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An implanted, spinal, vertebral replacement device (10) comprises a
tubular cage (12) for fitting into a space left by a missing vertebral body
and for optionally retaining bone graft material. First and second transverse
plates (20, 22) are respectively positioned at opposite ends of the tubular
cage for supporting the respective cage ends, and for pressing a plate face
(24) against an adjacent vertical body in spinal column supporting relation.
The transverse plates are each joined in transverse relation to at least one
vertebral attachment plate (30, 32) which, in use, extends generally parallel
to the spine. The vertebral attachment plate defines screw holes (34) for srew
securance to at least one vertebral body adjacent to the space. Preferably,
one or more vertebral attachment plates are connected to the pair of adjacent
vertebral bodies that bracket the space left by the missing vertebral body.
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SPINAL FIXATION SYSTEM
BACKGROUND OF THE INVENTION
There are various devices and techniques for reconstructing the
5 anterior spinal column in the lumbar or thoracic spine. Specifically, a bone graft
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may be inserted between the vertebrae. The spine is then fused posteriorly with an
implantable instrument of various designs.

However, the bone graft usually was obtained from the fibula or the
iliac crest. Problems have arisen with donor site morbidity.

Also, various implantable devices for reconstruction of the spine
comprise anterior plate and/or anterior rod systems.

Typically, one of two methods are used to reconstruct the anterior
spine. Either an autologous bone graft or an allograft is inserted into the defect,
and a plate system is applied to the lateral side of the spine. Alternatively, a
tubular "cage" may be inserted between vertebral bodies, and a plate may be
applied, extending between intact vertebral bodies on either side of the defect. The
cage may be filled with bone graft material such as bone fragments. The cage
retains the material in place while the bone graft grows, fusing the two adjacent
vertebral bodies.

By this invention, an integral, modular device is provided to replace
a vertebral body that has been destroyed or must be removed because of fracture,
tumor, infection or the like, while the device of this invention provides a site for
an effective bone graft to fuse with intact, adjacent vertebral bodies, with both the
device and the optional bone graft extending between the adjacent vertebral bodies

and across the original space of the missing vertebral body.

DESCRIPTION OF THE INVENTION

By this invention, an implantable, spinal, vertebral replacement

device is provided. The device comprises a tubular cage for fitting into a space of



WO 99/65412

10

15

20

25

a missing or damaged vertebral body. This tubular cage may be made of titanium,
carbon fiber composite, or the like, and can be used if desired to retain bone graft
material in a desired position between intact vertebral bodies to form a fusion
between the intact vertebral bodies across the site of the missing vertebral body.
First and second transverse plates are respectively positioned at opposed ends of the
tubular cage for supporting the respective ends of the tubular cage, and for pressing
a plate face against an adjacent vertebral body in spinal column-supporting relation.

The transverse plates are each joined in transverse relation to at least
one vertebral attachment plate. This latter plate, in use, extends generally parallel
to the spine, with the vertebral attachment plate defining screw holes for screw
securance to at least one vertebral body adjacent to the space of the missing
vertebral body.

Accordingly, by this invention both support and spacing of adjacent
vertebral bodies is provided, along with retention and positioning of a tubular cage,
which can retain bone graft material for the future growth of a strong bone graft
after surgery.

In one embodiment, each transverse plate may be joined to a separate
vertebral attachment plate, for attachment of each vertebral attachment plate to a
separate, adjacent vertebral body positioned on an opposed side of the space left by
the missing vertebral body. In this circumstance, it is preferred for a support rod
to extend generally parallel to the spine and to be retained between the vertebral
attachment plates. The rod may be retained at each vertebral attachment plate by
a frictional pressure retention of a cover plate which is carried, one on each
vertebral attachment plate, in a position to frictionally press the rod against the
vertebral attachment plate at a retention site thereof, and also cover the screw holes
for screw securance to a vertebral body, and to also cover the screws occupying
those holes. Thus, backing out of the screws in the holes after implantation of the
device can be suppressed by the presence of such a cover plate.

