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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 05.118.379

Solicitud de patente a nombre de DREXEL UNIVERSITY &
GELIFLEX, INC.

Yo, DILTA RODRIGUEZ D’ALEMAN, identificada como aparece al pie de mi
firma, domiciliada en la carrera 11 No. 86-53, piso 6, obrando como obrando
como apoderada de las sociedades DREXEL UNIVERSITY & GELIFLEX,
INC., domiciliadas en Philadelphia, Pensilvania, Estados Unidos de America,
solicitantes de la patente de la referencia, interpongo recurso de reposicion contra la
resolucién No. 44666 del dia 20 de septiembre de 2010, expedida por el
Superintendente de Industria y Comercio, por medio de la cual se niega el
ptivilegio de patente para la solicitud contenida en el expediente de la referencia.

1. HECHOS
1.1. Mediante oficio 9678 esa Superintendencia objeta la claridad de la solicitud.

1.2. El 11 de abril de 2009 mi mandante presenté un memorial dando respuesta
a las objeciones del oficio nombrado, y junto con el allegé un nuevo capitulo
reivindicatorio que comprendia la nueva reivindicacién 4, la cual por un motivo
involuntatio no incluy6 la palabra “peso”.

1.3. Mediante resoluciéon 44666 esa Superintendencia niega la reivindicacion 4
por carecer de sustento.

2. FUNDAMENTOS DEL RECURSO

En su resolucién No. 44666, ese Despacho rechaza la reivindicacion 4
argumentando que la misma carece de sustento descriptivo, ya que nada en la
solicitud divulga una composicién de polimero con un contenido de agua de
entre 25% y 50%.

A la luz de la objecién presentada por el examinador, el solicitante ha revisado |

nuevamente el capitulo reivindicatorio presentado en respuesta al oficio 9678,
notificado por fijacién en lista el 21 de agosto de 2009, y ha encontrado que por
un error involuntario, se elimino la palabra “peso” de la traduccién del capitulo

. reivindicatorio presentado ante ese Despacho, el cual cotresponde al que fue
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concedido en Estados Unidos para la patente No. US 7.708.979. De hecho, la
reivindicacién 4 objetada, equivale a la reivindicacién 3 de dicha patente (Se
anexa copia).

De igual manera, como se establecié en respuesta al oficio 542, notificado por
fijacién en lista el dia 22 de enero de 2010, la descripciéon en la pagina 13,
establece lo siguiente:

“En una modalidad preferida, el sistema termogelificante de la presente
invencion comprende desde aproximadamente 4% a aproximadamente 70% en
peso de los polimeros en solucion, mds preferiblemente desde aproximadamente
4% a aproximadamente 62% en peso; mds preferiblemente desde

aproximadamente 25% a_aproximadamente 50% en peso.”
(Resaltado fuera del texto)

Como se puede obsetvar, la referencia se hace al contenido de polimero en la
solucién, no al contenido de agua. Mis ain, la dltima frase de dicha cita
corresponde con lo reclamado en la reivindicacién 4, al incluir la palabra “peso” en
dicha reivindicacién. (Adjunto a este recurso dicha pagina 13 de la descripcion).

Este error no fue detectado oportunamente al momento de responder a dicho
oficio No. 542, por lo que no se hizo la correcciéon correspondiente. Sin
embargo, es claro que existiendo el sustento en la pagina 13 procede remover
cualquier obsticulo formal que impida tomar una decisién de fondo sobre la
reivindicacién 14 y entonces, la Superintedencia proceda a revocar parcialmente
su resolucién y a otorgar al solicitante la oportunidad procesal para que
modifique, con base en el articulo 70 de la Decisién 486, la reivindicacion 14 para
incluir la palabra “peso”, tratindose de un etror material en la patente.
Recordemos que este tipo de actuaciones son posibles gracias al principio de
eficacia consagrado en el inciso 5 del articulo 3 del Cédigo Contencioso
Administrativo, el cual indica claramente que “en virtud del principio de eficacia, se
tendrd en cuenta que los procedimientos deben lograr su finalidad, removiendo de oficio los
obstdculos puramente formales y evitando decisiones inhibitorias.  Las nulidades que resulten de

vicios de_procedimiento podrdn sanearse en coalguier fientpo_a_ pelicion del z'ﬂteremdof (el

subrayado es nuestro).

Teniendo en cuenta lo dicho anteriormente, solicito a usted lo siguiente:

a) Que de conformidad con lo previsto por los articulos 3 (inciso 3); 35 (inciso 2)
y 59 (inciso 2) del Cédigo Contencioso Administrativo se consideren y se
resuelvan TODOS los atgumentos y TODAS las cuestiones planteadas asi como
las que aparezcan con motivo de este recurso.
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Thermogelling polymers are described containing poly
(n-isopropy! acrylamide). Solutions of this polymer, copoly-
mers or mixtures of the polymer with a second polymer such
as poly(ethylene glycol), poly (vinyl pyrrolidone) or poly-
(vinyl alcohol) are Liquids at room temperature and solids at
body temperature. Thus, also provided are methods of
implanting a hydrogel into a mammal by injecting the
solution as a liquid at a temperature below body temperature
into a selected site in the mammal at a temperature below
body temperature, which then undergoes thermal phase
transition to form a solid hydrogel in situ in the body as the
implant warms to body temperature. Methods for using
these thermal gelling materials in various applications
including nucleus pulposus replacement/augmentation,
wound care, disk replacement, cartilage replacement, joint
replacement, surgical barriers, gastrointestinal devices, cos-
metic and reconstructive surgery, and breast enlargement are
also provided.
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préferiblemente a alguna temperatura cercana pero inferior a
la temperatura fisiolébgica ﬁormal dél cuerpo del mamifero. La
temperatura de transicién es preferiblemente de
aproximadamente 27°C a aproximadamente 37°C. Los agentes de
reticulacién u otros agentes pueden ser deseables y agregados
a las soluciones en algﬁnas modalidades para ajustarse a la
temperatura en la cual el hidrogel hace transicién de liquido

a sbélido.

En una modalidad preferida, los sistemas de
termogelificacién comprenden una mezcla de polimero..o
copolimeros hechos de la combinacién de monémeros de pp}i(N—
isopropil acrilamidai (PNIPAAmM) y el sééundo polimero en
soluciones acuosas. Tales sistemas termogelificantes pueden
incluir opcionalmente un aqeﬁte para imAgenes. En una
modalidad preferida, el sistema termogelificante de la
presente invencién comprende desde aproximadamente 4% a
aproximadamente 70% en peso de los éolimeros en solucién, méas
preferiblemente desde ap;oximadamente' 4% a aproximadamente
62% en peso; mas é@eﬁﬁiﬁbﬁeﬁéﬁﬁéﬂdesdeiéprbxiﬁaaamente 25% at
aprpxigg@gmegpepﬁa%-&n;pé&wﬁ En un sistema termogelificante
preferido, la mezcla de polimero comprende polimerc PNIPAAm y
un polimero hidrofilico. Mé&s preferiblemente, la mezcla de
polimero comprende desde aproximadamente 25% a

aproximadamente 35% de PNIPAAm y desde aproximadamente 5% a
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US 2004/0220296 A1

THERMOGELLING POLYMER BLENDS FOR
BIOMATERIAL APPLICATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of pro-
visional patent application U.S. Ser. No. 60/466,819 filed
Apr. 30, 2003, which is herein incorporated by reference in
its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to thermogelling
hydrogels which preferably are liquids at room temperature
and solid, hydrogels at normal mammalian physiological
body temperature. Preferred hydrogels include polymer
blends or copolymers of poly(N-isopropyl acrylamide)
(“PNIAAm”) and a second polymer, preferably hydrophilic,
such as for example poly(vinyl alcohol) or polyethylene
glycol. The hydrogels have a variety of applications includ-
ing, but not limited to, intervertebral disc replacement or
disc augmentation, wound care, cartilage replacement, joint
replacement, surgical barriers, gastrointestinal devices, drug
delivery, cosmetic and reconstructive surgery, and breast
enlargement.

BACKGROUND OF THE INVENTION

[0003] Hydrogels are three-dimensional, water-swollen
structures composed of mainly hydrophilic homopolymers
or copolymers. See, e.g., Lowman, A. M. and Peppas, N. A.,
Hydrogels, in Encyclopedia of Controlled Drug Delivery, E.
Mathiowitz, Ed., John Wiley and Sons, 1999. pp. 397-418.
These materials are for the most part insoluble due to the
presence of chemical or physical crosslinks. The physical
crosslinks can be entanglements, crystallites, or weak asso-
ciations such as van der Waals forces and hydrogen bonds.
The crosslinks provide the network structure and physical
integrity. Hydrogels have been disclosed for use in a variety
of biomedical applications.

