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A method for replacing a damaged spinal disc (10) between first and second vertebrae of a spinal column includes connecting a
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(57) Abrege(suite)/Abstract(continued):

second vertebrae and into engagement with the first mounting member (100) to guide the artificial disc into position between the
first and second vertebrae. The artificial disc includes a resilient core (90) having a first surface and a second surface, a first
retaining member (20) connected to the first surface of the resilient core (90), and a second retaining member (60) connected to
the second surface of the resilient core (90). The first retaining member (20) has an outer surface engageable with a first vertebra
of the spinal column and an Iinner surface facing the first surface of the resilient core (90). The second retaining member (60) has
an outer surface engageable with the second vertebra of the spinal column and an inner surface facing the second surface of the
resilient core (90). An apparatus for replacing a damaged spinal disc In a spinal column includes a first retaining device (20)
connected to the first surface of the resilient core (90). A second retaining device (60) Is connected to the second surface of the
resilient core (90). The second retaining device (60) has an outer surface engageable with a second vertebra and an inner surface
facing the second surface of the resilient core (90). The inner surface of the first retaining device Is spaced from the core (90). The
core (90) deflects into engagement with the inner surface of the first retaining device (20) upon relative movement between the first
and second retaining devices (20&60).
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(57) Abstract: A method for replacing
a damaged spinal disc (10) between first
and second vertebrae of a spinal column
includes connecting a first mounting
member (100) with the first vertebra
of the spinal column. An artificial disc
(10) i1s moved between the first and
second vertebrae and into engagement
with the first mounting member (100)
to guide the artificial disc into position
between the first and second vertebrae.
The artificial disc includes a resilient
core (90) having a first surface and a

26

second surface, a first retaining member

(20) connected to the first surface of the

resilient core (90), and a second retaining

member (60) connected to the second
surface of the resilient core (90). The
first retaining member (20) has an outer
surface engageable with a first vertebra
of the spinal column and an inner surface
facing the first surface of the resilient
core (90). The second retaining member
(60) has an outer surface engageable

& with the second vertebra of the spinal column and an inner surface facing the second surface of the resilient core (90). An apparatus
& for replacing a damaged spinal disc in a spinal column includes a first retaining device (20) connected to the first surface of the
P g ged sp P g

N rcsilient core (90). A second retaining device (60) is connected to the second surface of the resilient core (90). The second retaining
device (60) has an outer surface engageable with a second vertebra and an inner surface facing the second surface of the resilient
core (90). The inner surface of the first retaining device is spaced from the core (90). The core (90) deflects into engagement with
the inner surface of the first retaining device (20) upon relative movement between the first and second retaining devices (20&60).

O
=




CA 02549101 2006-06-09

WO 2005/058194 A3

SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

(88) Date of publication of the international search report:
19 January 2006

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



CA 02549101 2006-06-09

WO 2005/058194 PCT/US2004/041402

10

15

METHOD AND APPARATUS FOR
REPLACING A DAMAGED SPINAL DISC

Field of Invention

The present invention relates to a method and an apparatus for replacing a
damaged spinal disc in a spinal column, and more specifically, to an apparatus

having a resilient core for replacing a damaged spinal disc 1n a spinal column.

Background of the Invention

A known artificial disc member 1s disclosed in U.S. Patent No. 5,370,697.
U.S. Patent No. 5,370,697 discloses an artificial disc having upper and lower
supports connected to adjacent vertebrae and an elastic separator. The separator
has cover plates connected to opposite sides of an elastic core. The separator is a
separate insert part that may be inserted between the upper and lower supports after
the supports are connected to the vertebrae. The separator does not engage the
vertebrae.

A known disc prosthesis is disclosed in U.S. Patent No. 6,419,706. U.S.
Patent No. 6,419,706 discloses a prosthesis having an elastic core and casings
attached to the core. The casings engage vertebrae and partially cover the core.
Each of the casings has flaps and skirts that extend toward the opposite casing.
The flaps and skirts are spaced from the core when the prosthesis is an
uncompressed condition. The core engages the flaps and skirts upon maximum

compression of the prosthesis.
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Summary of the Invention

A method for replacing a damaged spinal disc between first and second
vertebrae of a spinal column includes connecting a first mounting member with the
first vertebra of the spinal column. An artificial disc is moved between the first
and second vertebrae and into engagement with the first mounting member to
guide the artificial disc into position between the first and second vertebrae. The
artificial disc includes a resilient core having a first surface and a second surface, a
first retaining member connected to the first surface of the resilient core, and a
second retaining member connected to the second surface of the resilient core. The
first retaining member has an outer surface engageable with a first vertebra of the
spinal column and an inner surface facing the first surface of the resilient core.

The second retaining member has an outer surface engageable with the second
vertebra of the spinal column and an inner surface facing the second surface of the
resilient core.

An apparatus for replacing a damaged spinal disc in a spinal column of the
present invention includes the artificial disc and the first mounting member
connectable with the first vertebra and the artificial disc to position the artificial
disc between the first and second vertebrae. The first mounting member 1s
engageable with the artificial disc after being connected to the first vertebra to
guide movement of the artificial disc into position between the first and second
vertebrae.

