru-
ment may also be configured to collect bony debris or
chips generated during the cutting operation for subse-
qguent insertion into the inner chamber 40 of the implant
body 22 to promote arthrodesis. As illustrated in FIGS.
7 and 8, each of the prepared vertebral endplates defines
a recessed area or surface curvature C that is generally
concave in an anterior-to-posterior direction. As should
be appreciated, the recessed area or surface curvature
C defined by the vertebral bodies V,, V| receives the
outwardly deformed upper and lower walls 30, 32 of the
expanded implant body 22 so as to position the upper
and lower engagement surfaces 50, 52 of the implant
body 22 and the bone growth material 130 positioned
therein in close proximity to the spongy cancellous bone
tissue of the vertebral bodies Vy, V| to promote fusion.
Following preparation of the vertebral endplates, the im-
plant 20 is inserted into the disc space using a suitable
insertion technique such as, for example, impaction or
push-in type insertion. Notably, since the intervertebral
implant 20 is inserted into the disc space while in a non-
expanded configuration having an initial maximum height
h, thatis somewhat less than the disc space height, over
distraction of the disc space is avoided and neural dis-
traction is minimized.

[0059] In a further example, the intervertebral implant
20 may be inserted into the disc space in a minimally
invasive manner (i.e., through a small access portal) via
the use of endoscopic equipment, a small diameter tube
or cannula, or by other minimally invasive surgical tech-
niques. However, it should be understood that the implant
20 may be inserted into the disc space using conventional
surgical methods and techniques. Following insertion of
the implant 20 into the disc space, the implant body 22
is expanded to the configuration illustrated in FIG. 8 (hav-
ing an expanded height h,) to restore and/or maintain a
desired disc space height. As discussed above, transi-
tioning of the implant body 22 to the expanded configu-
ration results in outward deformation of the upper and
lower walls 30, 32 from the inwardly curved or concave
configuration illustrated in FIG. 7 to the outwardly curved
or convex configuration illustrated in FIG. 8.

[0060] As should be appreciated, a vertebra is com-
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prised of a hard cortical bone material extending about
the outer region of the vertebral body, and a softer can-
cellous or spongiose bone material within of the cortical
bone material. As illustrated in FIGS. 8 and 9, the upper
and lower anterior/posterior bearing surfaces 54a, 54b
and 56a, 56b of the implant body 22 are positioned to
bear against the cortical rim/apophyseal ring region of
the respective upper and lower vertebral bodies Vj, V|
to resist the compressive forces exerted onto the implant
body 22 and to reduce the likelihood of subsidence into
the relatively softer cancellous or spongiseum bone tis-
sue. Additionally, transitioning of the intervertebral im-
plant 20 to the expanded configuration illustrated in FIG.
8 imbeds or impacts the teeth 60 extending from the up-
per and lower engagement surfaces 50, 52 into the ver-
tebral endplates to resist migration and possible expul-
sion of the implant body 22 from the disc space. Moreo-
ver, positioning of the outwardly deformed upper and low-
er walls 30, 32 within the concave surface curvature C
defined by the upper and lower vertebral bodies V;, V_
tends to increase stability of the implant body 22 and also
reduces the likelihood of migration and possible expul-
sion of the implant body 22 from the disc space. Further-
more, positioning of the outwardly deformed upper and
lower walls 30, 32 in close proximity to or in direct contact
with the cancellous or spongiseum bone tissue of the
upper and lower vertebral bodies V\,, V| facilitates bone
growth into the grooves 62 and/or through the slot 80 and
into the inner chamber 40.

[0061] Inafurther aspect, positioning of the expansion
member 24 within the center compartment 90c of the
inner chamber 40 provides additional support and rigidity
to the upper and lower walls 30, 32 of the implant body
22 to resist compression loads from the vertebral bodies
Vy, V|, particularly near the central portion 22¢ of the
implant body 22 which is otherwise devoid of internal
support members. Additionally, as discussed above, the
relatively close fitting engagement of the upper and lower
segments 108a, 108b of the expansion member 24 within
the slot 80 in the upper and lower walls 30, 32 also pro-
vides additional support and rigidity to the implant body
22, and particularly resists side-to-side or lateral forces
exerted onto the implant 20 by the upper and lower ver-
tebral bodies V\,, V| . Although the intervertebral implant
20 is maintained in the expanded configuration solely via
engagement between the expansion member 24 and the
upper and lower walls 30, 32 of the implant body 22, it
should be understood that one or more supplemental in-
ternal fixation elements may also be used to provide fur-
ther support to the implant body 22, particularly in in-
stances involving excessive vertebral loading and/or in-
stability. It should also be understood that supplemental
external intravertebral fixation elements and/or stabiliza-
tion techniques may also be used if excessive residual
instability is encountered following insertion and expan-
sion of one or more of the implants 20 within the disc
space.

[0062] Referring to FIG. 9, in a further example, a pair
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of intervertebral implants 20a, 20b may be positioned
side-by-side in a bilateral arrangement within the disc
space. However, it should be understood that unilateral
placement or central placement of a single intervertebral
implant 20 within the disc space is also possible. Bone
graft, morselized autograft bone, or a bone growth pro-
moting substance may be positioned within the area be-
tween the implants 20a, 20b to further facilitate fusion
between the upper and lower vertebral bodies V,, V| .
[0063] Referring to FIGS. 10-13, shown therein is an
expandable spinal implant 320 according to another form
of the present invention. The spinal implant 320 extends
along a longitudinal axis L and is generally comprised of
an implant body 322 and an expansion member 24. The
expansion member 24 is substantially identical to the ex-
pansion member illustrated in FIGS. 5 and 6 and de-
scribed above with regard to the expandable interverte-
bral implant 20. However, it should be understood that
other types and configurations of expansion members
are also contemplated for use in association with the spi-
nal implant 320. The expansion member 24 serves to
transition the implant body 322 from an initial, non-ex-
panded state (as shown in FIGS. 10 and 11) to an ex-
panded state (as shown in FIGS. 12 and 13), wherein
expansion of the implant body 322 occurs generally along
atransverse axis T. The expansion member 24 may also
allow the implant body 322 to be retracted from the ex-
panded state back toward the initial, non-expanded state.
Further details regarding the features and operation of
the expandable spinal implant 320 will be set forth below.
[0064] The components of the expandable spinal im-
plant 320 are formed of a biocompatible material. In one
embodiment of the invention, the components of the spi-
nal implant 320 are formed of a metallic material such
as, forexample, stainless steel and stainless steel alloys,
titanium and titanium alloys, shape-memory alloys, co-
baltchrome alloys, or any other suitable metallic material.
In another embodiment of the invention, the components
of the spinal implant 320 are formed of a non-metallic
material such as, for example, a polymeric material, a
ceramic material, a reinforced composite material, bone,
a bone substitute material, or any other suitable non-
metallic material. In the illustrated embodiment of the in-
vention, the implant body 322 is configured as an ex-
pandable fusion cage including features that facilitate or
promote bone growth into and through the implant 320
to achieve arthrodesis between the adjacent vertebral
bodies, the details of which will be discussed below. How-
ever, it should be understood that in other embodiments
of the invention, the implant body 322 may be configured
as an expandable spacer or plug.

[0065] Inone embodiment of the invention, the implant
body 322 is comprised of upper and lower walls 324, 326
extending generally along the longitudinal axis L, and a
pair of end walls 334, 336 extending transversely be-
tween and interconnecting opposing end portions of the
upper and lower walls 324, 326. In the illustrated embod-
iment of the invention, the upper axial wall 324 includes
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a central wall portion 329 and a pair of outer wall portions
330a, 330b positioned on either side of the central wall
portion 329. Similarly, the lower axial wall 326 includes
a central wall portion 331 and a pair of lower outer wall
portions 332a, 332b positioned on either side of the cen-
tral wall portion 331. As will be discussed in greater detail
below, in the illustrated embodiment of the invention, the
expansion member 24 co-acts with the upper and lower
pairs of outer wall portions 330a, 330b and 332a, 332b
to displace the outer wall portions in an outward direction
relative to one another to provide for outward expansion
of the implant body 322 generally along the transverse
axis T from the initial, non-expanded state illustrated in
FIGS. 10 and 11 to the expanded state illustrated in FIGS.
12 and 13, with the central upper and lower wall portions
329, 331 remaining in a substantially undeformed and
stationary configuration.

