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(57) ABSTRACT 

The present invention provides a method for intervertebral 
disc surgery. The method includes creating a passage in a 
vertebral body adjacent to the intervertebral disc. The pas 
sage extends from a side surface of the vertebral body to a 
nucleus pulposus of the intervertebral disc. Annulus ?brosis 
tissue of the intervertebral disc is not incised during the 
surgery. 
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DEVICES AND METHODS FOR STABILIZING 
TISSUE AND IMPLANTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C 
§ 119(e) of US. Provisional Patent Application No. 60/622, 
095, ?led Oct. 26, 2004, the entirety of Which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to devices 
and methods for repairing and stabilizing tissue and 
implants. Speci?cally, the present invention provides 
devices and methods for repairing, reconstructing, augment 
ing, and stabilizing joints of the body, and more particularly, 
the knee and joints of the spine (including intervertebral 
discs and adjacent bones). 

BACKGROUND OF THE INVENTION 

[0003] During a surgical procedure, tissue is either inten 
tionally or accidentally displaced, torn, or fractured to create 
a pathWay to a desired operation site. In doing so, this tissue 
is damaged to a point Where it may not function properly. 
After the intended surgical procedure or implantation is 
performed at the operation site, the skin incision is approxi 
mated. Currently, hoWever, the other tissue like the muscles, 
ligaments, tendons, cartilage, bones, etc. Which Were dam 
aged to create the pathWay are not necessarily repaired or 
reconstructed. For example, folloWing spinal surgery, a 
frequent complication is late instability Where there is shear 
ing antero-posteriorly or superior inferiorly due to excess 
motion because the ligaments have been damaged during 
surgical exposure. This complication may lead to degenera 
tive disc disease and loWer back pain. 

[0004] Various methods and devices have been disclosed 
for repairing tissue. For example, US. Pat. No. 6,425,919 
issued to Lambrecht discloses a disc herniation constraining 
device for implantation into the disc. The constraining 
device includes a fastener, a barrier, and a support member 
connecting the fastener and barrier. The barrier closes a 
defect in the annulus of the disc, While the fastener supports 
the position of the barrier. The barrier is placed betWeen the 
annulus and the nucleus of the disc. The barrier may include 
a sealant and an enlarger. 

[0005] In another example, US. Pat. No. 6,592,625 issued 
to Cauthen discloses a collapsible patch Which is inserted 
through a surgical incision or rupture of the annulus. The 
patch is positioned Within the subannular space. The patch 
expands to bridge the incision or rupture thereby occluding 
the aperture from the interior of the disc and preventing 
migration of nucleus pulposus. 

[0006] US. Pat. No. 6,679,889 issued to West, Jr. et al 
discloses a method and apparatus of repairing the anterior 
cruciate ligament. The device enables the surgeon to inde 
pendently apply a desired tensile load onto individual 
strands of a multiple-stranded soft tissue graft. The device is 
equipped With structure for fastening or otherWise attaching 
the device to a patient’s limb during the conditioning and 
pre-tensioning procedure. 
[0007] Additionally, US. Pat. No. 6,699,286 issued to 
Sklar discloses methods and apparatus of making repairs 
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With graft ligaments. The method for graft ligament recon 
struction includes harvesting a graft ligament consisting 
entirely of soft tissue. The graft ligament is compacted 
through compression so as to signi?cantly reduce the cross 
sectional area and increase the density of the collagen 
material of the graft ligament. The compressed graft liga 
ment is deployed Within the human body. 

[0008] Various methods and devices have been disclosed 
for inserting an implant Within the body. For example, US. 
Pat. No. 5,108,438 issued to Stone discloses a mesh skirt to 
anchor a prosthetic intervertebral disc. The implant includes 
a dry, porous, volume matrix of biocompatible and bioab 
sorbable ?bers Which may be interspersed With glyscosami 
noglycan molecules. The matrix is adapted to have an outer 
surface contour substantially the same as that of a natural 
intervertebral disc. A mesh member extends from the lateral 
surface of the implant. After implantation, the mesh member 
may be sutured to adjacent tissue to anchor the disc in place. 
The mesh member may function in this capacity until 
su?icient tissue ingroWth occurs to provide that function. 

[0009] In another example, US. Pat. No. 6,733,531 issued 
to Trieu discloses a spinal implant Which is anchored using 
a device having an elongated anchoring body, such as an 
anchoring rod, and at least one securing member attached to 
the anchoring rod. The anchoring body or rod is con?gured 
to anchor, hold, or otherWise retain a spinal implant. The 
securing members are spaced apart along the length of the 
anchoring rod and may de?ne a region for disposing an 
implant therebetWeen. The anchoring rod has a ?rst end and 
a second end, Wherein the ?rst end is securable to an 
adjacent vertebra. 

[0010] Once tissue has been repaired or an implant has 
been inserted Within the body, the repaired region and 
surrounding tissue may be stabiliZed to enhance healing. 
US. Pat. No. 6,652,585 issued to Lange discloses a spine 
stabiliZation system including a ?exible member attachable 
to a portion of the spinal column. The member includes 
components that are oriented and function similar to the 
natural ?ber orientation of the anterior longitudinal ligament 
and annulus tissue. The use of components resist loading 
applied by extension and rotation of the spine, While the 
?exibility of the member does not subject it to the compres 
sive loading of the spinal column segment to Which it is 
attached. 

[0011] In addition, US. Pat. No. 6,293,949 issued to Justis 
et al. discloses a device for stabiliZing the spinal column. 
The device includes a longitudinal member siZed to span a 
distance betWeen at least tWo vertebral bodies and being at 
least partially formed of a shape-memory material exhibiting 
pseudoelastic characteristics at about human body tempera 
ture. The longitudinal member is reformed from an initial 
con?guration to a different con?guration in response to the 
imposition of stress caused by relative displacement 
betWeen the vertebral bodies, and recovers toWard the initial 
con?guration When the stress is removed to thereby provide 
?exible stabiliZation to the spinal column. 

