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1
MANUFACTURED BONE COMPOSITE
IMPLANT SHAPED TO CONFORM TO A
PREPARED IMPLANTATION SPACE

The present application is a divisional of application Ser.
No. 09/593,591, filed Jun. 13, 2000 (now abandoned), which
is incorporated herein by reference.

BACKGROUND OF THE INVENTION

The diaphysis is the shaft of a long bone, as distinguished
from the epiphysis, the end of the bone forming the joints.
When the diaphysis is cut twice, more or less transversely, a
complete bone ring is formed with the medulary canal form-
ing an opening through the ring. Such rings are generally
harvested from femurs for use in the lumbar spine. Other
bones from the arm or leg or other part of the skeleton may be
useful in various regions of the spine.

The use of diaphyseal bone rings, such as those harvested
from human femurs, is well known in the art of spinal fusion.
For interbody spinal fusion, femoral rings are formed by
making two spaced apart cuts approximately perpendicular to
the long axis of the diaphyseal portion of a human cadaveric
femur. The cuts are generally spaced apart so as to form a ring
having a height corresponding to the restored disc space or
slightly greater. Femoral ring bone grafts are placed into the
spine within and across the height of the space previously
occupied by a spinal disc between adjacent vertebral bodies to
achieve interbody fusion of those vertebral bodies through the
disc space. The femoral ring bone graft is incorporated into
the bony fusion over time.

Interbody spinal fusion with bone rings, however, has had
limited success in the past. While all the causes for failure
may not yet be appreciated, it is nevertheless believed that a
failure to gain congruity at the interfaces of the bone ring
implant to the adjacent vertebral bodies, and a failure to
achieve stability of the bone ring implant, may be two of the
more significant factors subject to the surgeon’s control con-
tributing to such failures.

Bone rings that are entirely or almost entirely made of
cortical bone offer the advantages of that material including
an appropriate modulus of elasticity and strength for the
prescribed use, the capacity to be bioactive, including being
osteoconductive, osteoinductive, osteogenic, and to more
generally provide a good substrate for the formation of new
bone as fusion occurs. Further, by being bioabsorable the
bone material is replaced by the patient’s own bone over time,
thereby preventing stress shielding and leading to the even-
tual elimination of any foreign body from the implantation
site.

As it is desirable to take advantage of all these benefits,
there exists a need for an improved bone ring implant, which
when used in accordance with the prescribed method of disc
space preparation, provides for an improved congruity of the
implant to the vertebral bodies and improved implant stabil-

1ty.
SUMMARY OF THE INVENTION

The present invention is directed to a major long bone ring
implant preferably, but not necessarily, an implant formed
from a diaphyseal ring for insertion into an implantation
space formed across a spinal disc between two adjacent ver-
tebral bodies of the spine. The bone ring implant is preferably
used in an implantation space having a wall portion, lip, or
ridge with a flat portion for abutting the leading end of the
bone ring implant. Such an implantation space can be formed
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2

with the instrumentation and method set forth in applicant’s
U.S. application Ser. No. 08/688,758. titled “Milling Instru-
mentation and Method for Preparing a Space Between Adja-
cent Vertebral Bodies”, incorporated by reference herein. It is
appreciated however, that the bone ring implant of the present
invention can be useful in implantation spaces formed by
other techniques, such as for example, applicant’s U.S. appli-
cation Ser. No. 09/490,901, titled “Instrument And Method
For Creating An Intervertebral Space For Receiving An
Implant”, incorporated by reference herein.

The bone ring implant is manufactured and machined to
have a leading end and a trailing end opposite the leading end
connected by opposed sides or walls. In combination the
leading end, trailing end, and the opposed sides or walls
preferably form one continuous perimeter having opposed
upper and lower vertebral body engaging surfaces. By way of
example and not limitation, while diaphyseal rings as har-
vested are generally round or oval, the bone ring implants of
the present invention have a substantial flat portion at the
leading end formed by cutting or machining the perimeter of
the bone to create a straight cut portion at the leading end. The
straight cut portion is generally oriented at 90° to the mid-
longitudinal axis of the bone ring implant as defined by a line
passing through the center of the bone ring implant from its
leading end to its trailing end.

