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SYSTEM AND METHODS FOR INSERTING A 
VERTEBRAL SPACER 

[0001] The present application claims the bene?t of the 
provisional US. Application Ser. No. 60/231,142 ?led Sep. 
8, 2000, Which is incorporated herein by reference in its 
entirety. 

FIELD OF INVENTION 

[0002] The present invention generally relates to a verte 
bral spacer to be inserted into an intervertebral space, 
thereby supporting the spinal column of a patient. The 
present invention further relates to a system and methods for 
implanting the vertebral spacer into the spinal column and 
securing the spacer therein. 

BACKGROUND OF THE INVENTION 

[0003] The spinal column, Which is the central support to 
the vertebrate skeleton and a protective enclosure for the 
spinal cord, is a linear series of vertebral bones. Interverte 
bral discs separate and reduce friction betWeen adjacent 
vertebrae and absorb compression forces applied to the 
spinal column. Spinal nerves that extend from each side of 
the spinal cord exit the column at intervertebral forama. 

[0004] A typical vertebra comprises an anterior body, and 
a posterior arch that surrounds the spinal cord lying Within 
the vertebral foramen formed by the arch. The muscles that 
?ex the spine are attached to three processes extending from 
the posterior arch. On the upper surface of each vertebra in 
a standing human, are tWo superior articulated processes that 
oppose tWo inferior articulated processes extending from the 
loWer surface of an adjacent vertebra. Facets on the oppos 
ing processes determine the range and direction of move 
ment betWeen adjacent vertebrae, hence the ?exibility of the 
spinal column. 

[0005] The intervertebral discs include the ?brillar carti 
lage of the anulus ?brosus, a ?brous ring, the center of Which 
is ?lled With an elastic ?brogelatinous pulp that acts as a 
shock absorber. The outer third of the anulus ?brosus is 
innervated. The entire spinal column is united and strength 
ened by encapsulating ligaments. 

[0006] Back pain is one of the most signi?cant problems 
facing the Workforce in the United States today. It is a 
leading cause of sickness-related absenteeism and is the 
main cause of disability for people aged betWeen 19 and 45. 
Published reports suggest that the economic cost is signi? 
cant, treatment alone exceeding $80 billion annually. 
Although acute back pain is common and typically treated 
With analgesics, chronic pain may demand surgery for 
effective treatment. 

[0007] Back pain can occur from pinching or irritation of 
spinal nerves, compression of the spine, vertebral shifting 
relative to the spinal cord axis, and bone spur formation. The 
most common cause of disabling back pain, hoWever, stems 
from trauma to a intervertebral disc, resulting from mechani 
cal shock, stress, tumors or degenerative disease, Which may 
impair functioning of the disc and limit spinal mobility. In 
many cases, the disc is permanently damaged and the 
preferred treatment becomes partial or total excision. 

[0008] Another cause of back injury is herniation of the 
intervertebral disc, Wherein the gelatinous ?uid of the 
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nucleus pulposus enters the vertebral canal and pressures the 
spinal cord. Again, surgery is often the only method avail 
able for permanent relief from pain or the neurological 
damage ensuing from the pressure of ?uid on the spinal 
cord, and requires replacement of the damaged disc. 
[0009] Traumatic injury to an intervertebral disc that is not 
removed Will frequently promote scar tissue formation. Scar 
tissue is Weaker than original healthy tissue so that the disc 
Will progressively degenerate, lose Water content, stiffen and 
become less effective as a shock absorber. Eventually, the 
disc may deform, herniate, or collapse, limiting ?exibility of 
the spinal column at that position. The only option is for the 
intervertebral disc to be partially or totally removed. 

[0010] When the disc is partially or completely removed, 
it is necessary to replace the excised material to prevent 
direct contact betWeen hard bony surfaces of adjacent ver 
tebrae. One vertebral spacer that may be inserted betWeen 
adjacent vertebrae, according to US. Pat. No. 5,989,291 to 
Ralph et al., includes tWo opposing plates separated by a 
belleville Washer or a modi?ed belleville Washer. The 
Washer functions to provide a restorative force to mimic the 
natural functions of the disc of providing a shock absorber 
and mobility betWeen adjacent vertebrae. HoWever, 
mechanical devices intended to replicate intervertebral disc 
function have had only limited success. An alternative 
approach is a “cage” that maintains the space usually 
occupied by the disc to prevent the vertebrae from collaps 
ing and impinging the nerve roots. 