In accordance with another aspect of the apparatus, a first retaining device
‘o connected to the first surface of the resilient core. The first retaining device has
an outer surface engageable with a first vertebra of the spinal column. and an mner
surface facing the first surface of the resilient core. A second retaining device 1s
connected to the second surface of the resilient core. The second retaining device
has an outer surface engageable with a second vertebra of the spinal column and an
inner surface facing the second surface of the resilient core. The inner surface ot
the first retaining device is spaced from the core. The core detlects into

engagement with the inner surface of the first retaining device upon relative

movement between the first and second retaining devices.
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In accordance with another aspect, there is
provided an apparatus for replacing a damaged spilinal disc 1n
a spinal column, said apparatus comprising: an artificial
disc, said artificial disc i1ncluding a resilient core having
a first surface and a second surface, a first retaining
mempber connected to said first surface of said resilient
core, and a second retalning member connected to said second
surface of said resilient core, sald first retaining member
having an outer surface engageable with a first vertebra of
the spinal column and an inner surface facing said first

surface of said resilient core, said second retaining member

having an outer surface engageable with a second vertebra of
the spinal column and an inner surface facing said second
surface of said resilient core; and a first mounting member
connectable with the first vertebra and said artificial disc
to position said artificial disc between the first and
second vertebrae, sailid first mounting member being
engageable with said artificial disc after being connected
to the first vertebra to guide movement of said artificial

disc into position between the first and second vertebrae.

In accordance with another aspect, there 1is

provided an apparatus for replacing a damaged spinal disc in

a spinal column, said apparatus comprising: a resilient core
having a first surface and a second surface; a first
retaining device connected to said first surface of said
resilient core, saild first retaining device having an outer
surface engageable with a first vertebra of the spinal
column and an inner surface facing said first surface of
salid reslilient core; and a second retaining device connected
to said second surface of said resilient core, said second

retaining device having an outer surface engageable with a

second vertebra of the spinal column and an inner surface

facing said second surface of said resilient core; said
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inner surface of said first retaining device being spaced
from said core, said core deflecting into engagement with
sald inner surface of said first retaining device upon

relative movement between said first and second retaining

devices.
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Brief Description of the Drawings

The foregoing and other features of the present invention will become
apparent to one skilled in the art to which the present invention relates upon
consideration of the following description of the invention with reference to the

5 accompanying drawings, in which:

Fig. 1 is a pictorial view of an apparatus to replace a damaged spinal disc
constructed in accordance with the present invention,;

Fig. 2 is a sectional view of the apparatus of
Fig. 1;

10 Fig. 3 is a pictorial view of an artificial disc of the apparatus of Fig. 1;

Fig. 4 is a schematic top view of the artificial disc of Fig. 3;

Fig. 5 is a pictorial view of a mounting member of the apparatus of Fig. 1;

Fig. 6 is a schematic sectional view of the apparatus of Fig. 1 between
adjacent vertebrae of a human spinal column;

15 Fig. 7 is a schematic sectional view of the apparatus of Fig. 1 between
adjacent vertebrae of the spinal column showing the spinal column in compression;

Fig. 8 is a schematic side view of an actuator for use in connecting
mounting members shown in Fig. 5 to adjacent vertebrae;

Fig. 9 is a pictorial view of insertion members for use with the actuator of

20 Fig. 8 to connect the mounting members to adjacent vertebrae of the spinal
column;

Fig. 10 is a pictorial view of one of the insertion members of Fig. 9;

Fig. 11 is a schematic side view of the insertion member of Fig. 10;

Fig. 12 is a schematic top view of the insertion member of Fig. 10;

235 Fig. 13 is a sectional view of a portion of the insertion member taken along
the line 13-13 in Fig. 12;

Fig. 14 is a pictorial view of a slider connectable to one of the insertion
members of Fig. 9;

Fig. 15 is a pictorial view of a spring member for connecting the mounting

30 member to one of the insertion members of Fig. 9;
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Fig. 16 is a pictorial view of a surgical tool for use in inserting the artificial
disc of Fig. 2 between the adjacent vertebrae; and

Fig. 17 is an enlarged view of a portion of the surgical tool of Fig. 16.

Description of the Invention

d The present invention relates to an apparatus or prosthesis to replace a
damaged or degenerated spinal disc in a spinal column of a human. Figs. 1-7
illustrate an apparatus or prosthesis 10 to replace a damaged or degenerated spinal
disc in a spinal column. The apparatus 10 (Fig. 6) is used to replace a damaged
spinal disc between adjacent upper and lower vertebrae 12 and 14 of a human

10 spinal column 16. The apparatus 10 (Figs. 17) includes an artificial disc 18 and
mounting members 100 that help connect the disc 18 to the adjacent vertebrae 12
and 14. The mounting members 100 also help position the disc 18 relative to the
vertebrae 12 and 14.

The apparatus 10 (Fig. 1) includes an upper or first retaining device 20, a

15 lower or second retaining device 60 and a resilient core 90 interposed between and
adhered to the retaining devices. The upper and lower retaining devices 20 and 60
are identical to each other and include mounting members 100. The apparatus 10
is symmetrical about a horizontally extending plane A (Fig. 3). The terms “upper”
and “lower” are used herein with reference to the orientation of the apparatus 10

20 when in the human body, as illustrated in Fig. 6, to distinguish the two identical
retaining devices for reference purposes.

The upper retaining device 20 includes an upper or first retamning ring or
member 21 and a mounting member 100. The artificial disc 18 includes the upper
retaining member 21. The upper retaining member 21 is rigid and made of a

235 biocompatible material such as a biocompatible metal or polymer. It 1s
contemplated that the upper retaining member 21 could be made of a titanium
alloy. The upper retaining member 21 has an outer surface 22 engageable with the
vertebra 12. An inner concave surface 24 of the upper retaining member 21 1s
affixed or bonded to the resilient core 90. It is contemplated that the imnner

30 surface 24 may have beads (not shown) sintered on the inner surface or a texture
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(not shown) etched onto the inner surface to help connect the upper retaining
member 21 to the core 90.

A plurality of guides or ribs 26 (Figs. 3-4) and a central r1b 28 extend from
the outer surface 22. Although the upper retaining member 21 is shown as having
four ribs 26, it is contemplated that the upper retaining member may have any
number of ribs 26. The ribs 26 engage the vertebra 12, as shown 1n Figs. 6-7, to
retain the apparatus 10 in position between the vertebrae 12 and 14. The outer
surface 22 may also have beads (not shown) sintered on the outer surface or a
texture (not shown) etched onto the outer surface to further retain the apparatus 10
between the vertebrae 12 and 14.