In a preferred embodiment, the bone ring implant is further
machined so that one and preferably both of the opposed sides
have portions that are straight and at a 90° angle to the straight
cut portion of the leading end to produce straight portions that
are outwardly facing. These straight portions are generally
oriented parallel to the implant’s longitudinal axis. The
opposed sides may be machined to be generally parallel to
each other over at least a portion of the sides and may be
aligned or offset from each other along the implant sides. The
present invention consists of the unique machined structures
of'the bone ring implant, as well as may be used in combina-
tion with lockable screws, and preferably screw locks each
preferably made of cortical bone or of a bioresorbable mate-
rial.

The bone ring implant of the present invention may be
machined so as to be adapted to receive through its trailing
end at least a pair of opposed appropriately sized bone screws
preferably, but not necessarily, made of cortical bone. The
bone engaging screws may be aligned or offset from each
other. At least one screw engages each of the vertebral bodies
adjacent a disc space to be fused and into which the bone ring
implant is implanted.

Thebone ring implant of the present invention is preferably
further machined and adapted to receive locks, preferably
made of cortical bone, at the trailing end for securing the bone
engaging screws therein and preventing the screws from
backing out. The bone ring implant, bone screws, and/or locks
can be made of a bioresorbable material, including but not
limited to cortical bone, plastics and composite plastics. Suit-
able plastics may include those comprising lactides, galac-
tides, glycolide, capronlactone, trimethylene carbonate, or
dioxanone in various polymers, and/or combinations thereof.

The bone ring implant of the present invention can be
further machined to have a specialized bone engaging surface
configuration designed to enhance stability and resist motion
imparted to each of the opposed upper and lower vertebrae
engaging surfaces of the bone ring implant, such as for
example the surface described in applicant’s U.S. application
Ser. No. 09/457,228 titled “Spinal Implant Surface Configu-
ration” incorporated by reference herein.

Thebone ring implant of the present invention is preferably
for anterior implantation into the disc space and is preferably
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taller at the trailing end than at the leading end (the leading
end being adapted to introduce the implant into the spine) so
as to provide for a desired amount of lordosis.

The bone ring implant has been described as diaphyseal
rings by way of example of one embodiment of the present
invention. It should be clearly understood that such rings may
be formed of bone that may be at least in part metaphyseal if
sufficiently strong for the intended purpose. Alternatively, the
bone ring implants may be made of a manufactured bone
composite comprising of particles or filaments of bone and a
bioresorbable plastic or ceramic or other suitable material
without departing from the inventive concepts of the present
invention, prime of which is a manufactured implant com-
prising cortical bone with a flat leading portion and preferably
at least partial side portions that are flat and preferably 90° to
the front of the implant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s atop plan view of a vertebral body with preferably
a machined implantation socket created therein for receiving
abone ring implant in accordance with the present invention.

FIG. 2A is atop plan view of a vertebral body showing the
desired implantation socket with a first bone ring implant with
a bone-engaging surface formed thereon and showing the
machining of the bone ring required to obtain that ring’s best
fit to the recipient site (socket) within that vertebral body.

FIG. 2B is a top plan view of a vertebral body showing the
desired implantation socket with a second bone ring implant
with the bone-engaging surface formed thereon and showing
the machining of the bone ring required to obtain that ring’s
best fit to the recipient site (socket) within that vertebral body.

FIG. 3A is an enlarged fragmentary view along line 3-3 of
FIG. 2A of the bone-engaging surface.

FIG. 3B is a side view of FIG. 3 A illustrating the configu-
ration of the bone-engaging surface.