[0012] There exists a need for devices and methods for 
repairing, reconstructing, augmenting, and securing tissue or 
an implant during surgery and “on the Way out” after surgery 
has been performed at an intended operation site. Upon 
completion of the intended surgery, tissue may be com 
pressed to other tissue or an implant to improve healing. 
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Hard tissue, for example, may require rigid ?xation While 
soft tissue to require ?exible ?xation. The repair, reconstruc 
tion, and augmentation of tissue and the securing of implants 
“on the Way out” of the body after performing a surgical 
procedure creates a stabilized and enhanced healing envi 
ronment. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides for the repair, 
reconstruction, augmentation, and securing of tissue or 
implants during a surgical procedure and “on the Way out” 
after the surgical procedure has been performed. Hard and 
soft tissue at and around the operation site and tissue 
betWeen the operation site and the skin incision may be 
compressed and/or rebuilt so that tissue-function may be at 
least partially restored and the operation region may be 
stabiliZed for enhanced healing. This could be ligament 
repair, tendon repair, muscle repair, bone repair, cartilage 
repair, and repair of any other tissue type. Ligaments may be 
fastened to ligaments; ligaments to bones; bones to bones; 
ligaments to muscles; muscles to muscles; tissue grafts to 
bone; tissue grafts to ligaments; grafts to grafts; and any 
other combination of tissue and implants. It is further 
contemplated that the methods and devices of the present 
invention may be utiliZed With minimally invasive tech 
niques. 

[0014] In accordance With one aspect of the present inven 
tion, a method for stabilizing a body joint is provided. A 
fastener is positioned in contact With ?rst body tissue on one 
side of the joint. Another fastener is positioned in contact 
With second body tissue on the other side of the joint. A 
suture is placed betWeen the fasteners and tensioned. The 
tensioned suture is secured to the fasteners to restrict normal 
movement of the joint. The fasteners may be positioned in 
contact With the outer surface of the body tissues or inside 
of the body tissues. The suture may be positioned adjacent 
to the joint, through the joint, or in combination. 

[0015] The body tissues may be bones, muscles, liga 
ments, tendons, nerves, skin, organs, cartilage, fascia, and 
blood vessels. The bones and ligaments may be bones and 
ligaments of the knee, ankle, elboW, Wrist, feet, hand, hip, 
shoulder, jaW, and spine. Speci?cally, bones of the knee may 
include the femur, tibia, and patella. Ligaments of the knee 
may include the medial collateral ligament, lateral collateral 
ligament, posterior oblique ligament, arcuate ligament, 
oblique popliteal ligament, anterior cruciate ligament, and 
posterior cruciate ligament. Bones of the spine may include 
transverse process, pedicle, facet, spinous process, posterior 
arch, odontoid process, posterior tubercle, lateral articular 
process, uncinate process, anterior tubercle, carotid tubercle, 
odontoid process, lamina, and vertebral body. Ligaments of 
the spine may include the anterior longitudinal ligament, 
posterior longitudinal ligament, interspinous ligaments, 
supraspinous ligament, ligamentum ?avum, intertransverse 
ligament, facet capsulary ligament, ligamentum nuchae, and 
ligaments of the sacrum and coccyx spine. 

[0016] A tubular member may be positioned betWeen the 
fasteners, and the suture may be placed Within the tubular 
member such that a portion of the tubular member contacts 
the ?rst body part and another portion of the tubular member 
contacts the second body part thereby maintaining the body 
parts in alignment With each other. 
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[0017] In accordance With another aspect of the present 
invention, there is provided a method for approximating an 
incision in tissue. A suture is positioned in portions of tissue 
located on opposite sides of the incision. The proximal and 
distal ends of the suture extend from the tissue and are 
adjacent the incision. A fastener is placed transverse to the 
incision With the ends of the suture disposed Within at least 
one channel of the fastener. The suture is tensioned and 
secured to the fastener to thereby approximate the incision. 
The tissue may be bone, muscle, ligament, tendon, skin, 
organ, cartilage, and blood vessels. 

[0018] Additionally, tWo fasteners may be positioned gen 
erally parallel to an incision With the ?rst fastener placed on 
one side of the incision and the second fastener placed on the 
opposite side of the incision. A suture may be positioned in 
portions of tissue located on opposite sides of the incision 
With the middle section of the suture slidably disposed 
Within at least one channel of the ?rst fastener and the end 
portions of the suture disposed Within at least one channel of 
the second fastener. The suture may be tensioned and 
secured to the fasteners to thereby approximate the incision. 

[0019] In accordance With another aspect of the present 
invention, a fastener is provided. The fastener includes an 
elongated member and at least one channel extending there 
through generally perpendicular to the longitudinal axis of 
the elongated member. A portion of the outer surface of the 
fastener may be concave, ?at, and/or convex. 

[0020] There is also provided a method of using a fastener. 
At least a portion of the surface of the fastener is placed in 
contact With tissue. The fastener may be placed in contact 
With an outer surface of the tissue and/or the inner portion 
of the tissue. A portion of the surface of the fastener may be 
?at, convex, or concave. A convex portion of the fastener 
may be placed in contact With a concave portion of the 
tissue. A ?at portion of the fastener may be placed in contact 
With a ?at portion of the tissue. A concave portion of the 
fastener may be placed in contact With a convex portion of 
the tissue. In these con?gurations, the shaped portions of the 
fasteners mate With the tissue. 

[0021] In accordance With yet another aspect of the 
present invention, a fastener assembly is provided. The 
assembly includes a plurality of fastener members, each 
fastener member having at least one channel extending 
therethrough. A plurality of connecting members links the 
fastener members to each other. The fastener members may 
be linked together end to end, side to side, or end to side. 
When linked together, the fastener members may form a 
linear, circular, rectangular, J, L, or U con?guration. The 
connecting members may be hinges, pins, ball and socket, 
interconnecting loops, hooks, ?exible ?laments and/or rigid 
members. There may be tWo or more connecting members 
Which link adjacent fastener members. The channels of the 
fastener members may be generally transverse to the longi 
tudinal axis of the fastener member. Each fastener member 
may include tWo or more channels, and the channels may be 
generally parallel to each other. 

[0022] Furthermore, a fastener strip or assembly is pro 
vided. The fastener strip or assembly includes a plurality of 
fastener members disposed on a ?exible strip. Each fastener 
member has at least one channel extending therethrough. 
The channel may be generally transverse to the longitudinal 
axis of the fastener member. The fastener members are 
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positioned on the ?exible strip to form a linear, circular, 
rectangular, J, L, and/ or U con?guration. The fastener mem 
bers may be a?ixed to the upper surface of the ?exible strip. 
The fastener members may be a?ixed to the upper surface of 
the ?exible strip With adhesive. The ?exible strip may also 
have adhesive on its loWer or bottom surface for adhesion to 
tissue. Such adhesives may include cyanoacrylate adhesives, 
hydrogel adhesives, monomer and polymer adhesives, 
?brin, polysaccharide, Indermil® or any other biocompat 
ible adhesive. The ?exible strip may be bioabsorbable, 
bioerodible, degradable, biodegradable, expandable, and/or 
hydrophilic. 