[0011] Spinal fusion may be used to restrict motion occur 
ring betWeen tWo vertebrae due to spinal segmental insta 
bility. Fusing the vertebrae together, hoWever, reduces the 
mechanical back pain by preventing the noW immobile 
vertebrae from impinging on the spinal nerve. 

[0012] The disadvantage of such spacers is that stability is 
created at the expense of spinal ?exibility. 

[0013] Surgical procedures for replacing intervertebral 
disc material, rather than the fusing of the vertebrae, have 
included anterior approaches and posterior approaches to the 
spinal column. The posterior approach (from the back of the 
patient) encounters the spinous process, superior articular 
process, and the inferior articular process that must be 
removed before insertion of the disc replacement material 
into the intervertebral space. Excessive removal of the bony 
process triggers further degradation and impediment of the 
normal movement of the spine. The anterior approach to the 
spinal column is complicated by the internal organs that 
must be bypassed or circumvented to access the vertebrae. 

[0014] Many intervertebral spacers require preparation of 
the surfaces of the adjacent vertebrae to accommodate the 
spacer, causing signi?cant tissue and bone trauma. For 
example, chiseling or drilling of the vertebral surface may be 
required to prepare a receiving slot. They may also require 
screWing the spacer into the intervertebral space, making 
installation dif?cult and increasing trauma to the vertebral 
tissue. Many spacers include complex geometries and are 
costly to manufacture. Examples of such geometrically 
complex spacers are described in US. Pat. No. 5,609,636 to 
Kohrs et al., US. Pat. No. 5,780,919 to Zdeblick et al., US. 
Pat. No. 5,865,848 to Baker and US. Pat. No. 5,776,196 to 
MatsuZaki et al. Many of these complex spacers may require 
screWing the spacer into the intervertebral space, thereby 
making installation difficult and traumatic to the vertebral 
tissue. 
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SUMMARY OF THE INVENTION 

[0015] There is a need for a vertebral spacer having a 
simple geometry that is easily insertable into an interverte 
bral space While causing minimal trauma to the surface of 
the vertebrae as Well as the bony processes thereof. The 
present invention provides a vertebral spacer having a 
simple geometry for supporting adjacent vertebrae after 
excision, at least partially or Wholly, of an intervertebral 
disc. The spacer includes a body having a loWer surface and 
an upper surface. The loWer surface Will be supported by a 
loWer vertebra; the upper surface supports the adjacent 
upper vertebra. The body of the vertebral spacer of the 
present invention, therefore, provides support betWeen the 
tWo adjacent vertebrae and to the spinal column. 

[0016] The body of the vertebral spacer of the present 
invention additionally has an anterior face and a posterior 
face extending from the loWer surface. The height of the 
anterior face of the body may be less than, or greater than, 
the height of the posterior face to maintain the curvature of 
the spine When the vertebral spacer is inserted betWeen tWo 
vertebrae. The body of the vertebral spacer also includes at 
least one guiding groove suitable for engaging With an 
insertion tool for delivering the vertebral spacer to an 
intervertebral space. 

[0017] The present invention further provides a system for 
delivering a vertebral spacer to the spinal column of a 
patient, comprising an insertion tool With a channel; (b) an 
optional guiding tool for directing the insertion tool to a 
selected point of insertion of a vertebral spacer; (c) a pusher; 
(d) a vertebral spacer slideably disposed in the channel of the 
insertion tool; and (e) a cutting tool. The cutting tool can be 
slid into the channel of the insertion tool providing that the 
pusher and the vertebral spacer are not therein. 

