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Description

[0001] The present invention relates to artificial spinal
fusion implants to be placed across the intervertebral
space left after the removal of a damaged spinal disc,
and in particular to an improved, at least partially cylin-
drical, spinal fusion implant for implantation where two
threaded cylindrical implants of requisite height would
not fit within the transverse width of the spine.
[0002] In the past, Cloward, Wilterberger, Crock, Vi-
che, Bagby, Brantigan, Michelson and others have
taught various methods involving the drilling of holes
across the disc space between two adjacent vertebrae
of the spine for the purpose of causing an interbody spi-
nal fusion. Cloward taught placing a dowel of bone with-
in that drilled hole for the purpose of bridging the defect
and to be incorporated into the fusion. Viche taught the
threading of that bone dowel. Bagby taught the placing
of the bone graft into a metal bucket otherwise smooth
on its surface, except for rows of radially placed holes
communicative to the interior of the basket and to the
bone graft. The Bagby device was disclosed as capable
of being used in a horse. Brantigan taught the use of
inert blocks preferably made of metal and having that
metal at its external surface imitate the porosity of bone.
Brantigan theorized that the bone dowel could be re-
placed entirely with a metal plug, that, while not itself
active in the fusion, would nevertheless serve to support
the vertebrae from within the disc space while allowing
fusion to occur around it.
[0003] U.S. Patent No. 3,848,601 issued to Ma et al.
on November 19, 1974, teaches a method and instru-
mentation for preparing rectangular spaces across the
disc space into the adjacent vertebrae and for preparing
a rectangular graft of the bone itself that is inserted in
the rectangular spaces.
[0004] U.S. Patent No. 4,743,256 issued to Brantigan
on May 10, 1988 teaches the use of an inert artificial
spacer in the shape of a rectangle in place of using a
rectangular bone graft as taught by Ma et al.
[0005] U.S. Patent No. 4,878,915 issued to Brantigan
on November 7, 1989, teaches the use of fully cylindrical
inert implants for use in interbody spinal fusion. Such
implants do not participate in the bone fusion process
but act as inert spacers and allow for the growth of bone
to the outer surfaces of the implants.
[0006] U.S. Patent No. 4,834,757 issued to Braiitigan
on May 30, 1989, teaches a rectangular shaped, hollow
spinal fusion implant for use in lieu of a rectangular bone
graft or Brantigan's earlier artificial inert spacer.
[0007] U.S. Patent No. 5,015,247 issued to Michelson
on May 14, 1991, teaches the use of a thin-walled, highly
perforated, threaded, hollow cylindrical implant closed
or closable at both ends, so as to be compressably load-
ed with bone or other fusion promoting materials. Addi-
tionally, the Michelson device may then be coated with
a bone production inducing chemical such as hydroxya-
patite. The Michelson patent also discloses an improved

method of drilling holes across the disc space and into
the two adjacent vertebrae and safely installing cylindri-
cal implants such that the entire surgical procedure may
be conducted through a hollow cylindrical tube. The hol-
low cylindrical tube may be left in place throughout the
surgical procedure and serves to hold the adjacent ver-
tebrae in place relative to each other, permits the guard-
ed drilling of the holes across the disc space, and per-
mits the insertion of the implant through that same tube
into the hole drilled across the disc space and into the
adjacent vertebrae.
[0008] As regards this method of performing inter-
body spinal fusion using essentially cylindrical threaded
implants, a special problem arises (see Figure 1) when
an attempt is made to place two cylindrical implants
(considered to be the preferred number as it is a much
more stable construct and has more surface area than
a single implant placed centrally) side-by-side across a
disc space and into the two adjacent vertebrae where
the height of the disc space is such that it requires an
implant of a diameter so large to penetrate into and sig-
nificantly engage each of the adjacent vertebrae that it
is no longer possible to place two such implants side-
by-side and to still have them contained within the trans-
verse width of the spine. If an attempt is made to remedy
the problem by using smaller diameter implants placed
side-by-side such that both would then be able to fit with-
in the transverse width of the spine, then the implants
would be of insufficient height to adequately engage the
bone. If an attempt is made to remedy the problem by
abandoning the side-by-side double implant construct
in favor of a single, centrally placed implant, then where
the implant is sufficiently large enough to occupy a suf-
ficient portion of the transverse width of the disc space
to promote firm stability, its vertical height and excursion
into the vertebrae would be so severe that if any two
consecutive disc spaces were to be operated upon, the
vertebrae in between would be cut in half.
[0009] U.S. Patent No, 5,055,104 issued to Ray on
October 8, 1991 ("Ray Patent") discloses an implant
comprising a helical coil without wall members that is
assembled after the coils are placed in the disc space
between the vertebrae, which supposedly can then be
removed after the vertebrae have become fused togeth-
er. The Ray implant is defective and unworkable in that
it is incapable of being used in the manner in which it is
described as it is not possible to insert into hard bone
an isolated helical coil without any wall members to sup-
port such a coil, which could would be analogous struc-
turally to a slinky, (See Ray Patent, Figures 1 and 7).
Further, the Ray implant is unduly complex, because it
would require the difficult, if not impossible, task of as-
sembly within the disc space. Figure 3 of the Ray Patent
clearly reveals that Ray does not teach the use of a trun-
cated cylindrical implant, but merely teaches the use of
a truncated, helical coil appearing as a sharpened
spring totally lacking any wall member which could be
considered cylindrical. Therefore, Ray teaches only the
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use of an isolated thread which can only be inserted by
rotation and cannot be linearly advanced.
[0010] If the overwhelming obstacles of the impossi-
bility of inserting an isolated thread without wall mem-
bers and the problem of the assembly within the disc
space could be overcome, then the Ray implant would
still be unsafe for its intended purpose as it would be at
high risk of spontaneous disassembly and mechanical
failure. Further, there would be insufficient room to safe-
ly rotate such a device for insertion as it is the very lack
of such room that requires the use of a device having a
decreased transverse width.
[0011] There is therefore, the need for a spinal fusion
implant that is capable of being inserted into a hole
drilled across the disc space between two adjacent ver-
tebrae and partially into the two adjacent vertebrae such
that the spinal fusion implant is capable of fitting within
the transverse width of the spine when placed side-by-
side next to a second of its kind.
[0012] EP 0637440A describes a hollow tubular spi-
nal implant with a generally circular cross-section. The
implant defines two solid side surfaces and upper and
lower apertured surfaces. Annular ribs on the exterior
prevent retrograde movement and rotation of the im-
plant when inserted between adjacent vertebrae.
[0013] According to the present invention there is pro-
vided a spinal fusion implant made of a material appro-
priate, at least in part, for human implantation across the
surgically corrected height of a disc space between ad-
jacent vertebral bodies, said implant comprising: a
member having an exterior and a longitudinal axis, said
exterior having a leading end, a trailing end, and a length
therebetween, said exterior having a partially circular
cross section along the longitudinal axis of the implant,
the partially circular cross section of said exterior having
arcuate portions opposed to one another, being arcs of
the same circle and adapted to penetrably engage one
of the adjacent vertebral bodies each when inserted be-
tween the vertebral bodies and across the height of the
disc space, each of said opposed arcuate portions hav-
ing at least one opening passing therethough to allow
bone growth from adjacent vertebral body to adjacent
vertebral body, characterised in that the partially circular
cross section includes a concave portion adapted to
mate with a convex portion of a second implant when
implanted across the height of the disc space so that the
combined width of the two implants is less than twice
the maximum diameter of the two implants.
[0014] The present invention is an improved interbody
spinal fusion implant that is capable of being inserted
into a hole drilled across the disc space between two
adjacent vertebrae and into the two adjacent vertebrae
such that the spinal fusion implant is capable of fitting
within the transverse width of the spine when placed
side-by-side next to a second of its kind. The spinal fu-
sion implant of the present invention may comprise a
thin-wall, multi-perforate, cylinder or partial cylinder,
made of material appropriate for human implantation