[0004] Hydrogels have been used to form articles such as
optical lenses. U.S. Pat. No. 4,954,587 discloses copolymers
comprising a polymerization product of N,N-dimethlyacry-
lamide, a vinyl monomer, and a cross linking agent which is
machinable in a dry state and forms clear hydrogels con-
taining 25 to 75 wt. % water. U.S. Pat. No. 5,292,415
discloses a mammalian body implant, particularly for use as
a corneal prosthesis, comprising a hydrogel having azlac-
tone-reactive nucleophilic surfaces, a multifunctional azlac-
tone composition covalently coupled to the nucleophilic
surfaces, and a biologically active material coupled to the
azlactone group.

[0005] In addition to optical uses, published U.S. Patent
Application 2002/0006521 discloses use of hydrogels in
medical devices such as catheters and artificial kidneys and
PCT Application WO 2001/05578 discloses use of hydro-
gels in thin film wound dressings, subcutaneous drug deliv-
ery devices and coatings for catheters. Similarly, published
U.S. Patent Application 2001/0027299 discloses medical
devices including dilation balloons and guide wires, cath-
eters, stents, stent grafts, grafts, vena cava filters and infla-
tion lumens comprising a hydrogel. Hydrophillic hydrogels
have also been proposed for imcorporation into flexible
dermal patches for treatment of human/animal traumatic
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bums or skin blisters. See e.g., U.S. Pat. No. 6,348,213.
Hydrogel dermal patches have also been proposed for treat-
ment of acne and pimples. See e.g. U.S. Pat. No. 6,455,065.

[0006] Hydrogels have also been disclosed as useful mate-
rals for nucleus replacement in bumans as they can be
prepared with mechanical and physiological properties simi-
lar to the nucleus itself. U.S. Pat. No. 5,047,055 and U.S.
Pat. No. 5,192,326 describe a bydrogel for use in nucleus
pulposus replacement that is comprised of 100% semi-
crystalline polyvinyl alcohol (PVA). U.S. Pat. No. 5,976,186
discloses a prosthetic nucleus prepared from hydrogels of
lightly crosslinked biocompatible homopolymers and
copolymers of hydrophilic monomers, HYPAN™ or highly
hydrolyzed crystalline PVA, which exhibit an equilibrium,
water content (EWC) of from about 30 to about 90%. WO
01/32100 discloses a modified PVA hydrogel for use in
intervertebral disc replacement, and more specifically
replacement of the nucleus pulposus, which has been stabi-
lized by addition of a second polymer, preferably polyvinyl
pyrollidone (PVP) or copolymers of PVP and poly(methyl
methacrylate), poly(acrylamide), poly(acrylic acid), poly-
(acrylonitrile) or poly(ethylene glycol).

[0007] Interpenetrating polymeric network hydrogels
comprising temperature-sensitive poly(N-isopropyl acryla-
mide (PNTPAAm) have been described for use as colorimet-
ric reagents (published U.S. Patent Application 2002/
0031841) and in decontaminating, heat reversible polymer
particles (U.S. Pat. No. 6,180,326). Increascs in temperature
have been reported to cause significant pore size decreases
in interpenectrating polymeric networks composed of
PNIPAAm. See Zhang et al. Journal of biomaterials science
2002 13(5):511-25.

SUMMARY OF THE INVENTION

[0008] Currently, few minimally invasive techniques exist
for implantation of hydrogels into a selected site of a
mammal. Typically, a surgically invasive procedure is
required for insertion or implantation of a hydrogel at a
selected site in a mammal. In one embodiment of the present
invention, however, compositions and methods are provided
which permit insertion of a hydrogel at a selected site in a
mammal via percutaneous injection through a needle, inser-
tion or injection through a cannula, or alternatively insertion
or injection in a minimally-invasive surgical procedure.
More particularly, in one embodiment of the invention,
solutions comprising temperature-sensitive blends or
copolymers of poly(N-isopropy! acrylamide) (“PNIPAAm”)
and a second polymer, such as for example poly(vinyl
alcohol) (PVA) or polyethylene glycol (PEG), are useful in
production of an in situ gelling hydrogel that is a viscous
liquid at room temperature (about 22° C. to about 27° C.) or
lower and undergoes thermal transition just below body
temperature (generally, from about 29° C. to about 37° C.)
to form a solid hydrogel. In one embodiment such materials
may be injected as liquids into a selected site in a mammal
and then undergo thermal phase transition to a solid in situ
in the body as the material warms to body temperature to
form biomedical implants useful in a variety of applications.

[6009] In another embodiment, the present invention is
directed towards a thermogelling hydrogel, the thermogel-
ling hydrogel being a liquid during injection, preferable at or
below room temperature, and a solid at physiological body
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temperature. In another embodiment, the present invention
is directed towards an injectable hydrogel capable of being
injected as a liquid at room temperature or below, and
solidifying to form a solid implant upon warming to physi-
ological body temperature. The injectable hydrogel prefer-
ably is capable of being injected preferably at or below room
temperature in a selected site in 2 mammal through an about
6 gauge to about 28 gauge needle, more preferably through
an about 14 gauge to about 22 gauge needle. In still a further
embodiment, it is preferred that the hydrogel solution has a
viscosity at temperatures ranging from about 10° C. to about
27° C. that could range from about 1 cP to about 25,000 cP.
In one aspect the invention comprises a first polymer that is
hydrophilic at about or below room temperature and hydro-
phobic at about 27° C. and higher, and a hydrophilic second
polymer. In another embodiment, the thermogelling hydro-
gel comprises poly(N-isopropyl acrylamide) (PNIPAAm)
copolymerized and/or blended with a second polymer. In a
preferred embodiment, the second polymer is hydrophilic. In
yet another embodiment, the hydrogel comprises poly(N-
isopropyl acrylamide) (PNIPAAm) copolymerized and/or
blended with a seccond polymer, such as, for example,
poly(ethylene glycol) (PEG), poly (vinyl pyrrolidone) (PVP)
or poly(vinyl alcohol) (PVA).

[0010] In yet another embodiment, the present invention is
directed towards a method of implanting a hydrogel into a
selected site of a mammal which comprises injecting into a
selected site in a mammal a thermogelling hydrogel wherein
the thermogelling hydrogel is injected as a liquid at room
temperature and solidifies to form a solid implant as the
implant material warms to physiological body temperature
at the sclected site in the mammal. In a particular embodi-
ment, the thermogelling hydrogel can be injected into a disc
in the spinal column as a liquid to form a solid implant that
replaces or augments the nucleus pulpous and is retained by
the annulus of the disc. The hydrogel may be injected
percutaneously through the skin of a patient directly into the
disc cavity. Preferably, the hydrogel may be delivered by a
syringe containing the hydrogel solution that has a needle
that is inserted posteriorly into the spinal region of a patient
and through the annulus of the disc. Preferably the hydrogel
solution may flow through an about 6 gauge to an about 28
gauge needle more preferably an about 14 gauge to an about
22 gauge needle. In one embodiment the liquid hydrogel
solution preferably has a viscosity of about 1 cP to about
25,000 cP at room temperature (about 22° C. to about 27°
C.) or lower temperatures. Alternatively the hydrogel may
be injected by a device containing a needle such as for
example a syringe, at least a portion of the needle being
inserted down a cannula, or alternatively the hydrogel
implant can be solidified and inseried down a cannula into
the disc space. Preferably, the cannula is inserted posteriorly
and provides a passageway from the external posterior side
of the spine to the disc annulus. The needle may pierce the
disc annulus or an incision may be made in the annulus to
insert the nucleus replacement implant. Alternatively the
hydrogel implant may be injected or inserted by a mini-
mally-invasive surgical procedure. The above methods may
be implemented to implant in a mammal at a selected site a
thermogelling hydrogel preferably comprising poly (N-iso-
propyl acrylamide) (PNIPAAm) copolymerized and/or
blended with a second polymer. Other hydrogels described
herein may be implemented by the methods described above
and elsewhere in this specification.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other objects, advantages and
features of the invention, and the manner in which the same
are accomplished, will become more readily apparent upon
consideration of the following detailed description of the
invention taken in conjunction with the accompanying Fig-
ure, which illustrates a preferred and exemplary embodi-
ment, wherein:

[0012] FIG. 1 illustrates the injection of the hydrogel
posteriorly into the spinal region of a patient and through the
annulus of the disc using a syringe that contains the hydrogel
solution and that has a needle.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] While the present invention will be described by
reference to preferred embodiments, characteristics, proper-
ties and examples, it should be realized that the present
invention is not limited to such specific embodiments,
characteristics, propertics or examples but will be defined by
the claims. The present invention in one embodiment relates
to novel compositions and methods that permit the insertion
of a hydrogel at a selected site in a mammal via injection
through the dermis by needle, by minimally-invasive pro-
cedure or by a surgical procedure. More particularly, it has
now been found that polymer blends or copolymers of
poly(N-isopropyl acrylamide) (PNIPAAm) and a second
polymer are useful in production of an in situ gelling
hydrogel that is a viscous liquid at room temperature {about
20° C. to about 27° C.) or lower, and undergoes thermal
transition at a temperature lower than physiological body
temperature (about 36° C. to about 38° C.) to form a solid
hydrogel.

