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CORPECTOMY IMPLANT

BACKGROUND

08011 The embodiments are generally directed to implants for
supporting bone growth in a patient.

(00021 A variety of different implants are used in the body. Implanis used
in the body to stabilize an area and promote bone ingrowth provide both stability
{i.e. minimal deformation under pressure over time) and space for bone ingrowth.

[0003] Spinal fusion, also known as spondylodesis or spondylosyndesis,
is a surgical treatment method used for the treatment of various morbidities such
as degenerative disc disease, spondylolisthesis (slippage of a vertebra), spinal
stenosis, scoliosis, fracture, infection or fumor. The aim of the spinal fusion
procedure is to reduce instability and thus pain.

(006041  In preparation for the spinal fusion, most of the intervertebral disc
is removed. An implant, the spinal fusion cage, may he placed between the
veriebra o maintain spine alignment and disc height. The fusion, i.e. bone bridge,
occurs between the endplates of the vertebrae.

(00081  If a vertebral body is diseased or otherwise damaged, a
corpectomy procedure may be performed by a surgeon {o remove the damaged
tissue. The removed tissue may be replaced with a bone graft and/or corpectomy

cage to facilitate vertebral fusion betwsen the remaining vertebral bodies.
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SUMMARY

(008061  In one aspect, an implant includes a first layer of generalized
helical elements and a second layer of generalized helical elements. The implant
also includes a first undulating planar element, where the first undulating planar
element is disposed between the first layer of generalized helical elements and the
second layer of generalized helical elements.

(06071  In another aspect, an implant includes a first side and a second
side disposed opposite the first side. The implant alsc includes a body member
disposed on the first side as well as a structural element comprising a first end, a
second end and an intermediate portion. The first end is attached {o the body
member and where the second end is attached {0 the second body member. The
intermediate portion exiends across the second side.

(006081  In ancther aspect, an implant includes a body member and a
peripheral element extending from the body member, where the peripheral
element and the body member bound a central region of the implant. The implant
also includes a central element attached {0 an interior surface of the body
member. The central support element is disposed within the central region.

[0009]  Other systems, methods, features and advantages of the
embodiments will be, or will become, apparent to one of ordinary skill in the art
upon examination of the following figures and detailed description. It is intended
that all such additional systems, methods, features and advantages be included
within this description and this summary, be within the scope of the embodiments,

and be protected by the following claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

(68101 The embodiments can be belter understood with reference o the
following drawings and description. The components in the figures are not
necessarily to scale, emphasis instead being placed upon illustrating the principles
of the embodiments. Moreover, in the figures, like reference numerals designate
corresponding parts throughout the different views.

[0011] FIG. 1is a schematic isometric view of cervical spine region,
according to an embodiment;

[0012] FIG. 2 is g schematic isometric view of a step of removing
intervertebral discs from the cervical spine region of FIG. 1;

(00131 FIG. 3 is a schematic isometric view of a step of removing
portions of vertebral bodies in the cervical spine region of FIG. 1 in order to
prepare space for a corpectomy implan;

[0014] FIG. 4 is a schematic isometric view of the cervical spine region
of FIG. 1 with a corpectomy implant inseried;

[0018] FIG. 5 is a schematic isometric view of an embodiment of an
implant;

(0016} FiG. 6 is a schematic isometric view of an embodiment of an
implant;

10017}  FIG. 7 is a schematic isometric view of the implant of FIG. 8, in
which multiple structural elements are shown in phaniom;

[0018] FIG. 8is a schematic isometric view of an embodiment of a bone
contacting element with a generalized helical geometry,

(00191 FIG 9is a schematic isometric view of an embodiment of a bone
contacting element with an undulating planar geometry;

(00207 FIG 10 is a superior side view of the implant of FIG. 5;

[6021] FIG. 11 is an anterior side view of the implant of FIG. 5;

[0022] FIG 12 is alateral side view of the implant of FIG. 5;
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[0023] FIG. 13 is an anterior side view of the implant of FIG. 5, in which
some elements have been removed for clarity;

[0024] FIG 14 is an isomelric view of the implant of FIG. 5, in which
some elements have been removed for clarity;

[0028] FiG. 15is a lateral side view of an embodiment of an implant that
has a roughened surface in some regions,

[0026] FIGS. 16-20 are schematic views of an implant as new bone
growth develops, according to an embodiment;

100277 FiG. 21is a lateral side view of another embodiment of an
implant;

[0028] FiG. 22 is an anterior view of ancther embodiment of an implant;

[0029] FIG. 28 is a superior side view of the implant of FIG. 22;

(00307 FiG. 24 is an isometric view of another embodiment of an
implant;

10031} FIG. 25 is a superior side view of the implant of FIG. 24; and

[0032] FIG. 26 is a lateral side view of the implant of FIG. 24.
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DETAILED DESCRIPTION

(060341 The embodiments described herein are directed to an implant for
use in a spine. In addition to the various provisions discussed below, any
embodiments may make use of any of the body/support structures, frames, plates,
coils or other structures disclosed in Morris et al., U.S. Publication Number
2016/0324858, published on November 10, 2018, currently U.8. Patent
Application No. 15/141,658, filed on April 28, 2016 and titled “Coiled Implants and
Systems and Methods of Use Thereof,” which i3 hereby incorporated by reference
in its entirety. For purposes of convenience, the Morris application will be referred
to throughout the present application as “The Coiled Implant Application”. Also,
any embodiments may make use of any of the body/support structures, members,
elements, frames, plates or other structures disclosed in McShane lll et al., U.S.
Publication Number 2017/0042697, published on February 16, 2017, currently
U.S. Patent Application No. 15/3340583, filed on October 25, 2016 and titled
“Implant with Arched Bone Contacling Elements,” which is hereby incorporated by
reference in its entirety. Also, any embodiments may make use of any of the
body/support structures, members, elements, frames, piates or other struciures
disclosed in McShane il et al., U.5. Publication Number , published on
L currently ULS. Patent Application No. 15/334022, filed on Oclober 25,
2016 and titled “Implant with Protected Fusion Zones” {(Attorney Docket No. 138-
1007), which is hereby incorporated by reference in its enlirety and referred o as
“The Protected Fusion Zones application”. Alse, any embodiments may make use
of any of the body/support structures, members, elements, frames, plates or other
structures disclosed in , U.8. Publication Number , published on
__eurrently ULS. Patent Application , filed on March 13, 2017 and
titted “Implant with Bone Contacting Elements Having Helical and Undulating
Planar Geometries” {(Attorney Docket No. 138-1037), which is hereby incorporated
by reference in ifs entirety and referred {o as “The Helical and Undulating
Eiements application”.
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00351 Implantation

[0036] FIG. 1is a schematic isometric view of a cervical spine segment
100, according to an embodiment. As seen in FIG. 1, cervical spine segment 100
includes a first vertebral body 101, a second vertebral body 102 and a third
vertebral body 103. Additionally, cervical spine segment 100 includes a first
intervertebral disc 111 (or simply, disc 111) disposed between first vertebral body
101 and second vertebral body 102, as well as a second intervertebral disc 112 {(or
simply, disc 112) disposed between second vertebral body 102 and third vertebral
body 103.