[0066] However, other embodiments of the invention
are also contemplated wherein the expansion member
24 co-acts with the upper and lower central wall portions
329, 331 to displace the central wall portions 329, 331 in
an outward direction relative to one another to provide
for outward expansion of the implant body 322 generally
along the transverse axis T, with the upper and lower
pairs of outer wall portions 330a, 330b and 332a, 332b
remaining in a substantially stationary position. In still
other embodiments of the invention, the upper axial wall
324 may include a single movable wall portion 330 posi-
tioned laterally adjacent the stationary wall portion 329,
and the lower axial wall 326 may include a single movable
wall portion 332 positioned laterally adjacent the station-
ary wall portion 331. Additionally, it should be understood
that other arrangements and configurations of movable
and stationary wall portions are also contemplated as
falling within the scope of the presentinvention. It should
also be understood that the term "stationary" does not
necessarily require that the stationary wall portion re-
mains in an absolute stationary position, but only requires
that the stationary wall portion remain in a substantially
stationary position, or that the stationary wall portion is
outwardly displaced or expanded to a lesser degree com-
pared to that of an adjacent movable wall portion.
[0067] In the illustrated embodiment of the invention,
the upper and lower axial walls 324, 326 and the trans-
verse end walls 334, 336 cooperate to define an inner
chamber 340 extending generally along the longitudinal
axis L. In one embodiment of the implant body 322, the
upper and lower axial wall portions 324, 326 and the
transverse end walls 334, 336 provide the implant body
322 with a generally rectangular axial cross-section.
However, it should be understood that other shapes and
configurations of the implant body 322 are also contem-
plated as falling within the scope of the present invention.
In one aspect of the invention, the upper and lower pairs
of movable wall portions 330a, 330b and 332a, 332b are
coupled to the transverse end walls 334, 336 in a manner
that allows the upper and lower movable wall portions to
be outwardly deformed relative to one another via the
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expansion member 24. In one embodiment, such out-
ward deformation is primarily attributable to the flexible
nature of the upper and lower pairs of movable wall por-
tions 330a, 330b and 332a, 332b and/or the flexible in-
terconnection between the movable wall portions and the
transverse end walls 334, 336.

[0068] In one embodiment of the invention, the upper
and lower axial walls 324, 326 are formed integral with
the transverse end walls 334, 336 to define a unitary,
single-piece implant body 322. However, it is also con-
templated that one or more portions of the axial walls
324, 326 and the transverse end walls 334, 336 may be
formed separately and connected together to form a mul-
ti-piece expandable implant body assembly. As shown
in FIG. 10, in a further embodiment of the invention, the
interconnection location between the upper and lower
pairs of the movable wall portions 330a, 330b and 332a,
332b and the transverse end walls 334, 336 include
rounded inner surfaces 337 to provide increased flexibil-
ity to facilitate outward deformation of the movable wall
portions during expansion of the implant body 322. Ad-
ditionally, the upper and lower axial walls 324, 326 and
the leading or front end wall 334 cooperate with one an-
other to define a rounded or bullet-shaped distal end por-
tion 338 to facilitate insertion of the implant body 322
between adjacent vertebral bodies and into the interver-
tebral disc space. The interconnection location between
the upper and lower axial walls 324, 326 and the trailing
end wall 336 also define rounded corners 339 to aid in
possible removal of the implant body 322 from the in-
tervertebral disc space and/or to minimize injury or trau-
ma to adjacent tissue.

[0069] Inafurther aspectoftheinvention, asillustrated
most clearly in FIG. 10, when in an initial, non-expanded
state, the upper and lower pairs of movable wall portions
330a, 330b and 332a, 332b are recessed below the outer
surfaces 344, 346 of the upper and lower axial walls 324,
326 (e.g., positioned below the outer surfaces of the up-
per and lower stationary wall portions 329, 331). Accord-
ingly, when in the non-expanded state, the movable wall
portions 330a, 330b and 332a, 332b define recessed re-
gions 348 that extend inwardly along the transverse axis
T relative to the outer surfaces 344, 346. In the illustrated
embodiment, the recessed regions 348 provided by the
movable wall portions 330a, 330b and 332a, 332b define
outwardly extending convex curvatures. However, in oth-
er embodiments of the invention, the recessed regions
348 may define inwardly extending concave curvatures
or may take on substantially planar configurations. Other
suitable configurations and arrangements of the implant
body 322 are also contemplated wherein the upper and
lower pairs of movable wall portions 330a, 330b and
332a, 332b are recessed or positioned below the outer
surfaces 344, 346 of the upper and lower axial walls 324,
326.

[0070] As will be discussed in greater detail below, the
recessed regions 348 defined by the upper and lower
pairs of movable wall portions 330a, 330b and 332a, 332b
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(relative to the upper and lower stationary walls 329, 331)
provide the spinal implant 320 with a lower overall vertical
profile to facilitate insertion of the implant 320 into the
intervertebral disc space without having to distract the
adjacent vertebrae apart to accommodate for the addi-
tional height that would otherwise be presented by teeth
or other surface projections extending from the pairs of
movable wall portions 330a, 330b and 332a, 332b. How-
ever, once the spinal implant 320 is inserted into the disc
space, expansion of the implant body 322 causes out-
ward deformation of the upper and lower movable wall
portions 330a, 330b and 332a, 332b wherein the re-
cessed regions 348 are outwardly expanded generally
along the transverse axis T.

[0071] Inthe illustrated embodiment, expansion of the
implant body 322 provides each of the upper and lower
movable wall portions 330a, 330b and 332a, 332b with
a convex curvature that substantially corresponds to the
convex curvature of the upper and lower surfaces 344,
346 defined by the stationary wall portions 329, 331. In
other words, as illustrated in FIG. 12, when the spinal
implant 320 is transitioned to the expanded state, the
upper and lower surfaces 345, 347 of the movable wall
portions are substantially aligned with the upper and low-
er surfaces 344, 346 of the stationary wall portions to
provide the implant body 322 with upper and lower en-
gagement surfaces 350, 352. However, other configura-
tions are also contemplated as falling within the scope
of the present invention. As will be discussed below,
when the spinalimplant 320 is transitioned to the expand-
ed state, the convex curvature defined by the upper and
lower engagement surfaces 350, 352 substantially cor-
responds to a concave surface curvature C defined by
the endplates of the adjacent vertebral bodies (FIG. 14).
[0072] In one embodiment of the invention, the end
portions of the implant body 322 define a pair of upper
bearing surfaces 354a, 354b and a pair of lower bearing
surfaces 356a, 356b adjacent the transverse end walls
334, 336. As will be discussed below, the upper and lower
bearing surfaces 354a, 354b and 356a, 356b contact and
bear against the cortical rim/apophyseal ring region of
the respective upper and lower vertebral bodies Vy, V|
(FIG. 14) to provide support and resistance to a substan-
tial amount of the compressive forces exerted onto the
implant body 322. In the illustrated embodiment of the
invention, the upper and lower bearing surfaces 354a,
354b and 356a, 356b are substantially smooth and de-
void of any steps, protrusions, projections or irregulari-
ties. However, it should be understood that in other em-
bodiments, the upper and lower bearing surfaces may
define anchoring features to aid in engaging and gripping
vertebral bone.

[0073] In a further embodiment of the invention, the
upper and lower movable wall portions 330a, 330b and
332a, 332b define a number of anchor elements posi-
tioned between the upper and lower bearing surfaces
354a, 354b and 356a, 356b. The anchor elements are
adapted for engagement with the adjacent vertebral bod-
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ies Vy, V| to prevent or inhibit movement of the implant
body 322 and/or to facilitate bone growth onto the implant
body 322 subsequent to implantation within the interver-
tebral disc space (FIG. 14). In one embodiment, the an-
chor elements comprise a number of teeth or surface
protrusions 360 projecting outwardly from the upper and
lower movable wall portions 330a, 330b and 332a, 332b.
However, other types and configurations of anchor ele-
ments are also contemplated including, for example,
spikes, threads, ridges, bumps, surface roughening, or
any other element or feature suitable for anchoring to
vertebral tissue. Additionally, anchor elements compris-
ing grooves or surface depressions formed in the upper
and lower surfaces 345, 347 of the movable wall portions
are also contemplated as falling within the scope of the
present invention. It should also be understood that in
other embodiments of the invention, the upper and lower
surfaces 345, 347 need not necessarily include any an-
chor elements, but may alternatively have a substantially
smooth configuration. Moreover, although the upper and
lower surfaces 344, 346 of the stationary wall portions
329, 331 are illustrated as having a substantially smooth
configuration (i.e., devoid of any surface projections or
surface depressions), it should be understood that in oth-
er embodiments of the invention, the upper and lower
surfaces 344, 346 may be provided with one or more
types of anchor elements adapted for engagement with
the adjacent vertebral bodies.