The ribs 26 (Figs. 1-4) extend generally parallel to each otlléi: from a
proximal side 30 of the disc 18 to an anterior side 32 of the disc. The central r1b 238
extends from the anterior side 32 of the disc 18 to an axially extending circular
opening 36 in the upper retaining member 21. Tt is contemplated that the ribs 26
and 28 may extend in any desired direction. The direction in which the ribs 26
and 28 extend is determined by the direction of insertion of the disc 18.

The axially extending opening 36 (Figs. 2-4) extends through the outer
surface 22 and the inner surface 24 of the upper retaining member 21. The upper
retaining member 21 has a frustoconical surface 37 at least partially defining the
opening 36. An upper portion of the opening 36 has a first diameter and a lower
portion of the opening has a second diameter smaller than the first diameter. The
opening 36 is centrally loocated between two of the ribs 26. Accordingly, there 1s
no rib extending from the proximal side 30 of the disc 18 to the opening 30.
Although the opening 36 is shown as being circular, it is contemplated that the
opening may have any desired shape.

A flange portion 38 extends from the upper retaining member 21 on the
antérior side 32 of the disc 18. The flange portion 38 has a recess 40 adjacent the
central rib 28. The recess 40 is defined by a bottom surface 42 and side
surfaces 44 and 46 extending upwardly from the bottom surface 42. An oval
shaped slot 48 extends through the bottom surface 42 of the flange portion 38. The
slot 48 extends in a direction transverse to the direction in which the 11b 28

extends.
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The inner concave surface 24 (Fig. 2) of the upper retaining member 21 1s
affixed or bonded to the resilient core 90. The upper retaining member 21 includes
a peripheral flange portion 50 extending toward the lower retaining device 60. The
flange 50 encircles the core 90. The flange 50 has a radially inner surface 52

facing the core 90. The surface 52 extends radially outwardly from the concave

surface 24 and toward the lower retaining device 60. The surface 52 on the
flange 50 is spaced from the core 90, as shown in Fig. 6, until a predetermined load
is applied to the apparatus 10.

The core 90 deflects toward the surface 52 on the flange 90 when a load is
applied to the apparatus 10 to move the upper and lower retaining devices 20
and 60 relative to each other. When the predetermined load is applied to the
apparatus 10, as shown in Fig. 7, the core 90 deflects mto engagement with the
surface 52 on the flange 50. When the core 90 engages the flange 50, the core
stiffens since further deflection of the core is restricted by the flange 50.

The surface 52 of the flange 50 may have any desired configuration. The
surface 52 may have a first portion that extends closer to the core 90 than a second
portion so that the core engages the first portion of the surface 52 prior to engaging
the second portion of the surface 52. Accordingly, the core 90 may engage
different portions of the surface 52 as different loads are applied to the
apparatus 10 to vary the stiffness of the core at the ditierent loads.

It is contemplated that the retaining member 21 may have an mner surface
(not shown) extending from the concave inner surface 24 to the opening 36 and
spaced from the core 90 until a predetermined load 1s applied to the apparatus 10.
When the predetermined load is applied to the apparatus 10, the core 90 deflects
into engagement with the inner surface (not shown) extending from the concave
surface 24 to the opening 36. When the core 90 engages the inner surface
extending from the concave surface 24 to the opening 36, the core stiffens since
further deflection of the core is restricted by the retaining member 21.

The lower retaining device 60 (Figs. 1-2) is identical in configuration to the
upper retaining device 20. The lower retaining device 60 includes a lower or
second retaining member or ring 61 and a mounting member 100. The disc 18

includes the lower retaining member 61. The lower retaining member 61 1s
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identical to the upper retaining member 21. Accordingly, the lower retaining
member 61 will not be described in detail. The lower retaining member 61 1s rigid
and made from the same material as the upper retaining member 21, such as a
titanium alloy. The lower retaining member 61 has an outer surface 62 engageable
with the vertebra 14. An inner concave surface 64 of the lower retaining

member 61 is affixed or bonded to the resilient core 90. It is contemplated that the
inner surface 64 may have beads (not shown) sintered on the mner surface or a
texture (not shown) etched onto the inner surface to help connect the lower
retaining member 61 to the core 90.

A plurality of guides or ribs 66 (Figs. 2 and 3) and a central rib 68 extend
from the outer surface 62. The lower retaining member 61 may have any number
of ribs 66. The ribs 66 engage the vertebra 14, as shown in Figs. 6 and 7, to retain
the apparatus 10 in position between the vertebrae 12 and 14. The outer surface 02
may also have beads (not shown) sintered on the outer surface or a texture (not
shown) etched onto the outer surface to further retain the apparatus 10 between the
vertebrae 12 and 14.

The ribs 66 extend generally parallel to each other from the proximal
side 30 of the disc 18 to the anterior side 32. The central rib 68 (Fig. 2) extends
from the anterior side 32 to an axially extending circular opening 70 in the lower
retaining member 61. It is contemplated that the 11bs 66 and 68 may extend 1n any
desired direction. The direction in which the ribs 66 and 68 extend is determined
by the direction of insertion of the disc 18.

The axially extending opening 70 (Fig. 2) extends throu gh the outer
surface 62 and the inner surface 64 of the upper retaining member 61. The lower
retaining member 61 has a frustoconical surface 71 at least partially defining the
opening 70. A lower portion of the opening 70 has a first diameter and an upper
portion of the opening has a second diameter smaller than the first diameter. The
opening 70 is centrally located between two of the ribs 66. Accordingly, there 1s
no rib extending from the proximal side 30 of the disc 18 to the opening 70.
Although the opening 70 is described as being circular, 1t 1s contemplated that the

opening may have any desired shape.