FIG. 4 is a trailing end view of a bone ring implant in
accordance with an embodiment of the present invention
having openings oriented toward the adjacent vertebral bod-
ies for receiving bone-engaging screws.

FIG. 5 is a side elevation view of the bone ring implant of
FIG. 4.

FIG. 6 is a leading end view of the bone ring implant of
FIG. 4.

FIG. 7 is a trailing end view of a bone ring implant in
accordance with a second embodiment of the present inven-
tion.

FIG. 8 is a trailing end view of a bone ring implant in
accordance with a third embodiment of the present invention.

FIG. 9 is a side elevation view of the bone ring implant of
FIG. 6 with two bone engaging screws installed.

FIG. 10 is a top plan view of the bone ring implant of FIG.
6 machined to have a top exit screw hole and a bottom exit
screw hole shown in hidden line.

OBIECTS OF THE PRESENT INVENTION

It is an object of an embodiment of the present invention to
provide a manufactured bone ring implant having an
improved contour and conformation with critical known
dimensions.

It is a further object of an embodiment of the present
invention to have the bone ring implant configuration con-
form, where critical, to an easily and reliably producible
shape of an interbody recipient site.

It is a further object of an embodiment of the present
invention to have opposed upper and lower vertebral body
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engaging surfaces configured to enhance the stability of the
bone ring implant relative to the adjacent vertebral bodies
when in use.

In a preferred embodiment of the present invention, it is a
further object of the present invention to provide for an
improved cortical bone ring implant adapted to receive at
least a pair of opposed vertebral body engaging bone screws
for further stabilizing the bone ring implant, and for stabiliz-
ing the adjacent vertebrae relative to the bone ring implant
and to each other.

It is a further object of an embodiment of the present
invention to provide for an interbody spinal fusion implant in
the form of an improved ring of diaphyseal bone from a
human long bone correspondingly dimensioned for a recipi-
ent site across the height of a disc space and in contact with
each of the vertebral bodies adjacent that disc space.

It is a further object of an embodiment of the present
invention to provide for an improved bone ring implant
adapted to receive screw locks for locking opposed vertebral
body engaging bone screws to the bone ring implant to pre-
vent them from backing out.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top plan view of a vertebral body V with an
implantation space 20 created therein for receiving an
implant. Implantation socket or space 20 has a posterior wall
22 and side walls 24, 26 formed at least in part in the endplate
of vertebral body V. By way of example and not limitation,
implantation space 20 may be created with the apparatus and
methods disclosed in applicant’s U.S. application Ser. No.
08/688,758.

FIGS. 2A and 2B show top plan views of vertebral body V
and first and second bone ring implants 30 and 40, respec-
tively, placed thereon with the area of implantation space 20
identified by dotted lines. Bone rings can be made from a long
bone of the human body, and preferably made from a human
femur. First and second bone ring implants 30, 40 have outer
perimeters that are intact and not modified from their natu-
rally occurring state such as in a human femur. Bone ring
implants 30, 40 in their natural state do not fit properly within
the prepared implantation space 20 bordered by posterior
wall 22 and side walls 24, 26 illustrated by the dotted lines.
Bone ring implant 30 has sides that extend beyond side walls
24,26 and a leading end 32 that extends beyond posterior wall
22 of implantation space 20 and protrudes from the posterior
aspect of vertebral body V. Similarly, while bone ring implant
40 does not protrude from the posterior aspect of vertebral
body V, leading end 42 extends beyond posterior wall 22 and
has sides that extend beyond side walls 24, 26 of implantation
space 20.