[0074] Asindicated above, when the implant body 322
is in the initial, non-expanded state shown in FIG. 10, the
upper and lower movable wall portions 330a, 330b and
332a, 332b define recessed regions 348 that extend in-
wardly along the transverse axis T so as to position the
tips or peaks 362 of the teeth 360 at or below the outer
surfaces 344, 346 of the upper and lower stationary walls
329, 331. However, other embodiments are also contem-
plated wherein the recessed regions 348 position the
teeth 360 partially below the outer surfaces 344, 346 of
the upper and lower stationary walls 329, 331, with the
tips or peaks 362 of the teeth 360 remaining above the
outer surfaces 344, 346. The recessed positioning of the
teeth 360 provides the spinal implant 320 with a lower
overall vertical profile to facilitate insertion into the in-
tervertebral disc space. However, as shown in FIG. 14,
upon transitioning of the implant body 322 to the expand-
ed configuration, the teeth 360 are engaged/impacted
into the vertebral endplates of the adjacent vertebral bod-
ies Vy, V| to prevent or inhibit movement of the implant
body 322 and possible expulsion from the disc space.
[0075] Asshould be appreciated, whenthe implant 320
is in the initial, non-expanded state (FIG. 10), the maxi-
mum non-expanded height h; of the implant body 322 is
defined by the distance between the outer surfaces 344,
346 of the upper and lower stationary walls 329, 331. In
order to minimize distraction of the upper and lower ver-
tebral bodies V|;, V| and avoid over distraction of the disc
space, the maximum non-expanded initial height h; of
the implant body 322 is preferably selected to correspond
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to the natural disc space height. In one embodiment, the
non-expanded initial height h, of the implant body 322
closely corresponds to the natural disc space height ad-
jacent the cortical rim/apophyseal ring region adjacent
the anterior/posterior portions of the upper and lower ver-
tebral bodies V|, V| . However, other non-expanded ini-
tial heights h;, of the implant body 322 are also contem-
plated as falling within the scope of the present invention.
[0076] Since the teeth 360 preferably do not protrude
or extend beyond the outer surfaces 344, 346 of the sta-
tionary wall portions 329, 331, the teeth 3 60 do not in-
terfere with the upper and lower vertebral bodies V,, V|
which could potentially impede placement of the implant
320 during insertion into the intervertebral disc space.
Additionally, distraction of the upper and lower vertebral
bodies V|, V| to accommodate for the additional height
of the teeth 360 above the outer surfaces 344, 346 is
substantially avoided. Specifically, the upper and lower
vertebral bodies Vy,, V| only need to be spread apart a
distance to provide a disc space height h, that is equal
to or slightly greater than the maximum non-expanded
height h, of the implant body 322. Additionally, the re-
cessed positioning of the teeth 360 allow the implant body
322 to be provided with teeth 360 (or other types of sur-
face projections) having a greater height than would oth-
erwise be allowed for if the teeth 360 were not at least
partially recessed below the stationary outer surfaces
344, 346 when the implant 320 is in the initial, non-ex-
panded state.

[0077] In the illustrated embodiment of the implant
body 322, the teeth 360 are arranged in rows extending
laterally across the width of the movable wall portions
330a, 330b and 332a, 332b. Although the implant body
322 is shown as having eight rows of teeth 360 associ-
ated with each of the movable wall portions, it should be
understood that the inclusion of a single row of teeth or
any number of rows of teeth are also contemplated. Ad-
ditionally, it should be understood that the teeth 360 may
be orientated in other directions such as, for example, in
adirection parallel with the longitudinal axis L or arranged
at an oblique angle relative to the longitudinal axis L. In
one embodiment, the teeth 360 have a triangular-shaped
configuration; however, other shapes and configurations
of teeth are also contemplated as falling within the scope
of the present invention. Furthermore, in the illustrated
embodiment of the invention, the outer teeth 360 located
fartherestfrom the central transverse axis T have a some-
what lesser height than the intermediate teeth 360 locat-
ed adjacent the central transverse axis T. As should be
appreciated, this variation in height ensures that each of
the teeth 360 are recessed below the convexly curved
outer surfaces 344, 346 defined by the upper and lower
stationary walls 329, 331. However, it should be under-
stood that other sizes and arrangements of the teeth 360
are also contemplated as falling within the scope of the
present invention.

[0078] As showninFIG. 11, in one embodiment of the
invention, the implant body 322 defines a bone in-growth
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opening or slot 380 extending transversely therethrough
in communication with the inner chamber 340 and open-
ing onto the outer surfaces 344, 346 of the upper and
lower stationary wall portions 329, 331. In the illustrated
embodiment, the slot 380 extends along substantially the
entire length of the implant body 322 and defines a pair
of longitudinally extending and oppositely facing side sur-
faces 382a, 382b at the location where the slot 380 ex-
tends through each of the stationary wall portions 329,
331. As should be appreciated, the bone in-growth slot
380 permits bone growth from the adjacent vertebral bod-
ies and into and potentially through the implant body 322.
Additionally, the slot 380 is also sized to receive a portion
of the expansion member 24 therein, between the op-
posing side surfaces 382a, 382b, to aid in guiding the
expansion member 24 generally along the longitudinal
axis L to substantially prevent side-to-side displacement
as the expansion member 24 is axially displaced through
the implant body 322 during expansion of the spinal im-
plant 320.

[0079] Although the implant body 322 is illustrated as
having a single bone in-growth slot 380 extending trans-
versely through and along substantially the entire length
| of the implant body 322, it should be understood that
the implant body 322 may be configured to have any
number of bone in-growth slots, including two or more
bone in-growth slots or openings positioned at various
locations along the length of the implant body 322. Ad-
ditionally, although the bone in-growth slot 380 is illus-
trated as having a generally rectangular configuration
having a slot length extending along substantially the en-
tire length of the implant body 322, and a slot width w;
extending across about one-third of the width w of the
implant body 322, it should be understood that other
shapes, configurations and sizes of bone in-growth open-
ings are also contemplated. It should further be under-
stood that although the bone in-growth slot 380 is illus-
trated and described as communicating with the inner
chamber 340, in other embodiments, the slot 380 need
not necessarily extend entirely through the upper and
lower stationary wall portions 329, 331, but may instead
extend partially therethrough.

[0080] As shown in FIG. 11, in the illustrated embodi-
ment of the implant body 322, an axial opening 384 ex-
tends through the trailing end wall 336 and into commu-
nication with the inner chamber 340. However, the round-
ed leading end wall 334 is preferably solid or closed off.
Nevertheless, in other embodiments of the invention, an
axial opening may also extend through the leading end
wall 334 and into communication with the inner chamber
340. The axial opening 384 extending through the trailing
end wall 336 is sized to receive an end portion of an
instrument therein for engagement with the expansion
member 24 to facilitate transitioning of the implant body
322 to an expanded configuration. In the illustrated em-
bodiment of the invention, the axial opening 384 has a
generally rectangular configuration and has a relatively
large size which encompasses a substantially portion of
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the trailing end 336. However, it should be understood
that other sizes, shapes and configurations of the axial
opening 384 are also contemplated as falling within the
scope of the present invention.

[0081] As illustrated in FIG. 10, in one embodiment of
the invention, the inner chamber 340 includes a number
of distinct compartments or sections positioned along the
length of the implant body 322. In the illustrated embod-
iment of the implant body 322, the inner chamber 340
includes end compartments 390a and 390b positioned
adjacent the end portions 322a and 322b of the implant
body 322, and an intermediate or center compartment
390c positioned adjacent the central portion 322c of the
implant body 322. However, it should be understood that
the inner chamber 340 may include any number of com-
partments, including a single compartment, two compart-
ments, or four or more compartments. In the illustrated
embodiment of the invention, each of the chamber com-
partments 390a, 390b, 390c extends laterally through
the entire width w of the implant body 322, thereby pro-
viding increased flexibility for expansion of the implant
body 322 and also providing the implant body 322 with
open sides to permit bone growth into the inner chamber
340 from lateral directions.

[0082] In the illustrated embodiment of the implant
body 322, the end compartments 390a, 390b each have
a tapered region wherein the inner surfaces of the upper
and lower movable wall portions 330a, 330b and 3323,
332b adjacent the intermediate compartment 390c taper
inwardly toward one another to define a pair of opposing
ramped surfaces 392a, 392b. The center compartments
390c has an arcuate configuration, with the inner surfac-
es of the movable wall portions 330a, 330b and 3323,
332b defining a pair of opposing concave surfaces 394a,
394b having substantially the same curvature as the up-
per and lower arcuate engagement surfaces 120a, 120b
defined by the expansion member 24, the details of which
will be discussed below. The point of intersection be-
tween the ramped surfaces 392a, 392b of the end com-
partments 390a, 390b and the concave surfaces 394a,
394b of the center compartment 390c defines opposing
apices or vertices 396a, 396b and 398a, 398b positioned
on either side of the center compartment 390c. Although
the illustrated embodiment of the implant body 322 de-
picts the inner chamber 340 and the compartments 390a,
390b and 390c as having a particular shape and config-
uration, it should be understood that other suitable
shapes and configurations are also contemplate as fall-
ing within the scope of the present invention.