and having preferably, but not necessarily, one closed
end and one end capable of being closed, such that an
internal chamber can be filled and hold any natural or
artificial osteoconductive, osteoinductive, osteogenic,
or other fusion enhancing material. The spinal fusion im-
plant of the present invention relies on roughenings of
the outer surface to enhance its stability. The spinal fu-
sion implant of the present invention incorporates at its
rear end, an engagement means to facilitate insertion
or extraction of the implant, preferably at its rear end.
The implant of the present invention may be made of,
filled with and/or coated with fusion promoting substanc-
es. Further, the spinal fusion implant of the present in-
vention does not require rotation for its insertion and can
be seated by linear advancement.
[0015] The spinal fusion implant of the present inven-
tion is generally effective, and is safer and more effec-
tive than the cylindrical implants of the prior art for the
special instance when it is desirable to insert two im-
plants side-by-side into cylindrically prepared channels,
and where the height of the disc space between two ad-
jacent vertebrae is so great relative to the transverse
width of the spine, that two implants of the requisite
height will not fit within the transverse width of the spine.
Prior art has taught those knowledgeable in the art of
spinal surgery, that the likelihood of obtaining a spinal
fusion is proportionate to three factors: 1) the surface
area of the implant 2) the quality and quantity of the graft
material and 3) the stability of the fusion construct. The
spinal fusion implant of the present invention increases
each of these three factors by making it possible to use
two implants side-by-side across a disc space that
would otherwise lack sufficient width to accept more
than one.
[0016] The spinal fusion implant of the present inven-
tion is more efficacious than the prior art on an individual
implant basis for the following reasons:

1. Increased surface area. The spinal fusion implant
of the present invention, because of its surface
roughenings has greater surface area for engaging
the adjacent vertebrae than an implant with smooth
external surfaces. The presence or absence of
holes does not materially affect this, so far as the
holes are filled with material effectively contributing
to the area of contact at the surface. The arced por-
tions of the partially cylindrical implant of the
present invention are in contact with the adjacent
vertebrae and provide a greater surface area than
is possible with a flat portion from a non-cylindrical
implant.

2. The quantity and quality of graft material present-
ed. As the spinal fusion implant of the present in-
vention is not screwed in, it need not be constructed
to resist the torquing therewith associated. Thus,
the implant of the present invention may be thinner
walled and thereby, for a given diameter, have
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greater internal volume. The spinal fusion implant
of the present invention has arced portions making
the implant stronger in compression than an implant
lacking upper and lower curved supporting surfaces
such that the wall of the implant can be relatively
thinner than such implants. A thinner wall is easier
for bone to grow through. Also, the interpore bridges
may be smaller allowing for greater porosity and
thereby greater exposure to the internal graft mate-
rial. Further, the spinal fusion implant of the present
invention may be constructed of and/or coated with,
and/or loaded with a variety of materials and/or
chemical substrates known to actively participate in
the bone fusion process. As the spinal fusion im-
plant of the present invention offers greater surface
area, and greater internal volume for its outside di-
ameter, it offers the opportunity for presenting a
greater surface area and volume of these fusion
materials.

3. The implant of the present invention offers great-
er stability than the prior art implants. The least sta-
ble implants are the implants lacking surface rough-
enings. Surface holes increase implant stability by
increasing the interference of the implant to the op-
posed surfaces. The spinal fusion implant of the
present invention is a further improvement over the
prior art in that the surface roughenings of the spinal
fusion implant of the present invention resist motion
in all directions. Further, all implants are subject to
the possibility of backing out, by retracing the path
by which they were inserted. However, the spinal
fusion implant of the present invention can have a
surface configured to urge the spinal fusion implant
forward as to offer increased resistance against
such undesirable backward migration. Further, the
arced portions of the implant of the present inven-
tion provide a greater support area to better distrib-
ute the compression forces through the vertebrae.