(00371  If second vertebral body 102 and/or portions of first vertebral
body 101 and third vertebral body 103 are diseased or otherwise damaged, a
corpectomy procedure may be performed by a surgeon to remove the damaged
tissue. The removed tissue may be replaced with a bone graft and/or corpectomy
cage to facilitate vertebral fusion between the remaining vertiebral bodies.

[0038] FIGS. 2-4 are schematic isometric views of several stepsin a
corpeciomy procedure, according to an embodiment. In FIG. 2, disc 111 and disc
112 have been remaoved in a first step of preparing the cervical spine segment 100
to receive an implant. In a next step, as seen in FIG. 3, portions of second
vertebral body 102 may be removed {0 create a space 120 for an implant 200.

(608391  In some embodiments, portions of first vertebral body 101 and/or
third vertebral body 103 may aiso be removed to enlarge space 120. This may
aiso be done to remove any diseased bony tissue at the portions of first vertebral
body 101 and/or third vertebral body 103 disposed closest to second veriebral
body 102.

(00407 In FIG. 4, implant 200 may be inserted into space 120 (see FIG.
3) to facilitate vertebral fusion between first veriebral body 101 and third veriebral
body 103. In some embodiments, implant 200 may be a corpectomy implant, also
referred to as a corpectomy cage or a corpectomy fusion device. Although the
embodiment of FIGS. 1-4 depicts implant 200 being used with the cervical spine,

in other embodiments implant 200 could be used in other portions of a spine. In

&
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other embodiments, implant 200 could be used to facilitate vertebral fusion in the
thoracic spine or the lumbar spine.

[0041] Overview of the Implant

[0042] For purposes of clarity, reference is made {o various directional
adjectives throughout the detailed description and in the claims. As used herein,
the term “anterior” refers {0 a side or portion of an implant that is intended to be
oriented towards the front of the human body when the implant has been placed in
the body. Likewise, the term “posterior” refers to a side or portion of an implant
that is intended {o be oriented towards the back of the human body following
implantation. In addition, the term “superior” refers to g side or portion of an
implant that is intended to be oriented towards a top (e.g., the head) of the body
while “inferior” refers {0 a side or portion of an implant that is intended o be
oriented towards a botiom of the body. Reference is aiso made herein to “lateral”
sides or portions of an implant, which are sides or portions facing along lateral
directions of the body following implantation.

[0043] FIGS. 5-6 illustrate schematic isometric views of an embodiment
of implant 200. Specifically, FIG. & is an anterior isometric view while FIG. 6 is a
posterior isometric view. In FIGS. 5-8, implant 200 is understood {0 be configured
with an anterior side 210 and a posterior side 212. Implant 200 may also include a
first lateral side 214 and a second lateral side 216 that exiend between the
posterior side 212 and the anterior side 210 on opposing sides of implant 200.
Furthermore, implant 200 may also include a superior side 230 and an inferior side
240.

00447  Implant 200 may also be associated with various edges that are
iocated at the intersections between various sides. For example, superior side 230
and first lateral side 214 may mest at a superior-lateral edge. Likewise, inferior
side 240 and first lateral side 214 may meet at an inferior-lateral edge. It may be
appreciated that the term “edge” as used herein is not limited o a precise contour
of implant 200 and is used insiead to refer o a general region proximate the

intersection of two sides or faces of implant 200.
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00457 Reference is also made to directions or gxes that are relative to
the implant itself, rather than {o its intended orientation with regards to the body.
For example, the term “disial” refers to a part that is located further from a center
of an implant, while the term “proximal” refers 1o a part that is located closer to the
center of the implant. As used herein, the “center of the implant” could be the
center of mass and/or a central plane and/or another centrally located reference
surface.

(00461  Animplant may also be associated with various axes. Referring
to FIG. &, implant 200 may be associated with a lateral axis 211 that extends along
implant 200 between first lateral side 214 and second lateral side 216.
Additionally, implant 200 may be associated with a posterior-anterior axis 213 that
exiends between posterior side 212 and anterior side 210. Moreover, implant 200
may be associated with a vertical axis 215 (which may also be referred i as a
superior-inferior axis) that extends along the thickness dimension of implant 200
and which is generally perpendicular to both lateral axis 211 and posterior-anterior
axis 213.

(00477  Animplant may also be associated with various reference planes
or surfaces. As used herein, the {erm "median plane” refers to a vertical plane,
which passes from the anterior side {0 the posterior side of the implant, dividing
the implant into right and left halves, or lateral halves. As used herein, the term
“fransverse plane” refers 1o a horizontal plane located in the center of the implant
that divides the implant info superior and inferior halves. As used herein, the term
“‘coronal plane” refers {0 a vertical plane located in the center of the implant that
divides the implant info anterior and posterior halves. In some embodiments, the
implant is symmetric about two planes, such as the transverse plane.

(00487  Implant 200 is comprised of one or more body members attached
to one or more structural elements. In the embodiments shown in FIGS. 5-6,
implant 200 includes a first body member 220 and a second body member 222. In
the exemplary embodiment, first body member 220 is disposed at an anterior end

of implant 200, while second body member 222 is disposed at a posterior end of

8
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implant 200. Alternatively, in other embodiments, implant 200 couid comprise one
or more body members on either of the lateral sides exiending between first body
member 220 and second body member 222.

00497  In some embodiments, each body member may have a relatively
smooth outer surface with few or no holes or other openings. In the embodiment
shown in FIGS. 5-6, second body member 222 has a smooth exterior surface 223
that is slightly concave, while first body member 220 has a mostly smooth exterior
surface 221 that includes a recessed region 225 and a large threaded central
opening 227.

(00501 Embodiments can include provisions to promote bone growth on
an anterior side of the implant and restrict bone growth along the posterior side, to
help reduce the tendency of bone growth adjacent and/or info the spinal column.
in some embodiments, the size and geometry of first body member 220 and
second body member 222 may be selected to maximize bone growth on the
anterior side and limit or prevent bone growth on the posterior side.

[0081] FIG. 7 is a schematic posterior isometric view of implant 200, in
which some elements are depicted in phantom for purposes of clarity. As seenin
FIG. 7, implant 200 has a height 240 on anterior side 210. In some embodiments,
first body member 220 has a height 250 that is substantially less than height 240.
in different embodiments, the ratio of height 250 {o height 240 could vary in a
range between 10 percent {0 80 percent. In some cases, the ratio of height 250 {o
height 240 could vary in a range between 25 percent to 35 percent.

(00527  Allernatively, in embodiments that may be characterized by
multiple levels of generalized helical elements allernating with undulating planar
elements (see discussion below), height 250 could be chosen such that height 250
is less than the total height of two layers of generalized helical elements. Thus, in
the exemplary embodiment of FIG. 7 in which implant 200 is comprised of six
layers of generalized helical bone contacting elements of roughly similar heights,
height 250 is less than the iotal height of two such layers {(i.e., layer 290 and layer
202},
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(08531 Because first body member 220 does not extend the full height of
implant 200 on anterior side 210, some area of anterior side 210 comprises
exposed bone contacting members.

[0084] AsseeninFIG. 7, implant 200 has a height 244 on posterior side
212. In some embodiments, second body member 222 has a height equal {o
height 244 in other words, second body member 222 extends through the entirety
of posterior side 212 in both the lateral directions (i.e., widthwise) and the superior
and inferior directions {i.e., along the height). Moreover, the lack of any holes or
openings in second body member 222 ensures that no structural elements are
exposed on posterior side 212.