[0083] As indicated above, the expansion member 24
is identical to the expansion member illustrated in FIGS.
5 and 6 and as described above with regard to the in-
tervertebral implant 20. In general, the expansion mem-
ber 24 includes a central portion 100 having a generally
rectangular or square cross section, and a pair of side
portions 102a, 102b. projecting laterally from the central
portion 100 and having a generally circular cross section.
At least the upper and lower segments 108a, 108b of the
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central portion 100 define a width w, between the side
surfaces 106a, 106b that closely corresponds to the width
w;, of the slot 380 extending through the implant body
322. The upper and lower segments 108a, 108b of the
central portion 100 are displaceable through the slot 380
and along the opposing side surfaces 382a, 382b as the
expansion member 24 is axially displaced through the
inner chamber 340 during transitioning of the implant
body 322 toward the expanded configuration illustrated
in FIGS. 12 and 13. The central portion 100 defines a
passage 110 having a diameter d; and which is sized to
receive a distal end portion of a surgical instrument there-
in such as, for example, the surgical instrument 200
shown in FIG. 7 and described above.

[0084] In the illustrated embodiment of the invention,
each of the side portions 102a, 102b of the expansion
member 24 defines upper and lower engagement sur-
faces 120a, 120b having a curved or arcuate configura-
tion. The curved engagement surfaces 120a, 120b facil-
itate sliding movement along the ramped surfaces 392a,
392b of the upper and lower movable wall portions 330a,
330b and 332a, 332b of the implant body 322 as the
expansion member 24. is axially displaced through the
inner chamber 340 during transitioning of the implant
body 322 to the expanded configuration. Additionally, the
side portions 102a, 102b provide the expansion member
24 with an overall width that is less than or equal to the
overall width w of the implant body 322 so that the side
portions 102a, 102b do not extend laterally beyond the
side surfaces of the implant body 322.

[0085] In one example, the surgical instrument 200 il-
lustrated in FIG. 7 and described above in association
with the expandable implant 20 is also used to aid in the
insertion of the implant 320 into the disc space and to
transition the implant body 322 to the expanded config-
uration illustrated in FIGS. 12 and 13. However, it should
be understood that other suitable types and configura-
tions of surgical instruments are also contemplated for
use in association with the present invention. The surgi-
cal instrument 200 cooperates with the spinal implant
320 in a manner very similar to that described above with
regard to the spinal implant 20. Accordingly, the specific
details regarding use of the surgical instrument 200 in
association with the spinal implant 320 need not be dis-
cussed herein.

[0086] AsshowninFIG. 10, in one embodiment of the
invention, the expansion member 24 is initially positioned
in the end compartment 390a adjacent the leading or
distal end 322a of the implant body 322, and expansion
of the implant body 322 is accomplished by pulling the
expansion member 24 toward the trailing or proximal end
322b of the implant body 322 until the expansion member
24 is positioned within the center compartment 390c. In
another embodiment of the invention, the expansion
member 24 may be initially positioned in the end com-
partment 390b adjacent the proximal end 322b, with ex-
pansion of the implant 320 resulting from pushing the
expansion member 24 toward the distal end 322a until
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the expansion member 24 is positioned within the center
compartment 390c. However, the initial positioning the
expansion member 24 in the distal end compartment
390a and pulling the expansion member 24 into the cent-
er compartment 390c results in the relatively simpler
overall design of a "pull" style instrument, such as the
surgical instrument 200 illustrated in FIG. 7 and de-
scribed above.

[0087] As should be appreciated, axial displacement
of the expansion member 24 in the direction of arrow A
will correspondingly transition the implant body 322 to-
ward the fully expanded configuration illustrated in FIGS.
12 and 13. More specifically, axial displacement of the
expansion member 24 from the distal end compartment
390a toward the center compartment 390c slidably en-
gages the upper and lower engagement surface 120a,
120b defined by the side portions 102a, 102b of the ex-
pansion member 24 along the opposing ramped surfaces
392a, 392b defined by the implant body 322. As a result,
the upper and lower movable wall portions 330a, 330b
and 332a, 332b of the implant body 322 are driven away
from one another and are outwardly deformed along the
transverse axis T to transition the implant body 322 from
the initial, non-expanded configuration illustrated in
FIGS. 10 and 11 toward the expanded configuration il-
lustrated in FIGS. 12 and 13. The expansion member 24
is further displaced in an axial direction until positioned
within the center compartment 390c of the inner chamber
340, with the side portions 102a, 102b of the expansion
member 24 positioned within the recessed areas formed
by the opposing concave surfaces 394a, 394b and cap-
tured between the opposing apices/vertices 396a, 396b
and 398a, 398b.

[0088] It should be appreciated that positioning of the
side portions 102a, 102b of the expansion member 24
within the opposing concave surfaces 394a, 394b and
between the opposing apices/vertices 396a, 396b and
398a, 398b retains the expansion member 24 within the
center compartment 390c and resists or inhibits further
axial displacement of the expansion member 24 to there-
by maintain the implant body 322 in the expanded con-
figuration shown in FIGS. 12 and 13, even after the sur-
gical instrument 200 is detached from the expansion
member 24. It should also be appreciated that during
expansion of the implant body 322, once the expansion
member 24 is positioned beyond the pair of opposing
apices/vertices 396a, 396b and enters or "clicks" into the
center compartment 390c, the amount of linear driving
force required to displace the expansion member 24 will
significantly and abruptly decrease. This abrupt drop-off
in driving force provides the surgeon with a perceptible
indication that the expansion member 24 is properly po-
sitioned within the center compartment 390c and that the
desired amount of expansion has been attained.
[0089] Additionally, as indicated above, the upper and
lower segments 108a, 108b of the expansion member
24 define a width w, between the side surfaces 106a,
106b that closely corresponds to the width w; of the slot
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380 extending through the implant body 322. According-
ly, as the expansion member 24 is displaced through the
inner chamber 340 of the implant body 322 to transition
the implant body 322 toward the expanded configuration,
the upper and lower segments 108a, 108b of the central
portion 100 are displaced through the slot 380, with the
side surfaces 106a, 106b being slidably displaced along
the opposing side surfaces 382a, 382b of the slot 380.
Displacement of the upper and lower segments 1083,
108b of the central portion 100 through the slot 380 aids
in guiding the expansion member 24 through the inner
chamber 340 during expansion of the implant body 322.
Additionally, the relatively close fit between the side sur-
faces 106a, 106b of the expansion member 24 and the
opposing side surfaces 382a, 382b of the slot 380 pro-
vides additional support and rigidity to the implant body
322, and particularly resists side-to-side or lateral forces
exerted onto the implant 320 by the upper and lower ver-
tebral bodies V, V, .

[0090] As showninFIGS. 12 and 13, expansion of the
implantbody 322 increases the overall height of the upper
and lower movable wall portions 330a, 330b and 3323,
332b adjacent the central portion 322¢ to an expanded
height that is substantial equal to the height adjacent the
central portion of the intervertebral disc space. As should
be appreciated, the difference between the initial and ex-
panded heights of the movable wall portions corresponds
to the difference between the diameter d, (or height) of
the side portions 102a, 102b of the expansion member
24 (FIGS. 5 and 6) and the non-expanded distance be-
tween the concave surfaces 394a, 394b of the center
compartment 390c of the implant body 322 (FIG. 10).
Accordingly, expansion of the implant body 322 can be
easily and accurately controlled by providing the expan-
sion member 24 with side portions 102a, 102b having a
select diameter d, (or height) and/or by providing the
center compartment 390c with a configuration having a
select non-expanded distance between the concave sur-
faces 394a, 394b.

[0091] When the implant body 322 is transitioned to
the expanded configuration, the upper and lower mova-
ble wall portions 330a, 330b and 332a, 332b are out-
wardly deformed away from one another along the trans-
verse axis T to increase the overall height thereof. Since
the end portions of the upper and lower movable wall
portions 330a, 330b and 332a, 332b are integrally con-
nected to the end walls 334, 336, the end portions of the
movable wall portions remain relatively stationary, and
expansion of the implant body 322 adjacent the implant
end portions 322a, 322b is limited. However, since the
central portions of the upper and lower movable wall por-
tions 330a, 330b and 332a, 332b are not interconnected,
expansion of the implant body 322 occurs primarily along
the central portion 322c of the implant body 322. As a
result, upon expansion of the implant body 322, the upper
and lower movable wall portions 330a, 330b and 332a,
332b each form an outwardly extending convex curvature
relative to the longitudinal axis L. As illustrated in FIG.
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14, the convex curvature of the outwardly deformed mov-
able wall portions 330a, 330b and 332a, 332b preferably
substantially corresponds to the anterior-to-posterior sur-
face curvature defined by the vertebral endplates of the
adjacent vertebral bodies Vj, V| . Additionally, expansion
of the implant body 322 generally along the transverse
axis T imbeds or impacts the teeth 360 extending from
the upper and lower movable wall portions into the ver-
tebral endplates to resist migration and possible expul-
sion of the implant body 322 from the intervertebral disc
space. Following expansion of the implant body 322, the
surgical instrument 200 is disengaged from the expan-
sion member 24 and removed from the patient.

