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1.

REIVINDICACIONES

Un dispositivo intervertebral que comprende:

Una parte superior que tiene una superficie superior
para acoplar una vértebra y una superficie inferior

gque incluye una porcidn convexa;

Una parte inferior que tiene una superficie inferior
para acoplar una vértebra y una superficie superior

gue tiene una porcién convexa; Yy

Un elemento de nlcleo que tiene una porcidn cdncava
superior para acoplar operativamente con dicha
porcién convexa de dicha parte superior y una porcidn
céncava inferior para acoplar operativamente con
dicha porcién convexa de dicha parte inferior, las
partes superior e inferior xtiene una ranura dJue
circunda sus porciones convexas, la ranura tiene una
superficie de piso de ranura y una superficie de
pared lateral de ranura gque se extiende desde la
superficie de biso de ranura hacia la opuesta de las

partes superior e inferior, respectivamente.

El dispositivo intervertebral de la reivindicacidn 1,
gue incluye una ranura circunferencial en el ntGcleo

adaptado para recibir un instrumento de insercidn.
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2
El dispositivo intervertebral de la reivindicacién 1,
en donde dicha parte superior comprende un anclaje

para acoplar una vértebra.

El dispositivo intervertebral de la reivindicacidn 3,
en donde dicho anclaje estd en un angulo de 45 grados
con relacién a un plano longitudinal transverso a

través de un eje mayor de dicho implante.

El dispositivo intervertebral de la reivindicacidn 3,
en donde dicho anclaje estd en un &ngulo entre 0 y 90
grados con relacidn a un plano longitudinal
transverso a través de un eje mayor de dicho

implante.

Un dispositivo intervertebral comprende:

Una parte superior que tiene una superficie superior
para acoplar una vértebra y una superficie inferior

gue incluye una porcidn convexa;

Una parte inferior que tiene una superficie inferior
para acoplar una vértebra y una superficie superior
gque tiene una porcidén convexa, las partes superior e
inferior tienen una ranura que rodea sus porciones

convexas; y
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Un elemento de nilcleo que tiene una porcidén cdncava
superior para acoplar operativamente con dicha
porcidén convexa de dicha parte superior y una porcidn
céncava para acoplar operativamente con dicha porcidn
convexa de dicha parte inferior, el elemento de
nicleo tienen superficies circunferenciales superior

e inferior de nlcleo,

Por lo cual dicha parte superior y dicha parte
inferior son trasladables lateralmente con relacidn
la una con 1la otra al deslizar junto con dichas
porciones céncavas de dicho inserto y por lo menos
una porcién de dichas superficies de nficleo superior
e inferior sobre por lo menos una porcidén de las
ranuras en una posicidén de doblez méxima del implante
intervertebral para limitar el movimiento de las
partes superior e inferior mas alla de la posicidn de

doblez maxima.

El dispositivo de la reivindicacidén 6, en donde cada
una de dicha porcién convexa de dicha parte superior
y dicha parte inferior comprende una superficie de un
elemento incrustado respectivo dimensionado para ser
dispuesto en una cavidad respectiva formada en cada

dicha partes superior y dicha parte inferior.

El dispositivo de la reivindicacidén 7, en donde dicho

elemento de incrustacidén estd compuesto de un
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11.

)g \

\E

. /-
material seleccionadec del grupo gque consiste de )/

metal, pléastico y ceréamica.

El dispositivo de la reivindicacién 8, en donde dicho

pléstico comprende polietileno. ~
El dispositivo de la reivindicacidén 6, en donde:

Dicha ranura superior tiene una superficie de piso de

ranura en un angulo con relacidén a la horizontal;

Dicha ranura inferior tiene una superficie de ranura

inferior en un &ngulo con relacidén a la horizontal; y

Dicho elemento de nlGcleo tiene wuna superficie
angulada superior y una superficie angulada inferior
en &ngulos en direcciones opuestas a aquel de la
superficie de piso de ranura inferior vy dicha
superficie de piso de ranura inferior,

respectivamente.

El dispositivo de 1la reivindicacidén 10, en donde

dicha superficie de piso de ranura superior inferior 10
y dicha superficie de ©piso de ranura inferior cazan
con dicha superficie angulada superior y superficie
angulada inferior de dicho niicleo, respectivamente,
durante una posicidén de doblez méxima de dicha parte

superior con relacidén a dicha parte inferior.