[0017] The spinal fusion implant of the present inven-
tion is easier to use as it occupies less space, does not
require pre-tapping, and can be inserted without the
need to rotate an instrument within the closed confines
of the spinal wound. Further, the spinal fusion implant
of the present invention is easier to insert than implants
lacking upper and lower curved supporting surfaces that
are arcs of the same circle and which implants are to be
inserted across the disc space and into the adjacent ver-
tebrae as it is easier to prepare a round hole than a
square hole, as a round hole can be drilled in a single
step.
[0018] It is an object of the present invention to pro-
vide an improved interbody spinal fusion implant such
that it is possible to place two such implants side-by-
side across a disc space and into two adjacent vertebrae
in close approximation to each other and within the
transverse width of the spine, where the transverse

width of the spine would have otherwise been insuffi-
cient relative to the required implant height to have al-
lowed for the accommodation of two prior art cylindrical
threaded implants.
[0019] It is another object of the present invention to
provide a spinal fusion implant that is easier to insert,
and does not require tapping prior to implantation.
[0020] It is yet another object of the present invention
to provide a spinal fusion implant that is safer, in which
there is not need to run sharp threads near delicate
structures.
[0021] It is still another object of the present invention
to provide a spinal fusion implant that is faster to implant
between adjacent vertebrae via linear advancement as
opposed to rotational advancement.
[0022] These and other objects of the present inven-
tion will be apparent from a review of the accompanying
drawings and the following detailed description of the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figure 1 is a diagrammatic representation of a
segment of the human spinal column comprising sever-
al vertebrae with various cylindrical threaded implants
inserted across the disc space and into the two adjacent
vertebrae to illustrate the problems encountered by
those implants.
[0024] Figure 2 is a top plan view along lines 2--2 of
Figure 1 with the top vertebrae removed, of two cylindri-
cal threaded implants illustrating the minimum distance
possible between the two threaded implants when
placed beside each other across the disc space.
[0025] Figure 3 is a perspective side view of a spinal
fusion implant not being an embodiment of the present
invention but having surface roughenings in the form of
ratchetings in common with an aspect of the present in-
vention.
[0026] Figure 4 is a first side elevational view of the
spinal fusion implant of Figure 3.
[0027] Figure 5 is a top plan view of two spinal fusion
implants of Figure 3 illustrating the minimum distance
possible between the two implants when placed beside
each other across the disc space.
[0028] Figure 6 is a second side elevational view of
the spinal fusion implant of Figure 3.
[0029] Figure 7 is a cross sectional view along lines
7--7 of the spinal fusion implant of Figure 6.
[0030] Figure 8 is a cross sectional view along line 8--
8 of the spinal fusion implant of Figure 6.
[0031] Figure 9 is a top end view of the spinal fusion
implant of Figure 3.
[0032] Figure 10 is a bottom end view of the spinal
fusion implant of Figure 3.
[0033] Figure 11 is a side perspective view of an al-
ternative spinal fusion implant not being an embodiment
of the present invention, but having features in common
with the present invention.
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[0034] Figure 12 is a first side elevational view of the
spinal fusion implant of Figure 11.
[0035] Figure 13 is a second side elevational view of
the spinal fusion implant of Figure 11.
[0036] Figure 14 is a cross sectional view along lines
14--14 of the spinal fusion implant of Figure 13.
[0037] Figure 15 is a perspective side view of an al-
ternative spinal fusion implant not in accordance with
the present invention and having surface roughenings
in the form of knurling in common with an aspect of the
present invention.
[0038] Figure 16 is a first side elevational view of the
spinal fusion implant of Figure 15.
[0039] Figure 17 is a top plan view of two spinal fusion
implants of Figure 15 illustrating the minimum distance
possible between the two implant when placed beside
each other across the disc space.
[0040] Figure 18 is an enlarged fragmentary view
along line 18 of Figure 16 showing the surface configu-
ration of the implant of Figure 15.
[0041] Figure 19 is a second side elevational view of
the spinal fusion implant of Figure 15.
[0042] Figure 20 is a cross sectional view along lines
20--20 of the spinal fusion implant of Figure 16.
[0043] Figure 21 is a top end view of the spinal fusion
implant of Figure 15.
[0044] Figure 22 is a bottom end view of the spinal
fusion implant of Figure 15.
[0045] Figure 23 is an elevational side view of a seg-
ment of the spinal column with an embodiment of a spi-
nal fusion implant of the present invention having a con-
vave side corresponding to a convex side of a second
implant inserted across one disc space and an alterna-
tive embodiment of a single spinal fusion implant not be-
ing in accordance with the present invention having a
two cylindrical portions inserted across one disc space.

DETAILED DESCRIPTION OF THE DRAWINGS

The Previous Devices

[0046] Referring to Figure 1, a diagrammatic repre-
sentation of a segment of the human spinal column gen-
erally referred to by the letter S is shown. The segment
of the spinal column S comprises several vertebrae V
and a disc space D between two adjacent vertebrae V.
Various cylindrical threaded spinal fusion implants, each
having different diameters, are shown inserted across
the disc space D.
[0047] When the height Hs of the disc space D is so
large that two cylindrical implants, such as spinal fusion
implants 10a and 10b, each having a sufficient diameter
to cross the disc space D and sufficiently engage into
the bone of adjacent vertebrae V, are placed across the
disc space D, the combined overall width of the two spi-
nal implants 10a and 10b exceeds the transverse width
Ws of the spinal column S. As a result, a portion of each
implant 10a and 10b protrudes from the sides of the spi-