[0092] If removal of the expanded implant 320 from
the disc space is required due to non-optimal placement
of the implant 320 or for other reasons, the implant body
322 can be transitioned from the expanded configuration
(FIG. 12) back toward the initial, non-expanded configu-
ration (FIG. 10) by simply repositioning the expansion
member 24 from the center compartment 390c to the
proximal end compartment 390b. Such repositioning will
in turn cause the flexible implant body 322 to retract to-
ward the initial, non-expanded configuration illustrated in
FIG. 10, wherein the teeth 360 will once again be at least
partially inwardly recessed relative to the outer surfaces
344, 346 of the upper and lower stationary wall portions
329, 331 so as to avoid interfering with the upper and
lower vertebral bodies V;, V| which may otherwise im-
pede removal of the implant 320 from the intervertebral
disc space. The implant 320 may then be removed from
the disc space and reintroduced therein using the inser-
tion and expansion procedures outlined above to repo-
sition the implant 320 into a revised position within the
disc space.

[0093] In a further aspect of the invention, following
the insertion and expansion of the implant 320 within the
disc space, a bone growth promoting material 130 (FIG.
14) is loaded into the inner chamber 340 of the implant
body 322 to facilitate or promote bone growth from the
upper and lower vertebral bodies V|, V|, through the slot
380 extending through the upper and lower stationary
wall portions 329, 331, and into and possibly through the
implant body 322. In one embodiment of the invention,
the bone growth promoting material 130 is loaded or
packed into the inner chamber 340 via the axial opening
384 in the rear end wall 336 subsequent to insertion and
expansion of the implant body 322. However, in an alter-
ative embodiment, a portion of the bone growth promot-
ing material 130 may be pre-loaded into the inner cham-
ber 340 prior to insertion and expansion of the implant
body 322.

[0094] Asindicated above, the size of the passage 110
in the central portion 100 of the expansion member 24
is relatively large. As a result, the bone growth promoting
material 130 may be conveyed through the large passage
110 in the expansion member 24 and into the distal end
compartment 390a of the inner chamber 340. Once the
distal end compartment 390a is fully loaded, additional
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bone growth promoting material 130 may be loaded into
the proximal end compartment 390b of the inner chamber
340. As should be appreciated, due to the inclusion of
the relatively large passage 110 in the expansion mem-
ber 24, the bone growth promoting material 130 need not
be preloaded into the distal end compartment 390a prior
to insertion and expansion of the implant 320 within the
disc space. Additionally, conveying the bone growth pro-
moting material 130 through the relatively large passage
110 in the expansion member 24 allows the entire inner
chamber 340 to be tightly packed with the bone growth
promoting material 130. Additionally, bone graft,
morselized autograft bone or a similar type of material
may be positioned laterally adjacent the expanded im-
plant body 322 to further promote fusion with the adjacent
vertebral bodies Vy,, V.

[0095] Having illustrated and described the elements
and operation of the spinal implant 320, reference will
now be made to a technique for implanting the spinal
implant 320 within an intervertebral disc space. However,
it should be understood that other implantation tech-
niques and procedures are also contemplated.

[0096] In one example, access to the spinal column
and insertion of the spinal implant 320 into the disc space
is accomplished via a posterior surgical approach. How-
ever, it should be understood that access and insertion
of the spinal implant 320 into the disc space may be ac-
complished via other surgical approaches such as, for
example, an anterior approach or a lateral approach. In
another example, the spinal implant 320 is used to treat
the lumbar region of the spine, with the upper and lower
vertebral bodies V\,, V| comprising lumbar vertebral bod-
ies. However, it should be understood that the present
invention is also applicable to other portions of the spine
such as, for example, the cervical, thoracic or sacral re-
gions of the spinal column. Initially, the portion of the
spinal column to be treated is identified and accessed
from a posterior approach using known surgical tech-
niques. At least a portion of the natural intervertebral disc
is removed via a total or partial discectomy to provide an
opening for receiving the spinal implant 320 between the
upper and lower vertebral bodies V, V| . The disc space
is then distracted to a height substantially equal to the
natural disc space height. Prior to insertion of the spinal
implant 320, the disc space and the endplates of the up-
per and lower vertebral bodies V|, V| may be prepared
using various cutting tools and/or other types of surgical
instruments (e.g., curettes, chisels, etc.).

[0097] In a further example, the cutting instrument
used to prepare the vertebral bodies V|, V| is adapted
to cut and remove bone tissue from the vertebral end-
plates while substantially retaining the natural concave
curvature of the endplates and avoiding cutting into the
cortical rim/apophyseal ring region adjacent the anterior/
posterior portions of the vertebral endplates. The cutting
instrument may also be configured to collect bony debris
or chips generated during the cutting operation for sub-
sequent insertion into the inner chamber 340 of the im-
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plant body 322 to promote arthrodesis. As illustrated in
FIG. 14, each of the prepared vertebral endplates defines
a recessed area or surface curvature that is generally
concave in an anterior-to-posterior direction. As should
be appreciated, the recessed area or surface curvature
defined by the vertebral bodies V\,, V| receives the upper
and lower stationary wall portions 329, 331 of the ex-
panded implant body 322 so as to position the bone
growth material 130 positioned therein in close proximity
to the spongy cancellous bone tissue of the vertebral
bodies V|, V| to promote fusion. Following preparation
of the vertebral endplates, the implant 320 is inserted
into the disc space using a suitable insertion technique
such as, forexample, impaction or push-in type insertion.
Notably, since the spinal implant 320 is inserted into the
disc space while in a non-expanded configuration having
an initial maximum height h, that is somewhat less than
the disc space height, over distraction of the disc space
is avoided and neural distraction is minimized.

[0098] Following insertion of the implant 320 into the
intervertebral disc space, the implant body 322 is ex-
panded to the configuration illustrated in FIG. 14 to re-
store and/or maintain a desired disc space height. Addi-
tionally, transitioning of the spinal implant 320 to the ex-
panded configuration illustrated in FIG. 14 imbeds or im-
pacts the teeth 360 into the vertebral endplates to resist
migration and possible expulsion of the implant body 322
from the disc space. Moreover, positioning of the out-
wardly deformed upper and lower movable wall portions
330a, 330b and 332a, 332b within the concave surface
curvature defined by the upper and lower vertebral bod-
ies Vy, V|_tends to increase stability of the implant body
322 and also reduces the likelihood of migration and pos-
sible expulsion of the implant body 322 from the disc
space. Furthermore, positioning of the upper and lower
stationary wall portions 329, 331 in close proximity to or
in direct contact with the cancellous or spongiseum bone
tissue of the upper and lower vertebral bodies V,, V|
facilitates bone growth through the slot 380 and into the
inner chamber 340. The upper and lower anterior/poste-
rior bearing surfaces 354a, 354b and 356a, 356b of the
implant body 322 are positioned to bear against the cor-
tical rim/apophyseal ring region of the respective upper
and lower vertebral bodies V|, V| to resist the compres-
sive forces exerted onto the implant body 322 and to
reduce the likelihood of subsidence into the relatively
softer cancellous or spongiseum bone tissue.

[0099] In afurther aspect, positioning of the expansion
member 24 within the center compartment 390c of the
inner chamber 340 provides additional support and rigid-
ity to the upper and lower movable wall portions 330a,
330b and 332a, 332b of the implant body 322 to resist
compression loads from the vertebral bodies Vy,, V|, par-
ticularly near the central portion 322c of the implant body
322 which is otherwise devoid of internal support mem-
bers. Additionally, as discussed above, the relatively
close fitting engagement of the upper and lower seg-
ments 108a, 108b of the expansion member 24 within
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the slot 380 inthe upper and lower stationary wall portions
329, 331 also provides additional support and rigidity to
the implant body 322, and particularly resists side-to-side
orlateral forces exerted onto the implant 320 by the upper
and lower vertebral bodies V|, V| . Although the spinal
implant 320 is maintained in the expanded configuration
solely via engagement between the expansion member
24 and the upper and lower wall portions of the implant
body 322, it should be understood that one or more sup-
plemental internal fixation elements may also be used to
provide further support to the implant body 322, particu-
larly in instances involving excessive vertebral loading
and/or instability. It should also be understood that sup-
plemental external intravertebral fixation elements
and/or stabilization techniques may also be used if ex-
cessive residual instability is encountered following in-
sertion and expansion of one or more of the implants 320
within the disc space.