10

15

20

235

30

CA 02549101 2006-06-09

WO 2005/058194 PCT/US2004/041402

_8-

A flange portion 72 extends from the lower retaining member 61 on the
anterior side 32 of the disc 18. The flange portion 72 has a recess 74 adjacent the
central rib 68. The recess 74 is defined by an upper surface 76 and side
surfaces 78 and 80 extending downwardly from the upper surface 76. An oval
shaped slot 82 extends through the upper surface 76 of the flange portion 72. The
slot 82 extends in a direction transverse to the direction in which the central rib 68
extends.

The inner concave surface 64 (Fig. 2) of the lower retaining member 61 is
+ffixed or bonded to the resilient core 90. The lower retaining member 61 includes
a peripheral flange portion 84 extending toward the upper retaining device 20. The
flange 84 encircles the core 90. The flange 84 has a radially inner surface 86
facing the core 90. The surface 86 extends radially outwardly from the concave
surface 64 and toward the upper retaining device 20. The surface 86 on the
flange 84 is spaced from the core 90, as shown in Fig. 6, until a predetermined load
is applied to the apparatus 10.

The core 90 deflects toward the surface 86 on the flange 84 when a load 1s
applied to the apparatus 10 to move the upper and lower retaining devices 20
and 60 relative to each other. When a predetermined load is applied to the
apparatus 10, as shown in Fig. 7, the core 90 detlects into engagement with the
surface 86 on the flange 84. When the core 90 engages the flange 84, the core
stiffens since further deflection of the core is restricted by the flange 84.

The surface 86 of the flange 84 may have any desired configuration. The
surface 86 may have a first portion that extends closer to the core 90 than a second
portion so that the core engages the first portion of the surface 86 prior to engaging
the second portion of the surface 86. Accordingly, the core 90 may engage
different portions of the surface 86 as different loads are applied to the
apparatus 10 to vary the stiffness of the core at different loads. It 1s also
contemplated that the flange 84 on the lower retaining member 61 may engage the
flange 50 on the upper retaining member 21 when a predetermined load 1s applied
to the apparatus 10.

It is contemplated that the retaining member 61 may have an inner surface

(not shown) extending from the concave inner surface 64 to the opening 70 and
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spaced from the core 90 until a predetermined load is applied to the apparatus 10.
When the predetermined load is applied to the apparatus 10, the core 50 deflects
into engagement with the inner surface (not shown) extending from the concave
surface 64 to the opening 70. When the core 90 engages the mner surface
extending from the concave surface 64 to the opening 70, the core stiffens since
further deflection of the core is restricted by the retaining member 61.

The resilient core 90 is one-piece and may be made of a urethane silicone
blend manufactured by the Polymer Technology Group located Berkley,
California. The resilient core 90 may be adhered or bonded to the upper and lower
retaining members 21 and 61 in any manner known in the art. It is contemplated
that the resilient core 90 could be insert molded, transfer molded or my ection
molded between the upper and lower retaining members 21 and 61. The core 90
may be molded between the upper and lower retaining members 21 and 61 by
injecting the material for the core through one of the openings 36 or 70 in the
upper and lower retaining members.

The resilient core 90 may be made of a polymer that 1s a silicone-
polycarbonate-urethane copolymer by the name of CarboSil"™™ manufactured by
the Polymer Technology Group located 1n Berkley, California. The resilient
core 90 is prepared through a multi-step bulk synthesis during which
polydimethylsiloxane is incorporated into the polymer soft segment with aliphatic,
hydroxyl-terminated polycarbonate oligomers. The hard segment consists of an
aromatic diisocyanate with a low molecular weight glycol chain extender. The
copolymer chains are terminated with silicone.

The material of the resilient core 90 combines the biocompatibility and
biostability of silicone elastomers with the processibility and toughness of
thermoplastic urethane elastomers. The material of the resilient core 90 has a
relatively high hard segment content that softens significantly upon reaching
equilibrium with the body of a patient. The relevant equilibrium involves thermal
equilibrium with the body at approximately 3 7°C and equilibriﬁm water and solute
uptake by the polymer after being implanted in the body. The material of the
resilient core 90 has a decreased modulus at 37°C compared to that at room

temperature. Accordingly, the higher durometer polymer can be used for 1its
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biostability, since conditions in the human body lower the modulus of the polymer
to the desired range of compressive stifiness.

The resilient core 90 is wedge shaped. The upper retaining member 21 1s
spaced from the lower retaining member 61 a first distance adjacent the proximal
side 30 of the disc 18. The upper retaining member 21 is spaced from the lower
retaining member 61 a second distance greater than the first distance adjacent the
anterior side 32 of the disc 18. It is contemplated that the upper retaining
member 21 may be spaced from the lower retaining member 61 by any desired
distances.

The core 90 has an upper or first convex surface 92. The upper convex
surface 92 is affixed to the concave inner surface 24 of the upper retaining
member 21. A lower or second convex surface 94 is affixed to the concave mner
surface 64 of the lower retaining member 01.

The core 90 includes a radially outer surface 96. Arcuate transition
surfaces 98 extend between the radially outer surface 96 and the upper and lower
surfaces 92 and 94. The radially outer surface 96 is spaced from the flanges 50
and 84 on the upper and lower retaining members 21 and 61 until the
predetermined load is applied to the apparatus 10.

The peripheral surface 96 and the transition surfaces 98 may have any
desired configuration. The surfaces 96 and 98 may have first portions that extend
closer to the flanges 50 and 84 than second portions so that the first portions
engage the flanges 50 and 84 prior to the second portions. Accordingly, the
different portions of the surfaces 96 and 98 may engage the flanges 50 and 84 as
different loads are applied to the apparatus 10 to vary the stiffness of the core 90 at
different loads.