[0018] The channel of the insertion tool is con?gured to 
slideably accept any of a vertebral spacer, a pusher, a 
vertebral spacer , or a cutting tool. The insertion tool further 
comprises a spacer guide or a plurality of spacer guides for 
engagement With a ?rst guiding groove or a second guiding 
groove of a vertebral spacer. 

[0019] In one embodiment of the insertion tool the spacer 
guide is a ?ange extending from the channel. In another 
embodiment, the spacer guide is tWo opposing ?anges 
con?gured to slideably engage With a ?rst guiding groove 
and a second guiding groove, respectively. 

[0020] In another embodiment of the insertion tool, the 
spacer guide is at least one rib longitudinally placed on the 
inner surface of the channel of the insertion tool. 

[0021] Other embodiments of the insertion tool of the 
present invention include spacer guides that may be, but are 
not limited to, a segmented longitudinal rib, or a linear series 
of protrusions, also on the inner surface of the channel. 

[0022] The present invention further provides a method 
for delivering a vertebral spacer to a patient, comprising the 
steps of inserting the insertion tool into an intervertebral 
space of the spinal column of a patient, engaging at least one 
guiding groove of a vertebral spacer With a space guide of 
the insertion tool, sliding a pusher into the channel of the 
insertion tool, advancing the pusher and thereby pushing the 
vertebral spacer into the intervertebral space and removing 
the pusher and the insertion tool from the patient. 
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[0023] The method of the present invention may further 
comprise the optional step of inserting a guiding tool into an 
intervertebral space for directing the insertion tool into the 
intervertebral space. The insertion tool may be slid along the 
guide tool to a selected position suitable for insertion of a 
vertebral spacer in the intervertebral space. The guide tool is 
then extracted from the insertion tool leaving the insertion 
tool inserted betWeen adjacent vertebrae. 

[0024] The cutting tool is optionally slid along the channel 
of the insertion tool to engage a vertebra and generally is 
used to chisel at least one vertebral space receiving slot in 
the vertebrae. The cutting tool is removed from the patient 
by sliding the cutting tool back through the channel of the 
insertion tool. A vertebral spacer may then be slideably 
engaged With the insertion tool, With a space guide on the 
insertion tool engaging With a guiding groove of the verte 
bral spacer. The pusher may be engaged and advanced along 
the channel, thereby delivering the vertebral spacer into the 
vertebral spacer receiving slot (or receiving slots) in the 
adjacent vertebrae. It is also contemplated that a vertebral 
spacer receiving slot may not be cut in the adjacent vertebrae 
and that the inserted vertebral spacer optionally may contact 
only the uncut surface of the vertebrae. 

[0025] One embodiment of the method of the present 
invention comprises the additional step of delivering a 
hardening biocompatible composition to the vertebral 
spacer. The hardening biocompatible composition may be 
used, for example, to bond the vertebral spacer to an 
adjacent vertebra or be an osteogenic composition to pro 
mote bone groWth from the adjacent vertebrae into the 
vertebral spacer. The hardening biocompatible composition 
can be, for example, an organic polymer, a mineral compo 
sition such as a hydroxyapatite-based composition, methyl 
methacrylate, or the like, or a combination thereof. A 
hydroxyapatite-based composition is especially useful in the 
context of the present invention for promoting osteocyte 
groWth and bone deposition. 

[0026] Various objects, features, and advantages of the 
invention Will become more apparent upon revieW of the 
detailed description set forth beloW When taken in conjunc 
tion With the accompanying draWing ?gures, Which are 
brie?y described as folloWs. 

BRIEF DESCRIPTION OF THE FIGURES 

[0027] FIG. 1A illustrates an embodiment of the vertebral 
spacer according to the present invention having a ?rst 
guiding groove and a second guiding groove. 

[0028] FIG. 1B illustrates an embodiment of the vertebral 
spacer according to the present invention having protrusions 
on the upper surface thereof. 

[0029] FIG. 2A illustrates an embodiment of the vertebral 
spacer according to the present invention Wherein a section 
dissected from a femur bone is contained Within a partial 
metallic sheath. 