FIG. 3A shows an enlarged fragmentary view of a bone-
engaging surface 50 that can be formed on bone ring implants
described herein to increase the stability of the bone ring
implants installed between two adjacent vertebral bodies.
FIG. 3B is a side view of FIG. 3A illustrating the configura-
tion of a preferred embodiment of bone-engaging surface 50.
Bone engaging surface 50 has a forward facet 52 facing the
leading end of the bone ring implant, an opposite rearward
portion 54 facing the trailing end of the bone ring implant, and
opposed side facets 56, 58 directed generally toward the sides
of the bone ring implant. Bone engaging surface 50 prefer-
ably facilitates motion in the direction of insertion and pref-
erably resists motion in all other directions, including the
direction opposite to the direction of insertion. While the
specialized bone-engaging surface 50 is preferred, in the
alternative the surfaces of the bone ring can be roughened,
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ratcheted, knurled, or otherwise modified when it is desired to
increase the resistance of the bone ring implant to motion.

FIGS. 4-10 show a bone ring implant 100 in accordance
with various preferred embodiments of the present invention.
Bone ring implant 100 has a leading end 102 for Insertion into
the Implantation space, an opposite trailing end 104, a mid-
longitudinal axis ML A passing through the leading and trail-
ing ends, opposed upper and lower surfaces 106, 108, and
opposed sides, 110, 112 therebetween. In the embodiment
shown in FIG. 10. trailing end 104 has a non-linear portion
and opposed sides 110, 112 have straight portions, which may
be parallel to each other. Upper and lower surfaces 106,108
include a medulary canal 114 passing therethrough which
may be useful to permit for the growth of bone from adjacent
vertebral body to adjacent vertebral body through the medu-
lary canal 114 in bone ring Implant 100, which can to that end
be filled with fusion promoting substances. Upper and lower
surfaces 106, 108 may also be porous or include a bone
ingrowth surface.

Ina preferred embodiment of the present invention, leading
end 102 and opposed sides 110, 112 are machined to config-
ure bone ring implant 100 to conform to the shape of prepared
implantation space 20. Leading end 102 and sides 110, 112
can be machined to have a more planar configuration to abut
posterior wall 22 and side walls 24, 26, respectively, of
implantation space 20. In this embodiment, the machined
surfaces of leading end 102 and opposed sides 110, 112 are
separated by the natural contour of the bone ring. For
example, in a preferred embodiment, the bone ring implant
100 can be machined so either or both of sides 110, 112 are at
a 90° angle to the straight cut portion of leading end 102 to
produce straight portions outwardly facing and generally par-
allel to each other, that can be aligned or offset from each
other along sides 110, 112.

Alternatively, in another embodiment of the present inven-
tion, instead of being machined from a single bone, the bone
ring implant can be manufactured from a composite of corti-
cal fibers, filaments, particles, and a material which may or
may not be bioactive and/or bioresorbable such as a plastic,
ceramic, for example. Once formed, the composite implant
material may be machined or molded, into the desired shape.

As shown in FIGS. 4, 9, and 10, in a preferred embodiment
of the present invention, trailing end 104 can be machined to
include openings 120, 122 for receiving bone-engaging
screws 130a, 1305. Openings 120, 122 extend from trailing
end 104 through upper and lower surfaces 106, 108, respec-
tively, and are preferably oriented or directed toward the
adjacent vertebral bodies. As shown in FIGS. 7 and 8, instead
of openings 120, 122, trailing end 104 can include openings
132, 134, 136, 138, for receiving bone-engaging screws.
Openings 132, 134, 136, 138 can be oriented toward upper
and lower surfaces 106, 108 in an alternating manner as
shown in FIG. 7. Alternatively, openings 132, 138 can be
oriented toward upper surface 106 and openings 134, 136 can
be oriented toward lower surface 108 as shown in FIG. 8, or
any combination thereof. The number of openings in trailing
end 104 can vary depending on the size of the implant and the
number of screws desired to be utilized by the surgeon.

In a further embodiment of the present invention, the
medulary canal 114 of bone ring implant 100 may be loaded
with fusion promoting substances and/or the implant may be
treated with fusion promoting substances. Such substances
may include, but are not limited to, bone morphogenetic
protein (BMP), genetic material coding for the production of
bone, mineralizing proteins, bone or bone products, a chemi-
cal substance to inhibit scar formation, and other materials.
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In a further embodiment of the present invention, the
medulary canal 114, which may or may not be machined, is
compressively loaded with what is at least in part fusion
promoting substances to increase the density of the filled area.
Potentially, this allows for an increase in the quantities of
fusion promoting material and provides the ability of the
filled area to bear load.