[0023] There is also provided a method for using a fas 
tener assembly. The fastener assembly is positioned against 
tissue. A suture or sutures are positioned Within the tissue 
and through the suture assembly to secure the assembly to 
the tissue. In one embodiment, the assembly is placed over 
an incision in the tissue. The fastener members are posi 
tioned such that channel of the fastener members are located 
on each side of the incision. A suture or sutures are posi 
tioned Within the portions of tissue on opposite sides of the 
incision and through the fastener assembly. The suture or 
sutures are tensioned and secured With the fastener mem 
bers. The type and con?guration of the fastener assembly is 
determined With respect to the shape or con?guration of the 
tissue. The shape of the incision also determines the shape 
of the fastener assembly. 

[0024] In accordance With a further aspect of the present 
invention, a total disc replacement implant is provided. The 
implant includes a superior or upper portion made of a rigid 
material. The upper surface of the superior portion is con 
?gured to adjoin to a cut portion of a superior or upper 
vertebra. The implant also includes an inferior or loWer 
portion made of a rigid material. The loWer surface of the 
inferior portion is con?gured to adjoin to a cut portion of an 
inferior or loWer vertebra. The implant further includes a 
middle portion made of a ?exible material. The middle 
portion is a?ixed to the loWer surface of the superior portion 
and the upper surface of the inferior portion. 

[0025] The superior and inferior portions of the implant 
may include polymeric, composite, metallic, ceramic, and 
expandable material. The portions may also include syn 
thetic bone and body tissue like bone, collagen, cartilage, 
and ligaments. The portions may also be bioabsorbable, 
bioerodible, degradable, and biodegradable. The middle 
portion of the implant may include rubber, gel, foam, 
polymer, collagen, and body tissue. The total disc replace 
ment implant may be made of a plurality of components; that 
is, the implant may be modular. The components may be 
connected With each other to form the implant. The com 
ponents may mechanically interlock With one another. Each 
component may have a siZe approximately the same as the 
length of the incision through Which the components are 
inserted. 

[0026] In addition, there is provided a method for total 
disc replacement. An incision is made through tissue for 
access to the spine. The dimensions of the incision may be 
minimized to reduce trauma to surrounding tissue like 
muscle, ligaments, tendons, and cartilage. The vertebra 
located superior to the damaged disc being replaced is cut. 
The cut may be made on the loWer or bottom portion of the 
superior vertebra. The cut may be planar or multiplanar. The 
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superior vertebra may be cut Without disturbing or at least 
minimally disturbing the adjacent ligaments, cartilage, and 
muscles. The cut may be angled to avoid damaging or 
loosening the spinal ligaments like the anterior and posterior 
longitudinal ligaments. 
[0027] The vertebra located inferior to the disc being 
removed is cut in a similar manner, except the upper surface 
of the inferior vertebra is cut. Once cut, the cut portions of 
vertebrae and the intervertebral disc are removed through 
the incision. The cut vertebrae are further prepared for 
receiving an implant. The total disc replacement implant or 
modular implant is positioned betWeen the cut superior and 
inferior vertebrae. A modular implant may be positioned one 
component at a time or already assembled. The implant is 
anchored to the surrounding tissue like the adjacent vertebral 
bodies. Any ligaments, muscles, cartilage, tendons, or other 
body tissue cut or damaged during the procedure is repaired 
prior to closing the incision. Finally, the incision is approxi 
mated. 

[0028] In accordance With another aspect of the present 
invention, a tissue alignment sleeve is provided. The sleeve 
includes a tubular member having a Wall. The interior 
surface of the Wall is generally smooth. The exterior surface 
of the Wall includes means for gripping and creating friction. 
The gripping means may include threads, a plurality of 
raised regions, and a plurality of circumferential elevated 
areas or rings. The Wall may include a plurality of openings 
for tissue ingroWth and outgroWth. The Wall may include 
one or more longitudinal slits such that the tubular member 
or sleeve may be bendable to increase and decrease the 
diameter of the sleeve. 

[0029] There is further provided a method of using a tissue 
alignment sleeve. A channel is created in tissue. The sleeve 
is positioned Within the tissue. The gripping or friction 
means of the sleeve holds the sleeve Within the tissue. The 
tissue may include ?rst and second portions. When posi 
tioned Within the ?rst and second portions of the tissue, the 
portions are aligned and maintained in position relative to 
each other. The ?rst and second portions may be portions of 
bone on opposite sides of a fracture. The portions may be 
tissue of a body joint. The portions may be bones of a joint 
located on opposite sides of the joint, such that When the 
sleeve is positioned, movement of the joint is restricted. 

[0030] A sleeve With at least one longitudinal slit may be 
positioned With the channel created in tissue. The diameter 
of the sleeve may be decreased by closing the gap in the 
longitudinal slit. In a decreased diameter, the sleeve may be 
inserted into the channel. Once positioned, the diameter of 
the sleeve may be increased thereby engaging the gripping 
means With the tissue. A suture or sutures may be placed 
through the lumen of the sleeve to secure tissue located at 
the ends of the sleeve. After the sleeve has gripped the 
adjacent tissue With the gripping means, therapeutic sub 
stances or graft material (autogenic, allogenic, xenogenic, or 
synthetic) may be packed into the tubular member. 

[0031] In accordance With a further aspect of the present 
invention, a method for stabiliZing an implant is provided. A 
?rst fastener is positioned in contact With tissue located 
adjacent the implant. A second fastener is positioned in 
contact With tissue located adjacent the implant generally 
opposite the ?rst fastener. A suture is placed betWeen the 
fasteners and in contact With the implant. The suture is 
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tensioned, and the fasteners are secured to the tensioned 
suture such that the suture transmits force to the implant. The 
suture may be positioned in contact With the surface of the 
implant. The suture may also be positioned Within the 
implant. 

[0032] In addition, a method for stabilizing an implant 
Within a body is provided. A ?rst fastener is positioned in 
contact With the implant. A second fastener is positioned in 
contact With tissue located adjacent the implant. A suture is 
placed betWeen the fasteners. The suture is tensioned, and 
the fasteners are secured to the tensioned suture to anchor 
the implant to the tissue. The ?rst fastener may be positioned 
Within the implant or on the surface of the implant. The 
suture may be placed against or Within the implant. 

[0033] In accordance With another aspect of the present 
invention, there is provided a method for anchoring an 
implant for directional expansion Within the body. A ?rst 
fastener is positioned in contact With the ?rst side of an 
expandable implant. A second fastener is positioned in 
contact With tissue located adjacent a second side of the 
implant Which is opposite the ?rst side. A ?rst suture is 
positioned betWeen the fasteners and tensioned. The ?rst 
suture is secured With the ?rst and second fasteners. In this 
con?guration, the ?rst side of the expandable implant is 
restricted from expanding, but all other sides of the implant 
can expand. 