[0030] FIG. 2B illustrates an embodiment of the vertebral 
spacer according to the present invention Wherein a section 
dissected from a femur bone is contained Within a partial 
metallic sheath and having angular protuberances on the 
metallic sheath. 

[0031] FIG. 3 illustrates another embodiment of the ver 
tebral spacer according to the present invention having tWo 
slots extending from the upper surface thereof. 
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[0032] FIG. 4 is an end elevation of the embodiment of 
the vertebral spacer shown in FIG. 3. 

[0033] FIG. 5 is a side elevation of the embodiment of the 
vertebral spacer shoWn in FIG. 3. 

[0034] FIG. 6 is a horiZontal elevation shoWing the bot 
tom surface of the embodiment of the vertebral spacer 
shoWn in FIG. 3. Positions of the slots relative to the second 
guiding groove are indicated by dashed lines. 

[0035] FIG. 7 illustrates another embodiment of the ver 
tebral spacer according to the present invention Wherein 
slots extending from the upper surface thereof accommodate 
bone material therein. 

[0036] FIG. 8 illustrates another embodiment of the ver 
tebral spacer comprising alternate layers of bone, a biocom 
patible material, and a linking pin. 

[0037] FIG. 9 illustrates another embodiment of a layered 
vertebral spacer according to the present invention Wherein 
the outermost layers are bone. 

[0038] FIGS. 10-12 illustrate the sectioning of a femur to 
give at least one vertebral spacer according to the present 
invention. FIG. 10 shoWs the sectioning planes for the 
excision of a section of a femur. FIG. 11 shoWs a cross 
sectional vieW of an excised section of a femur With minimal 
portions of the femur shoWn in cross-hatch trimmed aWay to 
give tWo vertebral spacers. FIG. 12 shoWs the cross-sec 
tional vieW of tWo vertebral spacers cut from a femoral 
section. 

[0039] FIG. 13 shoWs an end elevation of a vertebral 
spacer according to the present invention excised from a 
femur and having tWo guiding grooves therein. 

[0040] FIG. 14 shoWs a side elevation of a vertebral 
spacer according to the present invention excised from a 
femur. 

[0041] FIGS. 15 and 16 illustrate an embodiment of the 
vertebral spacer of the present invention excised from a 
femur Wherein the femur medullary cavity not bisected. 

[0042] FIG. 17 is a perspective vieW of a vertebral spacer 
according to the present invention excised from a femur. 

[0043] FIG. 18 is an end elevation of the vertebral spacer 
illustrated in FIG. 17. 

[0044] FIG. 19 is a perspective vieW of another vertebral 
spacer according to the present invention cut from the same 
section of femur as the spacer in FIG. 17. 

[0045] FIG. 20 shoWs a top elevation of a vertebral spacer 
according to the present invention cut from a femur section. 

[0046] FIG. 21 shoWs a bottom elevation of a vertebral 
spacer according to the present invention cut from a femur 
section. 

[0047] FIG. 22 illustrates a perspective vieW of a vertebral 
spacer according to the present invention cut from a femur 
section and having a plurality of bores therein. 

[0048] FIGS. 23-28 illustrate perspective cross-sectional 
vieWs of embodiments of the insertion tool according to the 
present invention. FIG. 23 shoWs an embodiment of the 
insertion tool having a ?ange thereon. FIG. 24 shoWs an 
embodiment of the insertion tool having tWo ?anges. FIG. 
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25 shoWs an embodiment of the insertion tool having a rib 
thereon. FIG. 26 shoWs an embodiment of the insertion tool 
having tWo ribs. FIG. 27 shoWs an embodiment of the 
insertion tool having a plurality of longitudinal ribs. FIG. 28 
shoWs an embodiment of the insertion tool having protru 
s1ons. 

[0049] FIG. 29 illustrates a perspective vieW of the system 
for delivering a vertebral spacer to a patient according to the 
present invention Wherein the vertebral spacer engages tWo 
?anges on the insertion tool. 

[0050] FIG. 30 illustrates a perspective vieW of the system 
for delivering a vertebral spacer to a patient according to the 
present invention Wherein the vertebral spacer engages tWo 
ribs on the insertion tool. 