The bone ring implants, bone screws, or locks could
include a bioresorbable material including, but not limited to
cortical bone, plastics and composite plastics. Suitable plas-
tics may include those comprising lactides, galactides, gly-
colide, capronlactone, trimethylene carbonate, dioxanone in
various polymers and/or combinations.

The present invention has been described as being an
improved ring of bone harvested from the diaphyseal region
of a long bone. This has been done to emphasize that the
implant should have a substantial ring or perimeter of cortical
bone. It is not necessary that the perimeter of cortical bone be
uninterrupted or complete. The perimeter of the bone ring
implant may include an open portion adapted to provide
access to the medulary canal 114. Further, the implant could
rely on some portion of denser cancellous bone and still
conform to the teachings of the present invention. The present
invention can include bone harvested from the area of the
diaphyseal/metaphyseal transition. If the cancellous density
of a specific bone were sufficient for the graft to work in the
intended manner, then a graft could be harvested from the
metaphyseal region of that bone and machined in accordance
with the teachings of the present invention and would be
within the scope of the present invention.

While a preferred embodiment of the present invention has
been described in regard to a femoral ring modified in accor-
dance with the teachings of the present invention, the inven-
tion itself is not so limited. While a femoral ring, because of
its diameter, lends itself well to use in the human adult lumbar
spine, other tubular bones may be useful in various locations
of'ahuman spine. By way of example only and not limitation,
rings formed through the diaphyseal region of a fibula or
humerus may be used for interbody fusion in the cervical
spine, while a tibial ring may be used in the thoracic or lumbar
spine. Finally, the implants of the present invention may be
formed from a composite material comprising cortical bone.

What is claimed is:

1. An interbody spinal implant made of a bone composite
material for insertion at least in part into an implantation
space formed across the height of a disc space between adja-
cent vertebral bodies of a human spine and into at least a
portion of the endplates of the vertebral bodies, the implan-
tation space having a front wall, said implant comprising:

a body manufactured from a bone composite material, said
body having a perimeter with a leading end, a trailing
end opposite said leading end, and opposite exterior
sides, said body having a mid-longitudinal axis passing
through said leading and trailing ends, said leading end
having a straight portion in a direction from one of said
opposite exterior sides to another of said opposite exte-
rior sides along a portion of the perimeter of said body
adapted to abut the front wall of the implantation space
when said implant is installed into the implantation
space;

opposite upper and lower surfaces adapted to be placed in
contact with and to support the adjacent vertebral bod-
ies, said upper and lower surfaces being non-arcuate;

said opposite exterior sides connecting said upper and
lower surfaces and said leading and trailing ends, said
opposite exterior sides of said implant having straight
portions that are parallel to each other; and
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an opening passing through said upper and lower surfaces
for permitting for the growth of bone from adjacent
vertebral body to adjacent vertebral body through said
implant, said opening being between said straight por-
tions of said opposite exterior sides and having a maxi-
mum width transverse to the mid-longitudinal axis of
said body, said trailing end having a non-linear portion
between two lines parallel to the mid-longitudinal axis,
the parallel lines being spaced apart from one another on
opposite sides of the mid-longitudinal axis and intersect-
ing the maximum width of said opening; and

wherein said implant is in combination with at least one

bone screw adapted to engage at least one vertebral body
when inserted through said implant, said implant com-
prising a lock for locking said at least one bone screw to
said implant, said lock being made of one of cortical
bone and a bioresorbable material.

2. The implant of claim 1, wherein said straight portion of
said leading end is generally oriented at 90 degrees to the
mid-longitudinal axis of the implant.