nal column S and could cause severe and perhaps mor-
tal damage to the patient as delicate and vital structures
lie adjacent to that area of the spinal column S such that
the use of two cylindrical spinal fusion implants 10a and
10b would not be desirable.
[0048] If instead of two spinal fusion implants 10a and
10b, a single implant, such as spinal fusion implant 12a
were to be used having a sufficient diameter to provide
for stability and fusion, then the implant would penetrate
deeply into the adjacent vertebrae V. The spinal fusion
implant 12a would have a diameter that is significantly
greater than the height Hs of the disc space D, such that
the vertebrae V would have to be substantially bored out
to accommodate the large diameter of the spinal fusion
implant 12a. As a result, a large part of the vertebrae V
would be removed, and thus the overall structural integ-
rity of the vertebrae V would be substantially weakened.
This is especially a problem when a second spinal fusion
implant 12b identical to spinal fusion implant 12a is
placed across disc space D on the other side of the
same vertebrae V such that two spinal fusion implants
12a and 12b are placed across the disc spaces D on
either side of the vertebrae V. As a result, the vertebra
V is cleaved into a "butterfly" configuration as shown in
Fiiure 1, and the structural integrity and strength of the
vertebrae V is further diminished such that the effective-
ness of the spinal fusion process is substantially re-
duced, and the vertebrae V are at high risk of devascu-
larization and fracture.
[0049] Conversely, if two cylindrical implants such as
spinal fusion implants 14 a and 14b, each having a suf-
ficiently sized diameter such that when placed side-by-
side in the disc space D, the combined overall width of
the spinal fusion implants 14a and 14b just fills the trans-
verse width Ws of the spinal column S, the diameter of
each of the spinal fusion implants 14a arid 14b will not
be sufficient to cross the disc space U to engage the
vertebrae V. Therefore, while the spinal fusion implants
14a and 14b will not protrude from the sides of the spinal
column S, the spinal fusion implants 14a and 14b cannot
reach and engage the bone of the vertebrae V and thus
cannot function to stabilize the adjacent vertebrae V.
[0050] Referring to Figure 2, a top plan view, taken
along line 2--2 of Figure 1 with the upper vertebrae V
removed, of two cylindrical threaded implants 10a and
10b placed across the disc space D is shown. The
threaded implants 10a and 10b have an external thread
11a and 11b which must have a minimum height that is
proportional to the size of the threaded implant to be
effective. The thread 11a and 11b of the threaded im-
plants 10a and 10b converts torque to linear motion,
such that the threads 11a and 11b need to be of a suf-
ficient height to overcome the resistance of the material,
such as bone, in which the threaded implants 10a and
10b are being inserted, such resistance being propor-
tional to the surface area and diameter of each of thread-
ed implant 10a and 10b. Thus, the difference between
the major diameter (including the threads) and the root
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diameter (minus the threads) of each threaded implant
10a and 10b is such that when two threaded implants
10a and 10b are implanted across the disc space D and
into the adjacent vertebrae V, there must be a minimum
distance between the two threaded implants 10a and
10b to allow for the height of the threads 11a and 11b.
This would be true even if the threads 11a and 11b were
interdigitated the threaded implants 10a and 10b would
still be offset by at least the height of the thread of at
least one of the threaded implants 10a and 10b. Such
a minimum distance between the two threaded implants
10a and 10b increases the combined overall width of
the two threaded implants 10a and 10b when inserted.
[0051] Therefore, in order for a cylindrical spinal fu-
sion implant to be used in the spinal fusion process
where the height Hs of the disc space D between two
adjacent vertebrae V is large relative to its width Ws, it
is necessary to have an implant that can be implanted
adjacent to a second of its kind in closer contact than is
possible with threaded implants, while still providing for
an implant surface that will provide mechanical stability
in engagement to the adjacent vertebrae V. The use of
a cylindrical implant is desirable as it is easy to prepare
the recipient site by drilling a cylindrical hole across the
disc space D and into the adjacent vertebrae V. The
curved surface of the cylindrical holes drilled into the
vertebrae V have increased surface area compared to
a flat surface and also provides for the possibility of tight
congruency when the cylindrical hole is fitted with an im-
plant having corresponding cylindrical portions of
matched diameter.

The Present Invention

[0052] Referring to Figures 3-10, an embodiment of
the spinal fusion implant is shown and generally referred
to by the numeral 100. Although this is not in accordance
with the present invention it does have many features
in common therewith. The spinal fusion implant 100 has
a substantially cylindrical configuration having a thin
outer wall 112 surrounding an internal chamber 114 and
a longitudinal central axis L. The exterior of the spinal
fusion implant 100 comprises surface roughenings that
provide a surface suitable for engaging the vertebrae V
to stabilize the spinal fusion implant 100 across the disc
space D and into the adjacent vertebrae V once surgi-
cally implanted. In one embodiment of the spinal fusion
implant 100, the surface rouglienings comprise a plural-
ity of ratchetings 120 along the circumference of said
spinal fusion implant. Each of the plurality of ratchetings
120 has a bone engaging edge 122 and an angled seg-
ment 124.
[0053] Each of the plurality of ratchetings 120 has a
height that is substantially less than the height of a req-
uisite thread for a cylindrical threaded implant of the
same size. As a thread is a simple device for converting
torque to linear advancement, the requisite height of the
thread is proportional to the surface area and diameter