[0034] For further restriction of expansion, a third fastener 
is positioned in contact With the second side of the implant. 
A fourth fastener is positioned in contact With tissue located 
adjacent the ?rst side of the implant. A second suture is 
positioned betWeen the third and fourth fasteners. The 
second suture is tensioned and secured With the fasteners. 
The second side of the implant is restricted from expanding. 
To further restrict expansion of the implant, more fasteners 
and sutures may be positioned as previously described such 
that the implant is limited to expansion in one, tWo, or more 
directions. 

[0035] The sutures may be positioned in contact With the 
expandable implant such that the sutures transmit force to 
the implant thereby anchoring the implant and further 
restricting expansion. 

[0036] In accordance With a further aspect of the present 
invention, a device for anchoring an implant is provided. 
The device includes a pouch dimensioned and con?gured for 
receiving an implant. The pouch has an access port for 
inserting the implant. At least one anchoring point is con 
nected With the pouch. The device may further include a ?ap 
attached to the pouch for closing the access port. The 
implant may be expandable, and When positioned in the 
pouch, the implant generally expands primarily in the direc 
tion of the access port. The pouch may include a plurality of 
access ports. An expandable implant placed in a pouch With 
a plurality of access ports expands primarily in the directions 
of the access ports. 

[0037] In accordance With another aspect of the present 
invention, there is provided a method for repairing a liga 
ment. A fastener is positioned in contact With the ligament 
adjacent the ?rst side of a damaged region of the ligament. 
Another fastener is positioned in contact With the ligament 
adjacent a second side of the damaged region Which is 
generally opposite the ?rst side. A suture is positioned 
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betWeen the fasteners. The suture is tensioned and secured 
With the fasteners such that the ligament is tightened. The 
suture may be positioned through the ligament. The suture 
may also be positioned through tissue adjacent the damaged 
area. The tissue may be spine tissue such as one or more 
vertebrae and one or more intervertebral discs. The ligament 
may be a ligament of the spine such as the anterior or 
posterior longitudinal ligament, or any of the previously 
identi?ed ligaments. The damaged region may be a loosened 
ligament area, a torn ligament area, or a missing ligament 
area. 

[0038] Furthermore, a method for reconstructing a liga 
ment is provided. A tissue graft is positioned adjacent a 
damaged region of the ligament. A ?rst fastener is positioned 
in contact With the tissue graft on a ?rst side of the damaged 
region. A second fastener is positioned in contact With the 
tissue graft on a second side of the damaged region Which is 
generally opposite the ?rst side. A suture is positioned 
betWeen the fasteners With the suture passing through the 
tissue graft and ligament. The suture is tensioned and 
secured With the fasteners to hold the tissue graft against the 
ligament. The tissue graft may include ligamentous tissue or 
bone tissue. The ligament may be a ligament of the spine. 
The suture may be positioned Within tissue located adjacent 
the ligament. The tissue may be spine tissue including one 
or more vertebrae and one or more intervertebral discs. 

[0039] Moreover, there is provided another method for 
reconstructing a ligament. A tissue graft is positioned adja 
cent a damaged region of the ligament. A ?rst fastener is 
positioned in contact With the tissue graft on a ?rst side of 
the damaged region. A second fastener is positioned in 
contact With tissue adjacent the ligament. A suture is posi 
tioned betWeen the fasteners With the suture passing through 
the tissue graft and ligament. The suture is tensioned and 
secured to the fasteners such that at least a portion of the 
tissue graft is held to the ligament. The tissue graft may 
include ligamentous tissue or bone tissue. The ligament may 
be a ligament of the spine like the anterior or posterior 
longitudinal ligament. The suture may be positioned Within 
the tissue adjacent the ligament. The tissue may be spine 
tissue including one or more vertebrae and one or more 

intervertebral discs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] A more complete understanding of the present 
invention, and the attendant advantages and features thereof, 
Will be more readily understood by reference to the folloW 
ing detailed description When considered in conjunction 
With the accompanying draWings Wherein: 

[0041] FIGS. 1A-1H illustrate multiple embodiments of 
fasteners and fastener assemblies; 

[0042] FIGS. 2A-2G shoWs a plurality of embodiments of 
tissue alignment sleeves; 

[0043] FIG. 3 illustrates the repair of the annulus of an 
intervertebral disc as Well as stabiliZation of the spinal joint; 

[0044] FIG. 4 illustrates a total intervertebral disc replace 
ment implant; 

[0045] FIG. 5 illustrates an embodiment for the anchoring 
of an implant; 
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[0046] FIG. 6 shows a further embodiment for the anchor 
ing of an implant; 

[0047] FIG. 7 illustrates anchorage of an expandable 
implant for directional expansion; 

[0048] FIGS. 8A-8C shoW multiple embodiments of 
implant pouches; 

[0049] 
[0050] 
liZation; 
[0051] FIGS. 11A-11C illustrate ligament augmentation/ 
reinforcement; 

FIG. 9 illustrates ligament repair and stabilization; 

FIG. 10 shoWs ligament reconstruction and stabi 

[0052] FIG. 12 shoWs a laminectomy site; 

[0053] FIG. 13 illustrates stabiliZation of the cervical 
spine and head; and 

[0054] FIG. 14 shoWs decompression and stabiliZation of 
the spinal column. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0055] The devices and methods of the present invention 
provide for the repair, reconstruction, augmentation, and 
securing of tissue and/or implants during a surgical proce 
dure and “on the Way out” after the surgical procedure has 
been performed but before the skin incision has been closed. 
Tissue at and around the operation site and tissue betWeen 
the operation site and skin incision is rebuilt so that tissue 
function may be at least partially restored and the operation 
region may be stabiliZed for enhanced healing. 

[0056] The devices used to repair, reconstruct, augment, 
and/or secure tissue or implants may be any biocompatible 
fastener described herein or found in the prior art. Examples 
of fasteners, implants, and their methods of employment 
may be found in US. Pat. Nos. 5,163,960; 5,403,348; 
5,441,538; 5,464,426; 5,549,630; 5,593,425; 5,713,921; 
5,718,717; 5,782,862; 5,814,072; 5,814,073; 5,845,645; 
5,921,986; 5,948,002; 6,010,525; 6,045,551; 6,086,593; 
6,099,531; 6,159,234; 6,368,343; 6,447,516; 6,475,230; 
6,592,609; 6,635,073; and 6,719,765. Other fastener types 
are disclosed in US. patent application Ser. Nos. 10/102, 
413; 10/228,855; 10/779,978; 10/780,444; and 10/797,685. 
The above cited patents and patent applications are hereby 
incorporated by reference. 