12.

13.

14.

15.

El dispositivo de la reivindicacidén 6, en donde dicho
elemento de nlGcleo tiene una superficie angulada
superior y una superficie angulada inferior que se
inclinan lejos de la superficie de piso de ranura de
dicha ranura superior vy dicha ranura inferior,

respectivamente.

El dispositivo de la reivindicacién 12, en donde
dicha superficie de piso de ranura superior y dicha
superficie de piso de ranura inferior cazan con dicha
superficie angulada superior y superficie angulada
inferior de dicho nlcleo, respectivamente, durante
una posicién de doblez maxima de dicha parte superior

con relacidén a dicha parte inferior.

El dispositivo intervertebral de la reivindicacidén 6,
en donde al menos uno de dicha parte superior y dicha
parte inferior comprende un anclaje para acoplar una

vértebra.

El dispositivo intervertebral de 1la reivindicacién
18, en donde dicho anclaje estd en un angulo entre 0
y 90 grados con relacién a un plano longitudinal
transverso a través de un eje mayor de dicho

implante.



16.

17.

18.

19.

El dispositivo intervertebral de 1la reivindicacidn
19, en donde dicho anclaje estd en un &ngulo de 45

grados con relacién al plano longitudinal transverso.

El dispositivo intervertebral de la reivindicacidn 6,
en donde dicho elemento de nficleo comprende una
ranura circunferencial adaptada para recibir un

instrumento de insercidn.

El dispositivo de la reivindicacién 6, en donde dicha
parte superior y dicha parte inferior permanecen
paralelos con respecto al otro cuando dicha parte
superior y dicha parte inferior se trasladan

lateralmente con respecto a la otra.

Un dispositivo intervertebral que comprende:

Una superior que tiene una superficie superior para
acoplar una vértebra, dicha parte superior tiene un
elemento de incrustacidén dimensionado para estar

dispuesto en una cavidad formada alli;

Dicho elemento de incrustacidén superior tiene wuna
superficie inferior que incluye una superficie
convexa gque enfrenta la parte opuesta de dicha

cavidad de parte superior;
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20.

21.

7
Una parte inferior que tiene unas superficie inferior
para acoplar una vértebra; dicha parte inferior tiene
un elemento de incrustacidén inferior dimensionado
para estar dispuesto en una cavidad formada alli;
dicho elemento de incrustacidén inferior tiene una
superficie superior que incluye una superficie
convexa que enfrenta la parte opuesta de la cavidad

de parte inferior; y

Un elemento de nficleo gue tiene una porcidn céncava
superior para acoplar operativamente con dicha
superficie convexa de dicha parte superior y una
porcién céncava inferior para acoplar operativamente

con dicha superficie convexa de dicha parte inferior,

En donde dicha parte superior y dicha parte inferior
son trasladables con relacidén al deslizarse junto con
dichas porciones cdncavas de dicho elemento de

ntcleo.

El dispositivo intervertebral de 1la reivindicacién
19, en donde al menos uno de dicha parte superior y
dicha parte inferior comprende un anclaje para

acoplar una vértebra.

El dispositivo intervertebral de la reivindicacidn
19, en donde dicho anclaje estd en un angulo entre 0

y 90 grados con relacién a un plano longitudinal



22.

23.

24.

25.

26.

transverso a través de un eje mayor de dicho

implante.

El dispositivo intervertebral de la reivindicacidn
21, en donde dicho anclaje estéa en un angulo de 45

grados con relacidén al plano longitudinal transverso.

El dispositivo intervertebral de 1la reivindicacidn
19, en donde dicho elemento de nlcleo comprende una
ranura circunferencial adaptada para recibir un

instrumento de inserciédn.

El dispositivo intervertebral de 1la reivindicacidn
19, en donde cada uno de dicho elemento de
incrustacidén esté compuesto de un material
seleccionado del grupo dque consiste de metal,

plastico y ceramica.

El dispositivo de 1la reivindicacidén 24, en donde

dicho pléstico comprende polietileno.

El dispositivo de 1la reivindicacidén 19, en donde
dicha parte superior comprende una ranura superior
gue rodea dicho elemento de incrustacidn superior y
dicha parte inferior comprende una ranura inferior

gque rodea dicho elemento de incrustacién inferior.

/
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27.

28.

29.

