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Figure 12 depicts the right end {proximal end} view of the fusion
cage of Figure 10.

Figure 13 depicts a side view of yet another embodiment of the
fusion cage of the present invention.

Figure 14 depicts a left distal end {(distal end) view of the fusion
cage of the invention of Figure 13.

. Figure 15 depicts a right end {proximal end} view of the fusion cage

of the invention of Figure 13.

Figure 16 depicts a sectional view taken through line 16-16 of
Figure 13.

Detailed ription of the Preferr mbodimen

With respect to the figures in a particular Figure 1, a side view of
the preferred embodiment of the fusion cage 20 is depicted. Fusion cage
20 includes a fusion cage body 22 which in this preferred embodiment is
provided in the shape of a cone. Fusion cage 20 includes a distal end 24
and a proximal end 26. The distal end 24 in a preferred embodiment is
rounded or bull nosed in order to facilitate the insertion of the fusion cage
20 relative to one or more bone structures. The proximal end 26 includes
an opening 28 which communicates with an internal cavity 30 defined by
the fusion cage 20. The opening 28 in a preferred embodiment is
threaded so that it can receive ah end cap or plug 32 (Figure 5). End cap
32 is used to close off the proximal end 26 and retain bone growth
inducing subsfances packed therein as described herein-below. As can be
seen in Figure 5, end cap 32 includes a threaded bore 34 which is
designed to receive an insertion tool. The threaded bore 34 has an initial
unthreaded, hex-shaped section 35 which can be used with a socket
wrench to tightly position end cap 32 in opening 28. The proximal end 26
further define first and second peripheral indentations 36, 38. These
periphera! indentations 36, 38 receive tangs from an insertion tool as

described hereinbelow for facilitating the insertion of the fusion cage 20.
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A thread 40 is defined as part of the outer cylindrical surface 41 of
the body 22. It is to be understood that the thread can be replaced with
a plurality of discrete threads or a plurality of projections, ridges,
protrusions, barbs, or spurs and be within the spirit and scope of the
invention.

The rounded distal end 24, and at least some of the turns of thread
40 defined flutes or relief grooves 42, 44, and 46. (Figures 1, 2.) In a
preferred embodiment, flutes 42, 44, and 46 meet at a central point 48 of
the distal end 24 on the longitudat axis 50 of the fusion cage 20. In other
embodiments the flutes can be smaller and not extend all the way to the
central point 48 on the longitude axis 50. Still in other embodiments, the
fiutes can be eliminated from the distal end 24 and such embodiments are
still within the spirit and scope of the invention.

The flutes extend from the distal end 24 toward the proximal end
26 as shown in Figure 1 with respect to flute 42. These flutes are defined
by the sections 52 which are removed from the thread. In a preferred
embodiment, the flutes become narrower as they approach the proximal
end 26 due to the fact that thread relief for purposes of self-tapping
becomes less important as the cage reaches a final resting position. As
shown in other embodiments, the flutes can be deeper and extend from
the distal end completely to the proximal end. Still 'further in other
embodiments the flutes can be confined to the first several turns of the
thread adjacent to the distal end and/or to just the distal end.

As can be seen in Figures 1, 4, a plurality of apertures 54 are
provided through wall 56 of the fusion cage 20. In a preferred
embodiment, these apertures 54 are formed by broaching grooves 58 in
the internal surface 60 of the interna. cavity 30. The effect of such

roaching is to remove material from the valleys between the turns of the
thread 40, thus defining the aperture 54. The advantages of such an
arrangement are taught by the above-referenced U.S. Patent No.
4,961,740, which patent is incorporated herein by raference and allows

for immediate bone to bone contact between the vertebral bodies or bone
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structures and the bone packed within the internal cavity 30 of the fusion
cage 20.

The apertures 54 in a preferred embodiment increase in size from
smaller apertures closer to the distal end 24 to a larger aperture closer to
the proximai end 26. This increase in size allows for more bone to bone
contact. Alternatively in the embodiment as shown in Figure 1, all the
apertures are of the same size.

As can be seen in Figure 4, the apertures are clustered about a
transverse axis 51, both at the upper and lower end of the axis. This is
s0 that in position, the apertures come into contact with the upper and
lower vertebra! bone structures (Figure 9) to encourage bone growth
through the fusion cage from the vertebral bone structures. The lateral
section of the fusion cage found along the other transverse axis 53 do not
have apertures in order to prevent growth of disk material which might
interfere with the bone fusing process.

A preferred embodiment of the conically-shaped fusion cage 20
includes a fusion cage which is 23 millimeters in length having a distal end
24 with a diameter of 14 millimeters and a proximal end 26 with a
diameter of 18 millimeters. The cage body is a right circular cone. The
thread has a pitch of 30° and there are ten turns per inch with a thread
depth of .053 inches. Further the cage is made of a titanium material.
Preferably this and the other disclosed fusion cages disclosed are
machined. However, the processes such as molding can be used to
accomplished formation of the fusion cages.

