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FIG. 4

first end (140), a second end (142), and an
inner surface (146) defining an opening
(148). The first end (140) of the inner
body member (104) is received in the
opening (118) of the outer body member
(102) such that the inner body member
(104) and the outer body member (102)
are movable relative to one another. A
support member (106) has a first end
(160) secured within the inner body mem-
ber (104) and a second end (142) extend-
ing a distance beyond the inner body
member (104). The second end (162) of
the support member (106) deflects relative
to the first end (110) of the outer body
member (102) in response to a force ap-
plied thereto and returns to a substantially
non-deflected condition upon release of
the force.
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VERTEBRAL BODY REPLACEMENT APPARATUS

BACKGROUND
1. Field of the Inventive Concepts
(0081} The inventive concepts disclosed hergin are generally directed o

medical implants, and more particularly, but not by way of limitalion, to a vertebral
body replacement apparatus configured o be al least partially dynamic when
implanted into a spine.

2. Brief Description of Related Art

(0002} The human spinal column, or spine, is highly complex, in that it
includes over twenty bones coupled 1o one another s¢ 8s to support the body and t©
house and protect critical elements of the nervous system. In addition, the spine is a
highly flexible structure, capable of a high-degree of curvature and twist in multiple
directions. The bones and connective tissues of an adult human spine are coupled
sequentially o one another by a tri-joint complex which consists of an anterior joint
between vertebral bodies, and two posterior facet joints. The vertebral bodies of
adjacent vertebrae are separated and cushioned by cartilage spacers referred {0 as
intervertebral discs. The vertebral bones of the spine are classified as cervical,
thoracic, lumbar, and sacral. The cervical portion of the spine, which includes the
upper portion of the spine up 1o the base of the skull, is the most flexible of all the
regions of the spinal column, and includes the first seven vertebrae. The twelve
intermediate bones comprise the thoracic vertebrae, and connect o the lower spine
which comprises the five lumbar vertebrae. The base of the sping includes the sacral
bones {including the coccyx).

[0003] A typical human vertebra consists of two essential parts: an anterior
{front} segment, which is the veriebral body; and a posterior {back) segment -
the vertebral {neural} arch — which encloses the vertebral foramen. The veriebral
arch is formed by a pair ofpediclesand a pair oflaminage, and supports
saven processes - four articular, two fransverse, and one spinous.

{00041 The vertebral body is the largest portion of the vertebrae and is
generally cylindrical in shape. Vertebral bodies have upper and lower surfaces,
which are generally flat or slightly concave. The surfaces are roughened to allow for
the attachment of the intervertebral discs. The vertebral bodies and the intervertebral
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disks cooperate to provide slructural support 1o the spinal column, with the
intervertebral disks cushioning the veriebrae and absorbing and adapting to forces
exeried on the vertebral bodies.

100065] in some cases of spinal injuries, the forces exerted on the spinsl
column are so great, as o cause a partial or complele fracture or collapse of ong or
more of the vertebral bodies, and significant damage to the intervertebral disks
surrounding the fraciured or collapsed vertebral body. A veriebral body fracture or
collapse may also be caused by osteoporosis, arthritis, umors, or other diseases.
10006} Regardless of the cause, it is difficult for the damaged vertebral body
and intervertebral disks to heal due to the consiant forces exerted on the spinal
column, and/or due to disease progression. Further, due o bulging or displaced
damaged vertebral body fragments or intervertebral disks, pressure may be exeried
on the spinal cord, or other neural tissues surrcunding the damaged vertebral body
or intervertebral disks, which may lead to significant pain, neurclogical damage, and
even paralysis in Some Severe cases.

10007} A surgical procedure calied vertebral body replacement (VBR) has
been developed to remove the damaged veriebral body and interveriebral disks, and
to replace them with an implantable VBR apparatus, such that the proper height,
alignment, and curvature of the patien’s spinal column are maintained or are not
significantly compromised.

{0008} VBR is generally performed by locating the damaged vertebral body
{e.g., with medical imaging) and accessing it via an appropriate surgical incision.
Once the vertebral body is accessed, surgical tools may be used to remove the
damaged portion or the majority of the vertebral body and the two intervertebral
disks surrounding the damaged vertebral body, such that the lower surface of the
vertebral body above and the upper surface of the veriebral body below the removed
veriebral body are exposed.

10009] Nexi, a generally cyiindrical VBR apparatus of appropriate size is
selected and inserted in the location of the removed vertebral body. The VBR
apparatus generally has endplales which contact the exposed lower surface of the
veriebral body above the removed vertebral body, and the exposed upper surface of
the vertebral body below the removed vertebral body. The endplates are configured
to engage the VBR apparatus with the two adjacent vertebral bodies and to keep it in
place once implanted. The design, shape, and angle of the endplates that contact
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the adjacent vertebrae are selected {0 ensure proper spinal height, alignment, and
curvature, and 1o securely attach the VBR apparatus to adjacent vertebrae, such that
the VBR apparatus does not become dislodged, or otherwise displaced post-
implantation.

(0010} Some existing VBR apparatuses aliow surgeons to adjust the height of
the VBR apparatus o match the original height, alignment, or curvature of the
patient’'s spine, and some VBR apparatuses have a porous hollow body or cage,
which allows surgeons {0 insert 2 bone graft into the VBR apparatus. The bone gratft
may eventually grow through, or around, the VBR apparatus, and may fuse the two
veriebrae that are in contact with the VBR apparalus over time.

[0011] In some cases, one or more supplemental fixation devices, such as
stabilizing rods, plates, or boneg screws, may be atlached to the vertebrae above and
below the VBR apparatus and/or {o the VBR apparaius to absorb some of the forces
exerted on the VBR apparatus and/or 1o provide additional stabilization of the spine
while the bone graft is fusing the two vertebrae together. If the VBR apparatus is a
bone-fusion device, over the next several months the bone graft grows into, or
around, the VBR apparatus to eveniually fuse the adjacent vertebral bodies together.
If the VBR apparatus is a non-fusion device, the supplemental fixation devices and
the VBR apparatus may function to replace the removed veriebral body and the VBR
apparatus and adjacent vertebrae may not be fused {ogether.