[0058] Some embodimenis can include one or more fastener receiving
provisions. In some embodiments, an implant can include one or more threaded
cavities. In some embodiments, a threaded cavity can be configured {o mate with
a corresponding threaded tip on an implantation {ool or device. In other
embodiments, a threaded cavity can receive a fastener for purposes of fastening
an implant to ancther device or component in an implantation sysiem that uses
muitiple implants and/or multiple components.

[0086] Asbestseenin FIG. 5, implant 200 includes a threaded central
opening 227 disposed in first body member 220, In some embaodiments, threaded
central opening 227 may receive the threaded tip of an implantation tool (not
shown). Such a tool could be used to drive implant 200 between adjacent veriebral
podies.

(00571  In different embodiments, the shapes of one or more body
members could vary. As seen in FIG. 5, in the exemplary embodiment first body
member 220 has g rounded shape. Specifically, in some cases, first body member
220 has an elliptic shape with a longest dimension along the lateral axis of implant
200. In other embodiments, the shape of first body member 220 could vary and
could be selected {0 increase or decrease the area of non-bone growth on anterior
side 210. As seen in FiG. 6, in the exemplary embodiment second boedy member

222 has an approximately rectanguiar shape. in other embodiments, the shape of

10
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second body member 222 could vary and could be selected according to the
overall dimensions of implant 200 along posterior side 212,

(00587 The variations in size and shape between first body member 220
and second body member 222 are best depicted in FIG. 7. Here, the continuously
smooth surface provided by second body member 222 heips prevent any new
bone growth from extending on the exterior of impiant 200 along posterior side
212. In contrast, new bone growth may be encouraged {o grow in an upper
anterior region 280 (see FIG. &) above first body member 220 on anterior side
210, as well as in a lower anterior region 282 (see FIG. 5) below first body
member 222. In some embodiments, upper anterior region 280 and lower anterior
region 282 may include elements with roughened or textured surfaces to heip
promote new bone growth in these regions.

(00591  In some embodiments, first body member 220 and second body
member 222 could be joined by one or more structural elements. in the
embodiment shown in FIGS. 5-6, implant 200 includes a plurality of structural
elements 300 that may be attached, and/or continuously formed (or “integrally
formed”) with, first body member 220 and/or second body member 222.

(00607  As used herein, each structural element comprises a distinclive
member or element that spans a region or area of an implant. In some
embodiments, these elements may overlap or intersect, similar to elemenis in a
fattice or other 3D mesh structure. In other embodiments, the elements may not
overlap or intersect. Some embodiments may use elongated elements, in which
the length of the element is greater than its width and its thickness. For example,
in embodiments where an element has an approximaiely circular cross-sectional
shape, the element has a length greater than its diameter. In the embodiments
seen in FIGS. 5-6, some elements are seen to have an approximately rounded or
circular cross-sectional shape (i.e., the element has the geometry of a solid tube)
along at least a portion of the element. However, in some embodiments, one or
more elements could have any other cross-sectional shape, including, but not

fimited to, various polygonal cross-sectional shapes {e.g., triangular, rectangular,

11
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etc.), as well as any other regular and/or irregular cross-sectional shapes. In some
cases, for example, the cross-sectional shape of a structural element could vary
along its length (e.q., the diameter could change along its length).

00617 The present disciosure discusses peripheral structural elements
and central structural elements. As used herein, a “peripheral structural element,”
or simply “peripheral element,” is any element that is exposed on an anterior side
or a laieral side of an implant. In some embodiments, each peripheral element
may include at least one bone contacting region that is configured o directly
contact bony tissue (e.q9., veriebrae) and/or other kinds of tissue adjacent the
cervical spine. Moreover, cuter elements may include one or more portions
exposed along the superior side, inferior side, anterior side and/or one or both
iateral sides of an implant.

(00621 In contrast, a “central structural element,” or simply “central
element,” is any element that is disposed inwardly (or proximailly) from the set of
peripheral elements. In some cases, central elements may lack bone contacting
regions since these elements may not contact with bony tissue {e.q., vertebrae)
immaeadiately following implantation. in some cases, however, central elements may
inciude bone contacting regions — for example where the central elements include
portions exposed on the superior or inferior sides of an implant.

[0063] Element Geometry

(00647 Embodiments can include provisions for protecting bone growth
along and adjacent to elements of an implant. in some embodiments, an element
can be configured with a geometry that helps to protect new bone growth in
selected regions that may be referred to as “protected fusion zones”. ina
protected fusion zone new bone growth may be partially protected from forces
transmitted directly between veriebras and bone contacting surfaces of an implant,
or between adiacent elements in an implant, thereby increasing the rate at which
new bone growth may propagate through the implant.

00657  In some embodiments, an element can have a spiral, helical or

twisted geometry that provide a series of such protected fusion zones for
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enhanced bone growth. In other embodiments, an element can have a planar
undulating geometlry (e.g., sinuscidal) that may also create protected fusion zones.
It some embodiments, an implant may include elements with generalized helical
geometries and other elements with planar undulating geometries.

[0066] Some elements may have a generalized helical geometry. As
used herein, a “generalized helical geometry” or “spiraling geometry” refers to a
geometry where a part (portion, element, member, efc.) winds, turns, twisis,
rotates or is otherwise curved around a fixed path. In some cases, the fixed path
could be straight. In other cases, the fixed path can be curved. In the present
embodiments, for example, the fixed path is generally a combination of straight
segments and curved segments.

[0067] Curves having a generalized helical geometry (also referred to as
generalized helical curves) may be characterized by “coils”, “turns” or “windings”
about a fixed path. Exemplary parameters that may characterize the specific
geomelry of a generalized helical curve can include coil diameter (including both a
major and minor diameter) and the pitch (i.e., spacing between adjacent coils). In
some cases, the “amplitude” of a coil or loop may also be used to describe the
diameter or widthwise dimension of the coil or loop. Each of these parameters
could be constant or could vary over the length of a generalized helical curve.

[0068] Generalized helical curves need not be circular or even round. In
some embodiments, for example, a generalized helical curve could have a linearly
segmented shape {or locally polygonal shape) such that each “coil” or “turn” is
comprised of straight line segmenis rather than arcs or other curved segments.
Generalized helical curves may also include combinations of curved and straight
segments. Examples of generalized helical curves are shown and described in
The Frotected Fusion Zones Application.

(00697 For purposes of characterizing the geometry of one or more
structural elements, each element can be identified with one or more curves. Each
element may be identified with a central curve. The central curve of each element

may be defined as a curve that extends along the length (or longest dimension) of
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the element such that each point along the curve is centrally positioned within the
element.

[00707 FIG. 8is a schemalic isometric view of an exemplary element
402 of an implant 200. For purposes of reference, element 402 is shown in
isolation from other parts of implant 200. As seen in FIG. 8, element 402 exhibits a
twisted geometry indicative of a spiral or helix {i.e., a generalized helical
geometry). Specifically, one or more segments of a central curve 410 of element
402 (referred to as “winding segments”) are seen o rotate or twist around fixed
path 420.

00711  In some embodiments, an element could have a cross-sectional
diameter that is larger than its winding diameter. Such an embodiment is
discussed in The Protected Fusion Zones Application. In the embodiment shown
in FIG. 8, slement 402 is seen to have a cross-sectional diameter 424 that is less
than the winding diameter 422 of its ceniral curve 410.

