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DEVICES AND METHOD FOR AUGMENTING A VERTEBRAL DISC NUCLEUS
FIELD OF INVENTION

The present inventions relate generally to treatment of vertebral discs in the lumbar,

cervical, or thoracic spine.
DISCUSSION OF RELATED ART

The disc performs the role of absorbing mechanical loads while allowing for
constrained flexibility of the spine. The vertebral tissue forming the disc includes a soft,
central nucleus pulposus (NP) surrounded by a tough, woven annulus fibrosis (AF) and
superior and inferior endplates. Herniation is a result of a weakening in the AF.
Symptomatic herniations occur when weakness in the AF allows the NP to bulge or leak,
for example, toward the spinal cord and major nerve roots. The most common resulting
symptoms are pain radiating along a nerve and low back pain, both of which can be

crippling for the patient.

Discectomy has been the most common surgical procedure for treating vertebral
disc herniation. This procedure involves removal of disc materials impinging on the nerve
roots or spinal cord external to the disc. Depending on the surgeon's preference, varying
amounts of NP may also be removed from within the disc space either through the
herniation site or through an incision in the AF. This removal of extra NP is commonly

done to minimize the risk of recurrent herniation.
SUMMARY OF THE INVENTION

In one embodiment, a vertebral disc prosthesis is provided. The prosthesis includes

a mass of material that is adapted to be inserted into the interior region of the vertebral disc.

The mass of material has a compressive strength of less than about 4 MN/m?. to In
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another embodiment, a prosthesis for implantation into an interior region of a vertebral (iisc
is provided. The vertebral disc includes first and second endplates. The prosthesis includes
a mass of material that is adapted for insertion into the interior region of the vertebral disc
so as to displace existing vertebral tissue. The mass of material is sized so as to be spaced
from both the first and second endplates when implanted into the interior region of the
vertebral disc such that the mass of material is surrounded with nucleus pulposus within the

interior region of the vertebral disc when implanted therein.

In yet another embodiment, a prosthesis for implantation into an interior region of a
vertebral disc is provided. The prosthésis includes an isotropic mass of biocompatible
hydrogel having a compressive strength of less than about 4 MN/in® and a volume between

arange of approximately 0.1 ml and approximately 6.0 ml.

In one embodiment, a prosthesis, or device, for implantation into a vertebral disc is
provided. In one embodiment, the prosthesis comprises an isotropic mass of biocompatible
hydrogel. In one embodiment, the biocompatible hydrogel has a compressive strength, a
volume, and a mass. In one embodiment, the hydrogel has a compressive strength that is
less than about 4 MN/m?. In one embodiment, the volume is in the range of between about
0.1 ml and about 6.0 ml. In one embodiment, the mass of the hydrogel is adapted to absorb
a volume of about 50% to about 100% of the volume of the hydrogel under a compressive
stress between a range of about 0.2 MN/m? and about 0.8 MN/m®. In one embodiment, the
hydrogel absorbs a volume of about 50% to about 100% of its volume in aboutl hour to

about 8 hours.

In one embodiment, a vertebral disc prosthesis for displacing nucleus, annulus, or
vertebral body endplate tissue of a vertebral disc is provided. In one embodiment, the
prosthesis comprises a grouping of at least two discrete components. In one embodiment,
the grouping is constructed and configured to be inserted together as a group into the
interior region of a vertebral disc ’to displace at least a portion of the nucleus, annulus, or
vertebral body endplate tissue. In one embodiment, a discectomy is not performed prior to
the insertion of the components. In one embodiment, at least one of the\ components is used
to displace tissue, and to replace tissue. In one embodiment, only displacement, and no

replacement of tissue, occurs.
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In another embodiment, a method of implanting a prosthesis material into an
interior region of a vertebral disc is disclosed. The method includes locating an access site
on the disc; inserting, through an opening of the disc at the access site, the prosthesis
material into the interior region of the vertebral disc; and monitoring at least one of: a) one
or more characteristics of the vertebral disc, and b) one or more characteristics of the

prosthesis material.

In still another embodiment, a method of restoring function of a vertebral disc is
disclosed. The method includes locating an access site on the disc; and inserting, through
an opening of the disc at the access site, a prosthesis material into an interior region of the
vertebral disc without removing a substantial amount of nucleus pulposus from the interior

region so as to augment existing nucleus pulposus.

In still another embodiment, a method of implanting a prosthesis material into an
interior region of a vertebral disc is disclosed. The vertebral disc has first and second
éndplates. The method includes locating an access site on the disc; inserting, through an
opening of the disc at the access site, the prosthesis material into the interior region of the
vertebral disc without removing a substantial amount of nucleus pulposus; spacing the
prosthesis material from the endplates of the vertebral disc such that the nucleus pulposus
substantially surrounds the prosthesis material. The method also includes monitoring at
least one of: a) one or more characteristics of the vertebral disc, and b) one or more

characteristics of the prosthesis material. Other parameters can also be monitored.

In yet another embodiment, a method of increasing a height of a vertebral disc is
disclosed. The method includes locating an access site on the disc; and inserting, through
an to opening of the disc at the access site, an amount of prosthesis material into an interior
region of the vertebral disc without removing a substantial amount of nucleus pulposus
from the interior region so as to augment existing nucleus pulposus. The method also

includes monitoring the disc height to determine whether a desired disc height is achieved.

In another embodiment, a method of increasing a intradiscal pressure of a vertebral

disc is disclosed. The method includes locating an access site on the disc; and inserting,
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through an opening of the disc at the access site, an amount of prosthesis material into an
interior region of the vertebral disc without removing a substantial amount of nucleus
pulposus from the interior region so as to augment existing nucleus pulposus. The method
also includes monitoring the intradiscal pressure to determine whether a desired intradiscal

pressure is achieved.

In still another embodiment, a device for delivering a prosthesis material to an
interior region of a vertebral disc is provided. The device includes a body having a
proximal end and a distal end and a holder region disposed adjacent the distal end of the
body. The holder region being adapted to hold the prosthesis material prior to delivery into
the interior region of the vertebral disc. The device further includes a plunger disposed
within the body. The plunger and body are adapted to move relative to each other to
dispense the prosthesis material. A stop is disposed on the body. The stop is adapted to
allow positioning of the body relative to the interior region of the vertebral body such that
the prosthesis material can be dispensed within the interior region of the vertebral body at a

desired location.

In yet another embodiment, a device for delivering a prosthesis to a site within an
intervertebral disc is provided. In one embodiment, the delivery device has a body having
a proximal end and distal end, the body being formed as a sleeve, which, in one
embodiment, is at least partially hollow; a holder region disposed adjacent the distal end of
the body, the holder being adapted to hold the prosthesis prior to delivery; and a plunger
axially disposed within the sleeve. In one embodiment, the sleeve is adapted to be retracted
relative to the plunger to dislodge the prosthesis from the holder region upon retraction of

the sleeve.

In another embodiment, a device for delivering a prosthesis material to an interior
region of a vertebral disc is disclosed. The device includes a body having a proximal end
and a flexible distal end. The body defines a longitudinal axis. The flexible distal end is
adapted to articulate relative to the axis. A holder region is disposed adjacent the distal end
of the body. The holder region is adapted to hold the prosthesis material prior to delivery
into the interior region of the vertebral disc. A plunger is disposed within the body. The

plunger and body are adapted to move relative to each other to dispense the prosthesis.
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In another embodiment, a device for delivering a prosthesis material to an interior
region of a vertebral disc is disclosed. The device includes a body having a proximal end
and a distal end. The body is formed as a hollow sleeve. A holder region is disposed
adjacent the distal end of the body. The holder region is adapted to hold the prosthesis
material prior to delivery into the interior region of the vertebral disc. A plunger is axially
disposed within the sleeve. The sleeve is adapted to be retracted relative to the plunger to

dislodge the prosthesis material from the holder region upon retraction of the sleeve.

In yet another embodiment, a device for delivering a prosthesis material to an
interior region of a vertebral disc is disclosed. The device includes a body having a
proximal end and a distal end. A holder region is disposed adjacent the distal end. The
holder region is adapted to hold the prosthesis material prior to delivery into the interior
region of the vertebral disc. The holder region includes a plurality of openings, with each
opening adapted to allow prosthesis material to be dispensed from within the holder region.
A plunger is disposed within the body. The plunger and body are adapted to move relative

to each other to dispense the prosthesis material.

In still another embodiment, a device for delivering a prosthesis material to an
interior region of a vertebral disc is disclosed. The device includes a body having a
proximal end and a distal end. A holder region is disposed adjacent the distal end of the
body. The holder region is adapted to hold the prosthesis material prior to delivery into the
interior region of the vertebral disc. A plunger is disposed within the body. The plunger and
body are adapted to move relative to each other to dispense the prosthesis material. A
gauge cooperates with the device and is adapted to measure the insertion force of the

prosthesis material into the inner region of the vertebral disc.