It is also preferred for the rod to be of non-circular cross section,

2.
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being retained between respective vertebral attachment plates and cover plates while
residing in appropriately shaped grooves of said plates.

As an alternate design, the spinal replacement device of this
invention may utilize a single vertebral attachment plate, to which both transverse
plates are attached, with the vertebral attachment plate having screw holes for
attachment to both of the adjacent, vertebral bodies.

As a further feature of this invention, the transverse plates may each
have a peripheral, upstanding wall to surround and retain a respective supported
end of the cage to prevent lateral cage movement. The peripheral, upstanding wall
and cage are respectively dimensioned to preferably cause tight retention of the
cage. The peripheral upstanding wall is preferably open at one end of the
transverse plate, preferably the end facing the vertebral attachment plate, to receive
the cage with lateral motion relative to the spinal column, this specific embodiment
is particularly used with the system having the pair of vertebral attachment plates.
Such a system can be used with cages of varying length, which slide into
engagement with the peripheral, upstanding walls of the transverse plates.

Preferably, each transverse wall has a roughened face that faces the
adjacent, intact vertebral body against which it presses in use. The roughened face
may comprise a titanium mesh coating secured to the face of the plate that engages
an end of the adjacent vertebral body, or it may be prepared by a variety of other,
known techniques.

Also, each transverse plate preferably defines a central aperture, so
that communication is available between the intact vertebral bodies and the bone
graft material within the cage.

Some adjustability can be provided to the embodiment having a
single vertebral attachment plate by providing the transverse plates with a hinged
connection with the vertebral attachment plate, or even a frictional, spring-pinching
connection between two flat surfaces of each transverse plate, respectively engaging

opposed side surfaces of the vertebral attachment plate. Additionally, a bracket or
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strap may extend across an open end of the vertebral attachment plate with an
aperture, for later application if desired after the cage has been positioned in the
desired, surgical position, for better retention of each transverse plate with the
vertebral attachment plate.

Preferably, the cage defines a slot at at least one end thereof, which
slot is proportioned to receive a surgical distractor, for use during insertion of the
cage into a position between the vertebral bodies.

Also, the cage may be elongated in one transverse dimension relative
to its other transverse dimension, with the long dimension generally extending from
side to side of the spine.

Accordingly, by the use of the above principles, a spinal replacement
device is provided which can exhibit a unique combination of advantages, including
a solid, firm retention of the entire system properly positioned in the spine, coupled
with the facility to retain bone graft material in a position where growth can take
place so that, after convalescence, the patient is less dependent upon the non-living

implant, and more dependent on a more natural regrowth of bone in the spine.

DESCRIPTION OF THE DRAWINGS

In the drawings, Fig. 1 is an exploded, perspective view of the

components of one embodiment of the spinal replacement device of this invention;

Fig. 2 is a perspective, partially assembled view of the spinal
replacement device of Fig. 1, shown in the process of implantation in the spine to

replace a missing vertebral body;

Fig. 3 is an enlarged, perspective view, with the cage deleted, of a

portion of the system of Fig. 2, showing more details; and

PCT/US99/13760 .
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Fig. 4 is a perspective view showing a modified embodiment of the

invention in fully implanted form in the spine, replacing a missing vertebral body.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to Figs. 1-3, an implantable spinal vertebral replacement
device is shown. Specifically, device 10 comprises a tubular cage 12 of oval cross
section and made for example of titanium or a carbon fiber composite. Tubular
cage 12 fits into the space which is left by a missing vertebral body which was
either destroyed or had to be surgically removed, positioned between a pair of
adjacent, intact vertebral bodies 14, 16 is as shown particularly in Fig. 2. It can
be seen that the major transverse cross sectional axis of oval tubular cage 12
preferably extends from side to side of the spine comprising vertebra 14, 16. Cage
12 is positioned anterior to the spinal cord 18.

Cage 12 may be filled with bone fragments or other bone graft
material so that, ultimately, an intact bone graft will be formed, extending between
intact vertebra 14, 16.