[0057] The fasteners may be, but are not limited to, 
degradable, biodegradable, bioerodible, bioabsorbable, 
mechanically expandable, hydrophilic, bendable, deform 
able, malleable, riveting, threaded, toggling, barded, 
bubbled, laminated, coated, blocking, pneumatic, one-piece, 
multi-component, solid, holloW, polygon-shaped, pointed, 
self-introducing, and combinations thereof. Also, the fasten 
ers may include, but are not limited to, metallic material, 
polymeric material, ceramic material, composite material, 
body tissue, synthetic tissue, hydrophilic material, expand 
able material, compressible material, heat bondable mate 
rial, and combinations thereof. 

[0058] The fasteners of the present invention may be 
linear ?xation fasteners. Such fasteners secure tissue or an 
implant With access to only one side of the tissue or implant. 
Generally, the fastener is advanced through the tissue or 
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implant, usually through a pre-made passage or Without a 
passage When the fastener is self-introducing. Once placed 
through the tissue or implant, a distal portion of the fastener 
expands, biases outWard, or changes con?guration such that 
the distal portion prevents the fastener from being pulled 
back out of the tissue or implant. The proximal portion of the 
fastener is secured thereby anchoring the tissue or implant. 
Examples of linear ?xation fasteners are further disclosed in 
the incorporated references. 

[0059] The methods and devices of the present invention 
may be used in conjunction With any surgical procedure of 
the body. The repair, reconstruction, augmentation, and 
securing of tissue or an implant may be performed in 
connection With surgery of a joint, bone, muscle, ligament, 
tendon, cartilage, capsule, organ, skin, nerve, vessel, or other 
body part. For example, tissue may be repaired, recon 
structed, augmented, and secured during and “on the Way 
out” folloWing intervertebral disc surgery, knee surgery, hip 
surgery, organ transplant surgery, bariatric surgery, spinal 
surgery, anterior cruciate ligament (ACL) surgery, tendon 
ligament surgery, rotator cuff surgery, capsule repair surgery, 
fractured bone surgery, pelvic fracture surgery, avulsion 
fragment surgery, hernia repair surgery, and surgery of an 
intrasubstance ligament tear, annulus ?brosis, fascia lata, 
?exor tendons, etc. 

[0060] Also, tissue may be repaired after an implant has 
been inserted Within the body. Such implant insertion pro 
cedures include, but are not limited to, partial or total knee 
replacement surgery, hip replacement surgery, bone ?xation 
surgery, etc. The implant may be an organ, partial organ 
grafts, tissue graft material (autogenic, allogenic, xenogenic, 
or synthetic), collagen, a malleable implant like a sponge, 
mesh, bag/sac/pouch, collagen, or gelatin, or a rigid implant 
made of metal, polymer, composite, or ceramic. Other 
implants include breast implants, biodegradable plates, por 
cine or bovine patches, metallic fasteners, compliant bearing 
for medial compartment of the knee, nucleus pulposus 
prosthetic, stent, tissue graft, tissue scalfold, biodegradable 
collagen scalfold, and polymeric or other biocompatible 
scalfold. The scalfold may include fetal cells, stem cells, 
embryonal cells, enZymes, and proteins. 

[0061] The present invention further provides ?exible and 
rigid ?xation of tissue. Both rigid and ?exible ?xation of 
tissue and/or an implant provides compression to enhance 
the healing process of the tissue. A fractured bone, for 
example, requires the bone to be realigned and rigidly 
stabiliZed over a period time for proper healing. Also, bones 
may be ?exibly secured to provide ?exible stabiliZation 
betWeen tWo or more bones. Soft tissue, like muscles, 
ligaments, tendons, skin, etc., may be ?exibly or rigidly 
fastened for proper healing. Flexible ?xation and compres 
sion of tissue may function as a temporary strut to alloW 
motion as the tissue heals. Furthermore, joints Which include 
hard and soft tissue may require both rigid and ?exible 
?xation to enhance healing and stabiliZe the range of motion 
of the joint. Flexible ?xation and compression of tissue near 
a joint may provide motion in one or more desired planes. 
The fasteners described herein and incorporated by refer 
ence provide for both rigid and ?exible ?xation. 

Exemplary Fasteners 

[0062] The folloWing Examples 1 through 8 Which illus 
trate uses of the present invention are for illustrative pur 
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poses and are not limiting examples. As mentioned above, 
any fastener disclosed herein or incorporated by reference 
may be used With the exemplary methods. To simplify the 
disclosure of the present invention, a limited number of 
fastener types Will be used to illustrate the exemplary 
methods. For example, the fasteners disclosed in Us. Pat. 
No. 5,921,986 Will be used to represent any disclosed or 
knoWn fastener. 

[0063] As described in the above-mentioned patent, the 
fasteners may be placed against tissue, and a suture may be 
looped through the tissue With the ends of the suture 
positioned Within the fasteners. The suture is tensioned, and 
the ends of the suture are secured using a knot or any other 
suitable means for maintaining the tension of the suture 
betWeen the fasteners. The tensioning of the suture, or 
similar cable, pin, thread, etc., may be controlled and 
monitored With sensor technology, like a magnetic sensor, 
Which may unload the pressure if necessary. Other knoWn 
tensioning apparatus may also be utiliZed. For example, the 
tensioning system may be spring loaded, pneumatic, elec 
trical, pisoelectric, and magnetic. The tensioning system 
may be connected With an introducer or cannula or may be 
part of a fastener or implant. The tensioning system may 
include a read-out display outside the body. The read-out 
display may receive tension data through radiofrequency 
energy, infrared energy, or other suitable energy source. 

[0064] Additionally, tWo or more fasteners may be utiliZed 
to secure body tissue and/or an implant. When tWo fasteners 
are used, one fastener is placed against or Within one tissue 
area and the second fastener is placed against or Within 
another tissue area. The suture is looped through one fas 
tener While the ends of the suture are positioned Within the 
second fastener. The suture is tensioned and the ends fas 
tened With a knot or fastened using a device or method 
disclosed herein or incorporated by reference. In this con 
?guration, the suture includes tWo generally parallel legs or 
portions located betWeen the fasteners. Furthermore, When 
tWo fasteners are used, a single suture may be employed 
leaving only one leg betWeen the fasteners. In this con?gu 
ration, each end of the suture is positioned in different 
fasteners. The suture may be tensioned and the ends secured. 
It is further contemplated that the fasteners and sutures may 
be inserted through a passage in the tissue or implant. For 
example, a passage may be drilled through tissue or implant 
for insertion of the fastener or suture. With the fastener in 
place, these passages may be packed or ?lled With tricalcium 
phosphate (TCP), calcium phosphate, a thermal polymer, 
polymethyl methacrylate (PMMA) With hydroxyaptite 
(HA), polylactic acid (PLA) With HA, and other suitable 
materials. These materials may harden Within the passage 
and Would provide additional stabiliZation of the tissue or 
implant. 