Each of the retaining devices 20 and 60 (Figs. 1-7) includes a mounting
member 100 to help connect the disc 18 to the vertebrae 12 and 14. The mounting
members 100 also help position the disc 18 between the vertebrae 12 and 14. The
mounting members 100 (Fig. 6) extend into the openings 36 and 70 in the retaining
members 21 and 61 when the apparatus 10 is connected to the vertebrae 12 and 14.
The disc 18 is inserted between the vertebrae 12 and 14 after the mounting

members 100 are connected to the vertebrae. The ribs or guides 26 and 66 on
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opposite sides of the openings 36 and 70 of the disc 18 engage the mounting
members 100 to guide the disc into a desired position between the vertebrae 12
and 14. The mounting members 100 are identical to each other. Accordingly, only
one mounting member 100 will be described in detail.
> The mounting member 100 (Fig. 5) is rigid and made of a biocompatible
material such as a biocompatible metal or polymer. It is contemplated that the
mounting member 100 could be made of a titanium alloy. The mounting
member 100 has an outer surface 102 that faces the vertebra. An mner concave
surface 104 of the mounting member 100 faces the resilient core 90. The inner
10 concave surface 104 of the mounting member 100 of the upper retaining device 20
faces the upper surface 92 of the core 90. The mner concave surface 104 of the
mounting member 100 of the lower retaining device 60 faces the lower surface 94
of the core 90.
The resilient core 90 deflects toward the concave surfaces 104 when a load
15 is applied to the apparatus 10 to move the upper and lower retaining devices 20
and 60 relative to each other. The core 90 deflects into the openings 36 and 70 n
the upper and lower retaining members 21 and 61 and into engagement with the
concave surfaces 104 when the spine 16 is subject to a predetermined load, as
shown in Fig. 7. When the core 90 engages the surfaces 104 of the mounting
20 members 100, the resilient core stiffens since further deflection of the core toward
the retaining devices 20 and 60 is restricted. It is contemplated that the retaining
member 100 may have an axially extending opening to permit the escape of gas
from between the core 90 and the mounting member.
The surfaces 104 of the mounting member 100 may have any desired
25 configuration. The core 90 may engage different portions of the surfaces 104 as
different loads are applied to the apparatus 10 to vary the stiffness of the core 90 at
different loads. It is also contemplated that the surface 104 of the mounting
member 100 of the retaining device 20 may have a different configuration than the
surface 104 of the mounting member 100 of the retaining device 61.
30 Projections 106 extend from the outer surface 102 ot the mounting
member 100. The projections 106 engage the vertebrae 12 and 14 to help retain
the apparatus 10 in position between the vertebra 12 and 14. Although the
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mounting member 100 is shown having four projections 100, it 1s contemplated

that the mounting member may have any number of projections. It 1s contemplated

that the projections 106 may have any desired shapes, sizes, and/or tip

configurations. The projections 106 may include passages for bone ingrowth, have
5 barbs, and/or have hooks.

The mounting member 100 includes a circular body 110 from which the
projections 106 extend. Although the body 110 of the mounting member 100 1s
shown as being circular, it is contemplated that the body 110 may have any desired
configuration that permits the mounting member 100 to slide into the openings 36

10 and 70 1n the disc 18.

The body 110 of the mounting member 100 has a radially outer
frustoconical surface 112. A rounded transition surface 113 extends from the
radially outer surface 112 to the concave surface 104. The body 110 has a first
diameter adjacent the outer surface 102 and a second diameter adjacent the

15 transition surface 113 that is smaller than the first diameter. The radially outer
surfaces 112 and/or the transition surfaces 113 of the mounting members 100
engage the 1ibs or guides 26 and 66 on the retaining members 21 and 61 to guide
movement of the disc 18 in a first posterior direction relative to the mounting
members and the vertebrae 12 and 14. The central ribs 28 and 68 on the upper and

20 lower retaining members 21 and 61 act as stops to prevent movement of the disc 18
in the first direction after the disc has been inserted to a desired depth. The central
ribs 28 and 68 engage the radially outer surfaces 112 and/or the transition
surfaces 113 on the mounting member 100. When the central ribs 28 and 68
engage the mounting members 100, the radially outer surfaces 112 and/or the

25 transition surfaces 113 guide relative movement between the mounting members
and the retaining members 21 and 61 in second directions extending transverse to
the first directions so that the mounting members move into the openings 36
and 70 in the disc 18.

The radially outer frustoconical surfaces 112 on the mounting members 100

30 engage the frustoconical surfaces 37 and 71 on the upper and lower retaining
members 21 and 61 when the mounting members are in the openings 36 and 70 1n

the disc 18. The engagement of the surfaces 112 with the surfaces 37 and 71
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creates interference fits between the mounting members 100 and the disc 18.
Accordingly, the disc 18 is prevented from moving relative to the mounting
members 100.

The radially outer surface 112 has four recesses 114, two of which are
shown in Fig. 5. The recesses 114 are located at 90° relative to each other.
Although the mounting member 100 1s described as having four recesses 114, it 1s
contemplated that the mounting member 100 may have any number of recesses.

The mounting members 100 may be connected to the vertebrae 12 and 14
using a surgical tool that includes an actuator 120 and a pair of insertion
members 140 (Figs. 8 and 9). The mounting members 100 are connected to the
members 140 and the actuator 120 moves the members away from each other to
connect the mounting members to the vertebrae. The actuator 120 (Fig. 8) may be
a modular spine distractor manufactured by Friedrich GmbH of Solingen, Germany
to which the members 140 are connected. The actuator 120 1s known 1n the art and
will not be described in detail.

The actuator 120 includes a pair of actuation handles 122 and a pair of
separators 124 that are connectable to the members 140. The handles 122 are
connected to the separators 124 by a linkage system 126. Upon movement of the
handles 122 toward each other, the linkage system 126 causes the separators 124 to
move away from each other. The actuator 120 also includes a locking
mechanism 128 for locking the séparators 124 at a desired distance from each
other.

The insertion members 140 (Figs. 9-13) are connectable to the
separators 124. The members 140 are 1dentical to each other. Accordingly, only
one member 140 will be described 1n detail.