[0051] FIG. 31 illustrates a perspective vieW of an 
embodiment of the system for delivering a vertebral spacer 
to a patient Wherein the insertion tool has tWo ?anges. 

[0052] FIG. 32 illustrates a perspective vieW of an 
embodiment of the system for delivering a vertebral spacer 
to a patient Wherein the insertion tool has tWo ribs. 

[0053] FIGS. 33-35 illustrate the assembly of an embodi 
ment of the system for delivering a vertebral spacer to a 
patient. FIG. 33 shoWs a vertebral spacer engaging an 
insertion tool according to the present invention. FIG. 34 
illustrates the system Wherein the distal end of a pusher is 
con?gured to accept the vertebral spacer. FIG. 35 illustrates 
the direction of delivery of the vertebral spacer to an 
intervertebral space by the insertion tool and the pusher 
therein. 

[0054] FIG. 36 illustrates a vertical cross-sectional vieW 
of an embodiment of the system for delivery of a vertebral 
spacer to a patient according to the present invention. 

[0055] FIG. 37 illustrates a vertical cross-sectional vieW 
of another embodiment of the system for delivery of a 
vertebral spacer to a patient according to the present inven 
tion. 

[0056] FIG. 38 illustrates the cutting of a vertebral spacer 
receiving slot by an embodiment of the cutting tool accord 
ing to the present invention. 

[0057] FIG. 39 is a side-elevation of an embodiment of 
the cutting tool and insertion tool according to the present 
invention. 

[0058] FIG. 40 illustrates an end-elevation of an embodi 
ment of the cutting tool according to the present invention. 

[0059] FIG. 41 is a perspective vieW of an embodiment of 
the cutting tool and the insertion tool according to the 
present invention. 

[0060] FIGS. 42-45 illustrate the delivery of a vertebral 
spacer to an intervertebral space according to the methods of 
the present invention. FIG. 42 illustrates the placing of an 
insertion tool into an intervertebral space by using a guiding 
tool. FIG. 43 shoWs the rotation of the insertion tool Within 
the intervertebral space after extraction of the guiding tool. 
FIG. 44 illustrates the formation of a vertebral spacer 
receiving slot by the cutting tool. FIG. 45 illustrates the 
delivery of the vertebral spacer into the intervertebral space 
and the vertebral spacer receiving slot. 
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[0061] FIG. 46 is a perspective vieW showing an embodi 
ment of the vertebral spacer according to the present inven 
tion in situ in an intervertebral space of a patient. 

[0062] FIG. 47 is an overhead vieW showing tWo vertebral 
spacers formed from a femur on a vertebral surface. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0063] A full and enabling disclosure of the present inven 
tion, including the best mode knoWn to the inventor of 
carrying out the invention, is set forth more particularly in 
the remainder of the speci?cation, including reference to the 
accompanying draWings, Wherein like reference numerals 
designate corresponding parts throughout several ?gures. 
This description is made for the purpose of illustrating the 
general principles of the invention and should not be taken 
in the limiting sense. 

[0064] One aspect of the present invention is a vertebral 
spacer for insertion betWeen tWo adjacent vertebrae 20, 
thereby maintaining the intervertebral space 23 and prevent 
ing compression of the spinal cord therein. Various embodi 
ments of the vertebral spacer 10 in accordance With the 
present invention are shoWn in FIGS. 1A-22. The vertebral 
spacer 10 of the present invention is useful to replace an 
intervertebral disc 21 that has degenerated due to traumatic 
injury, vertebral displacement, or disease, such as, for 
example, autoimmune disease or rheumatoid arthritis or any 
other pathological condition of the spinal column that may 
injure or shift the intervertebral disc. The vertebral spacer 10 
of the present invention provides support to the vertebrae 20 
and maintains separation betWeen vertebrae While also pre 
serving the natural curvature of the spine. 