[0065] FIGS. 1A-1F illustrate exemplary fasteners 30 
With at least one channel 32. In an exemplary embodiment, 
FIG. 1A shoWs a generally cylindrical shaped fastener 3011. 
Two channels or slots 32a for receiving a suture or other 
similar ?lament extend through the fastener 30a and are 
generally perpendicular to the longitudinal axis 34 of the 
fastener 3011. FIG. 1B shoWs a generally half cylindrical 
shaped fastener 30b. The fastener 30b includes a generally 
?at surface 36 on one side and an arched surface 38 on the 
other side. The ?at surface 36 may be placed against the 
tissue or implant to provide increased contact area. FIG. 1C 
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shoWs a cylindrical shaped fastener 300 With a hemispheric 
or concave surface 40 on one side. This surface 40 may be 

placed against an implant or tissue, like a bone, Which has 
a convex surface, so that the concave surface 40 of the 
fastener 30c and the convex surface of the tissue/ implant are 
in contact. FIG. 1D shoWs a generally rectangular fastener 
30d. The fastener 30d may have a thickness Which mini 
miZes protrusion of the fastener 30d from the outer surface 
of the tissue or implant Which it is positioned against. 

[0066] Although the exemplary fasteners have been 
described as generally longitudinal members, it is also 
contemplated that the fasteners can take the form of a 
square, oval, sphere, button, or any other suitable con?gu 
ration. 

[0067] FIG. 1E shoWs a fastener assembly 30e having a 
plurality of fastener members 42 positioned generally par 
allel to each other With connecting members 44 betWeen 
them. The fastener members 42 may take the form of any 
shape described previously or incorporated by reference. 
The connecting members 44 attach the fastener members 42 
to each other. The connecting members 44 may be hingedly 
or pivotally connected With the fastener members 42 to 
alloW the fastener assembly 30e to ?ex or bend. Altema 
tively, the connecting members 44 may be made of a ?exible 
material such as a suture, Wire, cable, or thread, Which could 
?ex or bend. In an exemplary embodiment, the channels 32e 
of the fastener members 42 are positioned such that a roW of 
channels 46 are aligned over one portion of tissue located on 
one side of an incision While another roW of channels 48 are 
aligned over the other portion of the tissue located on the 
opposite side of the incision. Multiple sutures may be used 
With the fastener assembly for securing tissue or an implant. 

[0068] Alternatively, the fastener members 30e may be 
connected With one another With a ?exible strip 50. As seen 
in FIG. 1F, four fastener members 42 are a?ixed to the 
?exible strip 50 and are generally parallel to each other and 
spaced apart from each other. The strip 50 may be handled 
and placed against tissue or an implant thereby positioning 
all the fastener members 42 at about the same time. In this 
regard, the ?exible strip 50 can be made of or include graft 
material such as collagen, demineraliZed bone, etc. The 
?exible strip 50 may be expandable, hydrophilic, bioabsorb 
able, bioerodible, degradable, biodegradable, or combina 
tions thereof. It may include a therapeutic substance such as 
antibiotics, hydroxypatite, anti-in?ammatory agents, ste 
roids, antibiotics, analgesic agents, chemotherapeutic 
agents, bone morphogenetic protein, demineraliZed bone 
matrix, collagen, groWth factors, autogenetic bone marroW, 
progenitor cells, calcium sulfate, immo suppressants, ?brin, 
osteoinductive materials, apatite compositions, fetal cells, 
stem cells, enZymes, proteins, hormones, germicides, and 
combinations thereof. 

[0069] The ?exible strip 50 may also include an adhesive 
on one side to adhere the fastener members 42 to the strip 50 
and may further include adhesive of the other side to adhere 
the strip 50 to tissue or implant. Such adhesives may include 
cyanoacrylate adhesives, hydrogel adhesives, monomer and 
polymer adhesives, ?brin, polysaccharide, Indermil® or any 
other biocompatible adhesive. 

[0070] FIG. 1G shoWs another fastener assembly 30g of 
the present invention. This fastener assembly 30g is gener 
ally L-shaped or J-shaped. Like the fastener assemblies of 



US 2006/0089646 A1 

FIGS. 1E and 1F, the fastener members 42 of FIG. 1G may 
be attached to one another With connecting members 44 or 
With a ?exible strip 50. FIG. 1H shoWs a U-shaped fastener 
assembly 30h for closing a U-shaped incision in tissue, like 
those frequently made in the annulus. The roWs of channels 
46 and 48 of the fastener members 42 are arranged as 
previously described, With one line of channels 46 on one 
side of the incision and the other line of channels 48 of the 
other side of the incision. 

[0071] The type and shape of the incision determine the 
siZe and con?guration of the fastener assembly used. For 
example, a U-shaped incision could be closed With a 
U-shaped fastener assembly 30h, and an L-shaped incision 
could be closed With an L-shaped fastener assembly 30g. 
The suture or sutures used With the fastener assemblies may 
be tensioned and secured With a knot, or alternatively may 
be secured With devices and methods described herein and 
those incorporated by reference. 

[0072] The exemplary fasteners may be utiliZed With one 
or more sutures, ?laments, cables, or other similar implant. 
Generally, one suture may be used for the fasteners of FIGS. 
1A-1D When only one fastener is employed. When tWo or 
more fasteners of FIGS. 1A-1D are used, multiple sutures 
may be employed. Similarly, the fasteners of FIGS. 1E-1H 
may use multiple sutures. The ends of sutures may be placed 
through the channels of the fastener members, and the 
sutures tensioned. Alternatively, a single suture could be 
used. That is, the single suture may be threaded in and out 
of the channels of the fastener members to secure tissue or 
an implant. 

[0073] The exemplary fasteners and fastener assemblies of 
the present invention may be formed of any natural or 
arti?cial material. For example, they may be formed from 
material Which is polymeric, metallic, composite, ceramic, 
or combinations thereof. Furthermore, the fasteners and 
assemblies may be made of body tissue including bone, 
collagen, cartilage, ligaments, or tissue graft material like 
xenograft, allograft, and autograft. They may be bioabsorb 
able, bioerodible, degradable, biodegradable, mechanically 
expandable, hydrophilic, and combinations thereof. The 
fasteners and assemblies may be made from a porous matrix 
or mesh of biocompatible and bioresorbable ?bers acting as 
a scaffold to regenerate tissue. 