(0012} However, existing VBR apparatuses suffer from several disadvantages.
For example, existing VBR apparatuses are generally rigid and inelastic devices and
have bone-contacting surface designs which, due to local palient anatomies and
anguiation, may result in concenirating a large amount of force onto a small area on
the prior art VBR apparatus bone-contacting surfaces. This is referred to as point-
loading and may increase the chances of adjacent vertebral body subsidence and
VBR apparatus failure.

10013} Further, rigid existing VBR apparatuses remain static (e.g., inelastic in
an axial andfor lateral direction} once implanted and transfer strain away from the
graft inside the VBR apparalus and onio adiacent vertebral bodies contacted by
gxisting VBR apparatuses. Bone remodeling is controlled by peak strain, and when a
bone is subjected to just a few cycles per day of strain above a certain level, the
bone i3 maintained and/or new bone formation occurs the strengthen the bone. In

the case of fusion VBR apparatuses, it would be advantageous to provide a
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substantially elastic VBR apparatus that transfers some strain and/or other forces o
the graft material to stimulate the graft to fuse the adjacent vertebra more quickiy
than prior art implants.

10014} Some atternplts have been made in the prior art o include some
glasticity in the endplates of VBR apparatuses, such as the endplates described in
PCT patent application serial No. PCT/US2012/65287, filed on November 15, 2012,
and in U.S. patent No. 8,252,058, the entire disclosures of which are expressly
incorporated herein by reference. However, such elasticity has been limited o the
egndplates or o disk-replacement devices, while existing VBR apparatuses have
remained inelastic and static.

10015} Accordingly, 8 need exists in the prior art for a VBR apparatus
configured to remain at least partially dynamic in a lateral and/or axial direction when
implanted info a spine, 1o more efficiently distribute and absorb forces applied o the
VBR apparatus and 1o stimulate bone graft growth. It is {0 such VBR apparatuses

that the inventive concepts disclosed herein are directed.

BRIEF DESCRIPTION OF THE DRAWINGS
(0016} FIG. 1 is a perspective view of an exemplary embodiment of a VBR
apparatus according o the inventive concepts disclosed heregin,
{00171 FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1.
{0018} FIG. 3 is a cross-sectional view of an outer body member of the VBR
apparatus of FIG. 1.
[0019] FIG. 4 is a cross-sectional view of an inner body member and a
support member of the VBR apparatus of FIG. 1.
{00201 FIG. 5 is a perspeclive view of an exemplary embodiment of the

support member.

[0021] FIG. 8 is a cross-sectional view taken along ling 6-6 of FIG. 5.

10022} FIG. 7 is a perspective view of another embodiment of a support
member.

(0023} FIG. 8 is a cross-sectional view taken along line 8-8 of FIG. 7.

100241 FIG. 9 is a perspective view of ancther embodiment of a VBR

apparatus according o the inventive concepts disciosed hergin.
10025} FIG. 10 is 2 perspective view of an exemplary embodiment of an
endplate for a VBR apparatus according o the inventive concepts disclosed herain.
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[0026] FIG. 11 is a diagram showing a VBR apparsius according to the
inventive concepts disclosed herein shown implanted in a spine.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
10027} Before explaining at least one embodiment of the inventive concepts
disclosed herein in detall, it is {0 be understond that the inventive concepts are not
limited in their application {o the details of construction and the arrangement of the
components or steps or methodologies set forth in the foliowing description or
Hlustrated in the drawings. The inventive concepts disclosed herein are capable of
other embodiments, or of being practiced or carried out in various ways. Alsg, itis to
be understood that the phraseology and terminclogy employed herein is for the
purpose of description and should not be regarded as limiting the inventive concepts
disclosed and claimed herein in any way.
10028} in the following detailed description of embodiments of the inventive
concepts, numerous specific details are set forth in order to provide a more thorough
understanding of the inventive concepts. However, it will be apparent {0 one of
ordinary skill in the art that the inventive concepts within the instant disclosure may
be practiced without these specilfic delails. In other instances, well-known fealures
have not been described in detall o avoid unnecessarily complicating the instant
disclosure.

L L

{0029} As used herein, the terms "comprises,” “comprising,” “includes,”
“including,” "has,” "having,” and any variations thereof, are intended to cover a non-
exclusive inclusion. For example, a process, method, article, or apparatus that
comprises a list of slements is not necessarily imited to only those elements, and
may include other elements not expressly lisied or inherently present therein.

{00301 Unless expressly stated to the conirary, "or” refers o an inclusive or
and not io an exclusive or. For example, a condition A or B is satisfied by anyone of
the following: A s true {or present) and B is false (or not present), A is false (or not
present) and B is true {or present), and both A and B are true {or present).

{0031} In addition, use of the "g" or "an" are employed 1o describe elements
and componenis of the embodiments disclosed herein. This is done merely for
convenience and to give a general sense of the inventive concepts. This description
should be read to include one or at least one and the singular also includes the plural

urtdess it is obvious that it is meant otherwise.

L8]
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(0032} As used herein, qualifiers like “substantially,” "about,” "approximately,”
and combinations and variations thereof, are intended o include not only the exact
amount or value that they qualify, but also some slight deviations therefrom, which
may be due 1o manufacturing tolerances, measurement error, wear and tear,
stresses exarted on various parts, and combinations thereof, for example.

10033} As is known by persons of ordinary skili in the art, established human
anatomical orientation designations are used 10 avoid ambiguities when referring to a
body part relative to another body part. A standard anatomical position (i.e., standing
upright facing forward with arms o the side, palms facing forward, thumbs pointing
laterally away from the body) has been esiablished, and such orientslion
designations refer to the various body parts in the standard position, without regard
o their actual position. For the purposes of the instant disclosure, such standard
human anatomy terminclogy may be used to describe the various orientation and
interrelationships of the different parts of a user's body. For example, the terms

33 LA

posterior,” “superior,” “inferior,

35« 35«

“anterior, lateral,” "medial” and related terms or
phrases may be used o designate relative positions and orientations in the patient’s
body 1o which reference is made, and are not meant to be limiting. Further, the terms

55 &6

“left,” “right,” "lower,” "upper,” "top,” and “botllom”™ may designate general directions in

the drawings o which reference is made, for example, and are not meant o be

»

imiting. The terms “inner,” “inwardly,” or “distally,” and “outer,” "outwardly,” or
‘oroximally” may refer to directions loward or away from the geometric center of a
device and related paris thereof, or a palient's body, for example, and are not
intended to be limiting.