First and second transverse plates 20, 22 are respectively positioned
at opposed ends of tubular cage 12, for supporting the respective cage ends and for
pressing a face 24 against an adjacent vertebral body 14 or 16 in spinal column-
supporting relation. Transverse plates 20, 22 also define an aperture 26, but,
typically, the face 24 that presses against the intact, vertebral bodies 14, 16 has
more area than the area of each end of cage 12, so that a greater surface area
pressing against each vertebral body 14, 16 is provided than would be provided by
the mere presence of cage 12.

Also, transverse plates 22, 24 define a peripheral, upstanding wall
28, being dimensioned to cause tight retention of cage 12. Typically, wall 28 is
open at one end of each transverse plate to receive the cage with lateral motion

(relative to the spinal column). For example, in Fig. 2 it can be seen how cage 12
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may enter the area circumscribed by upstanding walls 28 by advancement of
transverse plates approximately from the right toward the cage, or by advancement
of cage 12 toward the left into engagement with transverse plates 20, 22.

Transverse plates 20, 22 are each joined in transverse relation to at
least one vertebral attachment plate. In the embodiment of Figs. 1-3, a pair of such
vertebral attachment plates 30, 32 are used. As shown, vertebral attachment plates
30, 32 extend generally parallel to the spine i.e. generally parallel to the line of
vertebra 14, 16, being integrally secured in this embodiment in transverse relation,
each to a separate transverse plate 20, 22. Also, each vertebral attachment plate
30, 32 defines first screw holes 34 for screw securance to one of the respective
vertebral bodies 14, 16, as shown particularly in Fig. 2, for securance of the spinal
vertebral replacement device in position.

In this embodiment, a rod 34 extends generally parallel to the spine
and is retained between vertical attachment plates 30, 32 with a frictional pressure
retention provided by cover plates 36, 38. Cover plates 36, 38 have screw holes
40 which mate with second screw holes 42 on the vertebral attachment plates 30,
32, for firm pressure attachment to provide a frictional pressure retention seal of
rod 34 in the desired position. Also, cover plates 36, 38 serve to restrict and
prevent unintended back-out of the bone screws from their retained position within
screw holes 34 of the respective vertebral attachment plates 30, 32. Appropriate
grooves 42, 44 are respectively provided in the vertebral attachment plates 30, 32
and the cover plates 36, 38 to appropriately receive rod 34.

Rod 34 may be cylindrical, but is preferably of non-circular cross
section, to raise the torque resistance of the rod. For example, rod 34 may be of
rectangular cross section with the major axis of the rectangle extending transversely
from side-to-side of the spine in a direction generally parallel to the major cross-
sectional axis of cage 12.

Case 12 may define an end aperture 44 at each end on the long axis

thereof, to provide access for a distractor tool, used in the surgical installation of
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the system.

Thus, an implantable anterial spinal fixator is provided, in which one
or more vertebrae can be replaced with the device of this invention. The device
firmly maintains the spacing of missing vertebrae, and also provides the capability
for the firm retention and growth of a bone graft, to restore to the spine a more
natural, strong regrowth of bone. The system is very flexible for use, and is
capable of dimensional variations, for example by the use of varying lengths of the
cage 12. If desired, transverse plates 20, 22 may be connected to vertebral
attachment plates 30, 32 by a hinge, which provides added dimensional tolerance
capability to the system.

Referring to Fig. 4, another embodiment of the implantable spinal
vertebral replacement device of this invention is shown, with the device being
shown to be implanted on the spine.

As before, a pair of first and second transverse plates 20a, 22a
engage the ends of a tubular cage 12a, and also press with their other faces against
intact adjacent vertebral bodies 14a, 16a, all in a manner similar to the previous
embodiment.

Transverse plates 20a, 22a each engage a single vertebral attachment
plate 46, instead of a pair of vertebral attachment plates as in the last embodiment.
Vertebral attachment plate 46 extends basically parallel to the spine as in the
previous embodiment, and has pairs of bone screw attachment holes 34a for
attachment at the respective ends of vertebral attachment plate 46 to intact, adjacent
vertebral bodies 14a, 16a.