[0074] The fasteners and assemblies may also be made of 
or have a coating made of an expandable material. The 
material could be compressed then alloWed to expand once 
sutured to tissue or an implant. Alternatively, the fastener 
and assembly material could be hydrophilic and expand 
When it comes in contact With liquid. Examples of such 
expandable materials are desiccated body tissue, foam, and 
expandable polymers. 

[0075] Furthermore, the fasteners, fastener assemblies, 
and implants described herein and incorporated by reference 
may include therapeutic substances to promote healing. 
These substances could include antibiotics, hydroxypatite, 
anti-in?ammatory agents, steroids, antibiotics, analgesic 
agents, chemotherapeutic agents, bone morphogenetic pro 
tein (BMP), demineraliZed bone matrix, collagen, groWth 
factors, autogenetic bone marroW, progenitor cells, calcium 
sulfate, immo suppressants, ?brin, osteoinductive materials, 
apatite compositions, germicides, fetal cells, stem cells, 
enZymes, proteins, hormones, cell therapy substances, gene 
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therapy substances, and combinations thereof. These thera 
peutic substances may be combined With the materials used 
to make the fasteners to produce a composite fastener or 
implant. Alternatively, the therapeutic substances may be 
impregnated or coated on the fastener or implant. Time 
released therapeutic substances and drugs may also be 
incorporated into or coated on the surface of the fastener or 
implant. The therapeutic substances may also be placed in a 
bioabsorbable, degradable, or biodegradable polymer layer 
or layers. 

[0076] The sutures of the present invention may be made 
of metallic material, non-metallic material, composite mate 
rial, ceramic material, polymeric material, copolymeric 
material, or combinations thereof. The sutures may be 
degradable, biodegradable, bioabsorbable, or non-biode 
gradable. Examples of suture materials are polyethylene, 
polyester, cat gut, silk, nylon, polypropylene, linen, cotton, 
and copolymers of glycolic and lactic acid. In an exemplary 
embodiment, the sutures are ?exible or bendable. They may 
be threadlike, mono?lament, multi?lament, braided, or 
interlaced. The sutures may have a coating of therapeutic 
substances or drugs. For example, the sutures may include 
antibiotics, hydroxypatite, anti-in?ammatory agents, ste 
roids, antibiotics, analgesic agents, chemotherapeutic 
agents, bone morphogenetic protein, demineraliZed bone 
matrix, collagen, groWth factors, autogenetic bone marroW, 
progenitor cells, calcium sulfate, immo suppressants, ?brin, 
osteoinductive materials, apatite compositions, fetal cells, 
stem cells, enzymes, proteins, hormones, and germicides. 

[0077] FIGS. 2A-2C illustrate exemplary embodiments of 
another fastener 52. The fastener or tubular member or 
sleeve 52a in FIG. 2A is generally tubular shaped having a 
Wall 54 With an inner surface 56 and an outer surface 58. The 
inner surface 56 de?nes a lumen 60 Which is dimensioned 
and con?gured for receiving a suture, cable, K-Wire, or 
similar device. In another embodiment, FIG. 2B shoWs a 
sleeve 52b With a slit 62 through the tubular Wall 54. The slit 
62 alloWs the sleeve 52b to be decreased in diameter for 
implantation and increased in diameter after implantation for 
proper alignment of the implantation site. In a further 
embodiment, the sleeve 520 of FIG. 2C includes tWo slits 62 
in the tubular Wall 54 thereby forming tWo semi-tubular 
members. The semi-tubular members may be placed sepa 
rately at the implantation site then aligned to form a com 
plete tubular member. In another embodiment, the tubular 
member is a solid member. 

[0078] The tubular member may be ?exible to enable the 
tubular member to be inserted into a nonlinear passage 
through the bone. The tubular member may be formed of 
metallic material, composite material, ceramic material, 
polymeric material, or combinations thereof. The tubular 
member may be made from a degradable, biodegradable, 
bioerodible, or bioabsorbable material, such as a polymer, 
composite, or ceramic. The tubular member may also 
include a therapeutic substance to form a composite tubular 
member, or the therapeutic substance may be coated onto the 
tubular member. Furthermore, therapeutic substances or 
graft material (autogenic, allogenic, xenogenic, or synthetic) 
may be packed into the tubular member. 

[0079] Additionally, the outer surface 58 of the tubular 
member 52 may include a friction or gripping means. FIG. 
2D shoWs a portion of the outer surface 58 of the tubular 
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member With threads 64. In FIG. 2E, the outer surface 58 
includes raised pebbles, or bumps 66. FIG. 2F illustrates 
raised ridges or hills 68 around the outer surface 58. In 
addition to a friction means on the outer surface of the 

tubular member, the Wall of the sleeve may include openings 
70 for tissue ingroWth, as shoWn in FIG. 2G. It is contem 
plated that any of the fasteners, fastener assemblies, and 
implants disclosed herein and incorporated by reference may 
also include a friction or gripping means as described above. 

[0080] It is further contemplated that tissue and implants 
may be secured With biologic adhesive, or fasteners dis 
closed herein and incorporated by reference may be used 
With the biologic adhesive. Such adhesives may include 
cyanoacrylate adhesives, hydrogel adhesives, monomer and 
polymer adhesives, ?brin, polysaccharide, Indermil® or any 
other biocompatible adhesive. For example, tissue scaffolds 
and tissue Welding fasteners disclosed herein or incorporated 
by reference may be used With adhesive and an energy 
source, like ultrasound, RF, laser, electromagnet, ultraviolet, 
infrared, electro-shockWave, or other suitable energy source, 
to activate or deactivate the adhesive. 

EXAMPLE 1 

Intervertebral Disc Repair 

[0081] As previously described, the present invention pro 
vides devices and methods for fastening body tissue and/or 
an implant. One example is the fastening or repair of 
ligamentous tissue. Ligamentous tissue is found, among 
other locations, Within intervertebral discs of the spinal 
column. The spinal column is formed from a number of 
vertebrae Which are separated from each other by interver 
tebral discs. The intervertebral discs stabiliZe and distribute 
force betWeen the many vertebrae. As used herein, “spinal 
joint” or joint of the spine includes this intervertebral space. 

[0082] Generally, intervertebral discs are made of a soft, 
central nucleus pulposus surrounded by a tough, Woven 
annulus ?brosus. Hemiation of a disc is a result of a 
Weakening in the annulus. Symptomatic hemiations occur 
When Weakness in the annulus alloWs the nucleus pulposus 
to bulge or leak posteriorly toWard the spinal cord and major 
nerve roots. One treatment of a herniated, displaced, or 
ruptured intervertebral disc is a discectomy. This procedure 
involves removal of disc materials impinging on the nerve 
roots or spinal cord posterior to the disc. Depending on the 
surgeon’s preference, a varying amount of nucleus pulposus 
is removed from Within the disc space either through the 
herniation site or through an incision in the annulus. In 
addition to a discectomy, other surgical procedures Where 
the present invention may be used include a vertebroplasty 
and kyphoplasty. 