El dispositivo de 1la reivindicacidn 26, en donde
/

dicho elemento de nlcleo se adapta para deslizarse

——

dentro de dicha ranura luego del movimiento de dicha

parte superior con relacién a dicha parte inferior.

El dispositivo de la reivindicacidén 26, en donde el
movimiento de dicha parte superior con relacidén a
dicha parte inferior se limita por dicho elemento de
nGicleo que limita la superficie de pared de la parte
superior y la superfic;e de pared de la parte
inferior de dicha ranura superior y dicha ranura
inferior, respectivamente.

\

El dispositivo de la reivindicacidn 26, en donde:

Dicha ranura superior tiene una superficie de piso de

ranura en un angulo con relacién a la horizontal;

Dicha ranura inferior tiene una superficie de piso de

ranura en un angulo con relacidén a la horizontal; y

Dicho elemento de nlcleo tiene una superficie
angulada superior y una superficie angulada inferior
en &ngulos vrespectivos en direcciones opuestas a
aquel de la superficie de piso de ranura inferior y
dicha superficie de piso de ranura inferior,

respectivamente.

N



30.

32.

31.

10

El dispositivo de la reivindicacidén 26, en donde:

Dicha ranura superior tiene una superficie de piso de

ranura paralela a la horizontal;

Dicha ranura inferior tiene una superficie de piso de

ranura paralela a la horizontal; y

Dicho elemento de nicleo tiene una superficie
angulada superior y superficie angulada inferior en
angulos respectivos inclinados lejos de dicha
superficie de ©piso de ranura superior y dicha
superficie de piso de ranura inferior,

respectivamente.

El dispositivo de 1la reivindicacidén 30, en donde
dicha superficie de piso de ranura superior y dicha
superficie de piso de ranura inferior cazan con dicha
superficie angulada superior y superficie angulada
inferior de dicho nficleo durante el movimiento maximo
de dicha parte superior con relacidén a dicha parte

inferior.

El dispositivo de 1la reivindicacidén 29, en donde
dicha superficie de piso de ranura superior y dicha
superficie de piso de ranura inferior cazan con dicha
superficie angulada superior y superficie angulada

inferior de dicho nficleo, respectivamente, durante el

149



33.

11
movimiento méximo de dicha parte superior con

relacién a dicha parte inferior.

El dispositivo de 1la reivindicacién 19, en donde
dicha  parte superior y dicha parte inferior
permanecen paralelas con respecto a otra cuando
dicha parte superior vy dicha parte inferior se

trasladan lateralmente con respecto a otra.

190
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7) ABSTRACT

A total disc implaat (TDI) is provided for total replacement
of a spinal disc or discs in a human patient or other mammal,
wherein the TDI is designed to maintain a substantially full
range of natura} motion (ROM) following implantarion. The
TDI generally comprises, in one preferred form, upper and
lower end plates for affixation to adjacent vertebral bodies,
with an intervening insert disposed therebetween. The end
plates each include elongated part-cylindrical surfaces ori-
ented generally perpendicular to each other, with one of said
surfaces extending in an anterior-posterior direction and the
other extending in a medial-lateral direction. The interven-
Ing Insert detines concave upper and lower part-cylindrical
seats oriented for respectively engaging these part-cylindri-
cal surfaces, wherein these part-cylindrical seats are defined
by offset radii to include a somewhat Hattened central base
region merging smoothly with upwardly curving radiused
sides.
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cellous regions was critical to implant success*™ . More
recent koce implant designs have included mobile bearing
platforms that allow rotation and A-P translation. I'he articu-
lations have improved conformity and kinematics, which
lead to reduced contact stresses. However new problems
arise: bearings without stops can dislocate or spin-out, and
bearings with stops can wear as they abut against the
mechanical stops that prevent dislocation.”™

[0010] Diagnostic imaging using radiography or MRI is
commonly used to assess the presence of spinal disease,
determine range of motion or evaluate the patients progress
in healing post surgical treatment™ ™, The present generation
of tal dise replacements use metal end plates which present
problems with imaging MRI or in X-Ray-CT imaging, due
t the presence of halos and other artifacts.

[0011] Finally, an important requirement for total disc
implants is that the articulating disc does not protrude or
impinge on the spinal cord or nerve roots, which is a concern
with compliant materials.® As has been well established
from other articulating joints such as the knee, PE inserls can
suffer damage from several modes: creep, pitting, scratch-
ing, burnishing, abrasion, delamination and embedded par-
ticulates. While there is debate over whether creep or wear
is the main cause of dimensional changes in PE inserts™ *i,
there is little doubt that damage to PE can and does occur
over the long term.