10034} As used herein, the ferm “patient” is not limited 1o a human being, and
s infended {o include all organisms, whether alive or dead, including any species
having soft tissues and bones. For example, VBR apparatuses according to the
instant disclosure may be used in a living human, horse, cow, sheep, cat, dog, and
the like. As ancther example, VBR apparatuses according to the instant disciosure
may be used in a8 non-living organism, or in an artificial anatomical model {0 train
medical or veterinary personnel in surgical techniques. Further, a virtual
representation of a VBR apparatus according to the instant disclosure may be used
in a virtual simuiation t© train medical or veterinary personnel in surgical techniques,

for example.
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[0035] Finally, as used herein any reference to "one embodiment” or "an
embodiment” means that a particular element, feature, structure, or characteristic
described in connection with the embodiment is included in al least one embodiment.
The appearances of the phrase "in one embodiment” in varicus places in the
specification are not necessarily all referring to the same embodiment.

{0036} Referring now {o drawings, and more particularly to FIGS. 1-2, an
axemplary embodiment of a VBR apparatus 100 is shown. The VBR apparatus 100
includes an outer body member 102, an inner body member 104, and a support
member 106. The inner body member 104 may be received in the ouler body
member 102 such that the inner body member 104 and the outer body member 102
are movable relative (o one another in a telescoping relationship as will be described
below.

10037} Referring now to FIGS. 2-3, the outer body member 102 includes a
sidewall 108, a first end 110, a second end 112, an extemnal surface 114, and an
internal surface 116 defining an axial opening 118. The outer body member 102 can
be constructed of any desired implaniable material, such as polysther-ether-ketone
(PEEK), PEEK with titanium coating, porous titanium, polymers (e.g., silicone},
cobalt-chromium {CoCr) alloys, or combinations thereot, for example.

(0038} One or more transverse openings 120 may be formed in the sidewsall
108 and may extend from the external surface 114 through the internal surface 116
so as to intersect with the axial opening 118, for example. The fransverse openings
120 are configured fo sllow a bone graft provided in the axial opening 118 o grow
therein. Any desired number of transverse openings 120 may be implemenied with
exemplary embodiments, while in some embodiments the transverse openings 120
may be omitted. The fransverse openings 120 may have any desired size, shape,
and orientation, and may extend at any angle, such as an angle of about 80° to the
longitudinal axis of the VBR apparatus 100.

10038} An annular noich 122 is formed in the internal surface 116 of the
sidewall 108 so as to infersect with the axial opening 118. The annular notch 122 is
configured to at least partially receive a locking member 124 therein.

100407 The locking member 124 is a substantially C-shaped open ring and has
ends 126 (FIG. 1) separated by a gap 128 (FIG. 1}, an outer surface 127 (FIG. 2)
configured o be at least partially received in the annular notch 122, and an inner
surface 129 having one or more raicheting teeth 130 (FIG. 3} formed thergin. The

7
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locking member 124 may have a diameter smaller than a diameter of the annular
notch 122, so that the locking member 124 may be selectively moved between an
expanded position 1o allow the outer body member 102 and the inner body member
104 1o ratchet or otherwise move relative 1o one ancther in an axial direction, and 8
locked position o secure the inner body member 104 and the outer body member
102 relative to one ancther. In some exemplary embodiments, the ratcheting teeth
130 are directional, so that the outer body member 102 and the inner body member
104 are movable away from one anocther in axial direction so as to increase the
height of the VBR apparatus 100, while at the same time are prevented from moving
in the opposite direction so as to maintain the desired height of the VBR apparatus
100.

(0041} A lock opening 132 may be formed in the sidewall 108 s0 as to
intersect with the axial opening 118 and s0 as {o open at the annular notch 122, The
lock opening 132 is configured so that the gap 128 of the locking member 124 is
visible and/or accessible through the lock opening 132, to allow a user o visually
and/or physically verify that the locking member 124 is in the locked position, and to
allow the user o insert a suitable tool into the gap 128 via the lock opening 132 t©
force the locking member 124 into its expanded position and allow the outer body
member 102 and the inner body member 104 {0 move relalive (o one another in an
axial direction io decrease the height of the VBR apparatus 100. In some
embodiments, the locking member 124 may be omitled and any desired mechanism
may be implemented to secure the outer body member 102 and the inner body
member 104 t© one another, such as threads, sel screws, brackets, welds,
adhesives, and combinations thereof, for example.

100427 The second end 112 may aiso include a surface 134 configured o
allow a collar of the inner body member 104 o rest thereon when the VBR apparatus
100 is subsiantially in the collapsed position as will be described below.

100431 The first end 110 may include a flange 136 formed therein. The flange
136 is configured o be matingly inserted into a corresponding notch of an endplate
configured to engage a vertebral body such as the endplate described with reference
to FIG. 10 below. The flange 136 is shown as being substantially octagonal in shape,
but it is fo be understond that the flange 136 may have any desired shape configured

to correspond to a shape of any desired endplate.
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(0044} A grasping notch 138 (FIG. 1) may be formed in the sidewall 108 to
allow a surgical ool to grasp the outer body member 102 as described with
reference o FIG. 11 below.

100451 Referring now to FIG. 4, the inner body member 104 has a sidewall
138 with a first end 140 and a second end 142, and an outer surface 144 and an
inner surface 146 defining an axial opening 148 extending substantially from the first
end 140 to the second end 142,

10046} The first end 140 of the inner body member 104 is shaped and sized
such that the first end 140 can be at least partially inserted into the axial opening 118
of the second end 112 of the outer boady member 102, so that the outer surface 144
of the sidewall 138 is positioned into the axial opening 118, and so that the first end
140 of the inner body member 104 is received in the axial opening 118 of the outer
body member 102 such that the inner body member 104 and the outer body member
102 are movable relative {0 one another in a telescoping relationship such that the
distance between the first end 110 of the ouler body member 102 and the second
aend 142 of the inner body member 104 is selectively adjustable.