In another embodiment, a method for delivering a prosthesis material into an
interior region of a vertebral disc is disclosed. The method includes providing a delivery
device having a body having a proximal eﬁd and a distal end and a holder region disposed
adjacent the distal end. The holder region is adapted to hold the prosthesis material prior to
delivery into the interior region of the vertebral disc. The delivery device further including

a plunger cooperating with the body. The method further includes loading the holder region
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with the prosthesis material, advancing at least a portion of the device to a desired location
within the vertebral disc, and moving the plunger relative to the body to dislodge the

prosthesis material from the device.

In still another embodiment, a kit of parts for use in augmenting vertebral tissue is
disclosed. The kit includes a prosthesis according to any of the embodiments described

herein; and a device for inserting the prosthesis into the interior region of the vertebral disc.

In yet another embodiment, a kit of parts for use in augmenting vertebral tissue is
disclosed, the kit includes a prosthesis adépted for insertion into the vertebral disc; a
delivery device for inserting the prosthesis into the interior region of the vertebral disc; and
instructions for inserting the prosthesis, the instructions comprising instructions for
inserting the prosthesis material into an interior region of the vertebral disc without

removing a substantial amount of nucleus pulposus from the disc.

In still another embodiment, a kit of parts for use in augmenting vertebral tissue is
disclosed. The kit includes a prosthesis adapted for insertion into the vertebral disc; a
delivery device for inserting the prosthesis into the interior region of the vertebral disc; and
instructions for inserting the prosthesis. The instructions comprising the any of the methods

disclosed herein.

In still another embodiment, a kit of parts for use in augmenting vertebral tissue is
disclosed. The kit includes a prosthesis adapted for insertion into the vertebral disc; and a

delivery device according to any of the embodiments described herein.

In another embodiment, a vertebral disc prosthesis for displacing nucleus, annulus, or
vertebral body endplate tissue of a vertebral disc is disclosed. The prosthesis includes a
grouping of at least two discrete components. The grouping is constructed and configured
to be inserted together as a group into the interior region of a vertebral disc to displace at

least a portion of the nucleus, annulus, or vertebral body endplate tissue.

In yet another embodiment, a method of restoring function of an vertebral disc is

disclosed. The vertebral disc has vertebral disc tissue comprising a nucleus, an annulus, and
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vertebral body endplate tissue. The method includes locating an access site on the vertebral
disc; and inserting, at one time, a prosthesis comprising a grouping of at least two discrete
components through the access site and into an interior region of the vertebral disc to
displace at least a portion of the vertebral disc tissue without removing a substantial amount

of nucleus tissue.

Various embodiments of the present invention provide certain advantages and overcome
certain drawbacks of prior prostheses. Embodiments of the invention may not share the
same advantages, and those that do may not share them under all circumstances. Further
features and advantages of the present invention, as well as the structure of various
illustrative embodiments, are described in detail below with reference to the accompanying

drawings.

Error! Unknown switch argument.
BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention will now be described, by way of example, with

reference to the accompanying drawings, in which:

FIG. 1A is a cross-sectional view of a portion of a functional spine unit, in which part of

a vertebra and vertebral disc are depicted,

FIG. 1B is a side view of a portion of the functional spine unit shown in FIG. 1A, in
which two lumbar vertebrae and the vertebral disc are visible, and wherein a prosthesis of

the present invention is shown;

FIG. 2 is a side view of the functional spine unit shown in FIG. 1A, wherein a prosthesis

according to another aspect to the invention is shown;

FIGS. 3A and 3B are views of the vertebral disc, wherein a prosthesis according to yet

another aspect of the invention is shown;
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FIG. 4 is a cross-sectional view of a portion of a functional spine unit, wherein a

prosthesis according to still another aspect of the invention is shown;

FIG. 5 is a cross-sectional view of a portion of a functional spine unit, wherein a

prosthesis according to yet another aspect of the invention is shown;

FIGS. 6A and 6B are views of a portion of a functional spine unit, wherein a prosthesis

according to yet another aspect of the invention is shown;

FIGS. 7A and 7B are views of a functional spine unit, wherein a prosthesis according to

yet another aspect of the invention is shown;

FIG. 8 is a cross-sectional view of a portion of a functional spine unit, wherein a

prosthesis according to still another aspect of the invention is shown;

FIG. 9 is a cross-sectional view of a portion of a functional spine unit, wherein a

prosthesis according to still another aspect of the invention is shown;

FIG. 10 is a cross-sectional view of a portion of a functional spine unit showing the

prosthesis cooperating with a barrier according to another aspect of the invention;

FIG. 11 is diagrammatic representation of the vertebral disc showing a barrier

positioned within the interior region of the disc;

FIGS. 12A through 12C are cross-sectional representations of a deployment device used

to deploy the prosthesis according to one aspect of the invention;

FIG. 13 is an alternative embodiment of the deployment device shown in FIGS. 12A-
12C;

FIGS. 14A-14D show alternative embodiments of a portion of the deployment device
encircled by line 14 of FIG. 12A;
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FIG. 15 is a cross-sectional representation of a portion of the deployment device

showing yet another alternative embodiment to the invention;

FIGS. 16 and 17 are cross-sectional views of a portion of the deployment device

according to alternative embodiments of the invention;

FIGS. 18A-18C are cross-sectional representations of deployment device according to

an alternative embodiment of the invention;

FIG. 19 is a diagrammatic prospective view of a portion of the deployment device
shown in FIGS. 18A-18C;

FIG. 20A is a diagrammatic cross-section representation of a portion of an alternative

embodiment of the deployment device;

FIG. 20B is a diagrammatic cross-section representation of a portion of another

alternative embodiment of the deployment device;

FIGS. 21A and 21B are diagrainmatic cross-sectional representations of alternative

embodiments of the deployment device;

FIG. 22 is a diagrammatic cross-sectional representation of yet another alternative

embodiment of the deployment device;

FIGS. 23A through 23C are cross-sectional representations of a deployment device used

to deploy the prosthesis according to one aspect of the invention; and

FIGS. 24A through 24C are cross-sectional representations of a deployment device used

to deploy the prosthesis according to one aspect of the invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
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Loss of vertebral disc tissue, such as NP, deflates the disc, causing a decrease in disc
height. Significant decreases in disc height have been noted in up to 98% of operated
patients. Loss of disc height increases loading on the facet joints, which may result in
deterioration of facet cartilage and ultimately osteoarthritis and pain. As the joint space
decreases, the neural foramina formed by the inferior and superior vertebral pedicles also
close down which could lead to foraminal stenosis, pinching of the traversing nerve root,
and recurring radicular pain. Loss of NP also increases loading on the remaining AF, and
can produce pain. Finally, loss of NP results in greater bulging of the AF under load, which
may result in renewed impingement by the AF on nerve structures posterior to the disc.

Removal of NP may also be detrimental to the clinical outcome of disc repair.

Applicants own, inter alia, U.S. Pat. Nos. 6,425,919; 6,482,235; 6,508,839 and
Published U.S. Patent Application Ser. No. 2002/0151979, each of which is hereby
incorporated by reference in its entirety, and discloses, inter alia, methods and devices
directed to reinforcing and augmenting the annulus of an vertebral disc. As will be

explained, such devices and methods can be used with the embodiments described herein.

In various aspects of the invention, a vertebral disc prosthesis, a method of implanting a

prosthesis and a deployment device are disclosed.

In one aspect of the invention, the prosthesis is implanted into the interior region of the
vertebral disc to move or displace, but not replace, the autologous or existing NP, AF or
one or both endplates. The tissues of the AF, NP or endplate(s) is therefore displaced
relative to the amount of prosthesis added. While a deminimis amount of vertebral tissue
may be removed, a substantial amount of material (such as the NP) is not removed. In this
manner, as will be explained, a more natural biomechanical state is achieved and
functionality of the disc is retained. Prior methods include removal of some of the vertebral
tissue, such as a substantial amount or all of the NP, which may disrupt the biomechanical
function of the disc as well as the ability of the disc to survive. According to aspects of the
presént invention, the size or amount of prosthesis inserted into the interior region of the
vertebral disc is a function of certain characteristics of the disc or the prosthesis. For

example, the amount or size of prosthesis inserted into the disc may be dependent upon

-10-
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restoring the functionality of the disc (e.g., the ability of the disc to transfer nutrients or
otherwise survive, the ability of the disc to carry the required loads and absorb stress or the
reduction of pain). Restoring disc function may be determined by the resulting disc height
desired, the resulting disc pressure desired or the resulting disc volume desired. The
prosthesis may also be sized or positioned within the interior region of the vertebral disc
such that it is spaced from at least one of the endplates of the vertebral disc. In this manner,
the natural ability for the disc to transfer nutrients to and from the AF and the endplates by
allowing a more natural diffusion of enriched fluids may be achieved. As will be explained
in more detail below, in another aspect, the prosthesis may be formed of any suitable
material as the present invention is not limited in this respect. In one embodiment,
however, the prosthesis is formed of a material having a compression strength that is less
than 4 MN/m?. For example, a hydrogel material may be employed. As will be apparent to
one of skill in the art, the hydrogel may be processed with suitable cross-linking agents or
formed with a desired degree of cross-linking, or processed using a suitable freeze/thaw

cycle to produce a material with the desired compressive strength.