[0012] Thus, there is & need to develop an alterpative to
the present generation of disc implants, typically with
respect to those designed from metal PE articulations, and to
overcome a number of potential drawbacks:

[0013] [allong term wear of the articulating PE
~disc”, especially in cases where small bony frag-
ments are entrapped between the articulating sur-
faces,

[0014] [b] Osleolysis and subsequent aseptic loosen-
ing and instability of the implant as a result of the PE
wear debris,

[0015] [c] Protrusion of the disc from the disc space
due to creep or fatigue related gradual changes in
dimensional characteristics, and

[0016] [d] Difficulty of diagnostic imaging the inter-
veriebral region because of electromagnetic artifacts,
halos and radiographic shadows associated with the
metal end plates.

[0017] The proposed TDI design of the present invention
is gecometrically configured to accommodate a substantially
full and natural range of motion, and, in the preferred form,
is constructed from an alternate ultra-low wear bearing
malterial that restores anatomic function avoids all the draw-
backs of current artificial disc designs.

SUMMARY OF THE INVENTION

[0018] In accordance with the invention, a total disc
implant (TDI) is provided for total replacement of a spinal
disc or discs in a human patient or other mammal, wherein
the TDI is designed to maintain a substantially full range of
natursl motion (ROM) following implantation. In generally,
the TDI comprises upper and lower end plates for affixation
to adjacent vertebral bodies, wherein this pair of end plates
are adapted for accommodating a substantially full and

Jul. 8, 2004

natural range of anterior-posterior (A-P) rotation or flexion,
medial-lateral (M-L) rotation or flexion, and axial rotation.

[0019] Inone preferred form, the TDI generally comprises
the upper and lower end plates for affixation to adjacent
vertebral bodies, in combination with an intervening insert
disposed therebetween. The upper and lower end plates
include elongated and generally convex part-cylindrical
surfaces oriented generally perpendicular to each other, with
onc of said surfaces extending in an anterior-posterior direc-
tion and other extending in a medial-lateral direction. the
intervening insert defines concave upper and lower part-
cylindrical seats oriented generally perpendicular to each
other for respectively engaging these part-cylindrical sur-
faces, but wherein at least one and preferably both of these
part-cylindrical seats are defined by offset radii to include a
somewhat flattened central base region merging smoothly
with upwardly curving radiused sides. With this geometry,
the TDI accommodates a substantially full and natural range
of motion, including anterior-posterior flexion, medial-lat-
eral extension, and a limited range of axial rotation.

[0020] In an alternative form, an elongated and generally
convex part-cylindrical surface is formed on one of the
upper and lower end plates, and a generally convex part-
cylindrical seat detined preferably bv offset radii is formed
on the other of the two end plates. When the upper and lower
end plates are suitably affixed to adjacent vertebral bodices,
the part-cylindrical convex surface is retained in articulating
engagement with the part-cylindrical concave seat, in a
manner permitting a substantially full and natural range of
motion, including anterior-posterior Hexion, medial-lateral
extension, and a limited range of axial rotation,

[0021] Preferred materials include ceramic, with a most
preferred material being sintered silicon nitride (SiyN,), for
the upper and lower end plates and insert, or a biocompatible
metal such as titanium or cobalt-chrome alloy, or a combi-
nation of such ceramic and metal materials. Preferred
ceramic materials for use in a ceramic-ceramic or a ceramic-
metal articulation interface are disclosed in copending U.S.
Ser. No. 10/171,376, filed Jun. 13, 2002, which is incorpo-
rated by reference herein.

[0022] Other features and advantages of the present inven-
tion will become more apparent from the following detailed
description, taken in conjunction with the accompanying
drawings which illustrate, by way of example, the principles
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings illustrate the inven-
tion. In such drawings:

[0024] FIG. 1 is an exploded top perspective view show-
Ing & lotal disc implant constructed in accordance with one
preferred form of the present invention, and illustrating
upper and lower end plates with an insert positioned ther-
ebetween;

[0025] FIG. 2 is a side elevation view of the total disc
implant depicted in FIG. 1;

[0026] FIG. 3 is an enlarged side elevation view of the
Insert;

[0027] FIG. 4 is a top plan view of the total disc implant
of FIG. 1, showing axial rotation;

2%
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FIG. 24 illustrates a second sct of intervertebral spacers of
the invention in a side view.