[0065] The vertebral spacer 10 of the present invention 
may have a plurality of surfaces, including a loWer surface 
15 and an upper surface 16, With the loWer surface 15 having 
an anterior face 13 and a posterior face 14 extending 
therefrom, as shoWn in FIG. 1A. The anterior face 13 may 
be directed toWards the inner body cavity of a patient, and 
the posterior face 14 may be directed toWards the dorsal 
surface of the patient. The vertebral spacer 10 can be 
con?gured such that the height of the anterior face 13 is less 
than the height of the posterior face 14, as is illustrated, for 
example, in FIG. 1A. The difference in the height of the 
opposing anterior 13 and posterior 14 faces of the vertebral 
spacer 10 of the present invention, so that the loWer surface 
15 and the upper surface 16 are non-parallel, is useful to 
preserve the natural curvature of the spinal column. The 
vertebral spacer 10 of the present invention further com 
prises a ?rst guiding groove 17 in the upper surface 16 or the 
loWer surface 15 of the vertebral spacer 10. The vertebral 
spacer 10, as contemplated by the present invention, may 
also have an optional second guiding groove 18 in the upper 
surface 16 or the loWer surface 15 not having the ?rst 
guiding groove 17 therein. 

[0066] It is contemplated that the vertebral spacer 10 of 
the present invention may be of any biocompatible or 
physiologically inert material or combination of such mate 
rials having the mechanical strength capable of maintaining 
the intervertebral space 23 (FIG. 46) betWeen tWo adjacent 
vertebrae 20. Examples of such materials include bone, such 
as bone sections from the femur, titanium, titanium alloy, 
stainless steel, chrome cobalt, and polymeric materials such 
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as methyl methacrylate (MMA), urethane, polyacetal and 
the like. The material of the vertebral spacer 10 may, 
hoWever, also have a degree of resilience and thereby 
tolerate a degree of compression. Such materials may 
include, but are not limited to, polymers such as carbon ?ber 
reinforced polymer such as PEEK (polyetherether ketone), 
polycarbonate, polypropylene, polyethylene, polyamide and 
silicone-based polymers. 

[0067] It is further contemplated that the vertebral spacer 
10 of the present invention may comprise a bone core 12 
such as a femur and a sheath 35 as shoWn in FIG. 2. 

[0068] In one embodiment, the sheath 35 is metallic, such 
as a tungsten sheath. In another embodiment the sheath 
comprises a biocompatible polymer. In one embodiment, 
shoWn in FIG. 2B, the metallic sheath 35 has angular 
protrusions 34 thereon. 

[0069] The vertebral spacer 10 of the present invention 
may have any conformation that Will alloW the spacer 10 to 
be positioned in an intervertebral space 23 betWeen adjacent 
vertebrae 20 and Which Will maintain an intervertebral space 
23 and the natural curvature of a spinal column When in the 
desired position. Referring to FIGS. 1A-22, exemplary 
geometric cross-sections that may be applied to the vertebral 
spacer 10 of the present invention include, but are not 
limited to, a rectangular cross-section or a trapeZoidal cross 
section. 

[0070] As shoWn in FIGS. 1B and 2B, the upper surface 
16, and optionally the loWer surface, of the vertebral spacer 
10 can also include at least one protrusion 34 for frictionally 
engaging a vertebrae 20 as disclosed in US. patent appli 
cation Ser. No. incorporated herein by reference in 
its entirety. An exemplary embodiment of the protrusions 34 
of the present invention traversing the upper surface 16 of 
the vertebral spacer 10 are illustrated in FIG. 1B. In another 
embodiment of the vertebral spacer 10 of the present inven 
tion, as shoWn in FIG. 2B, the protrusions are located on a 
metallic sheath 35 encapsulating a bone core 12. The pro 
trusions 34 may have any suitable geometric con?guration 
that Will alloW the vertebral spacer 10 of the present inven 
tion to be secured to adjacent vertebrae, including having a 
triangular, rounded, or rectangular cross-section and the like, 
or any combination thereof. The protrusions may be elon 
gated as shoWn in FIG. 1B, or any other shape such as 
square or circular protrusions or irregular non-elongated 
protrusions. 