In yet another aspect of the invention, to facilitate placement of the prosthesis within the
vertebral disc, a deployment device is disclosed. The deployment device may include a
nufnber of features that, either singularly or in any suitable combination, enhance
placement of the prosthesis. The deployment device may include at least one or more of the
following: a depth stop to facilitate placement of the prosthesis relative to an anatomical
feature; a curved or atriculatable end to facilitate inserting the prosthesis in a desired
location; a plurality of openings formed on the insertion end of the device to allow a more
uniform distribution of the prosthesis material within the disc; and a gauge to allow a
determination as to whether a sufficient amount of the prosthesis material is placed within
the vertebral disc. Further, rather than forcing the prosthesis into the interior region, the

deployment device may be constructed such that upon retraction, the prosthesis is left

‘behind.

The prosthesis may be shaped and sized or otherwise configured to be inserted through
an opening in the vertebral disc. Such an opening may be a defect in the AF such as a
hernia site, or may be a surgically created opening. The prosthesis may also be positioned

within the interior region of the vertebral disc so as to be spaced away from the access
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opening and therefore reduce the likelihood that the prosthesis may be dispensed or
extruded therefrom. Surgical approaches including transpsoas, presacral, transsacral,
tranpedicular, translaminar, or anteriorly through the abdomen, may be used. The

access opening can be located anywhere along the surface of the AF or even through the

vértebral endplates.

Turning now to the figures, illustrative embodiments of the prosthesis and deployment
device, and illustrative methods for inserting the prosthesis will now be described.
Although certain features will be described with reference to a specific embodiment, the
present invention is not limited in this respect, as any of the features described herein, and
other suitable features, may be employed singularly or any suitable combination to form

any suitable embodiment.

A functional spine unit includes the bony structures of two adjacent vertebrae (or
vertebral bodies), the soft tissue (annulus fibrosis (AF), nucleus pulposus (NP), and
endplates) of the vertebral disc, and the ligaments, musculature and connective tissue
connected to the vertebrae. The vertebral disc is substantially situated in the vertebral space

formed between the adjacent vertebrae.

' FIGS. 1A and 1B show the general anatomy of a functional spine unit 10. As used
herein, the terms ‘anterior’ and ‘posterior’, ‘superior’ and ‘inferior’ are defined by their
standard usage in anatomy, i.e., anterior is a direction toward the front (ventral) side of the
body or organ, posterior is a direction toward the back (dorsal) side of the body or organ,;

superior is upward (toward the head) and inferior is lower (toward the feet).

FIG. 1A is a cross-sectional view of a vertebral body with the vertebral disc 15 superior
to the vertebral body. Anterior (A) and posterior (P) sides of the functional spine unit are
alsd shown. The vertebral disc 15 contains an annulus fibrosis (AF) 17 surrounding a
central nucleus pulposus (NP) 20. Also shown in this figure are the left 22 and right 22

transverse spinous processes and the posterior spinous process 24.

FIG. 1B is a side view of two adjacent vertebral bodies 28 (superior) and 30 (inferior).

Vertebral disc space 32 is formed between the two vertebral bodies and contains vertebral

-12-
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disc 15, which supports and cushions the vertebral bodies and permits movement of the two

vertebral bodies with respect to each other and other adjacent functional spine units.

Vertebral disc 15 includes the AF 17, which normally surrounds and constrains the NP
20 to be wholly within the borders of the vertebral disc space. The vertebral disc 15 also
includes superior endplate 34 and inferior endplate 36 that cooperate with the AF 17 to
contain the NP 20 within the borders of the vertebral disc space. The vertebral bodies also
include facet joints 38 and the superior 40 and inferior 42’ pedicle that form the neural
foramen 44. Loss of disc height (H) occurs when the superior vertebral body 28 moves

inferiorly relative to the inferior vertebral body 30.

In one illustrative embodiment, the prosthesis 50 is inserted into the interior region 52 of
the vertebral disc 15 so as to displace existing NP, AF or the endplate(s). That is, existing
tissue, such as NP material, is not removed during insertion of the prosthesis, as is done in
prior methods. As discussed above, prior methods include removal of some or all of the NP
from the vertebral disc, which may disrupt the biomechanical function of the disc as well as

the ability of the disc to survive. Also, prior prostheses were sized to merely fill the

surgically created void within the interior region of the disc. Rather, according to aspects of

the present invention, ;che prosthesis augments existing NP within the interior region of the
vertebral disc rather than merely replace NP that was removed. In this manner, as will be
explained, existing vertebral tissue may be displaced and a more natural biomechanical
state.is achieved, disc height is restored, and pain resulting from impingement by the AF on
nerve structures, loading of facet joints or pinching of the transverse nerve root due to
reduced joint space is minimized. A barrier may be employed to reduce the likelihood of
the prosthesis escaping from the interior region. A barrier may also be employed to support

the AF during and/or after the prosthesis is inserted.

In some instances, it may be desirable to monitor whether a sufficient amount of
prosthesis or prosthesis material 50 is placed into the interior region 52 or whether the size
of the prosthesis or prosthesis material 50 is sufficient to achieve the desired result, such as,
for example, restoring the functionality of the disc. Thus, in one embodiment, certain disc
characteristics are monitored during the implantation procedure. In one embodiment, disc

height (H) is monitored such that the amount of prosthesis or prosthesis material 50
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inserted into the disc 15 is a function of the desired height (H) of the disc 15. As explained

above, restoring disc height may be beneficial in reducing pain.

As will become clear hereinafter, it is to be appreciated that the prosthesis or prosthesis
material implanted into the interior region of the vertebral disc may have a predetermined
geometry or may be initially in bulk form allowing a surgeon or other technician to insert a
desired amount of the prosthesis or prosthesis material into the interior region of the disc.
Thus, in embodiments where the prosthesis or prosthesis material is of a pre-formed
geometry, the tern “prosthesis” may be used. In embodiments where the prosthesis or

prosthesis material is a portion of a bulk material (such as when the prosthesis or prosthesis

~ material is formed from a liquid or fluid material) the phrase “prosthesis material” may be

used. In both embodiments, however, reference numeral “50” is used. Nevertheless, the
present invention is not limited in this respect, as the term “prosthesis” may be used to refer
to a portion of a bulk material and the term “prosthesis material” may be used to refer to a
pre-formed geometry. As such, the term “prosthesis” is used herein to generically refer to

either embodiment.

Determining the height (H) may be performed using any suitable means or method, as
the present invention is not limited in this respect. In one embodiment, a caliper or other
measuring device to determine the disc height may be used. Alternatively, disc height 1hay
be monitored using any suitable imaging system, such as MRI, X-ray or CT Scan, as the
present invention is not limited in this respect. Further, such height data may be obtained
either during the procedure or post-operatively by, for example, comparing pre- and post-
operative disc heights. Once the desired disc height (H) is achieved, continued insertion of
the prosthesis 50 into the interior region is terminated. The desired disc height (H) may be
determined on a case by case basis. In one embodiment, the disc height (H) may be
increased by an amount ranging between approximately 1 mm and approximately 10 mm.
Other suitable ranges include 0.1 mm-5 mm and 5 mm-10 mm or even a narrower range,
such as 0.1 mm-3 mm, 3 mm-6 mm and 6 mm-9 mm. It sﬁould be appreciated that
embodiments of the present invention are not limited to any particular resulting disc height

(H), as other final disc heights or ranges may be desired.

According to one aspect of the invention, increasing disc pressure may be desirable to
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restore natural disc function. In one embodiment, care is taken so as not to exceed pressure
limits of the disc. Studies have shown that pressures exceeding much more than 6
atmospheres may damage the endplates of the vertebral disc. Therefore, instead of or in
addition to monitoring the disc height, the pressure within disc 15 may be monitored. That
is, the amount of prosthesis material 50 inserted or the size of the prosthesis itself may be a
function of an increase in disc pressure. In one embodiment, the amount of prosthesis
implanted results in an increase in pressure ranging from approximately 0.1 atmospheres to
approximately 5 atmospheres. It should be appreciated however that embodiments of the
present invention is not limited in this respect and that other suitable pressure ranges may
be desirable. For example, pressure increases ranging from about 0.1-2 atmospheres, 2-4

atmospheres or even 4-6 atmospheres may be achieved.