10072  Generally, an element may not have a generalized helical
geometry through its entire length. In other embodiments, for example, ils central
curve may be configured with a winding segment where the central curve
completes several full turns around a fixed path. Away from the winding segment,
its central curve may not include any turns, fwists, etc.

(60731  Although the present embodiment includes at least one element
with a winding segment that makes one or more full turmns around a fixed path,
other embodiments could be configured with central curves that only make partial
turns around a fixed path.

00741  While the description here has focused on the geometry of a
single element, it may be appreciated that other elements of implant 200, including
peripheral and central structural elements, may exhibit similar generalized helical
geometries, or segments with generalized helical geometries. If may be further
appreciated that two different elements could have slightly different geometries,
with distinct central curves that include variations in the number of windings, shape

of the windings, etc.
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(007581  In some embodiments, elements may be characierized as having
an undulating planar geomelry. As used herein, the term “undulating planar
geomelry” refers 1o a geomelry where the central curve of an element undulates
{e.g0., waves or oscillales) in a single plane. In other words, the central curve is an
undulating planar curve. A specific example of an undulating planar curve is a
sinusocidal curve, though the term undulating planar curve is not restricted to
curves that undulate in a regular manner like sinuscidal curves. This undulating
planar geometry is distinct from a generalized helical geometry, since generalized
helical curves are not confined {0 a single plane.

(00781 FIG. 9 is a schematic isometric view of an element 430 of implant
200. Referring to FIG. 9, element 430 exhibits an undulating planar geometry.
Specifically, a central curve 440 of element 430 is a planar curve and includes at
ieast one undulation.

00771 i may be appreciated that in some embodiments, an element
could have a combination geometry. For example, in some cases an element may
include at least one segment with a generalized helical geomelry and at least one
segment with an undulating planar geometry. An exemplary embodiment of an
implant including at least one hybrid outer structural element is depicted in FIGS.
22-23 and discussed in further detail below.

[6078] Superiorinferior Arrangement of Structural Elemenis

(00791  Along the superior and inferior sides of implant 200, peripheral
structural elements may be arranged to provide muitiple bone contacting regions
and multipie protected fusion zones that help protect new bone growth.

[00807 FIG. 10is a top down view of an embodiment of implant 200
intended to show an exemplary configuration of bone contacting elements on
superior side 230. Referring {o FIG. 10, implant 200 includes superior set of
structural elements 500. £ach structural element in superior set of structural
elements 500 includes one or more segments having a generalized helical

geometry.
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[0081] Asseenin FIG. 10, a first peripheral element 502 has a
generalized helical geometry and extends out from second body member 222,
Specifically, a first end 504 attaches {o a first lateral edge 508 of second body
member 222 and a second end 506 altaches to a second lateral edge 507 of
second body member 222. Between first end 504 and second end 508, first
peripheral element 502 includes a first intermediate portion 510 that extends along
first lateral side 214, a second intermediate portion 512 that exiends along anterior
side 210 and a third intermediate portion 514 that extends along second lateral
side 216. Thus, first peripheral element 502 is bent into a U-like or C-like shape. In
addition, as best seen in FIG. 11, first peripheral element 502 may be supported
below by peripheral element 602 having an undulaling planar geometry.

[0082] As also seenin FIG. 10, implant 200 includes a first central
element 520 that is exposed along superior side 230. In some embodiments, first
central element 520 may extend from second body member 222 towards anterior
side 210, In some embaodiments, first central element 520 may attach o adjacent
portions of implant 200 on anterior side 210. In other embodiments, however, first
central element 520 may not be attached at anterior side 210. As discussed in
further detail below, in some embodiments first central element 520 may be
supported from below by another central element. Moreover, in contrast to first
central element 502 that is disposed at a single level of implant 200, first central
element 520 may extend through multiple levels of implant 200 (see FIG. 13).

(60831  Implant 200 may also include second central element 530. In
some embodiments, second central element 530 may be configured identically to
first central element 520 and arranged in a mirror symmelric manner about the
median plane of implant 200.

(00847 It may be appreciated that in some embodiments struciural
elements may be similarly arranged on inferior side 240 of implant 200. In some
embodiments, structural elements on inferior side 240 could be arranged
identically and in a mirror symmaetric manner about the transverse plane of implant
200.
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[00858] Anterior and Lateral Side Arrangement

[0086] In addition {o elements arranged on superior side 230 and inferior
side 240, implant 200 may include additional sets of siructural elements arranged
at distinct levels, or layers, of implant 200. As best seen in FIGS. 11-12, implant
200 includes six levels, with each level including at least one peripheral structural
element. These include first peripheral element 502, as well as second peripheral
element 550, third peripheral element 552, fourth peripheral element 554, fifth
peripheral element 556 and sixth peripheral element 558, which may be
collectively referred 1o as peripheral element set 570. Each of these outer
elements may be similar in some respecis to first peripheral element 502.
Specifically, each element may have a generalized helical geometry and may
follow a similar path along first Iateral side 214, anterior side 210 and second
lateral side 216.

(00871 1o increase the number of protected fusion zones along the
anterior and/or lateral sides of a device while reinforcing the implant along
directions parallel with the transverse plane, embodiments can use bone
contacting elements that unduiate in a single plane. In some embodiments, these
undulating planar elements may facilitate attachment between generalized helical
elements in adjacent levels of a device.

[0088] Asbestseenin FIGS. 11-12, implant 200 may include an
exemplary peripheral element 802, Peripheral element 602 has an undulating
planar geometry as previously discussed and shown in FIG. 8. Referring to FIGS.
5-8, a first end 604 attaches {o first lateral edge 505 (sse FIG. 5) of second body
member 222 and g second end 806 allaches to second lateral edge 507 of second
body member 222. Between first end 804 and second end 606, peripheral element
602 includes a first intermediate portion 610 that exiends along first Iateral side
214 (see FIG. 8), a second intermediate portion 612 that extends along anterior
side 210 and a third intermediate portion 814 that extends along second lateral

side 216. Thus, peripheral element 802 is bent into a U-like or C-like shape. In
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addition, peripheral element 802 may provide support for both first peripheral
element 502 and second peripheral element 550.

(08891  Implant 200 may include additional peripheral elements with an
undulating planar geometry arranged at distinct levels, or layers. Thus, implant
200 may include second peripheral element 650, third peripheral element 652,
fourth peripheral element 654 and fifth peripheral element 856, which may be
collectively referred 1o as peripheral element set 670. Each of these undulating
planar elements provides additional bone contacting regions and protected fusion
zones along anterior side 210 as well as first lateral side 214 and second lateral
side 216 of implant 200. Additionally, these undulating planar elements help
improve strength and facilitate attachment between generalized helical elements in
adjacent levels or layers of implant 200.

(00801  Together, the generalized helical elements of peripheral element
sei 570 and the undulating planar elements of peripheral element set 670 are
arranged info six levels of generalized helical members with each level being
separated by an undulating planar element. Moreover, these elements may
collectively be characterized as a peripheral bone contacting portion of implant
200. In this case, peripheral bone contacting portion includes peripheral elements
arranged on first lateral side 214, anterior side 210 and second lateral side 216.