10047} The second end 142 may inciude a collar 156 configured to rest
against the surface 134 when the VBR apparatus 100 is in the collapsed position.
The collar 156 may include a grasping notch 143 (FIG. 1) configured to allow a
suitable surgical tool to grasp the collar 156.

{0048} The ouler surface 144 may include one or more serrations 150 formed
therein and at least partially extending slong the outer surface 144. The serrations
150 extend along the outer surface 144 such that the serrations 150 are positioned
over the annular notch 122 as the inner body member 104 is inserted into the axial
opening 118 of the outer body member 102, The serrations 150 are configured to
matingly engage, interiock, mesh, or otherwise connect with the ratcheting teeth 130
of the locking member 124. The serrations 150 can be implemented as directional
teeth in some exemplary embodiments.

{00491 The sidewall 138 further includes a seat 152 formed in the inner
surface 146 thereof. The seat 152 may include one or more columns of threads 154
formed in the inner surface 146 of the sidewall 138, and may be configured so that
the support member 106 is threadingly attached to the inner body member 104 via
the seat 152. The seat 152 may also include a shoulder 155 configured o engage a

flange of the support member 106 therein as will be described below. It is to be
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understood that in some exemplary embodiments the support member 106 and the
inner body member 104 may be formed as a unitary component.

[0050] Referring to FIGS. 4-6, the support member 106 includes a first end
160 configured to be inseried into the axial opening 148 of the inner body member
104 and to be secured o the inner body member 104, and a second end 162
configured to extend at a distance beyond the second end 142 of the inner body
member 104 and io receive an endplate configured 1o engage a vertebral body, such
as the endplate described with reference to FIG. 10 below. Al least a portion of the
support member 106 may be resilient, and the first end 160 of the support member
106 may be supported by the inner body member 104 in 8 way 30 that the second
end 162 of the support member 106 defiects relative to the first end 110 of the outer
body member 102 in response (o a force applied to the second end 162 of the
support member 106, and returns to a substantially non-deflected condition upon
release of the force. The support member 106 may include a spring portion 164
positioned between the first end 160 and the second end 162 of the support member
1086.

10051} The first end 160 and the second end 162 can be manufactured from
any bhiocompatible material including but not limited to nitinol or other memory
metals, high flexible melals, plastics, reinforced plastics, resilient materials, and
combinations thereol. For example, depending on the required flexibility and
gndurance reguirements, the support member 1068 can be manufactured from
stainless steel, cobait chromium, nitinol, or plastics, and combinations thereof. The
support member 106 ¢an also be manufactured via and suitable technigues, such as
injection moiding or 3D printing. In some exemplary embodiments, the first end 160
and the second end 162 can be manufactured from titanium or a titanium alloy for its
osseo-conductive characteristics.

(00527 The spring portion 164 may include one or more struts 166, and one or
more hanging beams 168 and may be separated from the inner surface 146 of the
sidewall 138 by a gap 170 {(FIG. 4) when the support member 106 is in the non-
defiected condition, which allows the spring portion 164 o be resilient or to move or
defiect axially andfor laterally and/or rotationally in the gap 170 relative {0 the second
end 142 of the inner body member 104 when a force is applied o the first end 160 of
the support member 106, and o refurn to a substantially non-deflected condition
upon release of the force. The movement or deflection of the spring portion 164 of

10
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the support member 108 limited by the size (e.g., widih} of the gap 170 such that
when the spring portion 164 comes into contact with the inner surface 146 of the
sidewall 138 further lateral movement or deflection of the support member 106 is
limited or substantially prevented.

10053} The struts 166 generally extend vertically from a first surface 172 (g,
in a substantially perpendicular direction relative to the first surface 172) of the first
and 160 and vertically from a second surface 174 of the second end 182, The struls
166 include one or more horizonial curved portions 176. The curved portions 176
provide interconnection between the struts 166 extending from the first end 160, and
a first end of the one or more hanging beams 168, and an interconnection between
the struts 166 extending from the second end 162 o a second end of the one or
mare hanging beams 168, This interconnection between the struts 1066 and the
hanging beams 168 allows the first end 160 and the second end 162 to move,
compress, andfor flex with respect (o one another.

10054} The spring portion 164 is shown as including two strut pairs 178 (FIG.
53, respectively, which cooperaie o define a substantially oylindrical shape. Each
strut pair 178 is not inferconnected with another strut pairs 178. instead, each of the
struts 166 of the strut pairs 178 connected with the first end 160 and with the second
end 162 includes a respective curved portion 176 which connect that strut 166 o a
respective hanging beam 168. Because each strut 166 or each strut pair 178 (two
strut pairs 178 and four struts 168 in total in this example are conneacted with the first
end 160 and the second end 162) includes a curved portion 176 that connecls it to a
separate hanging beam 168, this exemplary embodiment includes four hanging
beams 168.

[0055] in the exemplary embodiment shown in FIGS. 5-8, a {olal of eight struls
166 are connecied with four hanging beams 168 via eight curved portions 176 to
connect the first surface 172 of the first end 160 and the second surface 174 of the
second end 162 {o one ancther. More specifically, for example, a first curved portion
176, which is connected at one end o one of the struts 166 of the first end 160,
extends horizontally towards an interior of the support member 106 and is connecied
at an opposite end to g first end of one of the hanging beams 168. Similarly, for
example, a second curved portion 178, which is connected at one end to one of the
struts 166 of the second end 1682, extends horizontally towards the interior of the