The caﬁe is inserted between vertebral bodies using an insertion
tool 62 (Figure 5). Insertion tool 62 includes an inner handle 64 and an
outer handle 66. The outer handle includes a bore 68 for receiving the
inner handle 64. Handles 64, 66 include knobs 70, 72 respectively. The
distal end of inner handle 64 defines a threaded shaft 74, having a reverse
thread to facilitate easy removal, and the distal end of handle 66 define a
cylindrical disk 76 which has first and second tangs 78, 80, projecting
from the peripheral edge of the cylindrical disk 76. These tangs 78, 80
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are designed to mate with the peripheral indentation 36, 38 of the fusion
cage 20. For purposes of inserting the fusion cage between the vertebral
bodies, the end cap 32 is inserted into the fusion cage 20 as shown in
Figure 5. Then the threaded shaft 74 of the inner handle is introduced into
the threaded bore 34 of the end cap 32. After this is accomplished, the
outer handle 66 is slid over the inner handle 64 and the tangs 78, 80 are
positioned into engagement with the indentations 36, 38. In this
arrangemént, the fusion cage 20 can be anteriorly inserted into the space
between the vertebral body structure using the insertion tool 62. '

An alternative embodiment of the insertion tool is shown in Figure
6. In this figure, insertion 100! 82 includes a handle 84 with a knob 86.
At the end of the insertion tool 82 distal from the knob 86 is a cylindrical
disk 88 which has first and second tangs 90, 92, which have the same
function as the above tangs 78, 80. Extending from the center of the
cylindrical disk 88 along the centerline of the insertion tool 82 is a shaft
94 which has a ball detent 96. For use with insertion tool 82, the
threaded bore 34 of the end cap 32 would be replaced with a bore having
a lip which could engage with the ball detent 96 of the insertion tool 82.

The method for inserting the fusion cage 20 of Figure 1 using an
anterior approach and procedure to the vertebral bodies is as follows. it
is to be understood that although the focus of this discussion is on a
laparoscopic procedure, that the anterior approach and procedure can also
include a more invasive procedure where a long incision is made in the
abdomen wall. |

With an anterior approach, using an introduction set such as
described by way of example only, in U.S. Patent 4,863,430, entitled
"INTRODUCTION SET WITH FLEXIBLE TROCAR WITH CURVED
CANNULA, " which is incorporated by reference, but however with larger
diameter instruments, an amount of disk material is removed between the
two vertebral bodies or bone structures which are to be fused together.
This procedure is accomplished through a cannula position adjacent to the

vertebral bone structures. With the same or a larger diameter cannula, the

PCT/US95/11281

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

WO 96/08205

10

15

20

25

-10-

fusion cage 20 can be introduced adjacent to the vertebral bone
structures. In a first procedure, the fusion cage is packed with bone
growth substances and the end cap 32 is affixed to the fusion cage 20.
Insertion too! 62 is then secured to the fusion cage 20 and the fusion cage
is guided through the cannula to a location adjacent to the upper and
lower vertebral body such as presented schematically in Figures 7, 8, 9,
by upper body 98 and lower body 100. In the initial position as shown in
Figure 7, the fusion cage 20 is adjacent to the anterior sections 102, 104
of the vertebral bodies 98, 100. As the introduction tool is turned, the
thread 40 of the fusion cage 20 bites into the vertebral bodies 98, 100.
Further turning of the introduction tool causes the fusion cage to move
through the position shown in Figure 8 to the final resting position shown
in Figure 9, where the distal end 24 is moved adjacent to the posterior
sections 106, 108 of the vertebral bone structures 98, 100. As this
occurs, the fusion cage 20 increases the lordosis or spacing between the
vertebral bodies, basically distracting the vertebral bodies and causing the
vertebral bodies to pivot about the posterior sections 106, 108, with such
posterior sections acting like a hinge. It is noted that most of the
distraction occurs adjacent to the anterior sections, but that distractions
also occur at the posterior sections where the hinged effect is exhibited.
Preferably, the lordosis is increased over the normal lordosis in order to
stabilize the vertebral bone structures prior to fusion occurring.
Stabilization occurs due to the fact that increased lordosis places
additional stress on the anterior longitudinal ligaments which are part of
the anatomy holding the vertebral bodies in place.

Once the fusion cage 20 is appropriately positioned, the handle 64
of the insertion tool 62 is unscrewed from the cap 32 and the insertion
tool 62 is pulled away from the fusion cage.

An ahternative embodiment of a fusion cage 200 is shown in Figures
10, 11, and 12. Fusion cage 200 includes a distal end 202 and an a
proximal end 204. Fusion cage 200 includes an internal cavity 206. End
caps not shown can be used to close the ports 208, 210 of distal and
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