(60911 In some embodiments, generalized helical peripheral elements
can be stacked in an alternating configuration with the elements arranged in a
symmetric manner about each undulating planar element. As an example, as best
shown in the anterior view of FIG. 11 and the lateral view of FIG. 12, first
peripheral element 502 and second peripheral element 550 are arranged in an
approximately symmetric manner gbout peripheral element 802. For example, a
central helical portion 680 of first peripheral element 502 and central helical portion
682 of second peripheral element 550 each peripheral element 602 adjacent the
median plane 698. Likewise, as seen in FIG. 12, corresponding helical portions of
first peripheral element 502 and second peripheral element 550 are attached to

peripheral element 602 at similar locations along posterior-anterior axis 213.
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(00821  Similarly, for example, second peripheral element 550 and third
peripheral element 552 are arranged in an approximately symmetric manner about
second peripheral element 650. Specifically, corresponding helical portions of
second peripheral element 550 and third peripheral element 552 are attached to
second peripheral element 650 at similar locations along lateral axis 211. Using
these symmetric configurations may help distribute forces evenly throughout the
implant as loads are applied in both the superior and inferior directions.

(00931 Quter/internal Arrangement

[0084] FIGS. 13 and 14 are views of implant 200 in which some
peripheral elements have been removed for clarity. Referring to FIGS. 13-14,
implant 200 may include a plurality of central structural elements 700. Specifically,
plurality of central siructural elements 700 includes first ceniral element 520,
second central element 530, third central element 703, fourth central element 704
as well as a fifth central element and sixth central element that are partially
obscured by peripheral elements in FIGS. 13 and 14,

(00951  In different embodiments, the geometry of one or more central
elements could vary. In some embodiments, a central element could have a
closed loop geometry. As seen in FIG. 14, which shows a partial view of implant
200, first central element 520 has a closed loop geometry comprised of a first
helical segment 710, a first vertical segment 712, a second helical segment 714
and a second vertical segment 716. Similarly, each of the remaining elements in
plurality of central structural elements 700 have a closed loop geometry
comprising oppoesing helical segments and opposing vertical segments.

[0086] Optionally, in some embodiments, a central siructural element
could include a conneacting portion that connects opposing segments in the closed
loop. For example, as seen in FIG. 14, first central element 520 includes a
connecting portion 730 that connects first helical segment 710 and second helical
segment 714. In some cases, the remaining central elements of plurality of central
structural elements 700 may also include similar connecling portions. in some

cases, connecling portions can be used {o improve vertical strength.
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[00877  Asseenin FIG. 13, plurality of central structural elements 700
may be arrangad in a stacked pattern comprising three inner layers, with each
fayer including a pair of central elements. For exampile, first central element 520
and second central element 530 are disposed in a first inner layer 740. Similarly,
third central element 703 and fourth central element 704 are disposed in a second
nner layer 742. Also, fifth central layer 705 and sixth central layer 706 are
disposed in a third inner layer 744,

(00981 Embodiments may vary according to the locations where a
central structural element is attached o other elements disposed at the periphery
of an implant. in some embodiments, adiacent layers of ceniral structural elements
may be separated and not directly attached toc one anocther. in some embodiments,
adjacent inner layers of central structural elements could be joined. As an
example, in FIG. 14 it can be seen second helical segment 714 of first central
element 520 is allached to a helical segment 751 of second peripheral element
550. Likewise, a helical segment 752 of second ceniral element 530 is attached to
a helical segment 753 of fourth central element 704. Similarly, third central
element 703 may be altached to a fifth central element (not shown) and fourth
central element 704 may be atlached to a sixth central element (not shown).

(00891  In some embodiments, portions of a central structural element
could be attached {o second body member 222 on posterior side 212, Inthe
embodiment of FIG. 14, first vertical segment 712 of first central element 520 is
attached to interior surface 229 of second body member 222. Likewise, in the
present embodiment, each of second central element 530, third central element
703, fourth central element 704, as well as a fifth central element and sixth central
element may include a vertical segment that is attached to second body member
222. In other embodiments, one or more central elements may not be directly
attached {0 second body member 222,

(001001  In some embodiments, portions of a central structural element
could be attached to first body member 220. For example, a vertical segment 761

of third central element 703 may be attached o first body member 220. In some
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embodiments, one or more central structural elements may not be attached to first
body member 220 or to any other portions on anterior side 210 of implant 200. For
example, first central element 520 and second central element 530 are both
spaced apart from {(and unatiached to) adjacent elements disposed on anterior
side 210 (including peripheral element 802 and generalized first peripheral
element 502).

[00101] In some embodiments, central structural elements could be
attached to elements disposed on one or more lateral sides of an implant. In the
embodiment of FIGS. 13 and 14, each of the central structural elements may be
spaced apart from (and unattached to) adjacent structural elements (inciuding
undulating planar elements and generalized helical elements).

(0061021 The arrangement of central structural elements described herein
may colieclively form a central support portion for implant 200. The ceniral support
portion extends from superior side 230 {o inferior side 240 and core of support for
implant 200. Such a configuration may provide enhanced strength under vertical
ioading compared to hollow cages.

[00103] In addition to improving vertical strength for implant 200, using
central structural elements with helical segments may create protected fusion
zones within an interior of implant 200. For example, as seen in FIG. 14, an
exemplary protected fusion zone 775 may be formed on helical segment 751 of
third central element 703, In this case, protecied fusion zone 775 is formed
adjacent a convex portion 770 of third central element 703, which is further
supported by connecting portion 772. Thus, the convex portion 770 of third central
element 703 creates a pocket for new bone growth. Moreover, connecting portion
772 provides increased stability for convex portion 770 of third central element 703
and may help to direct forces away from the protected fusion zone 775, thereby
minimizing the disturbance of new bone growth.

[06104] Bone Contacting Regions

[00108] Embodiments may include one or more bone contacting regions.

Bone contacting regions may be regions along a structural element and/or body
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member that are configured to directly contact a vertebral body or other adjacent
bone or tissue following implantation. In some cases, these regions may comprise
the distal most surfaces of an implant, including the distal most surfaces on the
superior, inferior and lateral sides of the implant.

[00106] In different embodiments, the geometry of one or more bone
contacting regions could vary. In some embodiments, bone contacting regions
could be relatively smoocth regions. In some cases, bone contacting regions could
be relatively flat regions. In other embodiments, a bone contacting region may be
curved. in some cases, the bone contacting region could have a curvature that
matches the curvature of the adjacent surface regions of the outer member. In
other cases, the distal surface region could have a different curvature {(e.g., more
convex) than adjacent surface regions of the cuter member.

(00107} As seenin FIGS. 10-12, implant 200 includes many bone
contacting regions disposed on generalized helical elements and on undulating
planar elements. Moreover, the bone contacting regions are disposed on superior
side 230, inferior side 240, first lateral side 214, second lateral side 216 and
anterior side 210. For example, as seen in FIG. 10, 10 distinct bone contacting
regions 580 are disposed on superior side 230. Although not shown, some
embodiments may include an identical set of bone contacting regions on inferior
side 240, Also, as seen in FIG. 11, each undulating planar peripheral element
includes two bone contacting regions 890 on anterior side 210, In some
embodiments, some generalized helical elements may also be configured with
bone contacting regions on anterior side 210. As seen in FIG. 11, both first
peripheral element 502 and sixth peripheral element 588 include bone contacling
regions 592 on anterior side 210.