Typically, the disc pressure is intradiscal pressure and the pressure is monitored while

the disc 15 is in a resting state, e.g., when there is no substantial axial force on the disc 15.

‘The disc pressure may be monitored using any suitable technique, as the present
invention is not limited in this respect. As will be described in greater detail, the actual
pressure within the interior region of the disc may be monitored or it may be measured
indirectly by measuring the force required to insert the prosthesis 50. That is, as the -
prosthesis 50 is inserted into the interior region 52, the force resisting the insertion may
increase. Measuring or monitoring this resistance force may indicate the internal pressure

within the disc 15.

According to one aspect of the invention, increasing disc volume may be desirable to
restore natural disc function. Also, increasing disc volume may be employed as a method of
indirectly increasing disc pressure or disc height. Thus, in another illustrative embodiment,
the volume of the disc 15 may be monitored. Monitoring this characteristic may be
employed in combination with monitoring the disc pressure and/or monitoring the disc
height. Monitoring the disc volume may be achieved by CT scanning, X-ray imaging or
MRI as the present invention is not limited in this respect. Also, such monitoring may be

performed by comparing pre- and post-operative disc volumes.

Alternatively, the volume of prosthesis material 50 being inserted into the interior region
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52 may be measured directly by monitoring the amount or size of the prosthesis itself. It\
should be appreciated that embodiments of the present invention are not limited in this
respect, as other suitable methods of monitoring disc or prosthesis volume may be
employed. The volume of the prosthesis material may also be adjusted to compensate for
extra swelling due to, for example, any existing herniations in the AF 17. For example, the
volume of the prosthesis material 50 inserted into the interior region 52 may be increased to

accommodate such swelling.

A direct measurement of the amount of prosthesis material being inserted may be
employed, such as by the use of a metered dispensing implement. Alternatively, because
the volume of the prosthesis material is a function of the specific dimensions of the
vertebral disc, the prosthesis volume may be gathered from CT scan data, MRI data or
other similar data from another imaging protocol. Thus, for example, prostheses with lesser
volume can be used with smaller discs and those with limited herniation and those that

otherwise require less NP displacement to increase disc height or intradiscal pressure.

In one illustrative embodiment, the volume of prosthesis material 50 inserted into the
interior region of the vertebral disc may range between approximately 0.1 ml and
approximately 6 ml. Other suitable volume ranges, such as between approximately 1 ml .
and approximately 2 ml or between approximately 0.5 ml to approximately 2 ml, may be
employed, as the present invention is not limited in this respect. The amount of prosthesis
material 50 implanted depends upon a number of factors, including the amount of vertebral
tissue, such as NP, lost through any herniation or degeneration and any increase in stiffness
vertebral tissue, such as NP, as it is displaced with the prosthesis material. Further, the
amount of prosthesis material inserted may depend upon the resulting augmentation

volume of the vertebral disc desired.

‘Typical failure modes with existing vertebral disc implants may be caused by placing
the implant directly between two opposing endplates where the implant functions to resist
compression. In this respect, the mechanical properties of the prosthesis may create a stress
concentration along the endplates and fracturing of the endplates may occur. Furthermore,
placing the prosthesis against both endplates may interfere with fluid and nutrient transfer

in and out of the vertebral disc. Thus, in one illustrative embodiment, as shown in FIGS.

-16-



10

15

20

25

30

WO 2004/100841 PCT/US2004/014346

1A and 1B, the prosthesis 50 is sized and shaped so as not to occupy the entire volume of
the interior region 52 of the vertebral disc. In another embodiment, as shown in FIG. 2, the
prosthesis 50 is sized and positioned within the interior region so as to be spaced from at
least one endplate 34. In another embodiment, the prosthesis 50 is sized so as to be spaced
from both endplates 34, 36. In this manner, the prosthesis 50 may be partially or wholly

surrounded by NP material.

Upon insertion of the prosthesis 50 into the vertebral disc 15, displacement of the
vertebral tissue occurs, such that the vertebral tissue is pushed and expands radially. For
example, when the prosthesis displaces NP, the NP moves in opposite directions, i.e.,
towards the endplates 34, 36. The NP 20 cushions the prosthesis 50 and at least one of the
endplates 34, 36, and preferably both endplates, and allows for a more natural diffusion of
fluids and nutrients. In the above embodiments, the prosthesis 50 is surrounded by NP;
however, it need not be. For example, in another embodiment, the prosthesis 50 is placed

so as to lie adjacent the AF 17, as shown in FIG. 2.

The position of the prosthesis within the interior region of the vertebral disc may also be
selecfed so as to alter the axis of rotation or reaction forces acting on a given functional
spinal unit. A functional spinal unit moves with an axis of rotation that dictates which part
of the functional spinal unit experiences the most motion or loading. The reaction force of
the vertebral disc controls the axis of rotation, therefore altering the reaction force location
changes the axis of rotation to reduce relative motion of parts of a functional spinal unit.
For example, as shown in FIGS. 3A and 3B, adding the prosthesis 50 to the posterior of
vertebral disc 15 shifts the axis of rotation closer to the facets 38, thereby reducing facet
loading and facet pain. Furthermore, positioning the prosthesis posteriorly has the effect of
increasing the disc height near the facets, which could also have the effect of reducing and

relieving pain.

Other suitable positions for the prosthesis also may be employed. For example, as
shown in FIG. 4, the prosthesis 50 may be positioned on one side of the vertebral disc 15 to
restore symmetrical lateral height and bending that may have been altered by disc
degeneration or an AF defect. A circumferential prosthesis 50, as shown in FIG. 5, or

multiple prosthesis positioned about the circumference of the inner region (not shown) may
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also be employed. Other suitable combinations of positions for the prosthesis also may be

employed to achieve other desired results.

Prosthesis 50 can be formed into any suitable shape. Prosthesis 50 may be cube-like,
spherical, disc-like, ellipsoid, rhombohedral, cylindrical, kidney, wedge, planar, or
amorphous in shape as shown in FIGS. 6A and 6B. Further, a single prosthesis or
prosthesis formed from multiple sections or separate pieces may be employed. A plurality
of prostheses also may be employed and may be formed as beads, as shown in FIG. 8,
substantially straight and/or spiral rods, as shown in FIG. 9, geometric solids, irregular
solids, sheets or any other suitable shape disclosed herein or otherwise formed. Of course,

any suitable combination of the above mentioned or other shapes may be employed.

In another embodiment, the prosthesis 50 is shaped to resist being extruded from the
interior region of the vertebral disc 15. In one example, as shown in the illustrative
embodiment of FIGS. 7A and 7B, the prosthesis 50 is sized to be larger than the access
opening 60 formed in the vertebral disc 15 for inserting the prosthesis 50. Alternatively, or
in addition, the prosthesis may be formed as a wedge, as shown, with the larger end of the
wedge facing the opening 60 such that any force tending to push the wedge out the access
opening would cause the prosthesis to occlude the access opening, 60. Of course, the
prosthesis may be shaped such that any axial loads on the prosthesis would tend to cause
the prosthesis to move away from the access opening. For example, a wedge-shaped
prosthesis with the smaller end facing the opening 60 may respond to axial loads by

tending to move away from the opening.

To aid in healing of the disc or otherwise provide therapy, the prosthesis may be
impregnated, coated or otherwise deliver various therapeutic agents, such as drugs, time-
release drugs, genetic vectors, naked genes or the like to renew growth, reduce pain, aid
healing, or reduce infection. In one embodiment, a device distinct from the prosthesis may
be delivered to the disc to provide one or more therapeutic agents. Agents that affect tissue
growth (either promoting or inhibiting) may also be delivered separately or as part of the

prosthesis.

The prosthesis may be formed of any suitable material, as embodiments of present
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invention need not be limited in this respect. The prosthesis may be formed as a fluid (e.g.,
liquid or gas), a solid, a gel, a semi-solid, or any suitable combination thereof. Exemplary
fluid prostheses or prosthesis materials include, but are not limited to, various
pharmaceuticals (steroids, antibiotics, tissue necrosis factor alpha or its antagonists,
analgesics); growth factors, genes or gene vectors in solution; biologic materials
(hyaluronic acid, non-crosslinked collagen, fibrin, liquid fat or oils); synthetic polymers
(polyethylene glycol, liquid silicones, synthetic oils); and saline.