FIGS. 3a—c illustrale a third embodiment of an interver-
tebral spacer of the invention in side, top and side cutaway
views, respectively.

FIG. 3d illustrates a third set of tapered intervertebral
spacers of the invention in a side

FIGS. 4a—c illustrate a fourth embodiment of an interver-
tebral spacer of the invention in side, top and side cutaway
views, respectively.

FIG. 4d illustrates a fourth set of tapered intervertebral
spacers of the invention in a side

FIG. 5a illustrates a first embodiment of a spacer insertion
tool S00 of the invention in a side view.

FIG. §b is a cutaway view of the insertion tool of FIG. Sa
holding the spacer of FIGS. la—c.

FIGS. 6a-b illustrates an embodiment of a loading acces-
sory for a spacer insertion tool of the invention in side and
top views, respectively.

FIG. 6¢ shows the loading accessory of FIGS. 6a-b in
operation to load the spacer of FIGS. la—c into the spacer
insertion tool of FI1G. Sa.

FIG. 6d shows the loading accessory of FIGS. 6a—b in
operation 1o unload the spacer the spacer insertion tool of
FIG. 5a.

FIG. 7a illustrates another embodiment of a spacer inser-
tion tool of the invention in a side view.

FIG. 7b is a cutaway view of the insertion tool of FIG. 7a
holding the spacer of FIGS. 4a—c.

LGS, 8a-b illustrates yet another embodiment of a spacer
insertion tool of the invention in open and closed side views,
respectively.

FIG. 8¢ is a cutaway view of the insertion tool of FIGS.
8a-b holding the spacer of FIGS. 4a-c.

DETAILED DESCRIPTION OF THE
INVENTION

While the present invention will be described more fully
hercinatter with reference to the accompanying drawings, in
which particular embodiments and methods of implantation
are shown, 1t is 1o be understood at the outset that persons
skilled in the art may modify the invention herein described
while achieving the functions and results of this invention.
Accordingly, the descriptions which follow are to be under-
stood as illustrative and exemplary of specific structures,
aspects and features within the broad scope of the present
invention and not as limiting of such broad scope. Like
numbers refer to similar features of like clements through-
out.

First, the patient spinc is exposed through an anterior
approach (i.e. the surgeon creates an access hole which
permits direct interaction with the anterior and;or anterio-
lateral portion of the intervertebral bodies). In the case of
scoliosis, as well as in other disorders in which the inter-
vertebral space requires distraction and’or repositioning, the
surgeon removes the intervertebral disc material, usually
leaving some portion of the annulus (the cylindrical weave
of fibrous tissue which normally surrounds and constrains
the softer cartilage cushion of the disc material). The sur-
geon then, in succession, inserts a series of Intervertebral
trial spacers of defined width. Each of the series of spacers
1s of a progressively wider thickness, resulting in the con-
tinual widening of the space until restoration of the proper
dise height has been achieved. Proper disc height restoration
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is determined by surgical experience, and by observation of
the annulus. (Often, the tightening of the annulus indicates
that the proper disc height has been reached, inasmuch as the
annulus is much less likely to be distorted by the same
disruption that caused the intervertebral disc to collapse in
the first place.)

More particularly, with respect (o the specific instruments
disclosed herein, a series of solid trial spacer clements and
an instrument for their insertion and removal is now pro-
vided. Each trial spacer is a generally cylindrical disc having
a deep annular groove at its midpoint, which forms a central
trunk and radial flanges at each end of the trunk. Stated
alternatively, two cylindrical upper and lower halves of the
disc are held in a closely coaxial spaced apart association by
the central trunk, which forms a coaxial bridge between the
upper and lower halves. The annular groove is particularly
useful for holding the spacer using the spacer insertion
instrument ot the invention, described below, in that the
holding end of the insertion instrument fits within the
groove.