of the implant and must be sufficient to pull a cylindrical
implant having a diameter sufficient to cross the disc
space D through a material as dense as bone. In con-
trast, the ratchetings 120 have a height that is signifi-
cantly less than the requisite height of a thread of a same
sized threaded implant since the spinal fusion implant
100 is implanted across the disc space D and into the
adjacent vertebrae V by linear advancement. The spinal
fusion implant 100 may be pushed into the cylindrical
disc space D by direct, linear advancement since it re-
quires no thread to pull it forward through the spine. As
no torque is required to advance the spinal fusion im-
plant 100 there is no minimum requisite height of the
surface roughenings. The only surface feature neces-
sary is that which gives the spinal fusion implant 100
stability once implanted.
[0054] Moreover, the ratchetings 120 may face in one
direction, the direction in which the spinal fusion implant
100 is inserted, and function to prevent the spinal fusion
implant 100 from backing out of the disc space D in a
direction opposite to the direction of insertion once in-
serted between the two adjacent vertebrae V. The ratch-
etings 120 urge the spinal fusion implant 100 forward
against the unremoved bone of the vertebrae V. Since
implants generally want to back out along the same path
in which they are inserted, such as repeated movement
of the patient's body over time arid which would cause
some other design of implant to come loose (e.g. cause
a threaded cylindrical implant to possibly unscrew), the
ratchetings 120 tend to urge the spinal fusion implant
100 forward against the solid unremoved bone further
resisting dislodgement and controlling motion resulting
in an exceedingly stable implantation.
[0055] The bone engaging edges 122 of the ratchet-
ings 120 that have a height at a highest point measured
from the root diameter of the spinal fusion implant 100
that is approximately 0.35 mm. In this manner the spinal
fusion implant 100 may be placed beside a second of
its kind at a distance of approximately 0.7 mm apart or
if offset even closer, substantially reducing the com-
bined overall width of the two spinal fusion implants 100
once surgically implanted. The ratchetings 120 may
have a height in the range of 0.25 - 1.5 mm, with the
preferred height range being 0.35 - 0.75 mm.
[0056] Referring to Figure 5, two spinal fusion im-
plants 100a and 100b are shown inserted across the
disc space D having the same dimensions of the disc
space D shown in Figure 2. The two spinal fusion im-
plants 100a and 100b have a decreased overall com-
bined width when compared to two threaded spinal fu-
sion implants placed side by side previously described
and illustrated in Figure 2. The decreased combined
overall width of the two spinal fusion implants 100a and
100b is the difference between the root and major diam-
eters of the spinal fusion implants 100a and 100b and
is achieved by utilizing surface roughenings such as
ratchetings 120 for stability. The surface roughenings al-
low the two spinal fusion implants 100a and 100b to
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come into considerably closer approximation to one an-
other and require less total transverse width for their in-
sertion than is possible for two threaded cylindrical im-
plants having identical root diameters because of the
requisite thread height of such threaded implants. Re-
ducing the offset between implants allows for the uses
of larger diameter implants which can then still fit within
the transverse width Ws of the spinal column and
achieve more substantial engagement into the adjacent
vertebrae V.
[0057] Referring to Figure 7, a cross section of the spi-
nal fusion implant 100 is shown wherein the wall 112
has openings 128 passing therethrough to communi-
cate with the internal chamber 114. The internal cham-
ber 114 may be filled with bone material or any natural
or artificial bone growth material or fusion promoting ma-
terial such that bone growth occurs from the vertebrae
V through the openings 128 to the material within inter-
nal chamber 114. While the openings 128 have been
shown in the drawings as being circular, it is appreciated
that the openings 128 may have any shape, size, or form
suitable for use in a spinal fusion implant without depart-
ing from the scope of the present invention. Also, the
number of openings may be varied or no openings may
be present on the spinal fusion implant.
[0058] Referring to Figures 8 and 9, the spinal fusion
implant 100 has a cap 130 with a thread 132 that thread-
ably attaches to one end of the spinal fusion implant 100.
Once the cap 130 is attached to the spinal fusion implant
100, the edge 136 acts as an additional ratcheting 120
to further stabilize the spinal fusion implant 100 once it
is implanted across the disc space D.
[0059] The cap 130 is removable to provide access to
the internal chamber 114, such that the internal chamber
114 can be filled and hold any natural or artificial oste-
oconductive, osteoiiiductive, osteogenic, or other fusion
enhancing material. Some examples of such materials
are bone harvested from the patient, or bone growth in-
ducing material such as, but not limited to, hydroxyap-
atite, hydroxyapatite tricalcium phosphate; or bone mor-
phogenic protein. The cap 130 and/or the spinal fusion
implant 100 itself is made of material appropriate for hu-
man implantation such as titaniuin and/or may be made
of, and/or filled and/or coated with a bone ingrowth in-
ducing material such as, but not limited to, hydroxyap-
atite or hydroxyapatite tricalcium phosphate or any other
osteoconductive, osteoinductive, osteogenic, or other
fusion enhancing material.
[0060] Referring to Figure 4, alternatively the cap
130a may be "bullet"-shaped to facilitate insertion. The
cap 130a has at its greatest diameter a diameter equal
to the root diameter of the spinal fusion implant 100 such
that no additional ratchetings 120 are formed.
[0061] Referring to Figure 10, the spinal fusion im-
plant 100 has an engagement means at one end in the
form of a rectangular slot 140 for engaging a driver in-
strument having a removable engagement means for in-
timately engaging the rectangular slot 140. A threaded