[0014] Without being bound by a particular theory, it is
believed that the PNIPAAm of the blend undergoes a
thermal traosition between about 27° C. and about 37° C.
and forms a hydrogel due to the insoluble nature of the
PNIPAAm, which becomes entangled at the higher tempera-
ture to form physical crosslinks. It is believed that the
interaction between the hydroxyl groups on the second
polymer and the acrylamide groups on the PNIPAAm pro-
duce interchain hydrogen bonding, which adds mechanical
structure and additional stability to the material. Further
stabilization of the hydrogels can be achieved by introduc-
tion of additional physical crosslinks such as poly(vinyl
alcohol) crystallites.

[0015] At about room temperature or lower, the polymer
blends or copolymers are hydrophilic and solubilizes in
water. When the temperature is increased above approxi-
mately 27° C., however, the PNIPAAm chains become
hydrophobic and collapse into a gel. The chains of the
second polymer preferably remain hydrophilic, allowing the
blend to absorb large amounts of water. Thus, the combi-
nation of the hydrophilic second polymer and hydrophobic
PNIPAAm results in elastic hydrogels with high water
content.

[0016] No cross-linking agents are required for gelation in
certain embodiments of the present invention. Thus, unlike
most proposed in situ gelling materials, the hydrogels of
certain preferred embodiments of the present invention can
be prepared by a “clean” preparation technique wherein the
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hydrogel is formed without concerns of leaching of uare-
acted, toxic monomers or cross-linking agents. Preferably,
the polymers of the present invention can be injected as a
viscous liquid at rcom temperature, such for example at
about 20° C. to about 27° C., or at lower temperatures, into
a selected site of a mammal. The polymer blend or copoly-
mer solidifies to form a hydrogel implant in situ at the
selected site in the mammal as the implant warms to normal
mammalian physiological body temperature, such as, for
example, about 36° C. to about 38° C. The polymer blend or
copolymer transitions from a liquid or slurrable solution to
a solid preferably at some temperature close to but below
normal mammalian physiological body temperature. The
transition temperature preferably is about 27° C. to about
37° C. Cross-linking agents or other agents may be desirable
and added to the solutions in some embodiments to tailor the
temperature at which the hydrogel transitions from liquid to
solid.

[0017] In a preferred embodiment, the thermogelling sys-
tems comprise a polymer blend or copolymers made from
the combination of monomers of poly(N-isopropyl acryla-
mide)(PNIPAAm) and a second polymer in agueous solu-
tions. Such thermogelling systems may optionally include
an imaging agent. In a preferred embodiment, the ther-
mogelling system of the present invention comprises from
about 4% to about 70% by weight of polymers in solution,
more preferably from about 4% to about 62% by weight;
most preferably from about 25% to about 50% by weight. In
a preferred thermogelling system, the polymer blend com-
prises PNIPAAm and 2 hydrophilic polymer. More prefer-
ably, the polymer blend comprises from about 25% to about
35% of PNIPAAm and from about 5% to about 15% of a
hydrophilic polymer. Most preferably, the polymer blend
comprises from about 22% to about 31% PNIPAAm and
from about 4% to about 13% of a second hydrophilic
polymer. Examples of hydrophilic polymers suitable for use
in the present invention include, but are not limited to,
biocompatible polymers, such as, for example, poly(ethyl-
ene glycol) (PEG), poly (vinyl pyrrolidone) (PVP) or poly-
(vinyl alcohol) (PVA).

[0018] The polymer blends or copolymers exist in an
aqueous solution within the thermogelling systems of the
present invention. In a preferred embodiment, the ther-
mogelling system comprises from about 30 weight % to
about 96 weight % of an aqueous solution; more preferably
from about 30 weight % to about 70 weight %; and

[0019] most preferably from about 40 weight % to about
60 weight %. The water content of PVA/PNIPPAm blends
preferably ranges from approximately 62% to approxi-
mately 93% by weight, approximately 38% to approxi-
mately 45% by weight for PEG MW:4600/:PNIPAAm
blends and approximately 55% to about 82% for PEG
MW:8000/PNIPAAm blends. Typical examples of agueous
solutions suitable for use in the thermogelling systems of the
present invention include water, saline solution, and buff-
cred phosphate solutions.

[0020] In a first exemplary embodiment of the present
invention, the thermogelling system comprises a solution of
linear homopolymers of PNIPAAm and a second hydro-
philic polymer that form a gel consisting of a blend of the
two. In a second exemplary embodiment of the present
invention, the thermogelling system comprises PNIPAAm
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grafted to a second polymer comprising a hydrophilic chain.
In a third exemplary embodiment of the present invention,
the thermogelling system comprises a second polymer com-
prising hydrophilic side chains grafted or co-polymerized to
a PNIPAAm backbone to form a branched or grafted struc-
ture. In a fourth exemplary embodiment, the thermogelling
system of the present invention comprises diblock polymers
of PNIPAAm and a second polymer comprising a hydro-
philic component. In yet a fifth exemplary embodiment, the
thermogelling system comprises A-B-A triblock copolymers
where PNIPAAm is the center B block and the second
polymer comprising a hydrophilic polymer is the outer A
block. Furthermore, any of the above exemplary embodi-
ments of homopolymers or copolymers may be blended with
any of the other homopolymers or copolymers.

[0021] The mass ratio of the polymer blends or copoly-
mers in the thermogels of the present invention preferably
ranges from about 500:1 (wt:wt) PNIPAAm:second polymer
to 1:500 PNIPAAm:second polymer with a preferred range
of 20:1 (wi:w1) to 1:20 (wt:wt). Increasing the amounts of
PNIPPAm generally increases the ability of the solution to
gel and solidify at elevated temperatures. Preferred ratios of
PNIPAAm: second polymer are 3:1,2:1, 1:1, 1:2, and 1:3 for
a second polymer solution such as PVA or PEG of 5 to 10%,
and a PNIPAAm solution of 25 to 35%. More preferred
ratios of PNIPAAm:second polymer ratios include ratios of
about 1:1 to about 3:1 (wt:wt). The weight average molecu-
lar weight of the polymer chains or blocks is expected to
range from about 1000 Da to about 10,000,000 Da, prefer-
ably from about 1000 Da to about 100,000 Da.

[0022] In an alternative embodiment, the polymers that
comprise the thermogelling hydrogel of the present inven-
tion can be injected into a sclected site of 2 mammal in a dry
or dehydrated state, rather than in the form of a solution as
described above. In one embodiment, the dry solid polymers
that comprise the hydrogel can be injected directly into a
selected site of a mammal, such as, for example, the disc
cavity. Alternatively, the dry hydrogel materials can be
inserted inside the disc cavity by means other than injection.
Alternatively, or in addition to, the dry hydrogel materials
may be introduced into a containment device. The contain-
ment device, and the dry hydrogel materials contained
therein, can then be implanted into a selected site of mam-
mal. The containment device is preferably semi-permeable
and retains the hydrogel material and allows for passage of
water into and out of the hydrogel material. In either
embodiment, the dry hydrogel materials preferably become
physically entangled in vivo upon injection into the body
and preferably swell or inflate by absorption of water from
the surrounding body fluids. The dry hydrogel, with or
without the containment device, may be transported by a
holding device such as a spatula, forceps or other device. In
either simation, an incision may be required in the annulus
of the disc in order to implant the dry hydrogel After
insertion, the incision may need to be sutured or otherwise
closed to retain the implant. It is contemplated that the
implant upon insertion may swell so that suturing or closing
of the incision may be unnecessary.