A variety of features of embodiments of the trial spacer
elements are disclosed. In some embodiments, such as the
first and second c¢mbodiments described below, support
portions (the portions that are in contact with the adjacent
vertebral bodies when the spacer is disposed between the
bodies) of the top and bottom surfaces are parallel. Spacers
having this feature are generally described herein as “con-
stant thickness™ trial spacers. In other embodiments, such as
the third and fourth embodiments described below, the
support portions are not parallel, providing an overall taper
to the spacer at an angle. Spacers having this feature are
gencrally described herein as “tapered thickness™ trial spac-
crs. The tapered thickness trial spacers arc particularly
useful for treating scoliosis, as described below,

Other features of embodiments of the trial spacer ele-
ments include beveled flanges and non-parallel annular
groove walls. More specifically, in some embodiments, such
as the second and fourth embodiments described below, the
flanges are radially beveled in that an outer edge of the top
surface of the disc is tapered toward an outer edge of the
bottom surface of the disc. In other embodiments, such as
the first and third embodiments described below, the flanges
are not radially beveled in this manner. The radial beveling
feature can be particularly useful for easing the insertion of
the spacer in between collapsed vertebral bodies, as
described below. Further, in some embodiments, such as the
first and third embodiments deseribed below, the walls of the
annular groove are parallel, such that the floor of the groove
is as wide as the opening of the groove. In other
embodiments, such as the second and fourth embodiments
described below, the walls of the annular groove are tapered
toward one another with the increasing depth of the groove,
such that the floor of the groove is narrower than the opening
of the groove. Each type of annular groove is useful,
depending on the particular surgical application and on the
particular embodiment of the spacer insertion instrument
that is used to insert the spacer.

Collections of trial spacer elements are provided by the
invention. Preferably, each spacer in a particular set main-
tains the same diameter as the other spacers in the set. (it
shall be understood that ditferent collections of spacers may
be provided such that the diameter of the selected collection
of wrial spacers is appropriate for the specific palient being
treated. or example, the diameters of the trial spacers in a
collection that is suitable for use with pediatric patients
would be smaller than the diameters of the trial spacers in 4
collection that js suitable for use with adult paticnts.) Also
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preterably, cach spacer in a particular set has a predeter-
mined depth that differs from the depth of the other spacers
in the set. The predetermined depth is provided in that while
cach spacer in the set shares the same annular groove
dimensions (so that cach can be held by the same insertion
instrument), each spacer has a different flange thickness (in
sets where the spacers are constant thickness spacers). For
scts of tapered thickness spacers, the predetermined maxi-
mum depth and predetermined minimum depth (the two
depths providing the overall taper) are provided in that while
each spacer in the set shares the same annular groove
dimensions (so that each can be held by the same insertion
instrument), each spacer has a different maximum flange
thickness and a different minimum flange thickness. Pref-
erably in sets of tapered thickness spacers, the overall taper
angle is the same for each spacer in the set. The usefulness
of providing sets of spacers similar in most respects except
for the depth dimension will be described in greater detail
below.

Reterring now to FIGS. la—c, a first embodiment of an
intervertebral trial spacer 100 of the invention is illustrated
in side, top and side cutaway views, respectively, The spacer
100 is a cylindrical dise with an annular groove 102 that
forms a central trunk 103 and radial flanges 104,106 at each
end of the trunk 102, Tn this embodiment, support portions
108,110 of the top and bottom surfaces 112,114 of the disc
are parallel. F'urther in this embodiment, the walls 120,122
of the annular groove 102 arc parallel, such that the loor 124
of the groove 102 is as wide as the opening 126 of the groove
102. Further in this embodiment, the spacer 100 has a central
bore 128,

Referring now to FIG. 1d, a set of intervertebral spacers
100a-! of the invention are illustrated in a side view. Each
spacer 100a-/ is formed generally similarly to the interver-
tebral spacer 100 of FIGS. la—c, except that each spacer
1000~/ has a predetermined depth (denoted by the preferred
dimension identified adjacent cach spacer) provided in that
while cach spacer 1004/ shares the same annular groove
dimensions as the other spacers, ¢ach spacer 100a-7 has a
different flange thickness dimension. For example, the
flanges 1041,1061 are thicker than the flanges 1044,1064.

Referring now to FIGS. 24—¢, a second embodiment of an
interveriebral spacer 200 of the invention is illustrated in
side, top and side cutaway views, respectively. Similarly to
the spacer 100, the spacer 200 is a cylindrical disc with an
annular groove 202 that forms a central trunk 263 and radial
flanges 204,206 at each end of the trunk 202. However, in
this embodiment, the flanges 204,206 are radially tapered in
that support portions 208,210 of the top and bottom surfaces
212,214 of the disc are parallel, while an outer edge 216 of
the top surface 212 is tapered toward an outer edge 218 of
the bottom surface 214, Further in this embodiment, in
contrast to the spacer 100, the walls 220,222 of the annular
aroove 202 are tapered toward one another with the increas-
ing depth of the groove 202, such that the floor 224 of the

groove 202 is more narrow than the opening 226 of the :

groove. Further in this embodiment, the spacer 200 has a
central bore 228.