portion of the driver instrument, which in one embodi-
ment extends as a rod through a hollow tubular member
and can be rotationally controlled, screws into a thread-
ed aperture 142 In the slot 140 and binds the implant
100 and the driver instrument together. Once affixed to
the implant driver instrument, the spinal fusion implant
100 may be then introduced through a hollow cylindrical
tube and driven into the cylindrical hole that has been
drilled across the disc space D. The implant driver in-
strument may then be impacted by a mallet, or similar
device, to linearly advance the spinal fusion implant 100
across the disc space D. Once the spinal fusion implant
100 is inserted across the disc space D, the ratchetings
120, engage the bone of the vertebrae V and the implant
driver instrument is detached from the spinal fusion im-
plant 100. The procedure for drilling the holes across
the disc space D and instrumentation pertaining thereto
are described in WO94/28824.
[0062] Referring to Figures 11-14, an alternative em-
bodiment of the spinal fusion implant, generally referred
to by the numeral 200 is shown. Although this embodi-
ment is not in accordance with the present invention, it
has many features in common therewith. The spinal fu-
sion implant 200 is similar to the spinal fusion implant
100 except that the openings 228 are bisected by the
bone engaging edge 222 of the plurality of ratchetings
220. In this manner, the bone engaging edges are inter-
rupted by the openings 228 to provide a "tooth-like"
edge that engages the bone of the vertebrae V and cre-
ates an interference fit to prevent the backing out of the
implant 200 once inserted. It is appreciated that the
number of openings 228 and the number of bone en-
gaging edges 222 may be varied and that the opening
228 can be placed in any orientation relative to the ra-
chetings 220 or other surface roughening without de-
parting from the scope of the present invention.
[0063] Referring to Figures 15-22, an alternative em-
bodiment of the spinal fusion implant generally referred
to by the numeral 300 is shown. Again, this embodiment
whilst not in accordance with the present invention has
many features in common therewith. The spinal fusion
implant 300 has a substantially cylindrical configuration
having surface roughenings for stabilizing the implant
300 within the intervertebral space D. As shown in Fig-
ure 18, the surface roughenings comprise a surface
knurling 320 such as, but not limited to, the diamond-
shaped bone engaging pattern shown. The spinal fusion
implant 300 may have surface knurling 320 throughout
the entire external surface of the spinal fusion implant
300, throughout only a portion of the external surface,
or any combination thereof, without departing from the
scope of the present invention. In those circumstances
where there is no undrilled bone in the disc space D for-
ward of the spinal fusion implant 300 to resist further
forward advancement of the implant, surface knurling
320 is preferred as it produces an exceedingly high in-
terference fit with the bone of the vertebrae V and resists
motion equally in all directions and without the tendency
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to urge itself forward.
[0064] Referring to Figure 17, two spinal fusion im-
plants 300a and 300b may be placed side-by-side
across the disc space D having the same dimensions of
the disc space D shown in Figure 2, such that the two
spinal fusion implants 300a and 300b are touching each
other and thus reducing the overall combined width of
the two spinal implants 300a and 300b to the minimum
distance possible with a substantially cylindrical implant
having a roughened surface. In this manner, two cylin-
drical spinal fusion implants 300a and 300b having a
sufficient diameter to cross the height Hs of the disc
space D can be placed across the disc space D without
exceeding the transverse width Ws of the spinal column
S. The spinal fusion implants 300a and 300b are insert-
ed by linear advancement as described above for spinal
fusion implant 100. Therefore, as no threading is re-
quired for the insertion of spinal fusion implants 300a
and 300b, little or no space need be present between
the spinal fusion implants 300a and 300b, as compared
to the space that would be required for a thread when
using threaded implants. Thus, the spinal fusion im-
plants 300a and 300b may be placed closer together to
substantially reduce the overall combined width of two
such implants.
[0065] Referring to Figure 23, a segment of the spinal
column S is shown with an alternative embodiment of
two spinal fusion implants 900a and 900b inserted
across disc space D1 is shown. Spinal fusion implant
900a has a concave surface 902 which is correspond-
ingly shaped for receiving the convex surface 904 of spi-
nal fusion implant 900b. When the two spinal fusion im-
plants 900a and 900b are placed side by side, the con-
cave surface 902 mates with the convex surface 904
such that the combined overall width of the two spinal
fusion implants is less than twice the maximum diameter
M of those implants. As a result, the advantages of plac-
ing two implants that are partially cylindrical, with re-
spect to the portion engaging the vertebrae V, side by
side across the disc space D may be obtained without
exceeding the width Ws of the spinal column S.
[0066] Referring still to Figure 23, an alternative em-
bodiment of the spinal fusion implant of the present in-
vention comprising a single spinal fusion implant 1000
inserted across the disc space D2 of the spinal column
S is shown. The spinal 1 fusion implant 1000 comprises
a first cylindrical portion 1010 and a second cylindrical
portion 1012 and may have any of the surface roughen-
ings described above in reference to the embodiments
set forth above. In the preferred embodiment, the spinal
fusion implant 1000 is inserted by linear advancement
into two overlapping cylindrical holes drilled across the
disc space D2.
[0067] While the present invention has been de-
scribed in detail with regard to the preferred embodi-
ments, it is appreciated that other variations of the
present invention may be devised which do not depart
from the scope of the present invention as defined in the

appended claims.

Claims

1. A spinal fusion implant made of a material appro-
priate, at least in part, for human implantation
across the surgically corrected height of a disc
space (D1) between adjacent vertebral bodies (V),
said implant comprising:

a member (900a) having an exterior and a lon-
gitudinal axis, said exterior having a leading
end, a trailing end, and a length therebetween,
said exterior having a partially circular cross
section along the longitudinal axis of the im-
plant, the partially circular cross section of said
exterior having arcuate portions opposed to
one another, being arcs of the same circle and
adapted to penetrably engage one of the adja-
cent vertebral bodies (V) each when inserted
between the vertebral bodies (V) and across
the height of the disc space (D1), each of said
opposed arcuate portions having at least one
opening (128; 228; 328) passing therethough
to allow bone growth from adjacent vertebral
body to adjacent vertebral body, characterised
in that the partially circular cross section in-
cludes a concave portion (902) adapted to mate
with a convex portion (904) of a second implant
(900b) when implanted across the height of the
disc space (D1) so that the combined width of
the two implants is less than twice the maxi-
mum diameter of the two implants.

2. The spinal fusion implant of claim 1, wherein said
member has a hollow interior capable of retaining
fusion promoting material.

3. The spinal infusion implant of claim 2, wherein said
implant has at least one removable cap (130; 230;
330) for closing at least one end of said hollow in-
terior.

4. The spinal fusion implant of any one of the preced-
ing claims, further comprising a plurality of annular
ratchetings (120; 220) on said exterior of said mem-
ber (900a) for engaging the vertebral bodies (V) to
maintain said implant in place, said annular ratch-
etings being on the periphery of said member.

5. The spinal fusion implant of claim 4, wherein said
ratchetings (120; 220) face one direction

6. The spinal fusion implant of claim 4 or 5, wherein
said ratchetings (120; 220) include an angled seg-
ment (124; 224) terminating in a bone engaging
edge (122; 222) on the periphery of said member.
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7. The spinal fusion implant of any one of claims 4, 5
or 6, wherein said at least one opening (228) inter-
rupts said ratchetings (220).

8. The spinal fusion implant of any one of claims 4, 5,
6 or 7, further comprising a plurality of openings
(128) located at least in part between said ratchet-
ings.

9. The spinal fusion implant of any one of claims 1to
3, further comprising knurling (320) on said exterior
of said member for engaging the vertebral bodies
(V) to maintain said implant in place.

10. The spinal fusion implant of any one of the preced-
ing claims, wherein said implant comprises a bone
ingrowth material.

11. The spinal fusion implant of claim 10, wherein said
implant comprises a bone ingrowth material other
than bone.

12. The spinal fusion implant of any one of the preced-
ing claims, wherein said at least one opening (128;
228; 328) is capable of retaining fusion promoting
material.