The member 140 includes a connecting end 144 that 1s insertable into an
opening (not shown) in one of the separators 124 of the actuator 120. The end 144
includes a pair of projections 146. The projections 146 (Fig. 12) extend generally
parallel to each other and define a channel 148 between them. The end 144 1s
inserted into the opening (not shown) in the separator 124 of the actuator 120 to
connect the member 140 to the actuator in a known manner. The member 140 may

be removed from the separator 124 in a known manner. It is contemplated that the
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end 144 of the member 140 hay have any desired configuration to connect the

member to a desired actuator.

The projections 146 (Figs. 9-12) extend from a first end 150 of a central
body 152 of the member 140. The central body 152 has an upper surface 154 and

‘)

a parallel lower surface 156 extending from the first end 150 to a second end 158
of the central body. The projections 146 extend at an angle to the surfaces 154
and 156. It 1s contemplated that the projections 146 may extend at any desired
angle to the surfaces 154 and 156. The upper surface 154 has a scalloped

recess 164.

Side surfaces 160 and 162 extend from the upper surface 154 to the lower
surface 156. A pair of longitudinally extending grooves 166 (Fig. 10) located 1n
the side surfaces 160 and 162 extend along the body 152. The grooves 166 extend
from the first end 150 to the second end 158.

A slider 168 (Figs. 9 and 14) may be connected to the body 152 of the
member 140. The shder 168 engages one of the vertebrae 12 and 14 to prevent
further msertion of the mounting members 100 1n the proximal direction between
the vertebrae. The slider 168 includes a main body portion 170 with a threaded
opening 172. A pair of flanges 174 extend downwardly from the body
portion 170. The flanges 174 (Fig. 14) extend generally parallel to each other and
include portions 176 extending toward each other. The portions 176 are recerved
in the grooves 166 1 the body 152 of the member 140. The slider 168 mcludes a
vertically extending groove 178 i a surface 179 that faces away from the
connecting end 144 of the member 140.

The slider 168 may be moved relative the body 152 toward and away from
the end 144 of the member 140. A set screw (not shown) 1s threaded into the
opening 172 and extends into the scalloped recess 164 to prevent movement of the
slider 168 relative to the body 152. The scalloped recess 164 defines a plurality of
positions for the slider 168 relative to the member 140.

An 1nsertion end 180 (Figs. 9-13) of the member 140 extends from the
second end 158 of the body 152. The insertion end 180 extends at an angle to the
upper and lower surfaces 154 and 156 of the body 152 and generally parallel to the

projections 146. It 1s contemplated that the insertion end 180 may extend at any
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desired angle relative to the surfaces 154 and 156. The insertion end 180 (Fig. 11)
has a lower surface 182 that extends at an angle to the lower surface 156 of the
body 152.

The msertion end 180 (Fig. 12) includes a recess 184 for receiving the
mounting member 100. The recess 184 is generally U-shaped with an open
end 186 through which the mounting member 100 may be inserted into the recess
and removed from the recess. The recess 184 is defined by sidewalls 188 and 190
interconnected by a back wall 192. A bottom wall 194 extends generally
perpendicular to the sidewalls 188 and 190 and the back wall 192.

The sidewall 188 has a notch 198 extending radially outwardly. The
sidewall 190 includes a notch 200 extending radially outwardly. The back
wall 192 has a notch 202 extending toward the body 152. A groove 206 (Figs. 10
and 13) 1s formed 1n the sidewall 188 extending from adjacent the open end 186 to
the notch 198. A groove 208 extends from the notch 198 to the notch 202. A
oroove (not shown) stmilar to the groove 208 extending between the notch 202 and
the notch 200 1s formed 1n the sidewall 190. Another groove (not shown) similar
to the groove 206 extending from the notch 200 to adjacent the open end 186 is
formed 1n the sidewall 190.

A first circular opening 216 extends through the bottom wall 194 and is
centrally located in the recess 184. The opening 216 permits removal of the
mounting member 100 from the recess 184 1if needed. A second smaller circular
opening 218 extends through the bottom wall 194 and 1s located in the notch 202.

A spring member 230 (Figs. 9 and 15) 1s received in the recess 184 to hold
the mounting member 100 1n the recess. The spring member 230 is generally U-
shaped and includes a pair of arms 232 and 234 extending from a base 236. A
projection 238 extends from the base 236 1 a direction opposite from the arms 232
and 234. The projection 238 has a circular opening 240 for receiving a pin (not
shown) to connect the spring member 230 to the member 140. The pin (not
shown) extends through the opening 240 1n the spring member 230 and into the
opening 218 1n the member 140 to connect the spring member to the member 140.

The arm 232 includes an upwardly extending end 246 that engages the

mounting member 100 to retain the mounting member in the member 140. The
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end 246 has a radially inwardly extending projection 248. The projection 248
extends 1nto one of the recesses 114 in the mounting member 100 to retain the
mounting member 1n the member 140.

The arm 234 has an upwardly extending end 252. The end 252 has a
radially inwardly extending projection 254. The projection 254 extends into one of
the recesses 114 in the mounting member 100 to retain the mounting member in
the member 140.

The spring member 230 1s inserted into the recess 184 through the open
end 186. The arms 232 and 234 extend mto the groove 206 1n the sidewall 188 and
the groove (not shown) in the sidewall 190 extending from the notch 200 to
adjacent the open end 186, as the spring 230 1s being inserted into the recess 184.
The ends 246 and 252 of the arms 232 and 234 move toward each other. When the
ends 246 and 252 are adjacent the notches 198 and 200, the ends 246 and 252
move away from each other.