Reterring now to FIG. 24, a set of intervertebral spacers
20041 of the invention are illustrated in a side view. Lach
spacer 200a—/ is formed generally similarly to the interver-
tebral spacer 200 of FIGS. 2a—c, except that cach spacer
200a-/ has a predetermined depth (denoted by the preferred
dimension identified adjacent each spacer) provided in that
while each spacer 200a—/ shares the same annular groove
dimensions as the other spacers, each spacer 2000/ has a
different tlange thickness dimension. For example, the
Hlanges 2041,2061 arc thicker than the tlanges 2044,2064.
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With regard to the instrument for the insertion and
removal of the trial spacer elements, a first embodiment
(particularly useful for inserting constant thickness trial
spacers) of a spacer insertion tool includes an clongated
shaft and a handle at one end of the shaft. The distal end of
the shaft includes semi-circular hook that is adapted to hold
a trial spacer within an enclosure formed by the hook. The
angle swept out by the hook is slightly greater than 180
degrees, but the inner diameter of the hook is only slightly
larger than the central trunk of the trial spacer. Therefore, the
trial spacer may be snapped into the enclosure, but maintains
complete rotational freedom within its grasp. A loading tool
may be provided to assist in the loading and unloading of the
trial spacer from the trial spacer insertion instrument of this
embodiment. This loading tool comprises a forked hook
having two tines separated by a notch that engages the shaft
of the insertion tool as the tines engage the flanges of the trial
spacer, to force the trial spacer into the enclosure. Alterna-
tively and/or additionally, the same device may be utilized
to remove the spacer from the enclosure, by reversing the
position of the forked hook relative to the insertion ool and
the spacer.

Referring now to FIG. 8a, a first embodiment of a spacer
inscrtion tool 500 of the invention is illustrated in a side
view. The insertion tool 500 includes an elongated shaft 502
and a handle 503 at one end of the shaft 502. At the other end
of the shaft 502, the insertion tool S00 includes a scmi-
circular hook 504 that is adapted to hold an intervertebral
spacer of the invention within an enclosure 506 ol the hook
504. The central trunk of the spacer can be snapped into the
enclosure 506 of the hook 504 so that the extent of the hook
504 fits loosely within the annular groove of the spacer and
is flanked by the flanges of the spacer. The central trunk of
the spacer can also be snapped out of the enclosure 506.

In this regard, the hook 504 has an opening 508 that
temporarily expands when the central trunk of the spacer is
forced through the opening 508. That is, the outer diameter
of the central trunk is greater than the width of the opening
508, so that the central trunk cannot pass through the
opening 508 without force. The application of a force
sufficient to cause the opening 508 to expand when con-
fronted with the central trunk causes the central trunk to pass
through the opening 508. After the central trunk has cleared
the opening 508, the opening 508 will contract. The tem-
porary expansion in this embodiment is provided by the
hook 504 being formed of a material having a low clasticity
and the hook 504 being provided with a stress notch 510 on
the extent (preferably located opposite the opening S08 for
maximum efficiency) to ease the expansion.

Once the spacer is loaded into the enclosure, the opening
508, having contracted back to its resting width, prevents the
central trunk from cxiting the enclosure radially through the
opening, because, as stated above, the outer diameter of the
central trunk is greater than the width of the opening 508.
lFurther, by flanking the extent of the hook 504, the flanges
of the spacer prevent the spacer from exiting the enclosure
laterally. The hook 504 therefore holds the spacer loosely in
the enclosure so that the spacer can rotate about the cylin-
drical axis of the central trunk while being held by the hook
504.

Referring now to FIG. 5b, a cutaway view of the insertion
tool 500 of FIG. 5S4 holding the spacer 100 of FIGS. 1la—
shows the extent of the hook 504 in cross-section and fitting
within the annular groove of the spacer. It can be seen that
to enable the spacer 100 to be loosely held in the enclosure,
the width of the extent is smaller than the width of the
annular groove, and the depth of the cxtent is less than the
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