[0023] The dry hydrogel material preferably comprises
PNIPAAM and a second hydrophilic polymer. Preferably,
the second hydrophilic polymer comprises PEG, PVP or
PVA. The dry or dehydrated hydrogel materials can take the
form of, for example, powders, particulates, beads, granules,
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bulk materials, etc. In a preferred embodiment, the contain-
ment device with the hydrogel material contained therein
can be folded and implanted in the nucleus through a very
small window on the annulus either in open surgery or
minimally invasive after the degenerated nucleus has been
removed. The dry hydrogel, with or without the containment
device, may be transported to the disc space through a
cannula or other opening that provides access and a pas-
sageway to the disc. The tip of the cannula may contact the
portions of the outer surface of the disc anoulus or the tip of
the cannula may be inserted into the incision in the disc
annulus. Suitable materials for use as the containment
device in the context of the present invention are preferably
conformable and aptly resistant to tearing or rupture when in
usc. The containment device is preferably formed of a
material that does not substantially bond to the dry hydrogel
materials such that the dry hydrogel materials are free to
move or flow at least to a limited extent within the device.
The containment device may be in the form of, for example,
a membraae, a flexible cover, an envelope, a sac, or a bag,
and preferably, is permeable to water and bodily fluids. The
degree of permeability may be chosen by one of ordinary
skill in the art so as to control the role of diffusion of water
or other body fluids, and thus, the rate of absorption by the
hydrogel polymer materials and inflation of the hydrogel.
Suitable materials for forming the containment device
include, but are not limited to, woven, braided and non-
woven materials, which may be fibrous or non-fibrous, such
as, for example, plastic films. The containment device may
consist of a single layer or it may be multi-layered. Further,
it may be strengthened with reinforcement means, such as an
additional layer of a resilient material or a reinforced fiber
composite structure.

[0024] Exemplary materials suitable for forming the con-
tainment device include, but are not limited to, polyethyl-
enes (which may be ultra high molecular weight polyethyl-
encs), polyester, polyurethane, polyesterurethane, polyester/
polyol block copolymer, polyethylene terepthalate,
polytetrafluoro-ethylene polyester, nylons, polysulphanes,
cellulose materials, and combinations thereof. In a preferred
embodiment, the containment device comprises a water
permeable or semi-permeable membrane. Water permeable
membrane materials said to be suitable for use in disc
nucleus prostheses are disclosed in U.S. Pat. No. 5,192,326,
which is hereby incorporated by reference. The thermogel-
ling hydrogel of the present invention, when in its dehy-
drated or dry form, can be introduced into a selected site of
a mammal by any appropriate technique. Preferably, the
technique is minimally-invasive. In one embodiment, the
containment device with the dry polymer hydrogel materials
present therein is introduced into a disc nucleus space in the
form of a flexible membrane or cover (such as, for example,
a sac or bag), which may be folded, rolled up, or otherwise
stowed in its unexpanded or partially expanded state, by
means of an aperture or incision in the annulus fibrosis
(which may be made by a surgeon or which may have
already occurred to a damage or aging of the fibrosus).

[0025] The containment device is desirably configured so
as to adopt a shape generally conforming to that of the
natural disc nucleus pulposis when expanded to a certain
degree. In one embodiment, the dry hydrogel polymer
materials can be introduced into the containment device via
injection through a valve. This can be done using a hypo-
dermic syringe. Alternately, the dry hydrogel polymer mate-
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rials are simply placed inside the containment device when
said containment device takes the form of, for example, an
envelope, bag or sac.

[0026] 1n addition, the thermogelling systems of the
present invention may optionally include an imaging agent.
The inclusion of an imaging agent allows the user to image
the sample as it is injected into the body, thereby assisting
in the proper placement of the implanted hydrogel because
the implanted material can be visualized under X-rays.
Imaging agents preferably may be included in the ther-
mogelling systems of the present invention in amounts up to
about 25% by weight. In a preferred embodiment, the
thermogelling system comprises from about 2 weight % to
about 25 weight % of an imaging agent; more preferably
from about 7 weight % 1o about 15 weight %. In a particu-
larly preferred embodiment, the thermogelling system com-
priscs about 11 weight % of an imaging agent. Typical
imaging agents suitable for use in the present invention
include barium sulfate, iodine, or any heavy metal powder
that provides the necessary radio-opacity under external
imaging. The imaging agent is added to the thermogelling
system while the system exists in a liquid phase and is mixed
therein to preferably obtain uniform distribution in the
solution.

[0027] The hydrogels of the present invention, once solidi-
fied, may exhibit mechanical as well as biocompatible
properties that render them suitable for implantation in
mammals. Such implants are useful in a variety of applica-
tions including, but not limited to, wound care, disc replace-
ment or augmentation, cartilage replacement, joint replace-
ment, surgical barriers, gastrointestinal devices, cosmetic
and reconstructive surgery, and breast enlargement. Accord-
ingly, the present invention is further directed towards
methods of implanting a hydrogel into a selected site of a
mammal which may comprise injecting into a selected site
in 2 mammal a thermogelling hydrogel comprising poly(N-
isopropyl acrylamide) (PNIPAAm) copolymerized and/or
blended with a second polymer. The thermogelling hydrogel
is injected into the selected site in a mammal as a liquid at
room temperature and solidifies to form a solid implant as
the hydrogel warms to physiological body temperature at the
selected site in the mammal.

[0028] Inone embodiment, the thermogelling hydrogels of
the present invention, once solidified, exhibit adequate
mechanical properties as well as biocompatibility to serve as
a useful prosthetic nucleus for replacement or augmentation
of mucleus pulposus in spinal discs in mammals, including
humanps. Particular applications of the hydrogel may be
useful for replacement or augmentation of nucleus pulpous
in spinal discs in mammals, including humans, diagnosed
with early degenerative disc disease. In a particular embodi-
ment, the thermogelling hydrogel can be injected into a
cavity formed by the annulus of a spinal disc as a liquid to
form a solid implant in situ that is retained by the annulus of
the disc. One of skill in the art can inject the polymer blends
of the present invention in their viscous liquid state into the
nuclear cavity of an intervertebral disc using a standard
microdiscetomy approach. In one embodiment, the hydrogel
can be injected percutaneously through the skin directly into
the cavity formed by the annulus of the disc.

[0029] More preferably, as shown in FIG. 1, the liquid
hydrogel 60 can be inserted from the posterior side 27 of the
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spinal column 28 past the spinous process 25 into the cavity
17 formed by the annulus 15 of the disc 10, using a syringe
50 that contains the hydrogel solution 60. Typically, the
syringe 50 contains a peedle 52, and uses to plunger 56 that
can be adjusted 1o expel the hydrgoge! solution 60 from the
syringe housing 54. FIG. 1 also demonstrates the visualiza-
tion of the solid hydrogel with an imaging agent 62 in the
disc 10 following injection of the hydrogel solution 60 and
subsequent solidification as the hydrogel solution 60 warms
to physiological body temperature.

[0030] In an alternate embodiment, the hydrogel can be
injected through one or more cannulas (or other device) that
have been inserted into the patient down to the disc site in
order to create access to the annulus. In this regard, the
cannula provides a passageway from outside the patients
body down to the disc, preferably in a manner where the user
can visualize where the needle will be inserted into the disc
or the incision in the disc annulus will be made. In yet
another embodiment, the hydrogel can be injected into a
selected site of a mammal by a minimally-invasive surgical
procedure. The viscosity of the solutions injected at tem-
peratures ranging from about 10° C. to about 27° C. pref-
erably range from about 1 cP to 25,000 cP depending on the
application. The hydrogels in one embodiment may be
injected by using devices having a needle that ranges from
about 6 gauge to about 28 gauge, with preferred devices
containing an about a 14 to about 22 gauge needle. The
present invention could be used for complete replacement of
the nucleus puloposus or simply as an augmentation follow-
ing injury or partial discectomy. Implantation of the pros-
thetic nucleus is expected to provide relief from pain as well
as provide for functional disc activity.

[0031] For the nucleus pulposus replacement or augmen-
tation to be successful, in addition to biccompatibility of the
material in general and the appropriate local tissue response
at the site of implantation, there are several mechanical
requirements which preferably will be achieved. The
nucleus replacement biomaterial should provide adequate
tension to the annulus fibrosus upon loading in order to
tension the annulus fibers and thereby restore biomechanical
behavior of the disc to that of the normal intervertebral disc.
The biomechanics of the restored disc should behave similar
to the intact disc in compression, flexion and torsion. In
addition, the device should restore the time dependent
biomechanical behavior so that the implanted disc behaves
similar to the intact pormal disc in creep and stress relax-
ation. Fatigue of the implant in the disc should be able to
withstand the life of the patient without degradation to the
point of necessitating a revision surgery. Preferably there
should be no appreciable wear debris from the device in the
disc space necessitating a revision surgery due fo pain or
inflammation. It may or may not be desirable to appear
radiopaque upon X-ray. Also, the nucleus replacement or
augmentation would ideally be able to be implanted in a
minimally invasive manner or injected percutaneously.