Two different modes of attachment for the transverse plates 20a, 22a
and the vertebral attachment plate 46 are shown. Transverse plate 20a simply
connects in a pressure connection to opposed edges of vertebral attachment plate
46 as shown. Particularly, the ends 48 of plate 20a press against vertebral
attachment plate 46 with spring pressure. Thus, plate 20a can slide up and down
the vertebral attachment plate 46 as may be desired for best positioning.

-7-
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Alternatively, as shown with respect to transverse plate 22a, the
same spring pressure attachment to vertebral attachment plate 46 may be used, but
with a strap 50 extending across the ends of transverse plate 22a, with retention
screws 52 being used to hold strap 50 and plate 22a together. Thus cage 12a is
strongly held in a desired lateral position by the secured plate 22a.

As a further alternative, a cover plate similar to cover plate 38 may
be used instead of strap 50 by the simple expedient of providing an enlarged,
central section to strap 50 to cover the respective end of vertebral attachment plate
46. Thus, screw holes 34a may be covered to prevent accidental, unintended back-
out of the bone retention screws, in a manner similar to the previous embodiment.

Typically, the same design for retention will be used at each end of
vertebral attachment plate 46, with the different retention systems here being shown
for purposes of illustration.

Transverse plate 22a can also slide up and down the vertebral
attachment plate to a desired position until tightly secured, so that the system of this
invention has very substantial dimensional tolerance, and thus can be used with a
variety of patients.

The above has been offered for illustrative purposes only, and is not
intended to limit the scope of the invention of this appliéation, which is as defined

in the claims below.
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THAT WHICH IS CLAIMED:

1. An implantable, spinal, vertebral replacement device, which
comprises: a tubular cage for fitting into a space of a missing of damaged vertebral
body and for optionally. retaining bone graft material; and

first and second transverse plates respectively positioned at opposed
ends of the tubular cage for supporting the respective cage ends and for pressing
a plate face against an adjacent vertebral body in spinal column-supporting relation,
said transverse plates each being joined in transverse relation to at least one
vertebral attachment plate which, in use, extends generally parallel to the spine,
said vertebral attachment plate defining screw holes for screw securance to at least

one vertebral body adjacent to said space.

2. The spinal replacement device of Claim 1 in which each
transverse plate is joined to a separate one of a pair of vertebral attachment plates,
for attachment of each vertebral attachment plate to separate, adjacent vertebral
bodies positioned on opposed sides of said space, and a rod extending generally

parallel to the spine and retained between said vertebral attachment plates.

3. The spinal replacement device of Claim 2 in which said rod is of

non-circular cross-section.

4. The spinal replacement device of Claim 1 in which both
transverse plates are attached to the same vertebral attachment plate, said vertebral
attachment plate having screw holes for attachment to a pair of said adjacent

vertebral bodies.

5. The spinal replacement device of Claim 1 in which at least one

cover plate is carried on said vertebral attachment plate in a position to cover said

-9.
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screw holes and screws occupying said holes.

6. The spinal replacement device of Claim 1 in which said
transverse plates each have a peripheral, upstanding wall to at least partially
surround and retain a respective, supported end of said cage to prevent lateral cage

movement.

7. The spinal replacement device of Claim 6 in which said
peripheral, upstanding wall and cage are dimensioned to cause tight retention of
said cage, said wall being open at one lateral end of said transverse plate to receive

said cage with lateral motion relative to the spinal column.

8. The spinal replacement device of Claim 1 in which said

transverse plates are joined in vertically hinged relation to said vertebral plate.

9. The spinal replacement device of Claim 1 in which each

transverse plate defines a central aperture.

10. The spinal replacement device of Claim 1 in which each

transverse plate has a roughened face that faces the adjacent vertebral body.

11. The spinal replacement device of Claim 1 in which said cage
defines a slot at at least one end thereof proportioned to receive a surgical
distractor, for use during insertion of the cage into a position between vertebral
bodies.