When the spring 230 (Fig. 9) is mserted in the recess 184, the arm 232
extends into the groove 208 and the arm 234 extends into the groove (not shown)
extending from the notch 202 to the notch 200 in the mnsertion end 180 of the
member 140. The opening 240 in the projection 238 of the spring member 230 1s
aligned with the opening 218 in the insertion end 180. A pin (not shown) extends
through the opening 240 1n the spring member 230 and mnto the opening 218 to
retain the spring member i the recess 184. The ends 246 and 252 extend
upwardly into the notches 198 and 200 1n the sidewalls 188 and 190.

Upon insertion of the mounting member 100 between the ends 246 and 252
of the spring 230, the ends move radially outwardly away from each other into the
notches 198 and 200 until the recesses 114 are aligned with the projections 248
and 254. When the recesses 114 are aligned with the projections 248 and 254, the
ends 246 and 252 move toward each other into the recesses to retain the mounting
member 100 1n the isertion end 180. The mounting member 100 may be removed
from the recess 184 by overcoming the retaining force applied by the spring
member 230.

An msertion tool 300 for inserting the disc 18 between the vertebrae 12

and 14 after the mounting members 100 are connected to the vertebrae 12 and 14 1s
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illustrated in Figs. 16 and 17. The tool 300 (Fig. 16) resembles a common pair of
scissors and has a pair of legs 302 and 304 pivotally connected to one another. The
tool 300 includes a grasping end 306 formed by a pair of jaws 308 on the legs 302
and 304. The jaws 308 (Fig. 17) include oval shaped projections 310 extending
toward each other. The projections 310 are inserted into the openings 48 and 82 in
the disc 18 to grasp the disc for insertion between the vertebrae 12 and 14.

The leg 302 (Fig. 15) has an enlarged end 312 opposite the jaw 308. The
enlarged end 312 may be struck with a mallet to drive the disc 18 between the
vertebrae 12 and 14 if needed. The leg 304 has a curved handle 314 opposite the
jaw 308. The handle 314 is easily grasped by a surgeon for manipulating the
tool 300.

A locking mechanism 320 prevents the jaws 308 from pivoting away from
each other after the projections 310 have been inserted into the openings 48 and 82
in the disc 18. The locking mechanism 320 includes a rod 322 pivotally connected
to a mounting portion 324 extending from the leg 304. The rod 322 has a threaded
end 326 that extends through an opening 328 in the leg 302. A nut 332 threadably
engages the end 326 of the rod 322 and engages the leg 302 to prevent the
jaws 308 from pivoting away from each other.

When the apparatus 10 1s to be inserted between the vertebrae 12 and 14, an
anterior space adjacent the vertebrae is exposed using a retroperitoneal or
transperitoneal approach. A midline reference is established. A midline marker,
such as a K-wire, 1s placed to maintain a reference point to the center of one of the
vertebrae 12 and 14. The space between the vertebrae 12 and 14 is distracted and
the damaged disc between the vertebrae is excised. After the damaged disc is
excised, the cartilaginous end plates are removed from the vertebrae 12 and 14.
The vertebrae 12 and 14 are then sculpted as desired.

The appropriate size apparatus 10 is determined by using trial sizers. The
trial sizers are similar to the disc 18. The trial sizers are inserted between the
vertebrae 12 and 14 to determine the desired footprint, wedge angle, and disc
height needed to replace the excised disc. The desired footprint, wedge angle and

disc height are confirmed using fluoroscopy.
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The mounting members 100 are then inserted into the vertebrae 12 and 14.
The appropriate members 140 are selected based upon the desired wedge angle for
use between the vertebrae 12 and 14. The mounting members 100 are inserted into

the recesses 184/in the member 140. The insertion ends 180 of the members 140
are mserted between the vertebrae 12 and 14 until the midline marker extends into
the groove 178 on the slider 168 and the slider 168 engages the anterior ridge of
one of the vertebrae 12 and 14 directly under the midline marker. Once the
insertion ends 180 of the members 140 have been inserted into the desired depth,
the insertion ends are moved away from each other by the actuator 120 to insert the
projections 106 on the mounting members 100 into the vertebrae 12 and 14. After
the mounting members 100 have been connected to the vertebrae 12 and 14, the
members 140 are removed from between the vertebrae 12 and 14 leaving the
mounting members behind. :

After the mounting members 100 are connected to the vertebrae 12 and 14,
a trial sizer may be reinserted between the vertebrae. Verification of the position
of the trial sizer 1s achieved using fluoroscopy. Ifitis determined that the
mounting members 100 are not in the desired positions, the mounting members can
be easily removed and repositioned in the vertebrae.

After the mounting members 100 are connected to the vertebrae 12 and 14
in their desired positions, the insertion tool 300 is connected with the disc 18. The
disc 18 1s then inserted between the vertebrae 12 and 14. During insertion of the
disc 18, the ribs 26 and 66 on opposite sides of the openings 36 and 70 engage the
surfaces 112 and 113 on the mounting members 100 to guide insertion of the disc.
The central ribs 28 and 68 engage the mounting members 100 when the disc 18 has
been 1nserted to the desired depth between the vertebrae 12 and 14. The
11bs 26, 28, 66, and 68 on the disc 18 guide insertion of the mounting members 100
into the openings 36 and 70 1n the disc 18.

After the disc 18 1s placed into the desired position between the
vertebrae 12 and 14, the tool 300 1s removed from the disc. The ribs 26, 28, 66
and 68 on the disc 18 engage the vertebrae 12 and 14 when the mounting

members 100 are mserted 1n the openings 36 and 70 in the disc 18. The mounting
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members 100 and ribs 26, 28, 66 and 68 retain the apparatus 10 in position
between the vertebrae 12 and 14.
When the apparatus 10 is in use in the spinal column 16, the upper retaining

device 20 1s affixed to the vertebra 12. The ribs 26 and 28 and the projections 106
5 on the mounting member 100 resist relative movement between the upper retaining

device 20 and vertebra 12. The lower retaining device 60 1s affixed to the

vertebra 14. The ribs 66 and 68 and the projections 106 on the mounting

member 100 resist relative movement between the lower retaining device 60 and

the vertebra 14.