[0071] When the vertebral spacer 10 comprises a section 
of a femur and Wherein the femur medullary cavity 19 
connects the anterior face 13 and the posterior face 14 of the 
vertebral spacer 10, as shoWn in FIG. 2, the hardening 
biocompatible composition may be delivered to the portion 
of the femur medullary cavity 19. With the alternative 
embodiments of the vertebral spacer 10 having at least one 
slot 11 extending from the upper surface 16 or loWer surface 
15, the hardening biocompatible composition may be deliv 
ered to the slots 11 thereof. One embodiment of the method 
of the present invention, therefore, further comprises the 
step of delivering a hardening biocompatible composition to 
the vertebral spacer 10. The hardening biocompatible com 
position may be used, for example, to bond the vertebral 
spacer 10 to an adjacent vertebra or be an osteogenic 
composition to promote bone groWth from the adjacent 
vertebrae into the vertebral spacer 10. The hardening bio 
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compatible composition may be, for example, an organic 
polymer, a mineral composition such as a hydroxyapatite 
based compositions, methyl methacrylate or a combination 
thereof. A hydroxyapatite-based composition is especially 
useful in the context of the present invention for promoting 
osteocyte groWth and bone deposition. 

[0072] The direction of insertion of the vertebral spacer 10 
by the methods of the present invention can be selected by 
the surgeon according to the needs of the patient. The 
anterior face 13 of the vertebral spacer 10, for example, may 
be positioned relative to the spine to maintain a desired 
curvature thereof, as shoWn in FIG. 46. The vertebral spacer 
10 may be inserted posteriorly as shoWn, for example in 
FIG. 46, anteriorly, or laterally, relative to the spinal col 
umn. Once inserted into a desired position in the interver 
tebral space 23, as shoWn in FIG. 46, the loWer surface 15 
and the upper surface 16 of the vertebral spacer 10 are 
substantially contacting the adjacent vertebrae 20. For 
example, the loWer surface 15 of the vertebral spacer 10 may 
contact the loWer vertebra 20, and the upper surface 16 may 
support the adjacent upper vertebra 20. Optional protrusions 
34 extending from the upper surface 16 as shoWn, for 
example, in FIG. 1B, and/or the loWer surface 15 can 
increase the frictional resistance betWeen the vertebral 
spacer 10 and the adjacent vertebrae 20. As shoWn in FIG. 
46, the vertebral spacer 10 of the present invention can 
support adjacent vertebrae 20 after the partial or total 
surgical removal of an intervertebral disc 21, thereby pre 
venting collapse and/or compression of the spine in this 
region that might otherWise lead to severe neurological 
damage. 

[0073] In another embodiment of the vertebral spacer 10 
of the present invention, at least one slot 11 may be formed 
in the upper surface 16 and extend toWards, but not con 
necting With, the opposing loWer surface 15, as shoWn in 
FIGS. 3-6. Alternatively, the at least one slot 11 may be 
formed in the loWer surface 15 and extend toWards the upper 
surface 16. 

[0074] In still another embodiment of the vertebral spacer 
10 of the present invention, the at least one slot 11 has a bone 
core 12 disposed therein, as shoWn in FIG. 7. Alternatively, 
a hardening biocompatible composition may be deposited in 
the at least one slot 11, Wherein the hardening biocompatible 
composition generally comprises an osteogenic compound 
such as, for example, hydroxyapatite. 