3. The implant of claim 1, wherein said straight portion of
said at least one side is generally oriented 90 degrees to said
straight portion of said leading end.

4. The implant of claim 1, wherein said straight portion of
said at least one side is oriented generally parallel to the
mid-longitudinal axis of said implant.

5. The implant of claim 1, further comprising at least one
protrusion extending from at least one of said upper and lower
surfaces for engaging at least one of the adjacent vertebral
bodies to maintain said implant within the implantation
space.

6. The implant of claim 5, wherein said protrusion com-
prises at least one of a ridge, ratcheting, spline, and knurling.

7. The implant of claim 1, wherein said upper and lower
surfaces are porous.

8. The implant of claim 1, wherein said upper and lower
surfaces include a bone ingrowth surface.

9. The implant of claim 1, wherein the perimeter of said
body forms at least a portion of a ring.

10. The implant of claim 1, wherein said implant has a
closed perimeter.

11. The implant of claim 1, wherein said implant has an
open perimeter for providing access to said opening.

12. The implant of claim 1, wherein said implant is gener-
ally rectangular in shape.

13. The implant of claim 1, wherein said implant is gener-
ally oval in shape.

14. The implant of claim 1, wherein at least a portion of said
upper and lower surfaces are in an angular relationship to
each other from trailing end to leading end for allowing
angulation of the adjacent vertebral bodies relative to each
other.

15. The implant of claim 1, wherein at least a portion of said
leading end is tapered for facilitating insertion of said implant
between the two adjacent vertebral bodies.

16. The implant of claim 1, wherein said implant is adapted
for insertion from the anterior aspect of the vertebral bodies
and said trailing end is configured to conform to the anatomic
contour of at least a portion of the anterior aspect of the
vertebral bodies.

17. The implant of claim 1, wherein said implant has a
maximum length less than and approximating the posterior to
anterior depth of the vertebral bodies.

18. The implant of claim 1, wherein said implant has a
width greater than one half the width of the adjacent vertebral
bodies.
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19. The implant of claim 1, wherein said opening is com-
pressively loaded with fusion promoting material.

20. The implant of claim 1, further comprising at least a
second opening passing through said upper and lower sur-
faces for permitting for the growth of bone from adjacent
vertebral body to adjacent vertebral body through said
implant.

21. The implant of claim 20, wherein said second opening
communicates with said opening.

22. The implant of claim 1, further comprising a plurality
of openings and passages adapted to retain a fusion promot-
ing substance.

23. An interbody spinal implant made of a bone composite
material for insertion at least in part into an implantation
space formed across the height of a disc space between adja-
cent vertebral bodies of a human spine and into at least a
portion of the endplates of the vertebral bodies, the implan-
tation space having a front wall, said implant comprising:

a body manufactured from a bone composite material, said
body having a perimeter with a leading end, a trailing
end opposite said leading end, and opposite exterior
sides, said body having a mid-longitudinal axis passing
through said leading and trailing ends, said leading end
having a straight portion in a direction from one of said
opposite exterior sides to another of said opposite exte-
rior sides along a portion of the perimeter of said body
adapted to abut the front wall of the implantation space
when said implant is installed into the implantation
space;

opposite upper and lower surfaces adapted to be placed in
contact with and to support the adjacent vertebral bod-
ies, said upper and lower surfaces being non-arcuate;

said opposite exterior sides connecting said upper and
lower surfaces and said leading and trailing ends, said
opposite exterior sides of said implant having straight
portions that are parallel to each other; and

an opening passing through said upper and lower surfaces
for permitting for the growth of bone from adjacent
vertebral body to adjacent vertebral body through said
implant, said opening being between said straight por-
tions of said opposite exterior sides and having a maxi-
mum width transverse to the mid-longitudinal axis of
said body, said opening having a perimeter, a majority of
said perimeter of said opening being non-linear, said
trailing end having a non-linear portion between two
lines parallel to the mid-longitudinal axis, the parallel
lines being spaced apart at a distance from one another
on opposite sides of the mid-longitudinal axis and inter-
secting the maximum width of said opening, said non-
linear portion of said trailing end extending across a
majority of the distance between the parallel lines;

wherein said implant is in combination with at least one
bone screw adapted to engage at least one vertebral body
when inserted through said implant, said implant com-
prising a lock for locking said at least one bone screw to
said implant, said lock being made of one of cortical
bone and a bioresorbable material.