[00108] In some embodiments, generalized helical elements and
undulating planar elements may also inciude bone contacting regions on one or
more {ateral sides of an implant. As seen in FIG. 12, each undulating planar
element in implant 200 includes two bone contacting regions 694 on second lateral

side 216. Likewise, each generalized helical element in peripheral element set 570
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includes two bone cotacting regions 696 on second lateral side 218, Additionally,
each of these peripheral elements may likewise include two bone contacting
regions on first lateral side 214 (see FIG. 5).

001081 In different embodiments, the number of bone contacting regions
could vary. In some embodiments, an implant could include between 10 and 100
bone contacting regions. In other embodiments, an implant could include less than
10 bone contacting regions. In still other embodiments, an implant could include
more than 100 bone contacting regions. In the exemplary embodiment of FIGS. 1-
12, implant 200 may include approximately 70 to 80 bone contacting regions.
Specifically, implant 200 includes approximately 10 bone contacting regions on
superior side 230, approximately 10 bone contacting regions on inferior side 240,
approximately 22 bone contacting regions on first iateral side 214, approximately
22 bone contacting regions on second lateral side 216 and approximately 12 bone
contacting regions on anterior side 210.

[06110] Using bone contacting elements having generalized helical
and/or undulating planar geometries may help facilitate new bone growth since
elements with these geometries may naturally incorporate one or more protecied
fusion zones. These protected fusion zones may occur at locations along the
structural elements that are convex and may be disposed between two bone
contacting regions. These protected fusion zones are discussed in further detail
below.

[00111] Surface Texture

[00112] Embodiments can include provisions for texturing one or more
surfaces of an implant. Such texturing can increase or otherwise promote bone
growth and/or fusion to surfaces of the implant. In some embodiments, bone
contacting elements and/or sections of a body may be texiured,

001131 In some embodiments, the surface structure of one or more
regions of an implant may be roughened or provided with irregularities. Generally,
this roughened structure may be accomplished through the use of acid etching,

bead or grit blasting, sputter coating with titanium, sintering beads of titanium or
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cobalt chrome onto the implant surface, as well as other methods. This can result
in a prosthesis with a surface roughness with about 3-5 microns of roughness
peak o vailey. However, in some embodiments, the surface roughness may be
less than 3-5 microns peak to valley, and in other embodiments, the surface
roughness may be greater than 3-5 microns peak to valiey.

00114} FIG. 15 is a lateral side view of an embodiment of an implant 800
including a plurality of structural elements 802, implant 800 is configured with
surface texturing 804, which is depicted using stippling. In some embodiments,
some portions of implant 800 could have surface texturing. in other embodiments,
all portions of implant 800 could have surface texturing. In the embodiment
depicted in FIG. 15, surface texturing 804 is applied throughout a majority of
implant 800, However, at least some portions do not include surface texiuring,
including posterior surface 806 of posterior body member 808. This may heip
prevent bone growth from developing towards the spinal column. In some cases,
an anterior surface of an anterior body member 820 may aiso lack surface
texturing directly adjacent where a fastener may engage impilant 800,

[001158] Selective Bone Growth

(060118} FIGS. 16-20 depict a schematic sequence of new bone growth
throughout implant 200, according to an embodiment. In some cases, a bone
growth promoting material (discussed in detail below) may be disposed on the
exterior surfaces and/or disposed in the open interior volume of an implant o
promote new bone growth. However, for purposes of clarity, FIGS. 16-20 do not
depict any bone growth promoting materials.

[00117] In FIG. 18, several exemplary protected fusion zones have been
highlighted. it may be appreciated thal many more protected fusion zones may be
present, and the highlighted examples are only intended to Hlustrate general
features. Referring to FIG. 16, on superior side 230 implant 200 may include a
plurality of protected fusion zones 850 formed in the proximal most regions of first
peripheral element 502 as well as in similarly concave regions of first central

glement 520 and second cantral element 530. Likewise, on first lateral side 214
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implant 200 may include one or more protected fusion zones 852 formed in the
proximal most regions of peripheral element set 670. Similar protected fusion
zones 854 may also occur on second lateral side 216 of implant 200 (see FIG. 17).
Along anterior side 210, implant 200 includes a plurality of protected fusion zones
860 formed in the concave regions of each peripheral element of implant 200.
{These concave regions may be proximally or distally iocated relative o other
portions of the same element depending on the elements orientation within implant
200},

(00118} FiG. 18 is a schematic view of implant 200 in which some new
bone growth has occurred. For purposes of ilustration, emphasis is placed on a
single protected fusion zone 880 on anterior side 210, though similar principles
may apply to any other protected fusion zones on implant 200.

(00119} Referring to FIG. 18, bone fusion and growth may begin at the
superior and inferior sides of implant 200. In some cases, bone growth and fusion
may be facilitated by protected fusion zones on these sides as these zones help
minimize disturbance to new bone growth by directing forces away from new bone
growth in the protecied fusion zone. Eventually, new bone growth may extend into
additional layers of implant 200.

[00120] Asseenin FIG 18, some new bone growth 890 is formed in
protected fusion zone 880 on anterior side 210. As seen here, the protecied fusion
zone 880 helps to direct the applied forces around new bone growth 890 within
protected fusion zone 880. This helps minimize the disturbance {0 new bone
growth occcurring in protecied fusion zone 880 and may increase the rate at which
new bone growth can form and spread in this region.

[00121] Referring now to FIGS. 19-20, new bone growth 889 may
continue {o spread along anterior side 210, first lateral side 214 and second lateral
side 216, facilitated in part by the presence of the protected fusion zones on these
sides of implant 200. Additionally, new bone growth may grow throughout an

interior of implant 200, facilitated in part by the presence of protected fusion zones
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along the central elements (i.e., protected fusion zone 775 of third central element
703 shown in FiG. 14).

[00122] As previously discussed, new bone growth does not occur along
posterior side 212, Specifically, while new bone growth may occur along interior
surface 229 of second body member 222 (see FI. 14}, no bone growth ccours on
exierior surface 223 of second body member 222. This configuration allows for
bone growth to be encouraged in selective regions {i.e., the anierior and lateral
sides) while simultaneously discouraging bone growth in other regions (i.e., the
posterior side).

[00123] Lordosis, etc.

[00124] In different embodiments, the geometry of a superior and/or
inferior surface of an implant could vary. For exampie, the inferior and/or superior
surfaces of an implant could be concave, flat, taperedfangulated to provide
fordosis or kyphosis, efc. in shape.

[001258] Embodiments can also be provided with various flat/parallel (0-
degree), lordotic, and hyper-lordotic angles. In some embodiments, the implant
can be configured with an approximately 8-degree angle between the superior and
inferior surfaces. In other embodiments, the implant can be configured with an
approximately 15-degree angle between the superior and inferior surfaces. in still
other embodiments, the implant can be configured with an approximately 20-
degree angle between the superior and inferior surfaces. Still other angles are
possibly including any angles in the range between 0 and 30 degrees. Siill other
embodiments can provide a lordotic angle of less than 8 degrees. Siill other
embodiments can provide a hyper-lordotic angle of more than 20 degrees.