12. The spinal replacement device of Claim 11 in which said cage

is elongated in one transverse dimension relative to the other transverse dimension.

-10 -
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13. The spinal replacement device of Claim 1 in which said cage is

elongated in one transverse dimension relative to the other transverse dimension.

14. The spinal replacement device of Claim 5 in which a portion of
the cover plate periphery matches and lies against a portion of the periphery of the

vertebral attachment plate when occupying said position.

15. An implantable spinal vertical replacement device, which
comprises: a tubular cage for fitting into a space left by a missing vertebral body
and for optionally retaining bone graft material;

first and second transverse plates respectively positioned at opposed
ends of the tubular cage for supporting the respective cage ends and for pressing
a plate face against an adjacent vertebral body in spinal column-supporting relation,
said transverse plates each being joined in transverse relation to one of a pair of
vertebral attachment plates which in use extend generally parallel to the spine, said
vertebral attachment plates each defining screw holes for screw securance to a
vertebral body adjacent to said space, each transverse plate being joined to a
separate vertebral attachment plate, for attachment of each vertebral attachment
plate to a separate, adjacent vertebral body positioned on opposed sides of said
space, and a rod extending generally parallel to the spine and retained between said
vertebral attachment plates, and cover plates, carried on each vertebral attachment
plate in a position to cover said screw holes with bone screws occupying said holes,
said cover plates also frictionally retaining said rod by pressure against said

vertebral attachment plates.
16. The spinal replacement device of Claim 15 in which each

transverse plate defines a central aperture to facilitate bone growth between said

adjacent vertebral bodies through said cage.

-11 -
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17. The spinal replacement device of Claim 16 in which said
transverse plates each have a peripheral, upstanding wall to at least partially
surround and retain a respective, supported end of said cage to prevent lateral cage

movement.

18. The spinal replacement device of Claim 17 in which said
peripheral, upstanding wall and cage are dimensioned to cause tight retention of
said cage, said wall being open at one lateral end of said transverse plate to receive

said cage with lateral motion relative to the spinal column.

19. The spinal replacement device of Claim 18 in which each cage
defines a slot at at least one end thereof proportioned to receive a surgical
distractor, for use during insertion of the cage into a position between vertebral

bodies.

20. The spinal replacement device of Claim 19 in which said cage

is elongated in one transverse dimension relative to the other transverse dimension.

21. The spinal replacement device of Claim 5 in which said cover

plate is connected by screw attachment to said transverse plate.

22. An implantable spinal vertebral replacement device, which
comprises: a tubular cage for fitting into a space left by a missing vertebral body
and for optionally retaining bone graft material,;

first and second transverse plates respectively positioned at opposed
ends of the tubular cage for supporting the respective cage ends and for pressing
a plate face against an adjacent vertebral body in spinal column-supporting relation,
said transverse plates being each joined in transverse relation to a single vertebral

attachment plate which, in use, extends generally parallel to the spine, said

-12-
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vertebral attachment plate defining screw holes for screw securance to a pair of
vertebral bodies that bracket and are adjacent to said space left by the missing

vertebral body.

23. The spinal replacement device of Claim 22 in which said first
and second transverse plates are connected to said vertebral attachment plate at

opposed edges of said vertebral attachment plate.

24. The spinal replacement device of Claim 22 in which a cover
member covers a portion of said vertebral attachment plate adjacent the ends
thereof on a side opposed to said transverse plates, said cover member being
secured to at least one of said transverse plates, whereby said transverse plate and
secured cover member can be moved along said vertebral attachment plate to a

desired position and then secured in place by tight retention.

25. The spinal replacement device of Claim 24 in which each

transverse plate defines a central aperture.

26. The spinal replacement device of Claim 25 in which said
transverse plates each have a peripheral, upstanding wall to surround and retain a

respective supported end of said cage to prevent lateral cage movement.
27. The spinal replacement device of Claim 26 in which said first

and second transverse plates are connected to said vertebral attachment plate at

opposed edges of said vertebral attachment plate.

-13 -
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