In one illustrative embodiment, the prosthesis 50 is formed of a biocoinpatible material.
Examples include biocompatible viscoelastic materials such as hydrophilic polymers,
hydrogels, homopolymer hydrogels, copolymer hydrogels, multi-polymer hydrogels, or
interpenetrating ‘hydrogels, acrylonitrile, acrylic acid, acrylimide, acrylimidine, including
but not limited to PVA, PVP, PHEMA, PNVP, polyacrylamides, poly(ethylene oxide),
polyvinyl alcohol, polyarylonitrile, and polyvinyl pyrrolidone, or combinations thereof. It is
preferred, but not required, that such materials may exhibit mechanical properties, swelling
pressures and/or diffusion capabilities similar to the natural NP in order to supplement the

NP without causing,g undo stress concentrations.

In other embodiments, the prosthesis 50 may be formed from solid material, such as
woven or non-woven materials or may include minute particles or even powder. The
prosthesis 50 also may be porous or semi-porous. Candidate materials include, but are not
limited to: metals, such as titanium, stainless steels, nitinol, cobalt chrome; resorbable or
non-resorbing synthetic polymers, such as polyurethane, polyester, PEEK, PET, FEP,
PTFE, ePTFE, Teflon, PMMA, nylon, carbon fiber, Delrin, polyvinyl alcohol gels,
polyglycolic acid, polyethylene glycol; elastin; fibrin; ceramics, silicone, gel or rubber,
vulcanized rubber or other elastomers; gas filled vesicles, biologic materials such as
morselized or block bone, hydroxy apetite, collagen or cross-linked collagen, muscle tissue,
fat, cellulose, keratin, cartilage, protein polymers, transplanted or bioengineered materials;
various pharmacologically active agents in solid form; or any combination thereof. The
solid or gel prosthesis materials may be rigid, wholly or partially flexible, elastic or
viscoelastic in nature. The prosthesis material may be hydrophilic or hydrophobic. -
Hydrophilic materials, mimicking the physiology of the NP, may be delivered into the disc
in a hydrated or dehydrated state. Biologic materials may be autologous, allograft,

-19-



10

15

20

25

30

WO 2004/100841 PCT/US2004/014346

zenograft, or bioengineered. Where rigid materials are employed, the prosthesis may be

shaped as small particles, powders, balls or spheres.

In some embodiments of the present invention, a multiphase system may be employed;
for example, a combination of solids, fluids or gels may be used. Such materials may create
primary and secondary levels of flexibility within an vertebral disc space. Thus, in use, the
spine will flex easily at first as the vertebral disc pressure increases and the fluid flows,
loading the annulus. Then, as the disc height decreases flexibility may decrease. This
combination may also prevent damage to the AF under excessive loading as the prosthesis
may be designed to resist further compression such that further pressure on the AF is

limited.

Any of a variety of additional additives such as thickening agents, carriers,
polymerization initiators or inhibitors may also be included, depending upon the desired
infusion and long-term performance characteristics. In general, “fluid” is used herein to
include any material which is sufficiently flowable at least during the infusion (i.e.,
implantation) process, to be infused by a delivery device into the interior region of the
vertebral disc. The prosthesis material may remain “fluid” after the infusion step, or may

polymerize, cure, or otherwise harden to a less flowable or nonflowable state.

In one embodiment, in situ polymerizing prosthesis materials that are well-known in the
art and are described in U.S. Pat. No. 6,187,048, incorporated herein by reference, may be
used. Phase changing augmentation preferably changes from a liquid to a solid or gel. Such
materials may change phases in response to contact with air, increases or decreases in
temperature, contact with biologic liquids or by the mixture of separate reactive
constituents. These materials may be delivered through an opening in the AF or down a
tube or cannula placed percutaneously into the disc. Once the materials have solidified or
gelled, they may exhibit the previously described characteristics of a solid prosthesis

material.

Additional additives and components of the prosthesis material are recited below. In
general, the nature of the material may remain constant during the deployment and post-

deployment stages or may change, from a first infusion state to a second, subsequent

-20-



10

15

20

25

30

WO 2004/100841 PCT/US2004/014346

implanted state. For example, any of a variety of materials may desirably be infused using a
carrier such as a solvent or fluid medium with a dispersion therein. The solvent or liquid
carrier may be absorbed by the body or otherwise dissipate from the disc space post-
implantation, leaving the material behind. For example, any of a variety of the powders
identified below may be carried using a fluid carrier. In addition, hydrogels or other
materials may be implanted or deployed while in solution, with the solvent dissipating post-
deployment to leave the hydrogel or other media behind. In this type of application, as
discussed above, the disc space may be filled under higher than ultimately desired pressure,

taking into account the absorption of a carrier volume.

In one embodiment, the prosthesis material comprises a material having a compressive
strength that is less than approximately 4 MN/m?. In another embodiment, the prosthesis
material has a compressive strength of approximately 2.5 MN/m? to approximately 3.5
MN/m?. Other suitable prosthesis materials having compressive strengths less than or equal
to approximately 2.5 MN/m? or approximately 3.5 MN/m? to approximately 4 MN/m? may
be.employed.

In addition, the prosthesis material may have a Poisson's ratio that is between
approximately 0.30 and approximately 0.49. Such a Poisson's ratio may be employed to
effectively distribute the load outward toward the AF. In one embodiment, the Poisson's
ratio is between a range of approximately 0.35 and approximately 0.49. Rubber and
polymeric materials may be used or otherwise formed to produce the desired Poisson ratio.

In one embodiment, a hydrogel, such as PVA, PGA or PMMA, may be used.

As discussed above, it may be desirable to provide a prosthesis material that mimics as
closely as possible the NP within the interior region of the vertebral disc. Thus, the
prosthesis may be formed of a material that absorbs and/or releases fluids within a certain
period of time and under certain conditions similar to the absorption and release of fluids
from the natural NP. Upon high axial loads of the vertebral disc, the prosthesis may release
fluids to help diffuse shock loading. Similarly, in one embodiment, the ability for the
prosthesis to absorb fluid should be sufficiently rapid so as to rebulk when fluid is
otherwise released from the prosthesis. In one embodiment, it may be desirable for the

prosthesis to absorb fluids during a 5 to 10 hour sleep cycle so as to restore any fluid loss
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during the day. In one embodiment, the prosthesis is formed of a material that may enable it
to absorb approximately 50% to 100% of its volume. However, the present invention is not
limited in this respect and other suitable prosthesis materials or characteristics of a
prosthesis material may be employed to achieve other rehydration volumes. Rubber and
polymeric materials may be used. In one embodiment, a hydrogel, such as PVA, PGA or
PMMA, may be used.

In one embodiment, the prosthesis material has a swelling pressure between
approximately 1 MN/m* and approximately 9 MN/m?* for given volume range between
approximately 0.1 mL to about 6.0 mL. This may have the advantage of allowing a smaller
prosthesis to swell and fit into the irregularities within the natural NP until equilibrium
pressure is achieved. Rubber and polymeric materials may be used. In one embodiment, a

hydrogel, such as PVA, PGA or PMMA, may be used.

In one embodiment, the prosthesis material may be formed as a hydrogel having a
compressive strength ranging between approximately 2.5 MN/m?” and approximately 3.5
MN/m? (such as 2.5-2.7 MN/m?, 2.7-2.9 MN/m?, 2.9-3.1 MN/m?, 3.1-3.3 MN/m’, and
3.3-3.5 MN/m?%).In addition, the prosthesis material may preferably have a swelling
characteristics that enables it to rehydrate approximately 50% to 100% (such as 50%-60%, -
60%-70%, 70%-80%, 80%-90%, and 90-100%) of its volume. In one embodiment, this
occurs within a 1 hour to 8 hour time period (such as 1-2 hours, 2-3 hours, 3-4 hours, 5-6
hours, 6-7 hours, 7-8 hours). One of skill in the art will understand that other time periods
may also be used in accordance with embodiments of the present invention. In one
embodiment, this occurs under a compressive stress ranging from approximately 0.2
MN/m? and approximately 0.8 MN/m? (such as 0.2-0.3 MN/m?, 0.3-0.4 MN/m?, 0.4-0.5
MN/m?, 0.5-0.6 MN/m?, 0.6-0.7 MN/m?, 0.7-0.8 MN/m?). Further, the prosthesis material
may hydrate in less time when in an unloaded or unconstrained environment. Further, in
this embodiment, the prosthesis material may have a Poisson's ratio ranging from
approximately 0.35 to approximately 0.49 under a compressive stress ranging from
approximately 0.5MN/m” to approximately 2 MN/m?. Rubber and polymeric materials may
be used. In one embodiment, a hydrogel, such as PVA, PGA or PMMA, may be used.

In some embodiments it may be desirable to provide a more uniform loading at the
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junction between the prosthesis material and the NP, AF or endplates to reduce stress
concentration and limit damage to any of the foregoing. Thus, in one embodiment, the
prosthesis material may be a relatively soft and flexible material. In addition, in one
embodiment, the prosthesis material may be isotropic. Rubber and polymeric materials may

be used. In one embodiment, a hydrogel, such as PVA, PGA or PMMA, may be used.