support member 106 and is connacted at an opposite end 1o a second end of the
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hanging beam 168, The struts 166 and/or the strut pairs 178 are separated from the
inner surface 146 of the sidewall 138 by the gap 170, so that the struts 166 and/or
sirut pairs 178 may bend or flex in a lateral direction by moving or laterally deflecting
in the gap 170, for example. In some exemplary embodiments the struts 166 and/or
strut pairs 178 may defiect so as to partislly span the gap 170, while in some
exemplary embodiments the struts 166 andfor strut pairs 178 may deflect so as (o
come into contact with the inner surface 1486 of the sidewall 138 when axial and/or
lateral forces are applied to the first end 160 of the support member 106, Further
deflection of the support member 106 may be limited or substantially prevented by
the sidewall 138 once the struls 166 come info contact with the inner surface 146.
10056} it is contemplated that the spring portion 164 of the support member
106 according to the inventive concepis disclosed herein may include any desired
number of struts 166, curved portions 176, and hanging beams 168, as may be
deemed necessary (o achieve particular design and performance criteria. As will be
generally appreciated by one of ordinary skill in the art, the number of struts 166, the
number of curved portions 176, the number of hanging beams 168, length, size, and
cross-sectional shape of the struis 166, curved portions 176, and hanging beams
168, the selected material for the spring portion 164 of the support member 106, elc,,
can be varied o {ailor the flexibility and/or degree of axial and/or lateral deflection
characteristics for the VBR apparatus 100, along with varying the size of the gap 170
as desired.

10057} The gap 170 may be substantially annular or may have any other
desired shape, and may have any desired size depending on the desired degres of
defiection for the VBR apparatus 100. The degree or amount of deflection of the
support member 106 in an axial and/or lateral direction and/or rotationslly is
adjustable by adjusting the size of the gap 170 and/or the length of the struts 166, as
will be apprecialed by persons of ordinary skill in the art having the benefit of the
instant disclosure. For example, to increase the degree of flexibility or deflection of
the support member 106, the size of the gap 170 may be increased and/or the height
of the second end 162 of the support member 106 may be increased {e.g., by
increasing the length of the struts 166). To decrease the degree of flexibility of the
support member 106, one or more of the above parameters may be decreased. This
configuration allows the spring portion 164 of the support member 106 to be resilient
or to move laterally, axially and/or rotationally relative o the inner body member 104,
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and the first end 160 to move laterally, axially andior rotationally relative to the first
end 110 of the outer body member 102.

[0058] The spring portion 164 and/or the struls 166, the curved portions 1786,
and the hanging beams 188 can be manufactured from CoCr or other elastic or
super elastic metal for its relevant materialffatigue properties and bioccompatible
character. Other material combinations are also possible with the inventive concepts
discliosed herein. The struts 166 are coupled (o the first surface 172 of the first end
160 and the second surface 174 of the second end 162 by any desired mechanism
including but not limited to via welding, tacking, adhesive, hinges, a fixation device
{e.g., screws or rivets), or any other means of fixation now known or hereafter
developed. Allernatively, the support member 106 can be manufactured as a single,
integral piece, for example.

10059] in some exemplary embodiments, the spring portion 184 of the support
member 106 may be implemented and may function substantially similarly to the
fiexible elements described in U.S. patent No. 8,252,059, the entire disclosure of
which is hereby expressly incorporated herein by reference, while in some
embodiments the support member 106 may be implemented as any desired spring
member connected with a body of a VBR apparatus and separated by & gap
therefrom, and configured to be axially and/or lateraily and/or rotationally deflectable
relative o the inner body member 104 with such deflection being limited by the size
of the gap 170 separating the support member 106 and the inner body member 104,

10060} The first end 160 may include a connector 180, The connector 180
may be associated with the first end 160 in any desired manner and may include a
threaded portion 182, a flange 184, and an axial driver opening 185 formed therein.
The threaded portion 182 may be subsiantially cylindrical and includes threads 186
configured to threadingly interiock with the columns of threads 154 of the seat 152,
30 that the first end 1680 is detachably connectable {o the inner body member 104,
The flange 184 may be configured to engage the shoulder 155 of the seat 152 in a
manner that the shoulder 155 funclions as a stop. A suitable surgical drive, such as
a hexagonal drive, or any other desired shape drive, may be inserted inlo the driver
opening 185 and used to impart rotational motion on the support member 106 so as
to threadingly connect the threaded portion 182 with the seat 152 and so as o
engage the flange 184 with the shoulder 155, for example. i is to be understood that
the connector 180 may be connected with the seat 152 in any desired manner, such
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as by being press-fitled, welded, glued, oined, or otherwise connected therewith.
Further, in some exemplary embodiments, the support member 106 and the inner
body member 104 may be connected o one another in any desired manner or may
be formed as a unitary component.

10061} The second end 162 end may include a flange 188. The flange 188
may be connected to the second end 162 in any desired manner, and in some
exemplary embodiments, the flange 188 and the second end 162 may be formed as
a unitary component. The flange 188 may be implemenied similarly to the flange 130
and is configured to associate an endplate with the second end 162.

[0062] One advantage of the configurations of the support member 108
according to the inventive concepts disclosed herein is that the incorporation of the
spring portion 164 enables dampening movement, flexing, defleclion and/or
comprassion of the support member 106 and specifically of the first end 160 and the
second end 162 with respect to one another in an axial direction andfor in a laleral
direction and/or rotationally. in addition, incorporation of one or more struts 166 into
the spring portion 164, enables al least six degrees of freedom while motion and
rotation of the support member 106 is limited thanks to the inirinsic structure and/or
length of the struls 166 and by the size of the gap 170 when the support member
106 is associated with the inner body member 104, The spring portion 164 of the
support member 106 is configured o he elastic {e.g., by moving or deflecting) in the
axial direction and/or in the lateral direction relative {0 the second end 142 of the
inner body member 104 and/or relative 1o the first end 110 of the outer body member
102, so as o maintain the VBR apparatus 100 substantially elastic in the axial
direction and/or in the lateral direction when implanted. The support member 106
may include ong or more mechanical stops {(not shown) o prevent the support
member 106 from over extension in some exempiary embodiments.