[0032] To accomplish the goals of the device, the bioma-
terial itself should display certain material properties. The
material should have a modulus of elasticity and Poisson’s
ratio such that a complete filling of a nucleus cavity or an
augmentation to a nucleus cavity to a given pressure or disc
height will succeed in restoration of the biomechanical
behavior of a normal disc. One way that the implant material
can provide an interfacial stress on the annulus fibrosus
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inner surface is through the Poisson effect. The material can,
upon loading, deform radially. With an elastomeric material,
such as the hydrogel family, a relatively high Poisson ratio,
in the range of about 0.35 to about 0.4999 can be achieved.
The higher the Poisson ratio, the higher the interfacial stress
can be transmitted to the annulus and potentially more
complete restoration of biomechanics can be achieved.

[0033] Additional mechanical behavior of the implant
material is important. The material should be able to with-
stand from about 10 million to about 40 million cycles of
compression-compression fatigue to physiological loading
levels for the nucleus. Shear fatigue will also be an impor-
tant material property because of the off-axis loading that
may take place during the life of the device. Time-dependent
behavior of the implant material should be such that the
material can creep over a constant activity load (for
example, standing or walking during the day) but be able to
fully or nearly fully recover from the deformation during the
resting state of the device (for example, while the patient is
lying prone in a resting state where the load levels are much
lower than the active state). The natural disc undergoes creep
and recovery in a diurnal cycle and if the implant material
also undergoes a similar mechanical bebavior, it is important
that it be in a similar time frame. The wear properties of the
material are also important, and the wear debris produced
from the device, if any, should be in a form that does not
cause an unacceptable inflammatory response that would
lead to permanent and irreparable damage to the surrounding
tissues at or near the implantation site.

[0034] The modulus of elasticity has an effect on the
ability of nucleus replacement implants to perform success-
fully. Compressive biomechanics similar to a fully func-
tional disc are achieved with a modulus of elasticity from
about 10 KPa to about 10,000 KPa and normal mechanical
behavior is restored with a modulus of elasticity from about
10 KPa to about 5,000 KPa. More preferably an implant
modulus of about 50 KPa to about 1,500 KPa is in a range
to restore the compressive stiffness. It is contemplated that
a threshold exists where the modulus of the implant affects
tensioning the annulus fibers, after which the lateral defor-
mities associated with the higher modulus do nothing to
further the stiffness of the system.

[0035] Testing has shown that insufficient filling of the
nucleus cavity contribute significantly to the stiffness of the
disc and its performance in the spinal column. More spe-
cifically, the effect of height and diameter variation has a
significant effect on the stiffness of the disc. In cases where
a denucleated disc is mot restored to its intact normal
diameter and height, the lack of proper interaction between
the hydrogel implant and the annulus resulted in limited
restoration of the functional spinal column unit. The func-
tional spinal column unit referring to a disc and two adjoin-
ing vertebrac. However, in cases where the denucleated disc
is fully expanded or restored to its normal intact height
and/or diameter almost complete restoration of the stiffness
is observed. Testing has further shown that expanding a
denucleated disc to more than its normal intact height, or
expanding the denucleated disc to more than its normal
intact diameter (width) provides almost complete restoration
of the stiffness of the disc.

[0036] With the injectable hydrogels according to one
aspect of the invention, restoring the “fit and fill ” of the disc
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casily be achieved by the amount of hydroge! solution that
is injected. By varying the amount of hydrogel solution
injected into the disc cavity, the fit and fill of the disc can be
tailored for each disc and each patient during the procedure,
which is advantageous over preformed implants. In addition,
discs can be “overfilled” with the injectable hydrogels of the
present invention without compromising the performance of
the disc. The amount of hydrogel solution that may be
injected into a typical patient disc should preferably be
proportional to the volume of the cavity that the implant is
intended to fill. Such a cavity may be created, for example,
from a nucleotomy. In one embodiment, the ratio of the
volume of the hydrogel solution to be injected into the cavity
(“implant volume™) to the volume of the cavity (“cavity
volume”) is preferably about 0.8 to about 1.5. In a preferred
embodiment, the implant volume-to-cavity volume ratio
should be about 1.0 to about 1.13. These volume ratios are
illustrative only and may vary by the size of the patient and
the specific disc that needs to be restored. For the purposes
of determining such ratios, the volume of the cavity can be
approximated, for example, from the radius of the cavity (r)
and the disc height (h) using the following equation Vemr?h.
See Joshi et al., Society for Biomaterials, Annual Meeting
2003, Reno.

[0037] The hydrogels of the present invention can be used
in a number of other medical applications as well including,
but not limited to, cartilage replacement, plastic and recon-
structive surgery and bariatric or obesity surgery where the
ability to introduce a material through a small needle or
incision and then allow it to solidify at body temperature is
advantageous. For example, in the first of these applications,
a low viscosity polymer solution may be injected into an
arthritic joint cavity to fill defects in the hyaline cartilage. As
the material warms 10 its transition temperature and solidi-
fies, the hydrogel can act as a defect filler to inhibit or delay
further cartilage damage. In plastic and reconstructive sur-
gery, indications for use of the hydrogels include, but are not
limited to, repair and reconstruction of body parts (nose, ear,
chin etc)) as well as augmentation of other parts such as
breast or, muscles and as an aid to wrinkle removal. For
bariatric surgery, a minimally invasive or percutaneous
injection of the hydrogel into the lining of the stomach or
into a balloon placed within the stomach can act to limit the
overall size of the stomach, leading to a feeling of satiation
and a reduction in the desire to further eat. Hydrogels of the
present invention are also useful in urological surgery to
augment bladder control and in gastrointestinal surgery
where, for example, the hydrogel can be injected into the
esophageal sphincter to reduce the damage to the esophagus
caused by gastrointestinal reflux disease.

[0038] Further, it is expected that those of skill in the art
will develop additional surgical uses for the hydrogels of the
present invention based upon the teachings herein. The
following non-limiting examples are provided to describe
methods of making embodiments of the hydrogel and to
further illustrate embodiments of the present invention.

EXAMPLES
Example 1

Preparation of PVA/PNIPAAm

[0039] PNIPAAm was synthesized through a free radical
solution polymerization. The reaction was carried out at 60°
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C. for 2 hours. After polymerization, methanol was evapo-
rated and the resulting polymer was dried overnight in a
vacuum oven. Excess monomer was removed by dissolving
the dried polymer in water at room temperature and then
raising the temperature to 50° C. The waler phase, contain-
ing the excess monomer, was then poured off. This process
was repeated until all unreacted residual monomer was
removed.

Example 2

Screening of Gelation of PVA/PNIAAm Blends

[0040] Screening studies were performed to help define
regions of polymer concentrations that provide for ther-
mogelling behavior. Initially, aqueous PVA solutions of 5,
10, and 15% wi/v, and PNIPAAm solutions of 15, 25, 35, and
45% w/v were created. The PVA solutions were combined
with PNIPAAm solutions in volumetric ratios of 1:1, 1:5,
and 1:10. The two solutions were mixed to form a miscible
solution at room temperature. The gelation behavior at
physiological temperature is shown in Table 1. The appear-
ance of the hydrogel was then classified as solid (S),
semi-solid (SS), or liquid (L). The solid (S) designation was
used for materials that remain solid and did not extrude
liquid upon application of pressure (approximately 1-2 Ibs.
of force) from a band-held laboratory spatula. Semi-solid
(SS) designation was used for systems that exhibited two-
phase behavior at 37 C with one part solid and one part
liquid. The liquid (L) designation was used for samples that
remained liquid; that is, samples remaining as a solution or

slurry.
TABLE 1

Gelation screening of PVA/PNIPAAm blends.
—__PNIPAAM CONCENTRATIONS __

15% 2%  35% 45%

PVA Concentrations 5% 1:1(SS) 1:(S) 1:1(S) 1:1(8)
1:51L) 1:5(L) 1:5(SS)  1:5(SS)
1:10(0) 1:10(L) 1:10(L)  1:10(-)*
10% 1) 11(S) 14(5)  1:(5)
1SQL) 1S 1S(L)  15(SS)
1:10(L)  1:10(L) 1:30(L)  1:10(L)
15% 1:3(L)  1:S) 1:1(SS)  1:(S)
. 1:5(L) 1:5(SS) 1:5(S) 1:5(8)
1:10(L)  1:10(L) 1:10(L)  1:10(L)

*(-) indicates that the two polymer solutions were immiscible.
ym

Example 2

Screening of Gelation Properties of PEG/PNIPAAm
Blends

[0041] Similar gelation screening was performed with
PEG solutions of 5, 10, 25 and 50% w/v, and PNIPAAm
solutions of 25 and 35% w/v with PEG molecular weight
4600 and with PEG solutions of 5, 10 and 25% w/v, and
PNIPAAm solutions of 25 and 35% w/v with PEG molecular
weight 8000. The PEG solutions were combined with
PNIPAAm solutions in volumetric ratios of 1:1 and 2:1. The
gelation behavior at physiological temperature is shown in
Tables 2 and 3.
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TABLE 2
Gelation screening of PEG MW:4500/PNIPAAm blends
PEG:PNIPAAm
PEG WM:4600 11 21
PNIPAAM/ 25/5 SS s
PEG 25/10 s S
Concentrations 2525 S SS
25/50 L L
35/5 S S
35110 S S
35125 S SS
35/50 L L
[0042]
TABLE 3

Gelation screening of PEG MW:8000/PNIPAAm blends

PEG:PNIPAAmM

PEG WM:8000 11 2:1
PNIPAADY 25/5 S S
PEG 2510 S S
Concentrations 2525 SS L
35/5 S S

35/10 S S

35125 SS L

Example 3

Gelation Screening of PNIPAAm-Grafted PEG
Polymers

[0043] PNIPAAM grafted PEG was prepared by solution
polymerization of NIPAAM and PEG monomethacrylate
(PEGMA). Polymers with varying ratios of the monomers
were prepared. Solutions of 25, 30 and 50% w/v in water
were prepared at room temperature. The gelation behavior at
physiological temperature is shown in Table 4.