24. The implant of claim 1, wherein said at least one bone
screw is made of one of cortical bone and a bioresorbable
material.

25. The implant of claim 1, wherein said composite mate-
rial includes filaments of bone.

26. The implant of claim 1, wherein said composite mate-
rial includes a bioresorbable plastic.

27. The implant of claim 1, wherein said composite mate-
rial includes ceramic.
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28. The implant of claim 1, further in combination with
fusion promoting substances.

29. The implant of claim 1, in combination with a fusion
promoting material other than bone.

30. The implant of claim 1, wherein said implant comprises
a bone ingrowth material other than bone.

31. The implant of claim 1, further comprising a material,
other than the bone from which said implant is formed, that
intrinsically participates in the growth of bone from one of the
adjacent vertebral bodies to the other of the adjacent vertebral
bodies.

32. The implant of claim 29, wherein said fusion promoting
material is bone morphogenetic protein.

33. The implant of claim 1, further in combination with
bone morphogenetic protein.

34. The implant of claim 1, further in combination with an
osteogenic material.

35. The implant of claim 34, wherein said osteogenic mate-
rial is a material other than bone.

36. The implant of claim 35, wherein said material is
genetic material coding for the production of bone.

37. The implant of claim 1, further in combination with
genetic material coding for production of bone.

38. The implant of claim 1, in combination with a chemical
substance to inhibit scar formation.

39. The implant of claim 23, wherein said straight portion
of said leading end is generally oriented at 90 degrees to the
mid-longitudinal axis of the implant.

40. The implant of claim 23, wherein said straight portion
of'said at least one side is generally oriented 90 degrees to said
straight, portion of said leading end.

41. The implant of claim 23, further comprising at least one
protrusion extending from at least one of said upper and lower
surfaces for engaging at least one of the adjacent vertebral
bodies to maintain said implant within the implantation
space.

42. The implant of claim 41, wherein said protrusion com-
prises at least one of a ridge, ratcheting, spline, and knurling.
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43. The implant of claim 41, wherein said at least one
protrusion is configured to facilitate motion of said implant in
a direction of insertion into the implantation space and resist
motion in a direction opposite to the direction of insertion.

44. The implant of claim 23, wherein said implant has a
closed perimeter.

45. The implant of claim 23, wherein said implant has an
open perimeter for providing access to said opening.

46. The implant of claim 23, wherein at least a portion of
said upper and lower surfaces are in an angular relationship to
each other from trailing end to leading end for allowing
angulation of the adjacent vertebral bodies relative to each
other.

47. The implant of claim 23, wherein at least a portion of
said leading end is tapered for facilitating insertion of said
implant between the two adjacent vertebral bodies.

48. The implant of claim 23, wherein said implant has a
width greater than one half the width of the adjacent vertebral
bodies adjacent the implantation space into which said
implant is to be inserted.

49. The implant of claim 23, further comprising at least a
second opening passing through said upper and lower sur-
faces for permitting for the growth of bone from adjacent
vertebral body to adjacent vertebral body through said
implant.

50. The implant of claim 23, further in combination with
fusion promoting substances.

51. The implant of claim 50, wherein said fusion promoting
includes at least one of bone, bone morphogenetic protein,
and genetic material coding for the production of bone.

52. The implant of claim 23, further in combination with a
chemical substance to inhibit scar formation.

53. The implant of claim 23, wherein said trailing end
includes at least two bone screw openings, each of said bone
screw openings being adapted to receive a bone screw.
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