In one embodiment, the prosthesis is a biocompatible isotropic hydrogel, such as PVA,

PGA or PMMA, having a compressive strength of less than 4 MN/m?.

In some instances it may be desirable to remove the prosthesis material from the interior
region of the vertebral disc. Thus, in one embodiment, the prosthesis is sized, shaped or
otherwise configured so as to be relatively easily removed after having been implanted. In
one embodiment, this result may be achieved by selecting the shape of the prosthesis and/or

the rigidity or deformability of the material.

The prosthesis implanted into the interior region of the disc may also be used in
conjunction with a barrier that blocks, covers or otherwise occludes the access opening,
whether it be surgically created or a hernia site. After the prosthesis 50 is inserted into the
interior region, a barrier 70 (see FIG. 10), such as that disclosed in applicants commonly .
assigned patents and patent application, including U.S. application Ser. No. 10/055,504,
U.S. Pat. No. 6,425,919 and 6,508,839, each of which is hereby incorporated by reference,

is inserted. Of course, other suitable barriers or no barrier may be employed.

As shown in FIG. 10, and as described in one or more of the above-mentioned patents or
application, the barrier 70, if used, may be sized to sufficiently cover the defect or access
opining 60 and reduce the likelihood of the barrier 70 extruding or slipping from covering
the access opening 60. The barrier 70 may be sized, such that at least some portion of the
barrier abuts the AF surrounding the access opening 60. The barrier 70 may act to seal the
opening 60, recreating the closed isobaric environment of a healthy disc. The barrier 70
also may be affixed to tissues within the functional spinal unit or to the AF surrounding the
opening 60. Such attachment may be facilitated with the use of sutures, staples, glues or

other suitable fixation means or fixation devices.
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In use, the pressurized disc tissue and prosthesis 50 applies force on the inwardly facing
surface of the barrier 70. This pressure may be exploited by the design of the barrier to
reduce the likelihood of it dislodging or moving from its intended position. One exemplary
barrier is shown in FIG. 11, where the barrier 70 includes inwardly facing surfaces 72 that
expand upon the application of pressure. As the barrier expands, it becomes less likely to
be expelled from the disc. The barrier 70 may be formed with a concavity facing inwardly
to promote such expansion. In addition, as shown in FIG. 10, the prosthesis material 50
typically is positioned adjacent to the barrier 70 such that the likelihood of natural NP

escaping through the access opening 60 is further minimized.

The barrier may be flexible in nature. It can be constructed of a woven material such as
Dacron or Nylon, a synthetic polyamide or polyester, a polyethylene, or can be an
expanded material, such as expanded polytetrafluroethylene (e-PTFF). The barrier may also

be a biologic material such as cross-linked collagen or cellulous.

The barrier typically is a single piece of material, and may be expandable or include a
component that allows it to be expanded from a compressed state after insertion into the
interior of the disc. This expansion may be active, such as a balloon, or passive, such as a
hydrophilic material. The expansion may also occur via a self-expanding deforming barrier
or by incorporating such a material, such as a shape-memory material, for example. In the
example shown in FIG. 11, the barrier 70 includes a cage 74 formed from a shape-memory

material, such as nitinol. A cover (not éhown) may be employed over the cage 74.

When a phase changing prosthesis material is used, the barrier or other annulus
augmentation may be permanently implanted or used only temporarily until the desired
phase change has occurred. For example, a sufficient amount of fluid or liquid prosthesis
50 may be implanted into the disc. Barrier 70 is then implanted to occlude the access
opening 60. The prosthesis 50 is then cured or dried (or otherwise allowed to cure or dry) to
a solid or semi-solid state, wherein the resulting prosthesis form is larger than the access
opening. The barrier 70 then may be removed, as, due to the resulting size and/or shape of
the prosthesis, the likelihood of the prosthesis escaping back through the access opening 60

is low.
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As discussed above, the prosthesis 50 typically is placed within the interior region 52 of
the vertebral disc 15 by a delivery device. Examples of suitable delivery devices are shown
in FIGS. 12-22 In one illustrative embodiment, the delivery device 80 comprises a body 82
defining a longitudinal axis 83. The body 82 may be formed as an elongate cannula or other
hollow tubular sleeve. The body 82 includes a proximal end 81 and a distal end 84, which
is adapted to pass through the access opening 60 in the AF and deploy the prosthesis 50
into the interior region 52. The distal end 84 may be rounded (not shown) to limit any
damage to the AF or other anatomical structure. A push rod or plunger 86 is axially slidable
within the cannula 82 and together with the end portion 84 of the cannula defines a holder
region 87. The plunger 86 includes an end 89 that acts on the prosthesis 50 to dislodge the
prosthesis from the holder region 87. The plunger 86 is pushed in the direction of arrow A
shown in FIG. 12B to eject the prosthesis 50 from the holder region 87.

The plunger is axially slidable within the body so as to dislodge the prosthesis material
therefrom. As shown for example in FIGS. 12A-12C, in one embodiment, the body 82
includes a first handle 160 or region to allow the surgeon to grasp the outside of the body.
The plunger 86 includes a second handle 162, allowing the surgeon to actuate the plunger

86 to dislodge the prosthesis material 50.

The prosthesis material 50 may be inserted into the holder region 87 of the deployment
device 80 using any suitable means. in this manner, a single use deployment device may be
provided. In one embodiment, the deployment device may be preloaded with a desired
amount of prosthesis material. In other embodiments, the deployment device may be placed
in a vat of prosthesis material and actuated, in a manner similar to a syringe, to draw the
iarosthesis material into the deployment device. Alternatively, a surgeon or other assistant
may place a desired amount of the prosthesis material within the deployment device. Of
course, it should be appreciated that embodiments of the present invention are not limited
in this respect and that any suitable means or method for inserting the prosthesis may be
used. And, the chosen means or method may depend upon the type of prosthesis material

employed.

In one embodiment, any of the deployment devices and/of the prosthesis described
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herein may be supplied in a kit. The kit may include one or more of the same or different
prostheses or components and/or one or more of the same or different deployment devices.
The kit may include materials or devices to be used with the prosthesis. For example, the
kit may include the above-mentioned therapeutic agents or agents to cure the prosthesis, if
a curable prosthesis is employed. Also, the kit may include components, devices or other
materials to aid in deploying the prosthesis. The kit further may include one or more of the
same or different barriers. The kit also may include monitoring devices to monitor the
amount of prosthesis being deployed and also may include instructional information,
including any of the methodologies described herein. It should be appreciated that
embodiments of the present invention are not limited in this respect, as the herein noted or

other suitable components or devices may be supplied with the kit.

In some instances, it may be desirable to locate the prosthesis material within a certain
position in the interior region of the vertebral disc. Thus, in one illustrative embodiment as
shown in FIGS. 12A-12C, the deployment de\{ice includes a depth stop 88 that limits how
deeply into the interior region of the vertebral disc the prosthesis is placed. For example,
the depth stop 88 may seat against the vertebral bodies 28, 30, as shown in FIG. 12C, or the
AF 17. In this manner, the tip 84 of the delivery device 80 is inserted into the access
opening 60 in the AF until the depth stop 88 contacts the outer layer of the AF to prevent
further insertion of the tip of the delivery device into the interior region of the vertebral
disc. Once in this position, the delivery device is actuated to deliver the prosthesis 50 to the
desired location. Although in this embodiment the depth stop 88 abuts the vertebral body to
limit the insertion depth, the delivery device may be configured such that the depth stop
abuts other anatomical features. For example, the depth stop may be located on a delivery

device such that it is adapted to contact the AF or other bone or tissue located in the region.

In the embodiment shown in FIGS. 12A-12C, the depth stop 88 is located on the outside
of the hdelivery device. However, in other embodiments, an example of which is shown in
FIG. 13, it may be desirable to configure the delivery device 80 with an internal depth stop
90. In this manner, the tip of the delivery device is placed through the access opening in the
AF and is advanced until the internal depth stop 90 contacts the opposite wall of the AF or

other structure within the interior region of the vertebral disc. Once the tip is in the proper
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position, the delivery device is actuated to deploy the prosthesis material at the suitable

location within the interior region of the vertebral disc.

The depth stop also may be adjustable, giving the surgeon the flexibility to locate the
prosthesis in any desired position. In one example, as shown in FIG. 14A, the body 82 may
include a threaded section 92 and a depth stop 88’ may be formed as a threaded ring 94 that
engages the body 82. By rotating the ring 94 relative to the body, the location of the depth
stop may be adjusted.

Although a thread is shown and described, other suitable adjustment mechanisms may
be employed. For example, as shown in FIGS. 14B and 14C, a depth stop may be slidingly
engaged on the body 82 and locked in a position using a suitable locking device, such as a
clamp or thumb-screw 96 for a depth stop 88" shown in FIG. 14B, ball 98 and detent 99

mechanism for a depth stop 88" shown in FIG. 14C, or other ratcheting-type mechanisms.