TABLE 4

Gelation Screening of PNIPAAM-Grafted PEG Polymers

Ratio of Solution Compasition wiv %
NIPAAM/PEGMA 25% 0% 50%
10:1 L L SS
20:1 SS Ss SS
50:1 S S SS
100:1 S S S
500:1 S S S

Example 4

Gelation Screening of PNIPAAm-Branched PEG
Polymers

[0044] PNIPAAM branched PEG was prepared by solu-
tion polymerization ol NIZAAM and PEG dimethacrylate
(PEGDMA) Polvmers w . h voiieg ratios of the monomers
were prepated dSolution ol 2% 3o and 3097wy an waler
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were prepared at room temperature. The gelation behavior at
physiological temperature is shown in Table 5.

TABLE 5
Gelation Screening of PNTPAAM-Grafted PEG Polymems

Ratio of Solution Composition wiv %

NIPAAM/PEGMA 25% 30% 50%
10:1 L L L
51 L L L
10:1 L L L
20:1 L L L
50:1 SS SS S
100:1 Ss S S
200:1 S S S
500:1 S S S

Example 5

Gelation Screening of PEG-PNIPAAm-PEG
Triblock Polymers

[0045] PEG-PNIPAAM-PEG triblocks were prepared
using monomethoxy terminated PEG and difunctional
(COOH-terminated) PNIPAAm. The PNIPAAm was syn-
thesized with 3 molecular weights (low, med., high). Solu-
tions of the triblocks were prepared at concentrations of 30
and 50% w/v in water at room temperature. The gelation
behavior at physiological temperature is shown in Table 6.

TABLE 6

Gelation Screening of PEG-PNIPAAm-PEG Triblocks Polymers
Solution Composition wiv Z%

30% 50%

PEG-low PNIPAA- L s
PEG

PEG-medium SS S
PNIPAAM-PEG

PEG-high ss s
PNIPAAM-PEG

Example 6
Hydrogel Stress-Strain Testing

[0046] In an exemplary embodiment, N-Isopropylacryla-
mide (NIPAAm) (FW=113.16 g/mol) was purified by dis-
solving in hexane and heating to 55° C. for about 30 min.
The solution was then placed into a refrigerator at 5° C. until
the monomer crystallized. The monomer was then vacuum
filtered, placed into a weigh boat, and dried under vacuum
overnight to remove solvent.

[0047] Purificd NIPAAm was then polymerized with
either  poly(ethylene  glycol) monomethyl  ether
monomethacrylate 1000 (PEGM 1000, FW=1100.06 g/mol)
or poly(ethylene glveol) dimethacrylate 1000 (PEGDM
1000, FW=1154.09 ¢ mol) w 200.1 weighi ratios (200

grans NIPL i b eram huncuonaized PLGYH 0 methan]
soovonl The roacnons were nnated wit 2.2-Azoni-
s~oodby e (AN EW=TO C heowatb a I L
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tures were bubbled with N, for approximately 3 min and
then heated at 65° C. for 2 br. After 2 hr, the reactions
mixtures were removed from the bath and quenched in a
refrigerator. The reaction mixtures were then stirred in a
hood overnight to evaporate the methanol solvent. The dried
polymers were then ground to a fine powder.

[0048] After the methanol was removed from the poly-
mers, the polymers was purified by completely dissolving
them in deionized (“DI””) water and heating to 37° C. (above
its lower critical solution temperature (“LCST™)) for
approximately 20 min. The precipitated polymers were then
removed from solution and dried overnight in a2 weigh boat
to remove water. The polymer was further dried for about 48
hours in a vacuum oven.

[0049] The dried polymers were then ground to a fine
powder. DI water was added to the powders to create 25%
aqueous solutions. The solution was vortex mixed and left to
sit for about 48 hours.

[0050] The solutions were then poured into a 14.5-mm ID
annular ring and the ring was heated to 37° C. to precipitate
the polymer in solution. The formed hydrogels were
removed from the ring after 5-10 min and were swelled in
DI water at 37° C. for 24 hours prior to mechanical testing.

[0051] Unconfined Compression

[0052] The cylinders were compressed using an Instron
mechanical testing system (Instron Model 4442, Canton,
Mass.) fitted with a 50-N load cell and 37° C. water bath.
Samples were compressed at a strain rate of 100%/min.
Load and displacement data was recorded at 20 points/sec
with the Instron Series IX software. This data was converted
to stress and strain values in Microsoft Excel using the
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sample’s initial dimensions. A tangent compressive modulus
for each hydrogel sample was calculated at 15, 20, and 25%
strain. The average slopes of the stress/strain curve between
10 and 20%, 15 and 25%, 20 and 30% were assumed to be
equal to the tangent slopes at 15, 20, and 25% stain respec-
tively.

[0053] Confined Compression

[0054] A confined compression test was performed by
fiting an Instron mechanical testing system (Model 4442,
Canton, Mass.) with a 50-N load cell and 37° C. water bath
to a confined testing configuration. Samples were com-
pressed at a strain rate of 100%/min. A cylindrical plunger
composed of 316 stainless steel was compressed upon the
gel as it was confined by a high deasity polyethylene ring
having a 11.7-mm ID. The ring was assumed to be effec-
tively rigid as its stiffness was magnitudes higher than that
of the polymer sample it surrounded. Load and displacement
data was recorded at 20 points/sec with the Instron Series IX
software. This data was converted to stress and strain values
in Microsoft Excel using the sample’s initial dimensions. A
confined compression modulus was measured as the slope of
the stress-strain response in the final linear region after the
initial toe-in region (below 0.001 MPa) was removed. The
slope was measured with data points in the curve that
exceeded 0.15 MPa (just prior to load limit of load cell was
reached) to ensure the sample was confined.

Results

[0055] Unconfined compression tests showed a hyper-
elastic response for each polymer tested. A typical stress/
strain response of the gels in unconfined compression is
shown in Mlustration 1.
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[0058] These tests represent the initial experiments to
compare confined and unconfined compression responses of
injectable polymers. This data indicates that the materials
have the necessary mechanical properties to function as a
synthetic mucleus.

Example 7

Hydrogel Visvalization

[0059] The ability of the thermogelling polymers to be
visualized under standard X-Ray examination was demon-
strated by taking a hydrogel containing a solution of 22%
200:1 PNIPAAM-branched PEGDMA hydrogel, 66% water
and 11% by weight barium sulfate powder. The barium
sulfate was dispersed by sonic agitation at room tempera-
ture. The resultant hydrogel was injected into a disc, and
then visualized using a standard C-Arm X-ray machine.

Example 8

Comparison of Modulus of Elasticity and
Geometric Parameters on Compressive Stiffness

[0060] The effect of variation in the hydrogel nucleus
implant material (modulus) and geometric (keight and diam-
eter) parameters on the compressive stiffness of the human
lumbar functional spinal unit have been examined. As used
throughout this example, the term anterior column unit
(“ACU") refers to a segment of the spine that consists of two
vertebrae with posterior elements removed and a disc. A
10% polymer mixture was prepared from a blend of poly
(vinyl alcohol) (PVA) (MW=138,400-146,500) and poly
(vinyl pyrrolidone) (PVP) (MW=10,000) to make hydrogel
implants. The blend was prepared with a composition of
95% PVA/5% PVP. The polymer solution was cast into the
custom made molds of three different diameters (D;=15 mm,
D,=16 mm, D;=17 mm). Specimens were prepared in three
heights (H,=H,-1 mm, H,, H;=H,+1 mm), where H, is the
average intervertebral disc (“IVD”) height of the tested
ACU. Three implant moduli were studied, a first modulus
(E,=50 KPa @ 15% strain), a second modulus (E,=150 KPa
@ 15% strain), and a third higher modulus implant (E;=1.5
MPa @ 15% strain) was made from Silastic T2, a commer-
cially available polymer mixture (Dow Coming®).