[00126] As best shown in FIG. 12, implant 200 may be configured with a
lordotic angle of approximately 7 degrees. Specifically, superior side 230 is
configured with a 7 degree angle 689 while inferior side 240 is substantially fiat.

[00127] An slternative embodiment of an implant 800 is shown in FIG. 21.
implant 200 may be similar in one or more provisions {o implant 200. In contrast {o

implant 200, however, implant 900 inciudes angled surfaces on both superior side
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930 and inferior side 840. Specifically, superior side 930 is set af 2 3.5 degree
angle 970 and inferior side 840 is also set at a 3.& degree angle 972, which
combine {o provide a 7-degree lordotic angle for implant 200.

[00128] AHernative Arrangement of Elements

[00129] FIGS. 22 and 23 illustrate schematic views of another
embodiment of an implant 1000. Implant 1000 may share similar provisions to
implant 200. In particular, implant 1000 may comprise a first body member 1020
and a second body member 1022, as well as a plurality of structural elements
1046. As seen in FIG. 22, plurality of structural elements 1046 include generalized
helical peripheral elements 1042 arranged in six distinct levels and joined and by
undulating planar elements 1044,

00130} Asseenin FIG. 22, on implant 1000 the arrangement of structural
elements on superior side 1030 may be different from the arrangement of
elements on superior side 230 of implant 200.

[00131] Referring to FIG. 23, a first element 1111 includes a first segment
1113 that extends from second body member 1022 to first body member 1020
along first lateral side 1014 of implant 1000. A second segment 1114 of first
slement 1111 exiends along anterior side 1010. A third segment 1115 of first
element 1111 extends along second lateral side 1016 back {o second body
member 1022. Thus, first element 1111 circumscribes the periphery of implant
1000 along the anterior and lateral sides.

[00132] Adjacent to first slement 1111 is a second element 1131, A first
end 1132 of second element 1131 is altached at central region 1180 of first body
member 1020, From first end 1132, second element 1131 extends both laterally
and longitudinally until it contacts first element 1111, Al this contact point, second
glement 1131 turns and extends {0 second body member 1022, with a second end
1138 attached to second body member 1022,

(081331 Third element 1141 extends along the opposing side of implant

1000 from second element 1131, Specifically, in the embodiment shown in FIG.
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23, third element 1141 is configured in a mirror symmetric manner from second
element 1131 about the median plane.

[00134] Adjacent to second element 1131 is fourth element 1151, A first
end 1152 of fourth element 1151 extends from second element 1131 and
continues longitudinally (while spiraling) to second body member 1022. A second
end 11588 of fourth element 1151 attaches {o central region 1182 of second body
member 1022.

[001358] Fifth element 1161 extends along the opposing side of implant
1000 from fourth element 1151, Specifically, in the embodiment shown in FIG. 23,
fifth element 1161 is configured in a mirror symmetric manner from fourth element
1151 about the median plane.

[00138] Although the discussion focuses on the arrangement of structural
elements at superior side 1030 of implant 1000, it may be appreciated that in
some embodiments each level of implant 1000 may comprise a similar
configuration of generalized helical elements. In some cases, the arrangemenis
may alternate in a mirror symmetric manner about a horizontal plane at different
iocations along implant 1000. Moreover, inferior side 1040 may comprise a similar
arrangement of elements to those disposed on superior side 1030,

00137} The embodiment shown in FIGS. 22-23 also utilizes a hybrid
structural element, which includes at least one generalized helical segment and at
ieast one undulating planar segment. Referring to FIGS. 22 and 23, first element
1111 has a generalized helical geometry along the lateral sides of implant 1000
{i.e., at first segment 1113 and third segment 1115). However, along anterior side
1010, first element 1111 includes an undulating planar portion 1119, Similarly, as
seen in FIG. 22, the remaining layers of implant 1000 include similar hybrid
elements with a centrally located unduiating planar portion on anterior side 1010,
This hybrid geometry allows for a generally consisient anterior facing contact
surface for implant 1000, since these anterior facing undulating planar portions
{e.9., undulating planar portion 1118) extends through a single vertical plane on
anterior side 1010.
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[00138] Other embodiments could include elements arranged in any other
configuration, and having any other geometries, including any of the configurations
and/or geometries disclosed in The Helical and Undulating Elements Application.

[00139] Variations in Layers and Sizes

[00140] Different embodiments could vary in size. In some embodiments,
the “footprint” of an implant could vary. As used herein, the footprint of the device
comprises its approximate area in the transverse (or another horizontal) plane. In
some embodiments, an implant could be manufactured in two or more distinct
footprint sizes. In some embodiments, an implant could be manufaciured in three
or more distinct footprint sizes, including a small, medium and large footprint.
implants of different footprint sizes could be used {0 accommodate different sized
veriebrae. In one embodiment, foolprint sizes may be as follows: a small footprint
having dimensions of 12x14.5mm; a medium footprint having dimensions of
12.5x18mm; and a large footprint having dimensions of 13x18mm.

[00141] Different embodiments could incorporate implants of varying
heights. For example, an implant could be manufactured in two or more distinct
heights. In other embodiments, an implant could be manufactured in three or more
distinct heights. In some embodiments, an implant could be manufactured with a
height approximately in the range between 15mm and 33mm.

(001421 In different embodiments, implants can vary in the number of
levels or layers of distinct helical elements. In the embodiments depicted in FIGS.
5-8, 21 and 22-23, implants are shown which include six levels. FIGS. 24-28
idlustrate schematic views of another embodiment of an implant 1300. Referring to
FIGS. 24-26, implant 1300 may include similar provisions o implant 200. In
contrast to implant 200, however, implant 1300 comprises only four distinct levels,
including a first level of generalized helical elements 1302, a second level of
generalized helical elements 1304, a third level of generalized helical elements
1306 and a fourth level of generalized helical elements 1308, Each level is further
separated by an undulating planar element (i.e., first undulating planar element

1312, second undulating planar element 1314 and third undulating planar element
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1316). Still other embodiments could incorporate any other number of levels,
including any number in a range between 2 to 10 levels. Still other embodiments
could inciude more than 10 levels. In some embodiments, the height of an implant
may vary according to the number of layers. For example, in one embodiment, 8
four layer implant may have a height in the range of approximately 15mm to 20mm
while a six layer implant may have a height in the range of approximately 21mm to
33mm.

[00143] Bone Growth Promoting Material

[00144] In some embodiments, bone growth can be facilitated by applying
a bone growth promoting material in or arcund portions of an implant. As used
herein, a "bone growth promoting material” (or BGPM) is any material that helps
bone growth. Bone growth promoting materials may include provisions that are
freeze dried onto a surface or adhered o the metal through the use of linker
molecules or a binder. Examples of bone growth promoting materials are any
materials including bone morphogenetic proteins (BMPs), such as BMP-1, BMP-2,
BMP-4, BMP-8, and BMP-7. These are hormones that convert stem cells into
bone forming cells. Further examples include recombinant human BMPs
{rhBMPs), such as rhBMP-2, rhBMP-4, and rhBMP-7. Still further examples
include platelet derived growth factor (PDGF), fibroblast growth factor (FGF),
collagen, BMP mimetic peplides, as well as RGD peptides. Generally,
combinations of these chemicals may alsc be used. These chemicals can be
applied using a sponge, matrix or gel.