13. The spinal fusion implant of any one of the preced-
ing claims, wherein said implant is in combination
with a fusion promoting material.

14. The spinal fusion implant of claim 13, wherein said
fusion promoting material includes at least one
bone, bone morphogenetic protein, hydroxyapatite,
and hydroxyapatite tricalcium phosphate.

15. The spinal fusion implant of any one of the preced-
ing claims, wherein said implant is made of an arti-
ficial material.

16. The spinal fusion implant of claim 15, wherein said
artificial material includes an implant quality metal.

17. The spinal fusion implant of any one of the preced-
ing claims, in combination with a second fusion im-
plant (900b).

18. The spinal fusion implant of any one of claims 1 to
12, in combination with a graft material.

19. The spinal fusion implant of any one of the preced-
ing claims, in combination with an implant driver
configured to insert said spinal fusion implant into
the spine.

20. The spinal fusion implant of any one of the preced-
ing claims, in combination with a hollow tube having
an opening for providing protected access to the

disc space (D) and the adjacent vertebral bodies (V)
and for guiding the insertion of said spinal fusion
implant into the spine.

Patentansprüche

1. Wirbelsäulenfusionsimplantat, welches aus einem
geeigneten Material hergestellt ist und welches zur
Humanimplantation zumindest teilweise quer über
die chirurgisch korrigierte Höhe eines Bandschei-
benzwischenraumes (D1) zwischen benachbarte
Wirbelkörper (V) vorgesehen ist, wobei das Implan-
tat aufweist:

ein Element (900a) mit einer Außenseite und
einer Längsachse, wobei die Außenseite ein
Vorder-Ende, ein Hinter-Ende und eine Länge
dazwischen aufweist, wobei die Außenseite
entlang der Längsachse des Implantats einen
teilweise kreisförmigen Querschnitt aufweist,
wobei der teilweise kreisförmige Querschnitt
der Außenseite Bogen-Abschnitte aufweist,
welche einander gegenüberliegen und welche
Bogen des gleichen Kreises sind und einge-
richtet sind, je in einen der benachbarten Wir-
belkörper (V) eindringend einzugreifen, wenn
sie zwischen den Wirbelkörpern (V) und über
die Höhe des Bandscheibenzwischenraumes
(D1) eingesetzt sind, wobei jeder der gegen-
überliegenden Bogen-Abschnitte mindestens
eine dort hindurch passierende Öffnung (128;
228; 328) aufweist, um Knochenwachstum
vom angrenzenden Wirbelkörper zum benach-
barten Wirbelkörper zu ermöglichen, dadurch
gekennzeichnet, dass der teilweise kreisför-
mige Querschnitt einen konkaven Abschnitt
(902) aufweist, der eingerichtet ist, um mit ei-
nem konvexen Abschnitt (904) eines zweiten
Implantats (900b) zusammenzupassen, wenn
über die Höhe des Bandscheibenzwischen-
raums (D1) implantiert, sodass die kombinierte
Breite der beiden Implantate kleiner als das
Zweifache des maximalen Durchmessers der
beiden Implantate ist.

2. Wirbelsäulenfusionsimplantat gemäß Anspruch 1,
wobei das Element ein hohles Inneres aufweist,
welches ein fusionsbeschleunigendes Material auf-
nehmen kann.

3. Wirbelsäuleninfusionsimplantat gemäß Anspruch
2, wobei das Implantat mindestens eine abnehm-
bare Kappe (130; 230; 330) zum Verschließen zu-
mindest eines Endes des hohlen Inneren aufweist.

4. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche, ferner aufweisend ei-
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ne Mehrzahl von Ring-Sperrteilen (120; 220) an der
Außenseite des Elements (900a) zum Eingreifen in
die Wirbelkörper (V), um das Implantat an Ort und
Stelle zu halten, wobei die Ring-Sperrteile am Um-
fang des Elements sind.

5. Wirbelsäulenfusionsimplantat gemäß Anspruch 4,
wobei die Sperrteile (120; 220) einer einzigen Rich-
tung zugewandt sind.

6. Wirbelsäulenfusionsimplantat gemäß Anspruch 4
oder 5, wobei die Sperrteile (120; 220) ein abgewin-
keltes Segment (124; 224) aufweisen, welches in
einem knochen-eingreifenden Rand (122; 222) am
Umfang des Elements endet.

7. Wirbelsäulenfusionsimplantat gemäß einem der
Ansprüche 4, 5 oder 6, wobei die mindestens eine
Öffnung (228) die Sperrteile (220) unterbricht.

8. Wirbelsäulenfusionsimplantat gemäß einem der
Ansprüche 4, 5, 6 oder 7, ferner aufweisend eine
Mehrzahl von Öffnungen (128), die zumindest teil-
weise zwischen den Sperrteilen angeordnet ist.

9. Wirbelsäulenfusionsimplantat gemäß einem der
Ansprüche 1 bis 3, ferner aufweisend eine Riefe-
lung (320) an der Außenseite des Elements zum
Eingreifen in die Wirbelkörper (V), um das Implantat
an Ort und Stelle zu halten.

10. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche, wobei das Implantat
ein Knochenhineinwachs-Material aufweist.

11. Wirbelsäulenfusionsimplantat gemäß Anspruch 10,
wobei das Implantat ein Knochenhineinwachs-Ma-
terial aufweist, welches ein anderes als Knochen
ist.

12. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche, wobei die mindestens
eine Öffnung (128; 228; 328) ein fusionsbeschleu-
nigendes Material aufbewahren kann.

13. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche, wobei das Implantat in
Kombination mit einem fusionsbeschleunigenden
Material ist.

14. Wirbelsäulenfusionsimplantat gemäß Anspruch 13,
wobei das fusionsbeschleunigende Material zumin-
dest entweder Knochen, Knochenmorphogenese-
Protein, Hydroxylapatit oder Hydroxylapatit-Trical-
ciumphosphat aufweist.

15. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche, wobei das Implantat

aus einem künstlichen Material hergestellt ist.