[0061]) Lumbar spincs were harvested from four cadavers
(1 male, 3 females) with an average age of 63 years. ACUs
(n=9) from L1-LS levels were resected and prepared by
removing the facet joints and ligaments. Parallel axial cuts
normal to the longitudinal axis of the ACU were made in the
vertebrac above and below the disc to ensure alignment of
an axial compression load.

[0062] Mechanical testing was performed on an Instron
mechanical test machine (Model 1331). A series of com-
pressive tests were run on each of the nine specimens using
a previously validated test protocol. See Joshi et al., Society
for Biomaterials, Annual Meeting 2003, Reno. First intact
specimen was tested. The upper vertebra was then core
drilled (16 mm diameter) along the ACU longitudinal axis
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from the proximal cut surface through the upper end plate.
This drilling created a bone plug, which remained in its
original position and the specimen was tested again (“BI
condition”). The bone plug was then removed, the nucleus
pulpus (“NP”) was excised in-line with the 16 mm core
drilling of the upper vertebrac and the specimen was again
tested (DN condition). A parametric study of the effect of NP
implant moduli, heights and diameters was then conducted
by inserting the appropriate NP implant into the disc, replac-
ing the bone plug and repeating the test protocol.

[0063] For each specimen, implant modulus was varied
(E,/E,/E,) with a constant implant height (H,) and diameter
(D,). Similarly, implant height was varied (H,/H,/H,) with
a constant implant modulus (E,) and diameter (D2). Finally,
implant diameter was varied (D,/D,/D,) with a constant
implant modulus (E,) and height (H,). For each specimen,
the order of the testing was chosen randomly to minimize
any effect of implant parameters on the test specimen. At end
of the experiment, the specimen was re-tested in the
denucleated condition (DN-1).

[0064] Denucleation of the specimen (DN condition) sig-
nificantly reduced the compressive stiffness of the specimen
in comparison to the BI condition at 15% strain (p<0.001).
Insertion of NP implants restored the compressive stiffness
of the denucleated specimen to that of the BI condition
(p>0.05) except for H, and D, conditions (p=0.01). The
stiffness of DN and DN-1 conditions were not different
(p>0.05). ACU compressive stiffness was not significantly
different (p>0.05) comparing moduli E, and E,. All other
parametric conditions showed significant differences
(p<0.05) in ACU compressive stiffness.

[0065] Ilustration 4 shows that there was a statistical
difference (p<0.05) between the compressive stiffness of E,
and E,, but not between E, and E,. There is likely a
threshold where the modulus will affect tensioning of the
annulus fibers, after which, the lateral deformations associ-
ated with the higher modulus do nothing to further the
stiffness of the system. The effect of height and diameter
variation on the stiffness was significant. In the cases of both
smaller height (H,) and smaller diameter (D,), lack of
proper interaction between the hydrogel implant and intact
annulus resulted in limited restoration of the denucleated
ACU. In the cases of higher height (H,) and larger diameter
(D), almost complete restoration (99% of BI) of the stiff-
ness was observed (p>0.6). The implant with higher geo-
metric parameters (H; and/or D,) may exert a pre-stress on
the annulus fibers, pushing them radially outwards in the
process of maintaining its constant volume. This probably
mimics the natural load transfer phenomenon of the IVD,
where intradiscal pressure creates tension in the annulus,
even in a resting position.

[0066] The results of this example demonstrate that varia-
tions in geometric parameters (i.e., filling the implant to
proper height and width) is more important for restoration of
ACU compressive stiffness than variations in the moduli of
the implant.
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[0068] While the present invention has been described in
the context of particular embodiments and examples, it will
be readily apparent to those skilled in the art that other
modifications and variations can be made without departing
from the spirit or scope of the present invention. Accord-
ingly, it is not intended that the present invention be limited
to the specifics of the foregoing description of those embodi-
ments and examples, but rather as being limited only by the
scope of the invention as defined in the claims appended
hereto.

What is claimed is:

1. A thermogelling hydrogel comprising a polymer blend
comprising poly(N-isopropyl acrylamide) and a second
polymer; wherein said polymer blend solidifies from a liquid
at room temperature to form a solid hydrogel implant at
physiological body temperature.

2. The thermogelling hydrogel according to claim 1,
wherein said polymer blend comprises an aqueous solution
of poly(N-isopropyl acrylamide) and a second polymer.

3. The thermogelling hydrogel according to claim 1,
wherein said polymer blend is formed by the co-polymer-
ization of poly(N-isopropyl acrylamide) and a second poly-
mer.

4. The thermogelling hydrogel according to claim 1,
wherein the second polymer comprises a hydrophilic poly-
mer.

5. The thermogelling hydrogel according to claim 2
wherein the second polymer is selected from the group
consisting of poly(ethylene glycol), poly(vinyl pyrrolidone)
and poly(vinyl alcohol).

6. The thermogelling hydrogel according to claim 2,
wherein said aqueous solution further comprises water,
saline solution, or a buffered phosphate solution.

7. The thermogelling hydrogel according to claim 1,
wherein said thermogelling hydrogel comprises up to about
70% by weight of said polymer blend.

8. The thermogelling hydrogel according to claim 1,
wherein said polymer blend comprises from about 25% to
about 35% by weight of poly(N-isopropyl acrylamide).

9. The thermogelling hydrogel according to claim 1,
wherein said polymer blend comprises from about 5% to
about 25% by weight of the second polymer.
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10. The thermogelling hydrogel according to claim 1,
wherein said thermogelling hydrogel further comprises an
imaging agent.

11. The thermogelling hydrogel according to claim 1,
wherein said imaging agent is sclected from the group
consisting of barium sulfate, iodine, and a heavy metal
powder.

12. Amethod of implanting a thermogelling hydrogel into
a selected site of a mammal comprising injecting a hydrogel
solution into a selected site in a mammal; wherein the
hydrogel solution is injected as a liquid at room temperature
and solidifies to form a solid implant as the hydrogel
solution warms to physiological body temperature at the
selected site in the mammal,

13. The method according to claim 12, wherein said
hydrogel solution comprises poly(N-isopropyl acrylamide)
and a second polymer.

14. The method according to claim 13, wherein the second
polymer comprises a hydrophilic polymer.

15. The method according to claim 14, wherein the second
polymer comprises is sclected from the group consisting of
poly(ethylene glycol), poly(vinyl pyrrolidone) and poly(vi-
nyl alcohol).

16. The method according to claim 13, wherein said
hydrogel solution comprises from about 25% to about 35%
by weight of said poly(N-isopropyl acrylamide).

17. The method according to claim 13, wherein said
hydrogel solution further comprises an imaging agent.

18. The method according to claim 12, wherein the
thermogelling hydrogel is implanted into 2 mammal in a
surgical procedure for intervertebral disc replacement,
wound care, cartilage replacement, joint replacement,
implantation as a surgical barrier or a gastrointestinal device,
a cosmetic and reconstructive operation, or breast or muscle
enlargement.

19. The method according to claim 12, wherein the
thermogelling hydrogel is implanted into 2 mammal in a
surgical procedure for nucleus pulposus replacement.

20. The method according to claim 12, wherein the
thermogelling hydrogel is implanted into a mammal in a
surgical procedure for nucleus pulposus augmentation.
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Mediante el memorial de fecha 27 de septiembre de 2010, se recurre la resolucion
44666 emitida el dia 25 de agosto de 2010 en los siguientes términos:

(..
1.

2. Memorial Del Recurso De Reposicion:

)
Hechos

1.1. Mediante oficio 9678 esa Superintendencia objeta la claridad
de la solicitud '

1.2. El 11 de abril de 2009 mi mandante presenté un memorial
dando respuesta a las objeciones del oficio nombrado, y junto con
el allegé un nuevo capitulo reivindicatorio que comprendia la nueva
reivindicacion 4, la cual por un motivo involuntario no incluyé6 la
palabra ‘peso”

2. Fundamentos del recurso

En su resolucion No. 44666, ese Despacho rechaza la
reivindicacion 4 argumentando que la misma carece de sustento
descriptivo, ya que nada en la solicitud divulga una composicion
de polimero con un contenido de agua de entre 25% y 50%.

A la luz de la objecion presentada por el examinador, el solicitante
ha revisado nuevamente el capitulo reivindicatorio presentado en
respuesta al oficio 9678, notificado por fijacién en lista el 21 de
agosto de 2009, y ha encontrado que por un error involuntario
(sic), se eliminé la palabra ‘peso” de la traduccién del capitulo
reivindicatorio presentado ante ese despacho (...)