[0063] in contrast with previous VBR apparatuses, incorporating a spring
portion 164 enables the support member 106 to withstand high axial forces while still
allowing sufficient flexibiiity for bending in an axial direction andfor in & lateral
direction relative o the second end 142 of the inner body member 104 andfor
relative 1o the first end 110 of the outer body member 102. In addition, because the
spring portion 164 of the support membper 106 does not contain any articulating
surfaces, no abrasion pariicles will be created during normal use of the support
member 106. The support member 108 does not generate material debris because
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the components of the spring portion 164 of the support member 106 do not touch
one another when the support member 106 deflects.

[0064] The VBR apparatus 100 may be assembied by inserting the locking
member 124 into the annular notch 122 of the outer body member 102, and
positioning the locking member 124 so that the ends 126 and the gap 128 are
positioned at the lock opening 132, Next, the inner body member 104 may be
slidably inserted into the outer body member 102 {(e.g., by sliding the first end 140 of
the inner body member 104 info the axial opening 118 of the cuter body member
102} so that the serrations 150 interlock with the ratcheting teeth 130, so as o
selectively adjust the distance between the first end 110 of the outer body member
and the second end 142 of the inner body member 104. In some exemplary
embadiments, the support member 1068 may be connecled with the inner body
member 104 prior to inserting the inner body member 104 in the outer body member
102, while in some exemplary embodiments the support member 106 may be
connected with the inner body member 104 after the inner body member 104 is
inserted in the outer body member 102, The support member 106 can be connecled
with the inner body member 104 by slidably inserting the first end 160 of the support
member 106 into the axial opening 148 and by rotating the support mamber 106 via
a surgical tool inserted into the driver opening 185 so that the threaded portion 182
threadingly engages with the seat 152 and so that the flange 184 engages with the
shoulder 1585, or in any other desired manner. One or more endplates, such as the
endplate 190 as will be described below, may be associated with the flanges 136
andfor 188, for example. In operation, the VBR apparatus 100 is configured t© be
implanted into a spine, and the support member 106 is configured o deflect when a
force is applied o the VBR apparatus 100 by the adjacent vertebrae so that the VBR
apparatus 100 is at least partiglly dynamic in an axial direction andior in lateral
direction when implanted into the sping and is in substantially consiant contact with
the adjacent vertebrae.

[0065] As will be appreciated by one of ordinary skill in the arf, the VBR
apparatus 100 may be coated with various compounds 10 increase bony on-growth
or in-growth, promote healing, or allow for revision of the implant, including
hydroxyapatite, titanium-nickel, vapor plasma spray deposition of titanium, or plasma

treatment to make the surface hydrophilic, and combinations thereof, for example.
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[0066] Referring now to FIGS. 7-8, an exemplary embodiment of a support
member 106a is shown therein. The support member 106a may be implemented and
function similarly to the support member 1086, and may be included in some
exemplary embodimenis of the VBR apparatus 100 where a lesser degree of
flexibility or deflection of the VBR apparatus 100 is indicated. As will be appreciated
by persons of ordinary skill in the ari, the support member 106a has a spring portion
164a including shorter struts 168a than the struls 166 of the support member 106
and as such would be less elastic and/or would deflect axially and/or laterally to 3
lesser degree than a support member 106 assuming similarly sized gap 170. For
example, the support member 106 may be implemented where the VBR appearatus
100 is used to repiace a lumbar vertebral body, and the support member 106a may
be implemenied where the VBR apparatus 100 is used o replace a cervical or
thoracic vertebral body. The spring portion 184a of the support member 106a may
be implemented as any flexible element described in U.S. patent No. 8,252,058, for
example, or as any other desired resilient or flexible member configured to deflect in
an axial andfor in a lateral direction.

{0067} Referring now to FIG. 9, another exemplary embodiment of a VBR
apparatus 100z is shown therein as having a body member 1023, and a first support
member 106a and a second support member 106a associated therewith.

10068} The body member 102a may be substantially solid and may not be
expandable in some exemplary embodiments. Further, in some exemplary
embodiments, the body member 102a may have two or more body members
movabie relative to one ancther so as o expand the body member 102a and/or to
adjust a height of the body member 102a. The first and second support members
106a may include ends 188 configured o matingly receive an endplate such as the
endplate 180 thereon. Further, in some exemplary embodiments, the ends 188 of the
first and second support members 106a may be configured as endplates {e.q., by
having one or more bone-contacting surfaces) as will be appreciated by persons of
ordinary skill in the art.

(00691 Referring now to FIG. 10, an exemplary embodiment of an endplate
190 that can be implemented with a VBR apparatus 100 or 100a according to the
inventive concepts disclosed herein is shown.

10070] The endplate 190 is configured 1o engage a veriebral body, and
includes a bone-contacting surface 192 and an implant notch 184, The endplate 180
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can pe constructed of any desired bio-inert, bio-active, or bic-absorbable implaniable
material, or combination of materials, including titanium, titanium alloys, surgical
steel, nickel titanium (or nitinol}, cobalt chromium, polyether ether ketone {(PEEK]),
plastics, metals, bone grafts (allografts or autographs), synthetic bone analogs,
thermoplastic resing, alloys, non-metals, and plastics, for example. The endplate 180
may be manufactured by any suitable lechnigue, such as molding, casting,
machining, three-dimensional printing, eiching, and combinations thereof, for
example.

10071} The bone-contacting surface 192 includes bone-contacting fealures
186, which may be implemented as ridges, grooves, bumps, spikes, protrusions,
projections, striations, or combinations thereof, and are configured {0 securely retain
the endplate 190 against a bone surface as the endplate 190 is implanied in the
bone. The bone-contacting surface 182 can be coated with various compounds o
increase or limit bony on-growth or in-growth, promote healing, long-term maobility, or
allow for revision of the device, including hydroxyapatite, titanium-nickel, vapor
plasma spray deposifion of tilanium, or plasma treatment o make the surface
hydrophilic, and combinatlions thereof, for example. Also, a kit of endplates 190
having bone-contacting surfaces 192 with one or more varying sizes, shapes and
angles may be provided.

10072} The implant notch 184 may be configured to matingly receive the
flange 136 and/or 188, and/or the first end 110 therein, so as o connect or otherwise
associate the endplate 190 with a VBR apparatus 100 or 1003, for example.