10 When the upper and lower retaining devices 20 and 60 move relative to
each other, such as when the spine 16 1s 1n compression, as shown in Fig. 7, the
resilient core 90 deflects toward the concave surfaces 104 on the mounting
members 100. The resilient core 90 also deflects toward the surfaces 52 and 86 on
the retaining members 21 and 61 when a load 1s applied to the apparatus.

15 Accordingly, the core 90 expends energy to reduce stress in the core upon relative
movement of the upper and lower retaining devices 20 and 60 to provide a
relatively long fatigue life for the apparatus 10.

The resilient core 90 deflects into engagement with the surfaces 104 of the
mounting members 100 when a predetermined load 1s applied. The core 90 also

20 deflects into engagement with the surfaces 52 and 86 on the retaining members 21
and 61 when a predetermined load 1s applied. Accordingly, the core 90 stiffens
when the core engages the surfaces 104, 52, and 86 since further deflection of the
core is restricted. It 1s contemplated that the core 90 may engage the
surfaces 104, 52, and 86 at different applied loads.

25 Although the ribs 26 and 66 on the disc 18 are described as engaging the
mounting members 100 to guide msertion of the disc between the vertebrae 12
and 14, it 1s contemplated that the mounting members 100 may have grooves that
ribs on the disc 18 extend into to guide insertion of the disc. It 1s also
contemplated that the mounting members 100 may have ribs that extend 1nto

30 grooves 1n the disc 18 to guide insertion of the disc. Furthermore, it 1s
contemplated that the disc 18 may be inserted between the vertebrae 12 and 14

without use of the mounting members 100. If the disc 18 1s used without the
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mounting members 100, it is contemplated that the retaining members 21 and 61 of
the retaining devices 20 and 60 would include mmner concave surfaces similar to the
inner concave surfaces 104 of the mounting members. The core 90 would be
spaced from the inner concave surfaces on the retaining members 21 and 61 and
deflect into engagement with the inner concave surfaces when a predetermined
load was applied to the apparatus 10.

It will be understood that the above description of the present mmvention 1s
susceptible to various modifications, changes and adaptations, and the same are
intended to be comprehended within the meaning and range of equivalents of the
appended claims. The presently disclosed embodiments are considered 1n all
respects to be illustrative, and not restrictive. The scope of the invention 1s
indicated by the appended claims, rather than the foregoing description, and all

changes that come within the meaning and range of equivalence thereof are

intended to be embraced theremn.
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CLAIMS:
1. An apparatus for replacing a damaged spinal disc

in a spinal column, said apparatus comprising:

an artificial disc, said artificial disc including

a resilient core having a first surface and a second

surface, a first retaining member connected to said first

surface of said resilient core, and a second retalining

Jre—

member connected to said second surface of said resgilient

core, said first retaining member having an outer surface

engageable with a first vertebra of the spinal column and an

—

inner surface facing said first surface of said resilient

core, sald second retaining member having an outer surface

engageable with a second vertebra of the spinal column and

an inner surface facing said second surface of said

reslilient core; and

a first mounting member connectable with the first

vertebra and said artificial disc to position said

artificial disc between the first and second vertebrae, said

first mounting member beling engageable with said artificial

disc after being connected to the first vertebra to guide

g

movement of said artificial disc i1nto position between the

first and second vertebrae.

2. An apparatus as defined in claim 1 wherein said

first retaining member 1ncludes a guide engageable with said

first mounting member, said guide extending from said outer

surface of said first retaining member and belng engageable

with the first vertebra.

3. An apparatus as defined 1n claim 1 wherein said

first retaining member 1ncludes first and second guides

engageable with said first mounting member, said first and

second guides extending generally parallel to each other.
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4 . An apparatus as defined in claim 1 wherein said
first retaining member 1ncludes a stop engageable with said
first mounting member to prevent relative movement between
sald first retaining member and said first mounting member
in a first direction, said stop guiding movement of said
first retaining member relative to said first mounting

member 1n a second direction extending transverse to the

first direction.

5. An apparatus as defined in claim 1 wherein said first
retaining member has an opening extending through said inner
surface and said outer surface of said first retaining member,

sald first mounting member extending into said opening.

6 . An apparatus as defined in claim 5 wherein said
opening extends axially through said inner and outer

surfaces of said first retaining member.

7. An apparatus as defined in claim 1 wherein, said

first mounting member includes an 1nner surface facing said

core and spaced from said core, said core deflecting into

engagement with said inner surface of said first mounting

member upon relative movement between said first and second

retalning members.

8 . An apparatus as defined in claim 1 wherein said
first mounting member has a frustoconical surface engageable
with a frustoconical surface on said artificial disc to
prevent said first mounting member from moving relative to

sald artificial disc.

9. An apparatus as defined in claim 1 further
including a second mounting member connectable with the
second vertebra and said artificial disc to position said
artificial disc between the first and second vertebrae, said

second mounting member being engageable with said artificial
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disc to guide movement of said second retaining member into

position between the first and second vertebrae.

10. An apparatus as defined 1in claim 1 wherein said

core 1includes a radially outer surface extending between

sald first and

second surfaces of said core, saild radially

outer surface facing a portion of one of said first and

second retainling members, sald radially outer surface being

spaced from said portion of said one of said first and

second retaining members, sald core deflecting into

engagement with said portion of one of said first and second

retaining members upon relatlive movement between said first

and second retalning members.

11. An apparatus as defined in claim 1 wherein said

first retaining member includes a portion engageable with a

surgical tool

"or 1nserting sald artificial disc between the

vertebrae, saild portion of said first retaining member

including an opening into which a portion of the surgical

tool extends.

FETHERSTONHAUGH & CO.

PATENT AGENTS

OTTAWA, CANADA
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