In another embodiment, as shown in FIG. 14D a depth stop 88"" is formed as a plurality
of washer-like rings 100 that can slip over the body and abut a fixed depth stop 102. In this
manner, the depth may be set by adding rings onto the body until the desired depth is

achieved. The rings may be locked in position or freely retained on the body.

An internal depth stop may be adjustable providing the desired flexibility as to where to
locate the prosthesis. One example is shown in FIG. 15, in which a depth stop 90' is
threaded into a wall of the body 82 to enable depth adjustment in a telescoping manner.

To further enhance placement of the prosthesis in a desired location within the interior
of the vertebral disc, the delivery device 80 may include a curved or otherwise articuatable
end 84 that can be either actively or passively manipulated to alter its position, as shown in
FIG. 16. With a deployment device having a straight end as shown, for example, in FIG.
12A, the prosthesis may only be deployed along the longitudinal axis of the delivery
device. In embodiments employing a curved or articuatable end, the prosthesis may be
deployed at any desired angle relative to the longitudinal axis. For example, the prosthesis
may be deployed adjacent one of the endplates, in the middle of the interior region of the

vertebral disc, or adjacent the AF.
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One illustrative embodiment of an articulatable end is shown in FIG. 16. Guide wires
110 are fixed to the tip 84 of the delivery device, and in one embodiment, the guide wires
110 are anchored using suitable anchors, such as eyelets, in the interior region of the body
82. The wires 110 extend internally through body 82 toward the proximal end 81 of the
body 82 and exit end 81. Retracting the wires 110 causes the tip 84 to articulate relative to
the longitudinal axis of the delivery device. Other mechanisms for causing the tip to curve
or bend may be employed. To provide for an articulating end, the distal end 84 is formed of

a flexible material or in a flexible configuration.

In another embodiment, rather than actively deforming the tip of the delivery device, the
tip itself may be configured such that it bends into a predetermined configuration upon
insertion. For example, the tip of the delivery device may include a kink point or a change
in the stiffness along the length of the tip that causes the tip to assume a predetermined
configuration. In one embodiment, as shown in FIG. 17, the delivery device 80 includes a
relatively stiff outer tubular member 112 that contains the body 82. Further, body 82 may
be formed of, or otherwise include, a relatively flexible material, such as a spring member,
that holds the tip in a bent configuration. When inside the sleeve 112, the tip is retained in
a, straight configuration to allow insertion into the vertebral disc. When body 82 is
displaced with respect to member 112 in the direction of arrow B, the tip 84 emerges from

the sleeve 112 and assumes its bent configuration, as shown.

When a curved or otherwise articuatable end is employed, plunger 86 is, in one
embodiment, sufficiently flexible to conform to the shape of the tip of the delivery device

when in its bent configuration so as to be able to dislodge the prosthesis material.

In some circumstances, it may be desirable to place the prosthesis at a desired location
within the interior region of the vertebral disc upon retracting a portion of the delivery
device rather than by extruding the prosthesis material from the delivery device 80, as in
the embodiment shown in FIGS. 12A-12C. Thus, in this embodiment shown in FIGS. 18A-
18C, and FIG. 19, a retrograde delivery device 80 is shown, wherein the body 82 is
retracted in the direction of arrow C (see FIG. 18B) relative to the plunger 86. Once the
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prosthesis material has been deployed within the interior region, the delivery device may be

removed from the vertebral disc.

The delivery device of this embodiment may also include a curved or articulatable end
as described above and/or a depth stop, whether or not adjustable, to place the prosthesis at

the desired location.

As shown in FIGS. 18A-18C, the delivery device may include a depth stop 88. To
provide the depth stop 88 while allowing the body to be retracted along arrow C as
described, the body includes a slot 120, as shown in FIG. 19. Thus, the tip 84 of the
delivery device is inserted into the interior region of the vertebral disc until the depth stop
88 contacts the desired anatomy. Then, the body 82 may be retracted along arrow C while
the depth stop 88 is held against the anatomy. The slot 120 in the body 82 allows the body
82 to be retracted such that the stop 88 may move relative to the body 82 within the slot
120.

As discussed above, the prosthesis may be formed of any suitable material including
solids, semi-solids or even materials in liquid or fluid form. However, injecting a fluid or
liquid prosthesis material may increase the risk of adding localized pressure as the fluid
works its way through the interior region of the vertebral disc, which may result in damage
to the disc. In addition, merely injecting the fluid into the interior region can result in
imprecise placement within the interior region or possibly inadvertently deliver the material
into undesired locations, such as near the endplates or at fissures or tears in the AF, all

potentially increasing the likelihood of pain or reducing the effectiveness of the prosthesis.

In one embodiment as shown in FIG. 20A, the delivery device 80 is adapted to deliver a
prosthesis that is in fluid or liquid form. In this embodiment, end 84’ is generally closed,
but includes perforations 132 and the prosthesis is held within holder region 87. Upon
advancing the plunger 86, the liquid or fluid prosthesis material within the holder 87 is
extruded, ejected or otherwise dispensed through the perforations 132 in the direction of

arrow D.

The perforations formed in the tip may be any suitable perforations includiﬂg holes, as
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shown, or other openings. Alternatively, as shown in FIG. 20B, the perforations may be in
the form of fins 132’ that direct the liquid or fluid prosthesis material in the direction of
arrow D'. In one embodiment, the delivery device includes perforations extending only
radially outwardly. In this manner, direct pressure through the end of the delivery device

onto the NP or locating the prosthesis in an otherwise undesirable location may be avoided.

In another embodiment, the deployment device monitors the amount of material being
delivered. In one illustrative embodiment as shown in FIGS. 21A-21B and 20, the delivery
device 80 includes a gauge 140 such that the surgeon, for example, may quickly determine
the amount of prosthesis material being deployed from the delivery device. In one
embodiment, the gauge 140 may be a pressure gauge that may be used to determine the
increase in pressure within the vertebral disc as the prosthesis material is beiﬁg deployed.
In one embodiment as shown in FIG. 21A, the gauge may include a pressure sensitive
transducer 142 disposed on or within the plunger 86 and suitable electronics (not shown) to
record and measure the pressure within the disc. The pressure transducer may be situated
on the delivery device such that it records the resistance to insertion force. The resistance
force is correlated to the pressure increase within the vertebral disc such that the surgeon
would know when enough proéfhesis material has been deployed. The pressure also may be

determined with the use of a suitably placed strain gauge.

Alternatively, the gauge may be a mechanical gauge 144 As shown in FIG. 21B, that
employs a spring 146 and an indicator 148 coupled to the spring that moves in response to
the r/esistance to insertion force. Again, the resistance force may be correlated to the
increase in pressure in the interior region of the disc such that when a certain resistance
force is obtained, further insertion of prosthesis material may be terminated. In this
embodiment, the plunger 149 is formed as a two-part plunger having a first plunger 149A
and a second plunger 149B. Spring 146 is disposed between the two plungers. Moving
plunger 149A causes spring 146 to compress and act on plunger 149B, which in turn
dislodges prosthesis 50. As the resistance to insertion increases, plunger 149A moves
further into plunger 149B and a higher pressure reading is indicated at indicator 148. It
should be appreciated that embodiments of the present invention are not limited to any
particular gauge as any suitable gauge may be employed to determine the increase in

pressure in the interior region of the vertebral disc.
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In another embodiment as shown in FIG. 22, the gauge may be a volume gauge 150 to
indicate the volume of prosthesis material being delivered to the interior region of the
vertebral disc. In this respect, the delivery device may be configured similar to a syringe
and includes a series of lines on the body that correlates to the volume of material being

deployed.

In yet another embodiment (not shown), a combination of gauges may be employed. For
example, a deployment including both a pressure gauge (such as pressure transducer 142)

and a volume gauge (such as indicator 150) may me employed.

The delivery device 80 may be formed from any suitable material, as the present
invention is not limited in this respect. Thus, the delivery device may be formed from a
plastic material, such as a polycarbonate, or a metal material, such as stainless steel, or any
suitable combination of materials. In addition, the delivery device may be formed of a
material that can be readily sterilized. Further, the delivery device may be formed as a

single use device such that resterilization is not required after use.

In another embodiment, in addition to the shapes described above, the prosthesis may
include a grouping of multiple components of the same or different shapes that can be
inserted into the interior region of the vertebral disc as a group. By grouping smaller
discrete component prostheses together, the prosthesis may perform differently than a
single unit which can be advantageous. The volume of an individual component prosthesis
can range between approximately 10 mm® and approximately 500 mm®. Each component of
the group, or at least one component, may be formed of the same or different materials or
material characteristics as other components of the group, such as those materials or

characteristics described herein, as the present invention is not limited in this respect.