16. Wirbelsäulenfusionsimplantat gemäß Anspruch 15,
wobei das künstliche Material ein Implantatquali-
tätsmetall aufweist.

17. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche in Kombination mit ei-
nem zweiten Fusionsimplantat (900b).

18. Wirbelsäulenfusionsimplantat gemäß einem der
Ansprüche 1 bis 12 in Kombination mit einem
Transplantat-Material.

19. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche, in Kombination mit ei-
nem Implantat-Eintreiber, der konfiguriert ist, das
Wirbelsäulenfusionsimplantat in die Wirbelsäule
einzusetzen.

20. Wirbelsäulenfusionsimplantat gemäß einem der
vorhergehenden Ansprüche in Kombination mit ei-
ner Hohlröhre, die eine Öffnung zum Bereitstellen
eines geschützten Zugangs zu dem Bandscheiben-
zwischenraum (D) und den benachbarten Wirbel-
körpern (V) und zum Führen des Einsetzens des
Wirbelsäulenfusionsimplantats in die Wirbelsäule
aufweist.

Revendications

1. Implant de fusion rachidienne fait au moins en par-
tie en un matériau approprié, pour une implantation
humaine à travers la hauteur corrigée chirurgicale-
ment d'un espace discal (D1) entre des corps ver-
tébraux adjacents (V), ledit implant comprenant :

un organe (900a) présentant un extérieur et un
axe longitudinal, ledit extérieur comportant une
extrémité avant, une extrémité arrière et une
longueur entre celles-ci, ledit extérieur présen-
tant une section transversale partiellement cir-
culaire le long de l'axe longitudinal de l'implant,
la section transversale partiellement circulaire
dudit extérieur comportant des parties arquées
opposées l'une à l'autre, qui sont des arcs du
même cercle et adaptées pour coopérer en le
pénétrant avec l'un des corps vertébraux adja-
cents (V) lorsqu'il est inséré entre les corps ver-
tébraux (V) et à travers la hauteur de l'espace
discal (D1), chacune des parties arquées oppo-
sées présentant au moins une ouverture (128 ;
228 ;328) la traversant pour permettre une
croissance osseuse à partir d'un corps verté-
bral adjacent à un corps vertébral adjacent, ca-
ractérisé en ce que la section transversale
partiellement circulaire inclut une partie conca-
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ve (902) adaptée pour être complémentaire
d'une partie convexe (904) d'un second implant
(900b) lorsqu'il est implanté à travers la hauteur
de l'espace discal (D1), de sorte que la largeur
combinée des deux implants est inférieure à
deux fois le diamètre maximum des deux
implants ;

2. Implant de fusion rachidienne selon la revendica-
tion 1, dans lequel ledit organe comporte un inté-
rieur creux capable de retenir un matériau facilitant
la fusion.

3. Implant de fusion rachidienne selon la revendica-
tion 2, dans lequel ledit implant comprend au moins
un chapeau amovible (130 ;230 ;330) pour obturer
au moins une extrémité dudit intérieur creux.

4. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, comportant
de plus une pluralité de crantages annulaires (120 ;
220) sur ledit extérieur dudit organe (900a) pour
coopérer avec les corps vertébraux (V) afin de
maintenir l'implant en place, lesdits crantages an-
nulaires étant sur la périphérie dudit organe.

5. Implant de fusion rachidienne selon la revendica-
tion 4, dans lequel les crantages (120 ;220) sont
tournés dans une direction.

6. Implant de fusion rachidienne selon la revendica-
tion 4 ou 5, dans lequel lesdits crantages (120 ;220)
comportent un segment incliné (124 ;224) se termi-
nant, sur la périphérie dudit organe, par un bord
(122 ;222) de coopération avec l'os.

7. Implant de fusion rachidienne selon l'une quelcon-
que des revendications 4, 5 ou 6, dans lequel ladite
au moins une ouverture (228) interrompt les cran-
tages (220).

8. Implant de fusion rachidienne selon l'une quelcon-
que des revendications 4, 5, 6 ou 7, comprenant de
plus une pluralité d'ouvertures (128) situées au
moins en partie entre lesdits crantages.

9. implant de fusion rachidienne selon l'une quelcon-
que des revendications 1 à 3, comportant de plus
sur l'extérieur dudit organe un moletage (320) pour
coopérer avec les corps vertébraux (V) pour main-
tenir en place ledit implant.

10. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, dans lequel
ledit implant comprend un matériau de croissance
osseuse.

11. Implant de fusion rachidienne selon la revendica-

tion 10, dans lequel ledit implant comporte un ma-
tériau de croissance osseuse autre que l'os.

12. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, dans lequel
ladite au moins une ouverture (128 ; 228 ;328) est
capable de retenir le matériau facilitant la fusion.

13. Implant de fusion osseuse selon l'une quelconque
des revendications précédentes, dans lequel ledit
implant est en combinaison avec un matériau faci-
litant la fusion.

14. Implant de fusion rachidienne selon la revendica-
tion 13, dans lequel ledit matériau facilitant la fusion
inclut au moins un os, une protéine morphogénéti-
que osseuse, de l'hydroxyapatite et du phosphate
tricalcique d'hydroxyapatite.

15. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, dans lequel
ledit implant est fait d'un matériau artificiel.

16. Implant de fusion rachidienne selon la revendica-
tion 15, dans lequel ledit matériau artificiel inclut un
métal de qualité d'implant.

17. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, en combinai-
son avec un second implant de fusion (900b).

18. Implant de fusion selon l'une quelconque des re-
vendications 1 à 12, en combinaison avec un ma-
tériau de greffon.

19. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, en combinai-
son avec un entraîneur d'implant configuré pour in-
sérer ledit implant de fusion rachidienne dans le ra-
chis.

20. Implant de fusion rachidienne selon l'une quelcon-
que des revendications précédentes, en combinai-
son avec un tube creux présentant une ouverture
pour fournir un accès protégé à l'espace discal (D)
et aux corps vertébraux adjacents (V), et pour gui-
der l'insertion dans le rachis dudit implant de fusion
rachidienne.
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