[0075] In another embodiment of the vertebral spacer 10 
of the present invention, shoWn in FIGS. 8 and 9, the spacer 
10 comprises a plurality of layers, Wherein at least one layer 
is a bone core 12. The plurality of layers may be bonded by 
any suitable method such as an adhesive, screWs, bolts, a 
linking pin, or the like, and Which Will hold the layers 
immobile relative to each other. In one embodiment of the 
vertebral spacer 10 of the present invention, as shoWn in 
FIG. 9, may be bonded by at least one pin 9. In another 
embodiment of the vertebral spacer 10, the plurality of 
layers may be bonded by tWo pins positioned to prevent 
movement of the layers relative to each other. The bonding 
method Will not impede installation of the vertebral spacer 
10 into the intervertebral space 23 (FIG. 46) of a patient. 
The alternate layers may have bone cores 12 as inner layers 
as shoWn in FIGS. 7 and 8, or as the outermost layers of the 
vertebral spacer 10, as shoWn in FIG. 9. 
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[0076] Referring noW to FIGS. 10-22, in another embodi 
ment of the vertebral spacer 10 of the present invention, the 
vertebral spacer 10 is formed from a femoral section 24 
taken from the shaft 22 of a femur, as shoWn in FIG. 10. The 
femoral section 24, having a central femur medullary cavity 
19 therein, may be trimmed as shoWn in FIGS. 11, 12, 15 
and 16 to yield at least one vertebral spacer 10. Each 
vertebral spacer 10 obtained from a femur shaft 22 Will have 
at least a portion of the femur medullary cavity 19 connect 
ing the upper 16 and loWer 15 surfaces of the vertebral 
spacer 10. The indented portion of the femur medullary 
cavity 19 is useful to partially surround a spinal cord When 
the vertebral spacer 10 is positioned Within an intervertebral 
space, thereby alloWing the vertebral spacer 10 to be posi 
tioned closer to the spinal cord than Would be possible if the 
cavity 19 Were not present. The vertebral spacer 10 of the 
present invention, When excised from a femur shaft 22 (FIG. 
10) also has a ?rst guiding groove 17, and optionally, a 
second guiding groove 18, in the upper 16 and/or loWer 15 
surfaces respectively of the vertebral spacer 10, as shoWn in 
FIGS. 11-22. 

[0077] Referring noW to FIG. 22, the vertebral spacer 10 
of the present invention may further include a bore 46, or a 
plurality of bores 46, extending from the upper surface 16 
and/or the loWer surface 15 of the vertebral spacer 10. Bony 
or other tissue groWth from adjacent vertebrae that extends 
into the bore 46, or plurality of bores 46, of the vertebral 
spacer 10 of the present invention may bond the vertebrae 
and the vertebral spacer 10. The bony groWth Will, therefore, 
effectively fuse the adjacent vertebrae. It is further contem 
plated that a tissue groWth factor or an osteogenic material 
may be inserted into the bores to increase the bony groWth 
and, therefore, the rate of this fusion. Suitable groWth factors 
include, but are not limited to, groWth hormones, steroids, 
tissue groWth factors and the like. 

[0078] Another aspect of the present invention is a system 
for delivering a vertebral spacer 10 to the spinal column of 
a patient, generally illustrated in FIGS. 24-41. The system 
for delivering the vertebral spacer comprises (a) an insertion 
tool 60 for delivering the vertebral spacer 10 to the spinal 
column of a patient, Wherein the insertion tool 60 has a 
channel 61 and an inner surface 62 as shoWn in FIGS. 
24-28; (b) an optional guiding tool 80; (c) a pusher 63 (as in 
FIGS. 31-37) having a distal end 65 slideably disposable in 
the channel 61 of the insertion tool 60; (d) a vertebral spacer 
10 slideably disposable in the channel 61 of the insertion 
tool 60; and (e) a cutting tool 70 (FIGS. 38-41) having a 
shaft 72 With a distal end 74 and a proximal end 75, and a 
cutting head 71 secured to the distal end 74 of the shaft 72. 

[0079] The channel 61 of the insertion tool 60 of the 
system of the present invention generally is con?gured to 
slideably accept any of the various vertebral spacers 10, 
according to the present invention, a pusher 63 and/or a 
cutting tool 70. The insertion tool 60 further comprises at 
least one spacer guide 66 for slideably engaging With a ?rst 
guiding groove 17 or a second guiding groove 18 of a 
vertebral spacer 10. 

[0080] Referring noW to FIGS. 23-28, in one embodiment 
of the insertion tool 60 of the present invention, as shoWn in 
FIG. 23, the spacer guide 66 is a ?ange extending along an 
outside edge of the channel 61. In another embodiment of 
the insertion tool 60 of the present invention, as shoWn in 