[0100] In a further example, a pair of the expandable
spinal implants 320 may be positioned side-by-side in a
bilateral arrangement within the disc space in a manner
similar to that shown in FIG. 9. However, it should be
understood that unilateral placement or central place-
ment of a single spinal implant 320 within the disc space
is also possible. Bone graft, morselized autograft bone,
orabone growth promoting substance may be positioned
within the area between the bilateral implants 320 to fur-
ther facilitate fusion between the upper and lower verte-
bral bodies Vy,, V,.

Claims

1. Anexpandableintervertebralimplant (20; 320), com-
prising:

an implant body (22; 322) having a longitudinal
axis (L) and being transitionable between an in-
itial configuration and an expanded configura-
tion said implant body (22; 322) including first
and second axial walls (30, 32; 324, 326)
spaced apart along a transverse axis (T) and
an expansion member (24) co-acting with said
at least one of said axial walls (30, 32, 324, 326)
to transition said implant body (22; 322) from
said initial configuration to said expanded con-
figuration,

characterized in that an outer surface of at
least one of said axial walls (30, 32; 324, 326)
defines a recessed region (348) when said im-
plant body (22; 322) is in said initial configura-
tion, wherein said recessed region is outwardly
expanded generally along said transverse axis

(M.

2. The implant (20; 320) claim 1, wherein said implant
body (22; 322) includes first and second transverse
end walls (34, 36) interconnecting opposite end por-
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10.

11.

12.

13.
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tions of said first axial wall with opposite end portions
of said second axial wall.

The implant (20; 320) claim 2, wherein said recessed
region comprises a concave curvature (94a,b; 394a,
b) extending inwardly along said transverse axis (T).

The implant (20; 320) of claim 3, wherein said con-
cave curvature extends along substantially an entire
length of said at least one of said axial walls between
said pair of opposite end portions.

The implant (20; 320) of claim 2, wherein said implant
body (22; 322) has afirst outer transverse dimension
adjacent one of said end walls, said implant body
(22; 322) having a second outer transverse dimen-
sion adjacent said recessed region when said im-
plant body is in said initial configuration; and
wherein said second outer transverse dimension is
less than said first outer transverse dimension.

The implant (20; 320) of claim 2, wherein said at least
one of said axial walls (30, 32; 324, 326) includes a
number of surface protrusions (60; 360) projecting
outwardly from said recessed region.

The implant (20; 320) of claim 6, wherein said oppo-
site end portions of said at least one of said axial
walls (30, 32 ; 324, 326) are positioned along aplane,
said surface protrusions at least partially positioned
inward of said plane when said implant body (22;
322) is in said initial configuration.

Theimplant (20; 320) of claim 7, wherein said surface
protrusions comprise teeth adapted for engagement
with vertebral bone.

Theimplant (20; 320) of claim 7, wherein said surface
protrusions are positioned entirely inward of said
plane when said implant body (22; 322) is in said
initial configuration.

Theimplant (20; 320) of claim 6, wherein said surface
protrusions (60; 360) are confined to a central portion
of said implant body (22; 322).

The implant (20; 320) of claim 1, wherein said re-
cessedregionis defined along substantially an entire
length of said implant body (22; 322).

The implant (20; 320) of claim 1, wherein said re-
cessed region comprises a concave curvature (94a,
b; 394a,b) extending inwardly along said transverse
axis and along substantially an entire length of said
implant body (22; 322)

The implant (20; 320) of claim 12, wherein said at
least one of said axial walls (30, 32; 324, 326) has
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a posterior end portion and an anterior end portion,
said recessed region comprises a concave curvature
(94a,b;3944a,b) extending inwardly along said trans-
verse axis between said posterior and anterior end
portions.

Theimplant (20; 320) of claim 1, wherein said at least
one of said axial walls (30, 32; 324, 326) has opposite
first and second end portions arranged along said
longitudinal axis, said at least one of said axial walls
(30, 32; 324, 326) including a number of surface pro-
trusions projecting outwardly from said recessed re-
gion; and

wherein said opposite first and second end portions
of said at least one of said axial walls (30, 32; 324,
326) are positioned along a plane, said surface pro-
trusions at least partially positioned inward of said
plane when said implant body (22; 322) is in said
initial configuration.

The implant (20; 320) of claim 14, wherein said sur-
face protrusions are positioned entirely inward of
said plane when said implant body (22; 322) is in
said initial configuration.

The implant (20; 320) of claim 1, wherein said re-
cessed region of said at least one of said axial walls
defines a convex curvature extending outwardly
along said transverse axis (T) when said implant
body (22; 322) is transitioned to said expanded con-
figuration.

The implant (20; 320) of claim 1 wherein each of said
firstand second axial walls (30, 32; 324, 326) defines
a recessed region when said implant body (22; 322)
is in said initial configuration, said expansion mem-
ber co-acting with said first and second axial walls
(30, 32; 324, 326) to transition said implant body (22;
322) from said initial configuration to said expanded
configuration wherein each of said recessed regions
are outwardly expanded generally along said trans-
verse axis (T).

The implant (20; 320) of claim 17, wherein said im-
plant body (22; 322) includes first and second trans-
verse end walls interconnecting opposite end por-
tions of said first axial wall with opposite end portions
of said second axial wall, said recessed regions po-
sitioned between said opposite end portions of said
first and second axial walls (30, 32; 324, 326).

The implant (20; 320) of claim 17, wherein said each
of said recessed regions comprises a concave cur-
vature (94a,b; 394a,b) extending inwardly along said
transverse axis (T) along substantially an entire
length of said implant body (22; 322).

Theimplant (20; 320) of claim 1, wherein said at least
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22,

23.

24,

40

one of said axial walls (30, 32; 324, 326) is flexibly
deformed during transitioning of said implant body
(22; 322) to said expanded configuration to outward-
ly expand said recessed region generally along said
transverse axis (T).

The implant (20; 320) of claim 1, wherein said implant
body (22, 232) defines an inner chamber sized to
receive said expansion member therein; and
wherein axial movement of said expansion member
within said inner chamber transitions said implant
body (22; 322) to said expanded configuration.

The implant (20; 320) of claim 21, wherein said first
and second axial walls (30, 32; 324, 326) have inner
surfaces facing said inner chamber, at least one of
said inner surfaces defining an inward taper along
said longitudinal axis, said expansion member slid-
ably engaging said inward taper during said axial
movement to transition said implant body toward
said expanded configuration.

Theimplant (20; 320) of claim 1, wherein said implant
body (22; 322) defines an inner fusion chamber,
each of said first and second axial walls (30, 32; 324,
326) defining at least one bone in-growth opening
extending therethrough and communicating with
said inner fusion chamber; and

further comprising a bone growth promoting sub-
stance positioned within said inner chamber to facil-
itate fusion with adjacent vertebral bodies.

The implant (20; 320) of claim 23, wherein said bone
growth promoting substance comprises a bone mor-
phogenic protein.

Patentanspriiche

1.

Ein expandierbares Zwischenwirbelimplantat (20,
320), aufweisend:

einen Implantatkdrper (22, 322), der eine Léngs-
achse (L) aufweist und zwischen einer Anfangs-
konfiguration und einer Expansionskonfigurati-
on Uberfihrbar ist, wobei der Implantatkdrper
(22, 322) eine erste und eine zweite Axialwand
(30, 32, 324, 326) aufweist, die entlang einer
Querachse (T) im Abstand voneinander ange-
ordnet sind, und

ein Expansionselement (24), das mit der min-
destens einen der Axialwande (30, 32, 324, 326)
zusammenwirkt, um den Implantatkdrper (22,
322) aus der Anfangskonfiguration in die Expan-
sionskonfiguration zu Gberfiihren, dadurch ge-
kennzeichnet, dass eine Aulenflaiche von
mindestens einer der Axialwande (30, 32, 324,
326) einen Aussparungsbereich (348) definiert,
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wenn sich der Implantatkdrper (22, 322) in der
Anfangskonfiguration befindet, wobei der Aus-
sparungsbereich im Wesentlichen entlang der
Querachse (T) nach auRen expandiert wird.

Das Implantat (20, 320) gemaR Anspruch 1, wobei
der Implantatkérper (22, 322) eine erste und eine
zweite Quer-Endwand (34, 36) aufweist, die entge-
gengesetzte Endabschnitte der ersten Axialwand
mit entgegengesetzten Endabschnitten der zweiten
Axialwand verbinden.

Das Implantat (20, 320) gemaR Anspruch 2, wobei
der Aussparungsbereich eine konkave Kriimmung
(94a,b; 3944, b) aufweist, die sich entlang der Quer-
achse (T) nach innen erstreckt.