[0073] The endplate 190 may include one or more openings 198 configured to
promote bone graft fusion therein, as will be appreciated by persons of ordinary skill
in the art, and may be constructed of any suitable material, such as titanium or
PEEK, for example. Further, in some exemplary embodiments, the endplate 180
may be elastic and/or a variable angle endplate, such as the endplates described in
PCT patent application serial No. PCT/US2012/65287.

[0074] As will be appreciated by persons of ordinary skill in the art, in some
exemplary embodimenis the endplate 1980 may be omitled, and a bone-contacting
surface such as the bone-contacting surface 192 may be provided on the flange 136
and/or on the flange 188. Further, in some exemplary embodiments, the flange 188
may be omitted, and an endplate 180 may be associated with the second end 162,

for example.
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[0075] Referring now o FIG. 11, in operation a VBR apparatus 100 may be
used as follows. A surgeon may select an appropriately sized VBR apparatus 100
from a kit of VBR apparatus 100 parts having various sizes, angles, dimensions, etc.
The surgeon may select any desired size outer body member 102, inner body
member 104, support member 106, and/or one or more endplate 190, according to
the size of the patient's vertebral body being replaced and according to the space
between adjacent veriebral bodies of the patient, for example. The surgeon may be
provided with a kit including support members 106 with varying flexibility or degrees
of deflection, and may select an appropristely sized support member 106 and/or
inner body member 104 so as o achieve a desired degree of flexibility and/or
detlection in the axial and/or lateral directions, by selecting appropriate components
from the kil s0 as o adjust the height of the support member 106 and/or the size of
the gap 170 hetween the sidewall 138 and the support member 106. For example,
the larger the gap 170 and the larger the height of the support member 108, the
more flexibie the VBR apparatus 100 will be, and vice versa. In some embodiments,
a kit of support member 106 and inner body member 104 pairs may be provided and
may be ideniified by a respective degree of flexibility and/or deflection in axial and/or
lateral directions (o enable the surgeon io select an appropriate combination of a
support member 106 and inner body member 104 depending on patient anatomy
and spine angulation, for example.

{0076} if the VBR apparatus 100 is intended as a fusion VBR apparatus, the
axial opening 118 of the outer body member 102 and/or the axial opening 148 of the
inner body member 104 may be provided with a2 bone graft. If the VBR apparatus
100 is intended as a non-fusion VBR apparatus, no bone graft may be provided, for
axample.

{0077} The surgeon may associate the support member 106 with the inner
body member 104, such as by inserting a suitable tool in the driver opening 185 of
the support member 106 and rotating the support member 106 relative to the inner
body member 104 s0 as to position the first end 160 of the support member 106 in
the seat 152, The surgeon may slidably insert the inner body member 104 at least
partially into the second end 112 of the cuter body member 102 so that the locking
member 124 engages the raicheting teeth 130 of the inner body member 104, One
or more endplates, such as the endplate 190 may be associated with the first end
110 of the outer body member 102 and with the second end 162 of the support
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member 108. The VBR apparatus 100 may be inserted into a desired location in a
patient's spine 200 {o replace a vertebral body. If desired, a bone graft may be
provided in the VBR apparatus 100, prior o implanting the VBR apparatus 100 into
the spine 200, or after implanting the VBR apparaius 100 inio the spineg 200.

(0078} A suitable surgical tool {not shown) may be used {0 expand the VBR
apparatus 100 to adjust the height of the VBR apparatus 100 in an axial direction,
such as by ratcheting or otherwise moving the inner body member 104 and the outer
body member 102 relative 1o one ancther by grasping the notch 139 and the notch
143, for example. Once the VBR apparatus 100 is expanded so that the VBR
apparatus 100 has the desired height, the surgeon may visually or physically verify
that the locking member 124 is in the locked position to ensure that the desired
height of the VBR apparatus 100 is mainiained post-implaniation.

10079} A supplemental fixation device 202 such as s plate, may be
implemented, and may be atlached (o adjacent vertebral bodies 204 and 206 and/or
to the VBR apparatus 100, such as via one or more surgical screws 208 or by any
other desired means, devices, or mechanisms, for example. The supplemental
fixation device 202 can help stabilize the spine 200 and/or to retain the VEBR
apparatus 100 in place.

{00807 The correct position of the VBR apparatus 100 and/or the proper
curvature of the spine 200 may be veritied such as via suitable medical imaging, and
the surgical incision may be closed.

10081] After implantation, as forces are applied o the VBR apparatus 100
during normal movements of the patient’s spine 200, the VBR apparatus 100 may
remain slightly dynamic due to the operation of the support member 108 which
deflects axially and/or laterally and/or rotationally. The degree of axial and/or lateral
and/or rotational deflection of the VBR apparatus 100 may be determined by the
length of the second end 162 {&.g., the length of the struts 166} and by the size of
the gap 170, for example. In fusion systems, the VBR apparatus 100 remains slightly
dynamic and transfers at least a portion of the applied forces 1o the bone graft
provided therein so as to stimulate bone graft ingrowth and bone fusion. In non-
fusion systems and/or in fusion systems the VEBR apparatus 100 remains slightly
dynamic and maintains substantially constant contact with the adjacent vertebral
bodies 204 and 206, and transfers at least a portion of the applied forces to the
supplemental fixation device 202 which minimizes point ioading of the adjacent
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veriebral bodies 204 and 206 and/or substantislly prevents subsidence of the
adjacent veriebral bodies 204 and 208, for example. In some exemplary
gmbodiments of the inventive concepts disclosed herein, VBR apparatuses such as
the VBR apparatus 100 may promote micromotion or non-fusion as will be
appreciated by persons of ordinary skill in the art.

10082} From the above description, it is clear that the inveniive concepts
disclosed herein are well adapted to carry out the objects and to allain the
advaniages mentioned herein as well as those inherent in the inventive concepts
disclosed herein. While exemplary embodiments of the inventive concepts disclosed
herein have been described for purposes of this disclosure, it will be understood that
numerous changes may be made which will readily suggest themselves o those
skilled in the art and which are accomplished within the scope of the invenlive
concepts disclosed and as defined in the appended claims.
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What is claimed is:

1.