The delivery device 80 may deploy the grouping of prosthesis components of any
desired shape. When delivering a grouping of components, each (or at least one) prosthesis
component may be in the form of spheres or beads (see FIG. 8), rods or spirals (see FIG. 9),
geometric solids, irregular solids, sheets or any other suitable shape disclosed herein or

otherwise formed. The components typically are deployed in a group and in a single step.
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At least one component prosthesis from the group, or the entire group, may be deployed to
any desired location, examples of which are discussed above. In one embodiment, the
grouping includes at least two components forming the prosthesis. In another embodiment,
the grouping includes at least three components forming the prosthesis. Other suitable
grouping sizes, such as four, five and six, may be employed, as the present invention is not
limited in this respect. In one embodiment, the multi-component prosthesis can, for
example, comprise hydrogel spheres, that can be extruded, ejected or otherwise dispensed
from the delivery device, thereby displacing, without removing, autologous vertebral
tissues. As is apparent from the above discussion, the size of the group may depend upon
certain factors. For example, as is apparent from the above discussion, the group size may
be a function of the desired disc height, the desired disc pressure or the desired disc

volume, such as the desired augmentation volume.

FIG. 23A is a cross-sectional view of a deliyery device 80 loaded with a grouping of
spherical or bead shaped prosthetic components 50’ and with the plunger 86 in the retracted
position. FIG. 23B shows the plunger 86 in the advanced position, with the components 50’
of the prosthesis deployed as a group from the distal tip 84. FIG. 23C shows a view of two
adjacent vertebral bodies 28, 30, with the tip 84 of the delivery device 80 inserted within
the vertebral disc. Depth stop 88 is placed against at least a portion of the annulus or
vertebral body. The plunger 86 is shown in the advanced position in which the prosthesis
50" has been delivered within the area bounded by the annulus, causing the tissues of the
annulus, nucleus, or vertebral endplates to be displaced in relation to the amount of
prosthesis added. |

j

FIG. 24A is a cross-sectional view of a retrograde delivery device (such as that
described above with respect to FIGS. 18A-18C), which is loaded with rod- or spiral-
shaped prosthetic components 50" and with the body 82 advanced relative to the plunger
86. FIG. 24B shows the body 82 in the retracted position relative to the plunger 86, in
which the components 50" of the prosthesis are deployed as a grouping from the distal tip
84. FIG. 24C shows a view of two adjacent vertebral bodies 28, 30, with the tip 84 delivery
device 80 inserted within the vertebral disc. Depth stop 88 is placed against at least a
portion of the annulus or vertebral body. The body 82 of the delivery device is shown in the

retracted position relative to the plunger 86, with the prosthesis 50 delivered within the area
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bounded by the annulus, causing the tissues of the annulus, nucleus, or vertebral endplates

to be displaced in relation to the amount of prosthesis added.

Although the spherical- or bead-shaped prosthesis 50' is shown in the delivery device of
FIGS. 23A-23C and the rod- or spiral-shaped prosthesis 50" is shown in the delivery device
of FIGS. 24A-24C, the present invention is not limited in this respect. Thus, the spherical-
or bead-shaped prosthesis 50’ may be deployed with any delivery device described herein
or otherwise, including the delivery device shown in FIGS. 24A-24C and the rod- or spiral-
shaped prosthesis 50' may be deployed with any delivery device described herein or

otherwise, including the delivery device shown in FIGS. 23A-23C.

It should be understood that the foregoing description of the invention is intended
merely to be illustrative thereof and that other embodiments, modifications, and equivalents
of the invention are within the scope of the invention recited in the claims appended hereto.
Further, although each embodiment described above includes certain features, the invention
is not limited in this respect. Thus, one or more of the above-described or other features of
the prosthesis, method of implantation, or delivery device, may be employed singularly or
in .any suitable combination, as the present invention is not limited to a specific

embodiment.
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WHAT IS CLAIMED:

L A prosthesis for implantation into an interior region of a vertebral disc, the

prosthesis comprising:
an isotropic mass of biocompatible hydrogel, wherein said biocompatible
hydrogel has a compressive strength, a volume, and a mass,
wherein said compressive strength is less than about 4 MN/m?,
wherein said volume is in the range of between about 0.1 ml and
about 6.0 ml, and,
wherein the mass of said hydrogel is adapted to absorb a volume of
about 50% to about 100% of the volume of the hydrogel under a
compressive stress between a range of about 0.2 MN/m? and about 0.8 -
MN/m*

2. The prosthesis of Claim 1, wherein the mass of said hydrogel is adapted to
absorb a volume of about 50% to about 100% of the volume of the hydrogel in a time
period of about1 hour to about 8 hours.

3. A prosthesis for implantation into an interior region of a vertebral disc
having first and second endplates, the prosthesis comprising:

a mass of material adapted for insertion into the interior region of the
- vertebral disc so as to displace existing vertebral tissue,
wherein the mass of material is sized so as to be spaced from both
the first and second endplates when implanted into the interior region of the
vertebral disc such that the mass of material is surrounded with nucleus

pulposus within the interior region of the vertebral disc when implanted

therein.
4. The prosthesis according to Claim 3, wherein the mass of material is wedge-
shaped.
5. A vertebral disc prosthesis for displacing nucleus, annulus, or vertebral

body endplate tissue of a vertebral disc, the prosthesis comprising:

a grouping of at least two discrete components, wherein the grouping is
constructed and con_ﬁgured to be inserted together as a group into the interior region
of a vertebral disc to displace at least a portion of the nucleus, annulus, or vertebral
body endplate tissue.
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6. The prosthesis of Claim 5, wherein each component is formed of a mass of

material having a compressive strength of less than about 4 MN/m?.

7. The prosthesis of Claim 5, wherein at least one component comprises a
hydrogel material.

8. The prosthesis of Claim 5, wherein at least one component is isotropic.

9. The prosthesis of Claim 5, wherein at least one component is constructed to

selectively absorb or release fluid.

10.  The prosthesis of Claim 5, wherein at least one component comprises a
viscoelastic material. |

11.  The prosthesis of Claim 5, wherein at least one component comprises a
spherical shape. 4

12. The prosthesis of Claim 5, wherein at least one component comprises a rod
or spiral shape.

13. The prosthesis of Claim 5, wherein at least one component comprises a
therapeutic amount of a desired substance and is constructed to deliver the therapeutic
amount of the desired substance to the vertebral disc.

14. A device for delivering a prosthesis to a site within an intervertebral disc
comprising: 4

a body having a proximal end and distal end, the body being formed as a
hollow sleeve;

a holder region disposed adjacent the distal end of the body, the holder being
adapted to hold the prosthesis prior to delivery; and

a plunger axially disposed within the sleeve, the sleeve being adapted to be
retracted relative to the plunger to dislodge the prosthesis from the holder region
upon retraction of the sleeve.

15. A method of implanting a prosthesis material into an interior region of a
vertebral disc, the method comprising:

locating an access site on the disc;

inserting, through an opening of the disc at the access site, the prosthesis
material into the interior region of the vertebral disc; and |

monitoring at least one of: a) one or more characteristics of the vertebral

disc, and b) one or more characteristics of the prosthesis material.
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16.  The method of Claim 15, further comprising determining when a sufficient
amount of the prosthesis material has been inserted into the interior region of the vertebral
disc based on the monitored characteristic.

17. The method of Claim 15, wherein locating an access site comprises forming
an opening in the annulus fibrosis of the vertebral disc.

18. The method of Claim 15, wherein locating an access site comprises locating
a defect in the annulus fibrosis of the vertebral disc.

19. The method of Claim 15, wherein monitoring one or more characteristics of
the vertebral disc comprises monitoring a disc height of the vertebral disc.

20.  The method of Claim 15, wherein inserting the prosthesis material into the
interior region of the vertebral disc comprises inserting an amount of prosthesis material
into the interior region of the vertebral disc until a desired disc height is achieved.

21. The method of Claim 20, wherein inserting an amount of prosthesis material
into the interior region of the vertebral disc ﬁ;ntil a desired disc height is achieved
comprises inserting an amount of prosthesis material into the interior region of the vertebral
disc until a height ranging between about 1 mm to about 10 mm is achieved.

22.  The method according of Claim 15, wherein monitoring one or more
characteristics of the prosthesis material comprises monitoring a volume of prosthesis
material inserted into the interior region of the vertebral disc.

23. The method of Claim 15, wherein inserting the prosthesis material into the
interior region of the vertebral disc comprises inserting about 0.1 ml to about 6 ml of the
prosthesis material into the interior region of the vertebral disc.

24.  The method of Claim 15, wherein monitoring one or more characteristics of

the vertebral disc comprises monitoring a disc pressure of the vertebral disc.
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