Das Implantat (20, 320) gemaR Anspruch 3, wobei
sich die konkave Krimmung entlang im Wesentli-
chen einer Gesamtlange der mindestens einen der
Axialwande zwischen dem Paar von entgegenge-
setzten Endabschnitten erstreckt.

Das Implantat (20, 320) gemaR Anspruch 2, wobei
der Implantatkdrper (22, 322) eine erste aufere
Querabmessung benachbart zu einer der Endwéande
aufweist, und der Implantatkérper (22, 322) eine
zweite duliere Querabmessung benachbart zu dem
Aussparungsbereich aufweist, wenn sich der Im-
plantatkérper in der Anfangskonfiguration befindet,
und

wobei die zweite duflere Querabmessung kleiner als
die erste dulRere Querabmessung ist.

Das Implantat (20, 320) gemaR Anspruch 2, wobei
die mindestens eine der Axialwande (30, 32, 324,
326) eine Anzahl von Oberflachenvorspriingen (60,
360) aufweist, die von dem Aussparungsbereich
nach auf3en hervorstehen.

Das Implantat (20, 320) gemaR Anspruch 6, wobei
die entgegengesetzten Endabschnitte der minde-
stens einen der Axialwande (30, 32, 324, 326) ent-
lang einer Ebene angeordnet sind, wobei die Ober-
flachenvorspriinge von der Ebene zumindest teilwei-
se nach innen angeordnet sind, wenn sich der Im-
plantatkérper (22, 322) in der Anfangskonfiguration
befindet.

Das Implantat (20, 320) gemaR Anspruch 7, wobei
die Oberflachenvorspriinge Zahne aufweisen, die
fur einen Eingriff mit Wirbelknochen angepasst sind.

Das Implantat (20, 320) gemaf Anspruch 7, wobei
die Oberflachenvorspriinge von der Ebene aus voll-
standig nach innen angeordnet sind, wenn sich der
Implantatkdrper (22, 322) in der Anfangskonfigura-
tion befindet.
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Das Implantat (20, 320) gemafR Anspruch 6, wobei
die Oberflachenvorspriinge (60, 360) auf einen zen-
tralen Abschnitt des Implantatkérpers (22, 322) be-
schrankt sind.

Das Implantat (20, 320) gemafR Anspruch 1, wobei
der Aussparungsbereich entlang im Wesentlichen
einer Gesamtlange des Implantatkdrpers (22, 322)
definiert ist.

Das Implantat (20, 320) gemafR Anspruch 1, wobei
der Aussparungsbereich eine konkave Kriimmung
(94a,b, 394a,b) aufweist, die sich entlang der Quer-
achse und entlang im Wesentlichen einer Gesamt-
lange des Implantatkdrpers (22, 322) nach innen er-
streckt.

Das Implantat (20, 320) gemaR Anspruch 12, wobei
die mindestens eine der Axialwande (30, 32, 324,
326) einen posterioren Endabschnitt und einen an-
terioren Endabschnitt aufweist, wobei der Ausspa-
rungsbereich eine konkave Krimmung (94a,b,
394a,b) aufweist, die sich entlang der Querachse
zwischen dem posterioren und dem anterioren End-
abschnitt nach innen erstreckt.

Das Implantat (20, 320) gemaf Anspruch 1, wobei
die mindestens eine der Axialwande (30, 32, 324,
326) einen entgegengesetzten ersten und zweiten
Endabschnitt aufweist, die entlang der Ladngsachse
angeordnet sind, wobei die mindestens eine der Axi-
alwénde (30, 32, 324, 326) eine Anzahl von Ober-
flachenvorspriingen aufweist, die sich von dem Aus-
sparungsbereich nach auf3en erstrecken, und
wobei der entgegengesetzte erste und zweite End-
abschnitt der mindestens einen der Axialwande (30,
32, 324, 326) entlang einer Ebene positioniert sind,
wobei die Oberflachenvorspriinge zumindest teil-
weise von der Ebene aus in Richtung nach innen
angeordnet sind, wenn der Implantatkorper (22, 322)
sich in der Anfangskonfiguration befindet.

Das Implantat (20, 320) gemafR Anspruch 14, wobei
die Oberflachenvorspriinge von der Ebene aus voll-
sténdig in Richtung nach innen angeordnet sind,
wenn sich der Implantatkdrper (22, 322) in der An-
fangskonfiguration befindet.

Das Implantat (20, 320) gemaf Anspruch 1, wobei
der Aussparungsbereich der mindestens einen der
Axialwande eine konvexe Krimmung definiert, die
sich entlang der Querachse (T) nach auf’en er-
streckt, wenn der Implantatkdrper (22, 322) in die
Expansionskonfiguration gebracht wird.

Das Implantat (20, 320) gemaf Anspruch 1, wobei
jede von der ersten und der zweiten Axialwand (30,
32, 324, 326) einen Aussparungsbereich definiert,
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wenn sich der Implantatkérper (22, 322) in der An-
fangskonfiguration befindet, wobei das Expansions-
element mit der ersten und der zweiten Axialwand
(30, 32, 324, 326) zusammenwirkt, um den Implan-
tatkdrper (22, 322) von der Anfangskonfiguration in
die Expansionskonfiguration zu bringen, wobei jeder
der Aussparungsbereiche im Wesentlichen entlang
der Querachse (T) nach auf3en expandiert wird.

Das Implantat (20, 320) gemaf Anspruch 17, wobei
der Implantatkérper (22, 322) eine erste und eine
zweite Quer-Endwand aufweist, die entgegenge-
setzte Endabschnitte der ersten Axialwand mit ent-
gegengesetzten Endabschnitten der zweiten Axial-
wand verbinden, wobei die Aussparungsbereiche
zwischen den entgegengesetzten Endabschnitten
der ersten und der zweiten Axialwand (30, 32, 324,
326) positioniert sind.

Das Implantat (20, 320) gemaR Anspruch 17, wobei
jeder der Aussparungsbereiche eine konkave Kriim-
mung (94a,b, 394a,b) aufweist, die sich entlang der
Querachse (T) und entlang im Wesentlichen einer
Gesamtlange des Implantatkérpers (22, 322) nach
innen erstreckt.

Das Implantat (20, 320) gemaR Anspruch 1, wobei
die mindestens eine der Axialwande (30, 32, 324,
326) wahrend des Uberfilhrens des Implantatkor-
pers (22, 322) in die Expansionskonfiguration flexi-
bel verformt wird, um den Aussparungsbereich im
Wesentlichen entlang der Querachse (T) nach au-
Ren zu expandieren.

Das Implantat (20, 320) gemaR Anspruch 1, wobei
der Implantatkérper (22, 322) eine innere Kammer
definiert, die bemessen ist, um das Expansionsele-
ment darin aufzunehmen, und

wobei die Axialbewegung des Expansionselements
innerhalb der inneren Kammer den Implantatkérper
(22, 322) in die Expansionskonfiguration bringt.

Das Implantat (20, 320) gemaf Anspruch 21, wobei
die erste und die zweite Axialwand (30, 32, 324, 326)
Innenflachen aufweisen, die der inneren Kammer
zugewandt sind, wobei mindestens eine der Innen-
flachen entlang der Langsachse eine Neigung nach
innen definiert, wobei das Expansionselement wah-
rend der Axialbewegung mit der Neigung nach innen
gleitend im Eingriff ist, um den Implantatkérper in
Richtung zu der Expansionskonfiguration zu brin-
gen.

Das Implantat (20, 320) gemaf Anspruch 1, wobei
der Implantatkoérper (22, 322) einen innere Fusions-
kammer definiert, wobei jede von der ersten und der
zweiten Axialwand (30, 32, 324, 326) mindestens
eine Knochen-Einwachs-Offnung definiert, die sich
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dadurch hindurch erstreckt und mit der inneren Fu-
sionskammer kommuniziert, und

ferner eine Knochenwachstums-Fordersubstanz
aufweisend, die innerhalb der inneren Kammer an-
geordnet ist, um eine Fusion mit benachbarten Wir-
belkdrpern zu erleichtern.

Das Implantat (20, 320) gemaR Anspruch 23, wobei
die Knochenwachstums-Férdersubstanz ein kno-
chenmorphogenetisches Protein aufweist.

Revendications

1.

Implant intervertébral
comprenant :

expansible (20; 320),

un corps d’implant (22 ; 322) ayant un axe lon-
gitudinal (L) et qui peut étre transféré d’'une con-
figuration initiale a une configuration étendue,
ledit corps d’implant (22 ; 322) comprenant des
premiére et seconde parois axiales (30, 32;
324, 326) séparées I'une de l'autre le long d’'un
axe transversal (T) et

un élément d’expansion (24) co-agissant avec
ladite au moins une desdites parois axiales (30,
32 ; 324, 326) pour transférer ledit corps d’im-
plant (22 ; 322) de ladite configuration initiale a
ladite configuration étendue, caractérisé en ce
qu’une surface externe d’au moins une desdites
parois axiales (30, 32 ; 324, 326) définit une ré-
gion évidée (348) lorsque ledit corps d’implant
(22 ; 322) se trouve dans ladite configuration ini-
tiale, ladite région évidée s’étendant vers I'exté-
rieur, globalement le long dudit axe transversal

(M.