[001458] Some bone growth promoting materials may also be applied {o
an implantable prosthesis through the use of a plasma spray or electrochemical
technigues. Examples of these materials inciude, but are not limited to,
hydroxyapatite, beta tri-caicium phosphate, caicium sulfate, calcium carbonate, as
well as other chemicals.

(001481 A bone growth promoting material can include, or may be used in
combination with a bone graft or a bone graft substitute. A variety of materials may

serve as bone grafts or bone graft substitutes, including aulografts (harvested from
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the iliac crest of the patient’s body), allografis, demineralized bone matrix, and
varicus synthetic materials.

[00147] Some embodiments may use autograft. Autograft provides the
spinal fusion with calcium collagen scaffolding for the new bone {o grow on
{osteocconduction). Additionally, autograft contains bone-growing cells,
mesenchymal stem cells and ostecblast that regenerate bone. Lastly, autograft
contains bone-growing proteins, including bone morphogenic proteins (BMPs), to
foster new bone growth in the patient.

[00148] Bone grafi substitutes may comprise synthetic materials including
calcium phosphates or hydroxyapatites, stem cell containing products which
combine stem cells with one of the other classes of bone graft substiiutes, and
growth factor containing matrices such as INFUSER (rhBMP-2-containing bone
graft) from Medtronic, inc.

(0061491 U should be undersiocd that the provisions listed here are not
meant to be an exhaustive list of possible bone growth promoting materials, bone
grafts or bone graft substitutes.

(00150} In some embodiments, BGPM may be applied {o one or more
outer surfaces of an implant. In other embodiments, BGPM may be applied to
internal volumes within an implant. in still other embodiments, BGPM may be
applied to both external surfaces and internally within an implant.

[00151] Manufacturing and Materials

(001521 The various components of an implant may be fabricated from
biocompatible materials suitable for implantation in a human body, including but
not limited to, metals (e.g. titanium or other metals), synthetic polymers, ceramics,
and/or their combinations, depending on the particular application and/or
preference of a medical practitioner.

[00153] Generally, the implant can be formed from any suitable
biocompatible, non-degradable material with sufficient strength. Typical materials
include, but are not limited to, titanium, biccompatible titanium alloys (e.g.
yTitanium Aluminides, Tis-Alg-V ELTASTM F 136), or Tig-Als-V (ASTM F 1108 and
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ASTM F 1472)) and inert, biocompatible polymers, such as polyether sther kefone
(PEEK) (e.g. PEEK-OFTIMA®, Invibio Inc). Optionally, the implant contains a
radiopaque marker to facilitate visualization during imaging.

001541 In different embodiments, processes for making an implant can
vary. In some embodiments, the entire implant may be manufactured and
assembled via injection-molding, cast or injection molding, insert-molding, co-
extrusion, pultrusion, fransfer molding, overmolding, compression molding, 3-
Dimensional (3-D) printing, dip-coating, spray-coating, powder-coating, porous-
coating, milling from a solid stock material and their combinations. Moreover, the
embodiments can make use of any of the fealures, parts, assemblies, processes
and/or methods disclosed in “The Coiled Implants Application.”

[00155] While various embodiments have been described, the description
is intended to be exemplary, rather than limiting, and it will be apparent {0 those of
ordinary skill in the art that many more embodiments and implementations are
possibie that are within the scope of the embodiments. Although many possible
combinations of features are shown in the accompanying figures and discussed in
this detailed description, many other combinations of the disclosed features are
possible. Any feature of any embodiment may be used in combination with or
substituted for any other fealure or element in any other embodiment unless
specifically restricted. Therefore, it will be understood that any of the features
shown and/or discussed in the present disclosure may be implemented together in
any suitable combination. Accordingly, the embodiments are not to be restricled
except in light of the attached claims and their equivalents. Also, various
modifications and changes may be made within the scope of the attached claims.
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WHAT IS CLAIMED I8!

1. Artimplant, comprising:

a first layer of generalized helical elements;

a second laver of generalized helical elements;

a first undulating planar element; and

wherein the first undulating planar element is disposed between the first
layer of generalized helical elements and the second layer of generalized helical
elements.

2. The implant according to claim 1, wherein the impiant further comprises:

a third layer of generalized helical elements;

a fourth layer of generalized helical elements;

a second undulating planar element;

a third undulating planar element;

wherein the second undulating planar element is disposed between the
second layer of generalized helical elements and the third layer of generalized
helical slements; and

wherein the third undulating planar element is disposed beitween the third
fayer of generalized helical elements and the fourth layer of generalized helical
elements.

3. The implant according to claim 2, wherein the implant further comprises:
a fifth layer of generalized helical elements;
a sixth laver of generalized helical elements;
a fourth unduiating planar element;

a fifth undulating planar element;
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wherein the fourth undulating planar element is disposed between the
fourth layer of generalized helical elements and the fifth layer of generalized
helical elements: and

whergin the fifth undulating planar element is disposed between the fifth
tayer of generalized helical elements and the sixth layer of generalized helical

slemsnts.

4. The implant according to claim 1, wherein:

the implant further includes a first body member on an anierior side of the
implant and a second body member on a posterior side of the implant;

wherein a height of the second body member is egual to a height of the
implant on the posterior side; and

wherein a height of the first body member is less than a height of the

implant on the anterior side.

5. The implant according to claim 1, wherein a portion of the first layer of
generalized helical elements is exposed on an anterior side of the implant.

G. The implant according to claim 1, wherein the first layer of generalized
helical elements and the second layer of generalized helical elements are
arranged in a mirror symmetric manner about a plane defined by the first

undulating planar element.
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7. An implant, comprising:

a first side and a second side disposed opposite the first side;

a body member disposed on the first side,;

a structural element comprising a first end, a second end and an
intermediate portion;

wherein the first end is attached to the body member and wherein the
second end is attached to the second body member; and

wherein the intermediate portion extends across the second side.

8. The implant according to claim 7, wherein the first side is a posterior side of

the implant and wherein the second side is an anterior side of the implant.

8. The implant according to claim 7, wherein the structural element has a

generalized helical geometry.

10.  The implant according to claim 7, wherein the siructural element has an
undulating planar geometry.

11, The implant according to claim 7, wherein the structural element has a first
portion having a generalized helical geometry and a second portion having an

undulating planar geometry.

12, The implant according to claim 7, wherein the implant includes another
body member disposed on the second side.

13. The implant according {o claim 12, wherein the intermediate portion is

attached to the ancther body member on the second side.
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14.  Animplant, comprising:
a body member,
a peripheral element extending from the body member, wherein the
peripheral element and the body member bound a central region of the implant;
a central element atfached to an interior surface of the body member,; and

wherein the central support element is disposed within the central region.

15, The implant according to claim 14, wherein the central support element

includes at least one segment with a generalized helical geometry.

16. The implant according to ciaim 14, wherein the central element has a

closed loop geometry.
17.  The implant according to claim 14, wherein the ceniral element comprises
two opposing segments having generalized helical geometries, and wherein the

opposing segments are attached by a connecting portion.

18. The implant according {o claim 14, wherein the peripheral element has a

generalized helical geometry.

19.  The implant according to claim 14, wherein the peripheral element has an

undulating planar geometry.

20.  The implant according to claim 14, wherein the central element is disposed

in an internal region of the implant.
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