De igual manera, como se establecié en respuesta al oficio 542,
notificado por fijacion en lista el dia 22 de enero de 2010, Ia
descripcion en la pagina 13 establece lo siguiente:

“En una modalidad preferida, el sistema termogelificante de la
presente invencion comprende desde aproximadamente 4% a
aproximadamente 70% en peso de los polimeros en solucion,
mas preferiblemente desde aproximadamente 4% a
aproximadamente 62% en peso; mas preferiblemente desde

aproximadamente 25% a aproximadamente 50% en peso”

(Resaltado fuera de texto

Como se puede observar, la referencia se hace al contenido de
polimero en la solucién, no al contenido de agua. Mas aun, la
ultima frase de dicha cita corresponde con lo reclamado en la
reivindicacion 4, al incluir la palabra “peso” en dicha reivindicacion.
(Adjunto a este recurso dicha pagina 13 de la descripcion).

Este error no fue detectado oportunamente al momento de
responder a dicho oficio No. 542, por lo que no se hizo Ia
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correccién correspondiente. Sin embargo, es claro que existiendo
el sustento de la pagina 13 procede remover cualquier objeto
obstaculo formal que impida fomar una decisién de fondo sobre la
reivindicacion 14 (sic) y entonces, la Superintendencia proceda a
revocar parcialmente su resolucién y a otorgar al solicitante la
oportunidad procesal para que modifique, con base en el articulo
70 de la Decisién 486, la reivindicacién 14 (sic) para incluir la
palabra ‘peso” tratandose de un error material en la patente.
Recordemos que este tipo de actuaciones son posibles gracias al
principio de eficacia consagrado en el inciso 5 del articulo 3 del
Codigo Contencioso Administrativo, el cual indica claramente que
‘en virtud del principio de eficacia, se tendra en cuenta que los
procedimientos deben lograr su finalidad, removiendo de oficio los
obstaculos puramente formales y evitando decisiones inhibitorias.
Las nulidades que resulten de vicios de procedimiento podran
sanearse en cualquier tiempo a peticién del interesado”

3. Respuesta A Los Argumentos Del Solicitante

Segun lo dispuesto en el articulo 59 del Cédigo Contencioso Administrativo se
procede a hacer el andlisis en los siguientes términos:

3.1.Fundamento Juridico

3.1.1. El articulo 30 de la Decisién 486 de la Comisién de la Comunidad
Andina establece que: “Las reivindicaciones definiran la materia que se
desea proteger mediante la patente. Deben ser claras y concisas y estar
enteramente sustentadas por la descripcién.”

3.1.2. El articulo 34 de la Decisién 486 de la Comisién de la Comunidad
Andina establece que: “El solicitante de una patente podra pedir que se
modifique la solicitud en cualquier momento del tramite. La modificacion
no podra implicar una ampliacién de la proteccion que corresponderia a
la divulgacién contenida en la solicitud inicial.”

3.1.3. El articulo 38 de la Decisién 486 de la Comision de la Comunidad
Andina establece “La oficina nacional competente examinara, (...), si ésta
cumple con los requisitos de forma previstos en los articulos 26 y 27.”

3.1.4. El articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina establece que: “Si la oficina nacional competente encontrara que
la invencion no es patentable o que no cumpie con alguno de los
requisitos establecidos en esta Decision para la concesion de la patente,
lo notificara al solicitante. Este debera responder a la notificacién dentro
del plazo de sesenta dias contados a partir de la fecha de la notificacion.
Este plazo podra ser prorrogado por una sola vez por un periodo de
treinta dias adicionales. Cuando la oficina nacional competente estimara
que ello es necesario para los fines del examen de patentabilidad, podra
notificar al solicitante dos o mas veces conforme al parrafo precedente. Si
el solicitante no respondiera a la notificacién dentro del plazo sefialado, o
si a pesar de la respuesta subsistieran los impedimentos para la
concesion, la oficina nacional competente denegara la patente.”
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3.1.5. El articulo 51 de la Decisién 486 de la Comision de la Comunidad
Andina establece que: “El alcance de la proteccién conferida por la
patente estara determinado por el tenor de las reivindicaciones. La
descripcion y los dibujos, o en su caso, el material biolégico depositado,
serviran para interpretarlas.”

3.2.Respuesta a Los Argumentos Del Recurrente

3.2.1. Sobre lo encontrado en el documento. El recurrente basa su
argumentacion en la omisién involuntaria de la palabra “peso” en la
reivindicacion 4 y que por esa razén no le fue otorgado el derecho de
patente a dicha reivindicacion.

3.2.1.1. La reivindicacion 4 del folio 209 enuncia:
“El implante para mejora del disco espinal de acuerdo con la
reivindicaciéon 1, caracterizado por que la solucion de polimero
comprende ademas de 25% a 50% en volumen de agua”

3.2.1.2. El folio 48 que refiere la pagina 13 de la descripcion original,
sefala que “el sistema termogelificante de la presente invencion
comprende (...) desde aproximadamente 25% a aproximadamente
50% en peso”

3.2.1.3. La diferencia entre lo sefialado en la reivindicacién 4 vy la
descripcion no se limita a la omision de la palabra “peso”. La
reivindicacion 4 negada es explicita en sefialar que el mencionado
porcentaje es en volumen y ademas referido a agua. Luego el
supuesto error de la reivindicacion 4 no fue solo omisién sino que
sefiala equivalencias y valores de referencia totalmente diferentes.

3.2.1.4. Enconclusion, es falso que la diferencia entre la reivindicacién 4
y la descripcién se limite a la omisién de la palabra “peso” en la
reivindicacion sefialada. El sentido de la reivindicacion 4 negada es
totalmente diferente al de la descripcion por que cambia la base
sobre la que se toma la composicién; esto es se pasa de porcentaje
con base en peso, a porcentajes con base en volumen de agua.

3.2.2. Sobre la diferencia en porcentajes sobre volumen de agua y
porcentajes en peso. Cualquier técnico que entienda del arte, sabe que
existen diversas formas para cuantificar los componentes en una
composicion; dos de dichas formas son el porcentaje en peso vy el
porcentaje en volumen. Ahora bien, cada uno de dichos porcentajes
puede ser tomado sobre diferentes bases, como por ejemplo la base total
o sobre |la base de un componente. Lo que si es claro es que no es
equivalente un porcentaje sobre peso total a un porcentaje en volumen
de agua en la composicién; son totalmente diferentes. Luego, la
reivindicacion negada presenta un concepto totalmente diferente al que
contiene la descripcion

3.2.3. Sobre el porqué no se trata de un error formal. La legislacion es clara
en establecer lo que considera requisitos formales (articulos 26 y 27 de
la Decisibn 486); nada de lo enunciado alli corresponde con lo
pretendido por el recurrente. Ademas, y como ya se evidencié en el
punto 3.2.2, la diferencia entre lo relacionado en la reivindicacion 4 y la
descripcion no solo es de presentacion sino de concepto (no es lo mismo
enumerar porcentajes en peso que enumerar porcentajes en volumen de

e ———— ]
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agua), por lo que no es una mera formalidad dicha presentacién sino que
consiste en un asunto de fondo y como tal debe ser analizado.

3.2.4. Sobre el sustento de la reivindicacién 4. De lo analizado en los puntos
anteriores, es evidente que la pagina 13 sefialada por el recurrente no
sustenta la reivindicacién 4. Se trata de conceptos totalmente diferentes.

3.2.5. Sobre los errores materiales. Es importante anotar, que si bien el
recurso plantea argumentos sobre errores materiales en un documento,
el mismo memorial que envia el recurrente presenta de forma repetida

un grave error, el cual consiste en la peticién de concesién sobre la

reivindicacion 14, la cual es inexistente.
“(...) es claro que existiendo el sustento de la pagina 13 procede

remover cualquier objeto obstéaculo formal que impida tomar una decision
de fondo sobre la reivindicacién 14 (...)"

“(...) la Superintendencia proceda a revocar parcialmente su resolucién y
a otorgar al solicitante la oportunidad procesal para que modifique, con
base en el articulo 70 de la Decisién 486, la reivindicacion 14(...)"
Luego es un contrasentido la peticién del recurrente cuando su mismo
memorial presenta graves errores.

5. CONCLUSION

Por lo anteriormente expuesto, se reitera la recomendacién de NEGACION del
privilegio solicitado sobre la reivindicacion 4 del folio 209, toda vez que dicha
reivindicacion no esta sustentada por la descripcién y no cumple con el articulo 30 de
la Decision 486

Bogota D. C., 04 de febrero de 2011
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