Implant (20 ; 320) selon la revendication 1, dans le-
quel ledit corps d’'implant (22 ; 322) comprend des
premiére et seconde parois d’extrémité transversa-
les (34, 36) raccordant les parties d’extrémité oppo-
sées de ladite premiére paroi axiale avec les parties
d’extrémité opposées de ladite seconde paroi axiale.

Implant (20, 320) selon la revendication 2, dans le-
quel ladite région évidée comprend une courbure
concave (94a,b ; 394a,b) s’étendant vers l'intérieur
le long dudit axe transversal (T).

Implant (20 ; 320) selon la revendication 3, dans le-
quel ladite courbure concave s’étend le long de sen-
siblement toute la longueur de ladite au moins une
desdites parois axiales entre ladite paire de parties
d’extrémité opposées.

Implant (20 ; 320) selon la revendication 2, dans le-
quel ledit corps d'implant (22 ; 322) présente une
premiére dimension transversale externe adjacente
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a l'une desdites parois d’extrémité, ledit corps d’'im-
plant (22 ; 322) ayant une seconde dimension exter-
ne transversale adjacente a ladite région évidée lors-
que ledit corps d’'implant se trouve dans ladite con-
figuration initiale ; et

dans lequel ladite seconde dimension externe trans-
versale est inférieure a ladite premiere dimension
transversale.

Implant (20 ; 320) selon la revendication 2, dans le-
quel ladite au moins une desdites parois axiales (30,
32 ; 324, 326) comprend un certain nombre de pro-
tubérances de surface (60 ; 360) se projetant vers
I'extérieur depuis ladite région évidée.

Implant (20 ; 320) selon la revendication 6, dans le-
quel lesdites parties d’extrémité opposées de ladite
au moins une desdites parois axiales (30, 32 ; 324,
326) sont positionnéesle long d’un plan, lesdites pro-
tubérances de surface sont au moins partiellement
positionnées vers l'intérieur dudit plan lorsque ledit
corps d’'implant (22 ; 322) se trouve dans ladite con-
figuration initiale.

Implant (20 ; 320) selon la revendication 7, dans le-
quel lesdites protubérances de surface compren-
nent des dents adaptées pour un engagement avec
la vertébre.

Implant (20 ; 320) selon la revendication 7, dans le-
quel lesdites protubérances de surface sont posi-
tionnées entierement vers l'intérieur dudit plan lors-
que ledit corps d'implant (22 ; 322) se trouve dans
ladite configuration initiale.

Implant (20 ; 320) selon la revendication 6, dans le-
quel lesdites protubérances de surface (60 ; 360)
sont confinées a une partie centrale dudit corps d’im-
plant (22 ; 322).

Implant (20 ; 320) selon la revendication 1, dans le-
quel ladite région évidée est définie le long de sen-
siblement toute la longueur dudit corps d’implant
(22; 322).

Implant (20 ; 320) selon la revendication 1, dans le-
quel ladite région évidée comprend une courbure
concave (94a,b ; 394a,b) s’étendant vers l'intérieur
le long dudit axe transversal et le long de sensible-
ment toute la longueur dudit corps d'implant (22 ;
322).

Implant (20 ; 320) selon la revendication 12, dans
lequel ladite au moins une desdites parois axiales
(30, 32 ; 324, 326) présente une partie d’extrémité
postérieure et une partie d’extrémité antérieure, la-
dite région évidée comprend une courbure concave
(94a,b ; 394a,b) s’étendant vers I'intérieur le long du-
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dit axe transversal entre lesdites parties d’extrémité
postérieure et antérieure.

Implant (20 ; 320) selon la revendication 1, dans le-
quel ladite au moins une desdites parois axiales (30,
32 ; 324, 326) présente des premiére et seconde
parties d’extrémités opposées aménagées le long
dudit axe longitudinal, ladite au moins une desdites
parois axiales (30, 32 ; 324, 326) comprenant un cer-
tain nombre de protubérances de surface se proje-
tant vers I'extérieur depuis ladite région évidée ; et
dans lequel lesdites premiére et seconde parties
d’extrémité opposées de ladite au moins une desdi-
tes parois axiales (30, 32 ; 324, 326) sont position-
nées le long d’'un plan, lesdites protubérances de
surface sont au moins partiellement positionnées
vers l'intérieur dudit plan lorsque ledit corps d’implant
(22 ; 322) se trouve dans ladite configuration initiale.

Implant (20 ; 320) selon la revendication 14, dans
lequel lesdites protubérances de surface sont posi-
tionnées entiérement vers l'intérieur dudit plan lors-
que ledit corps d’implant (22 ; 322) se trouve dans
ladite configuration initiale.

Implant (20 ; 320) selon la revendication 1, dans le-
quel ladite région évidée de ladite au moins une des-
dites parois axiales définit une courbure convexe
s’étendant vers I'extérieur le long dudit axe transver-
sal (T) lorsque ledit corps d’implant (22, 322) est
transféré vers ladite configuration étendue.

Implant (20 ; 320) selon la revendication 1, dans le-
quel chacune desdites premiere et seconde parois
axiales (30, 32 ; 324, 326) définit une région évidée
lorsque ledit corps d’implant (22 ; 322) se trouve
dans ladite configuration initiale, ledit élément d’ex-
pansion co-agissant avec lesdites premiére et se-
conde parois axiales (30, 32 ; 324, 326) pour trans-
férer ledit corps d'implant (22 ; 322) de ladite confi-
guration initiale vers ladite configuration étendue,
chacune desdites régions évidées s’étendant vers
I'extérieur, globalement le long dudit axe transversal

(M.

Implant (20 ; 320) selon la revendication 17, dans
lequel ledit corps d'implant (22 ; 322) comprend des
premiére et seconde parois d’extrémité transversa-
les raccordant entre elles les parties d’extrémité op-
posées de ladite premiére paroi axiale avec les par-
ties d’extrémité opposées de ladite seconde paroi
axiale, lesdites régions évidées étant positionnées
entre lesdites parties d’extrémité opposées desdites
premiére et seconde parois axiales (30, 32 ; 324,
326).

Implant (20 ; 320) selon la revendication 17, dans
lequel chacune desdites régions évidées comprend
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une courbure concave (94a,b ; 394a,b) s’étendant
vers l'intérieur le long dudit axe transversal (T) et le
long de sensiblement toute la longueur dudit corps
d’'implant (22 ; 322).

Implant (20 ; 320) selon la revendication 1, dans le-
quel ladite au moins une desdites parois axiales (30,
32 ; 324, 326) est déformée de maniére flexible, au
moment ou ledit corps d’implant (22 ; 322) est trans-
féré vers ladite configuration étendue, de maniére a
étendre vers I'extérieur ladite région évidée, en gé-
néral le long dudit axe transversal (T).

Implant (20 ; 320) selon la revendication 1, dans le-
quelledit corps d’'implant (22 ; 322) définitune cham-
bre interne dimensionnée pour accueillir ledit élé-
ment d’expansion ; et

dans lequel le mouvement axial dudit élément d’ex-
pansion a l'intérieur de ladite chambre entraine le
transfert dudit corps d’implant (22 ; 322) vers ladite
configuration étendue.

Implant (20 ; 320) selon la revendication 21, dans
lequel lesdites premiére et seconde parois axiales
(30, 32 ; 324, 326) ont des surfaces internes tour-
nées vers ladite chambre interne, au moins une des-
dites surfaces internes définissant un amincisse-
ment vers l'intérieur le long dudit axe longitudinal,
ledit élément d’expansion s’engageant a coulisse-
ment avec ledit amincissement vers l'intérieur au
cours dudit mouvement axial afin de transférer ledit
corps d’implant vers ladite configuration étendue.

Implant (20 ; 320) selon la revendication 1, dans le-
quel ledit corps d’implant (22 ; 322) définitune cham-
bre de fusion interne, chacune desdites premiére et
seconde parois axiales (30, 32 ; 324, 326) définis-
sant au moins une ouverture, destinée ala croissan-
ce osseuse, s'étendant a travers elles et communi-
quant avec ladite chambre de fusion interne ; et
comprenant en outre une substance favorisant la
croissance osseuse placée a l'intérieur de ladite
chambre interne pour faciliter la fusion avecles corps
vertébraux adjacents.

Implant (20 ; 320) selon la revendication 23, dans
lequel ladite substance favorisant la croissance os-
seuse comprend une protéine morphogénique os-
seuse.
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