A vertebral body replacement apparatus, comprising:

an outer body member having a first end, a second end, and an axial opening

axtending from the first end to the second end, the first end configured

o receive an endplate for engaging a first vertebral body;

an inner body member having a first end, a second end, and an inner surface

defining an axial opening extending from the second end of the inner
body member, the first end of the inner body member received in the
axial opening of the outer body member such that the inner body
member and the outer body member are movabie reiative (o one
another in a telescoping relationship such that the distance between
the first end of the outer body member and the second end of the inner
body member is selectively adjustable; and

a support member having a first end and a second end, the second end of the

2.

support member configured to receive an endplate for engaging a
second vertebral body, the support member positioned in the axial
opening of the inner body member with the first end of the support
member secured within the inner body member and the second end of
the support member extending a distance beyond the second end of
the inner body member, and supporied in a way s0 that the second end
of the support member deflects relative 1 the first end of the outer
body member in response to a force applied {0 the second end of the
support member and returns o a substantially non-deflected condition
upon release of the force.

The apparatus of claims 1 or 2, wherein at least & portion of the

support member is resilient such that the second end of the support member deflects

relative to the first end thereof in response to a force applied to the second end and

refurns to a substantially non-deflected condition upon release of the force.

3.

The apparatus of claims 1 or 2, wherein the first end of the support

member is detachably connected {o the inner body member.
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4. The apparatus of claim 3, wherein the first end of the support member
is threadingly connected to the inner body member.

5. The apparatus of claim 4, wherein the first end of the support member
has an axial opening configured to receive a driver for rotating the support member
retative to the inner body member.

B. The apparatus of claim 3, wherein the inner surface of the inner body
member has a shoulder and wherein the first end of the support member has a
flange configured to engage the shouider when the first end of the support member

is secured within the inner body member.

7. The apparatus of any one of claims 2-6, wherein the support member
further has a spring portion positioned between the first end of the support member
and the second end thereof, the spring portion spaced from the inner surface of the
inner body member when the support member is in the non-deflected condition.

8. The apparatus of any one of claims 2-7, wherein the spring portion is

resiliant in an axial direclion.

g. The apparatus of any one of claims 2-8, wherein the spring portion is

resitient in a latera! direction.

10, The apparatus of any one of claims 7-9, wherein the spring portion of

the support member comprises:

a first strut and a second sirut extending from the first end of the support
member in a substantiaily perpendicular direction thereto, the first strut
and the second sirut each having curved portions extending inwardiy
towards one angther;

a hanging beam positioned substantially parallel (o the first strut and the
second strut and connected to each of the curved portions of the first
sirut and the second strut; and

a third strut and a fourth sirut exiending from the second end of the suppont
member in a subsiantially perpendicular direction thereto, the third strut
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and the fourth strut each having a curved portion extending inwardiy
towards one ancther and connecting with a second end of the hanging

beam.

1. The spparstus of claim 10, wherein axial opening of the inner body
member is substantially cylindrically shaped, and wherein the first strut, the second
strut, the third sirut, and the fourth strut define a substantially cylindrical shape.

12.  Avertebral body replacement apparatus, comprising:

an outer body member having a first end, a second end, and an axial opening
extending from the first end to the first end;

a first endplate connected to the first end of the outer body member for
engaging a first vertebral body;

an inner body member having a first end, a second end, and an inner surface
defining an axial opening extending from the second end of the inner
body member, the first end of the inner body member received in the
axial opening of the ouler body member such that the inner body
member and the outer body member are movable relative o one
another in a telescoping relationship such that the distance between
the first end of the outer body member and the second end of the inner
body member is seleclively adjusiable;

a support member having a first end and a second end, the support member
positioned in the axial opening of the inner body member with the first
end of the support member secured within the inner body member and
the second end of the supported mamber extending a distance beyond
the second end of the inner body member, af least a portion of the
support member being resilient such that the second end of the support
member deflects relative o the Tirst end thereof in response to a force
applied 1o the second end and retuns o a substantially non-deflectad
condition upon release of the force; and

a second endplate connected to the second end of the inner body member for
engaging a second veriebral body.
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13. The apparatus of claim 12, wherein the first end of the support member

is detachably connected to the inner body membaer.

14.  The apparatus of claims 12 or 13, wherein the first end of the support

member is threadingly conneacted o the inner body member.

15, The apparatus of claim 14, wherein the first end of the support member
has an axial opening configured o receive a driver for rotating the support member

relative to the inner body member.

16.  The apparatus of claim 13, wherein the inner surface of the inner body
member has a shoulder and wherein the first end of the support member has a
flange configured {0 engage the shoulder when the first end of the support member
IS secured to the inner body membaer.

17.  The apperatus of any one of claims 12-18, wherein the support
member further has a spring portion positioned between the first end of the support
member and the second end thereof, the spring portion spaced from the inner
surface of the inner body member when the support member i3 in a non-deflected

condition.

18.  The apparatus of any one of claims 12-17, wherein the spring portion is

resilient in an axial direction.

19, The apparatus of any one of claims 12-18, wheregin the spring portion is

resilient in a lateral direction.

20.  The apparatus of any one of claims 17-19, wherein the spring portion

of the support mamber comprises:
a first strut and a second sirut extending away from the first end of the support
member in a substantially perpendicular direction thereto, the first strut
and the second sirut each having curved portions extending inwardiy

towards one another;
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a hanging beam positioned substantially parallel to the first strut and the
second strut and connecled to each of the curved portions of the first
atrut and the second strut; and

a third strut and g fourth strut exiending away from the second end of the
support member in a substantially perpendicular direction thersto, the
third strut and the fourth strut each having a curved portion extending
inwardly towards one another and connecting with a second end of the
hanging beam,

wherein the first strut, the second strut, the third strut, and the fourth strut are
spaced from the inner surface of the inner body member when the
spring portion is in the non-deflected condition.

21, The apparatus of claim 20, wherein axial opening of the inner body
member is substantially cylindrically shaped, and wherein the first strut, the second

strut, the third strut, and the fourth strut define a substantially cylindrical shape.
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