[0083] FIG. 3 illustrates an exemplary embodiment of 
repairing an intervertebral disc 80. The disc 80 is located 
betWeen a superior vertebra 82 and an inferior vertebra 84. 
During a discectomy, an incision 86 is made through the 
annulus ?brosus 88 for the removal of all or a portion of the 
nucleus pulposus 90. After the appropriate amount of the 
nucleus 90 has been removed, the incision 86 is approxi 
mated. In one embodiment shoWing the closing of the 
incision 86, a fastener 30 is positioned generally transverse 
to the incision 86. The fastener 30 is positioned on the outer 
surface of the annulus 88 With one channel 32 on one side 
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on the incision 86 and the other channel 32 on the other side 
of the incision 86. A suture 100 is positioned through the 
portions of annulus 88 located on opposite sides of the 
incision 86 in a generally U-shaped, looped, or curved 
con?guration. The ends of the suture 100 are placed Within 
the channels 32 of the fastener 30 and tensioned to draW 
together the tWo portions of the annulus 88 on opposite sides 
of the incision 86. The suture 100 is secured to the fastener 
30 With a knot or other means disclosed herein or incorpo 
rated by reference. Depending on the length of the incision, 
a plurality of fasteners and sutures may be used to fully close 
the incision. 

[0084] One or more additional incisions 86 in the annulus 
88 may be necessary for increased access to the nucleus 90. 
These other incisions Will also need to be approximated. As 
seen in FIG. 1, one fastener 30 is placed on one side of the 
incision 86 generally parallel to the incision 86. A second 
fastener 30 is positioned on the other side of the incision 86. 
Closure of the incision 86 is accomplished by placing a 
suture or sutures 100 through the annulus 88 so that the 
annulus portions on opposite sides of the incision 86 are 
draWn together When the suture 100 is tensioned. The ends 
of the suture are secured by the fasteners 30. Depending on 
the length of the incision, more than tWo fasteners may be 
utiliZed to approximate the incision. The closure of the 
incision enhances the natural healing and reconstruction of 
the annulus Wall. 

[0085] While the incisions of FIG. 3 are generally linear, 
other incision con?gurations may be made for increased 
accessibility through the annulus. For example, the incision 
may be circular, L-shaped, U-shaped, C-shaped, J-shaped, 
etc. Di?ferent con?gurations and types of fasteners illus 
trated in FIG. 1 may be used to close these non-linear 
incisions. Furthermore, these incisions may be made any 
Where along the annulus (posterior, anterior, or sides) or 
betWeen the annulus and vertebral body. 

[0086] It is further contemplated that access to the nucleus 
pulposus may be obtained through a vertebral body. A 
channel(s) or passage(s) 92 may extend from the outer side 
surface of the vertebral body to the adjacent nucleus. The 
channel may be formed With a bone drill bit and/or a tissue 
harvesting device as described in Us. Pat. No. 5,269,785 
entitled Apparatus and Method for Tissue Removal, Which is 
hereby incorporated by reference. The nucleus pulposus 
material may be fully or partially removed through the 
channel 92. Means for removing the material may include 
suction, scrapper, scooper, syringe, or other similar device. 
When no neW material is required to be implanted in the 
region Where the nucleus pulposus material Was removed, 
the physician may close the channel 92 With graft material 
such as autograft material, allograft material, and/or other 
implantable materials disclosed herein. Alternatively, a plug/ 
seal 93 made of metal, polymer, composite, or ceramic may 
be inserted into the channel 92 at either end of the channel 
or at both ends of the channel. The plug 93 may be 
removable for gaining access to the nucleus pulposus during 
a subsequent surgery. In this method, the annulus ?brosus is 
not incised, punctured, or Weakened thereby reducing the 
healing time of the disc. 

[0087] Depending on the severity of herniation or damage 
to the disc, nucleus pulposus replacement material or a 
nucleus pulposus prosthesis may be positioned betWeen a 
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superior vertebra and inferior vertebra. One or more inci 
sions may be made through the annulus for access to the 
nucleus. The nucleus pulposus may be removed, and the 
replacement material or prosthesis may be inserted. Alter 
natively, the nucleus pulposus also remain in place With the 
replacement material or prosthesis positioned next to or 
along With the existing nucleus pulposus. Furthermore, the 
nucleus pulposus can be removed, conditioned or treated, 
and then re-implanted either alone or With a replacement 
material. In this regard, the temporarily removed nucleus 
pulposus can serve as a scaffold seeded With cells or treated 
With a groWth factor or any other of the therapeutic agents 
disclosed herein. The fasteners and sutures of the present 
invention may be used to approximate the annulus incisions. 
Any number of fasteners may be used to fully close the 
incision. 

[0088] The nucleus pulposus replacement material or 
prosthesis may also be positioned betWeen the superior and 
inferior vertebrae through a vertebral body. As mentioned 
previously, a passage or channel may be made through the 
vertebral body extending from the outer surface to the 
adjacent nucleus pulposus. All, some, or none of the existing 
nucleus pulposus may be removed prior to insertion of the 
replacement material or prosthesis. In an exemplary embodi 
ment, the replacement material is injected through the inci 
sion or channel in the vertebra and into the nucleus pulposus 
area. This material may be ?oWable for injection then once 
injected may become less ?oWable to form a gel-like mate 
rial or, alternatively, may become generally solid to form a 
rubber-like material. Additionally, the nucleus pulposus 
replacement material may be ?oWable or injected into a 
balloon or bladder Which may be positioned betWeen adja 
cent vertebral bodies. 

[0089] In another embodiment, the replacement material 
or prosthesis may be rubber-like or gel-like pellets having a 
con?guration Which alloWs them to be passed through the 
incision or channel. The replacement material or prosthesis 
may be expandable so that, once inserted, it can ?ll the 
implant area. The materials or prosthesis may include an 
adhesive and/or therapeutic substances, like antibiotics, 
hydroxypatite, anti-in?ammatory agents, steroids, antibiot 
ics, analgesic agents, chemotherapeutic agents, bone mor 
phogenetic protein, demineraliZed bone matrix, collagen, 
groWth factors, autogenetic bone marroW, progenitor cells, 
calcium sulfate, immo suppressants, ?brin, osteoinductive 
materials, apatite compositions, fetal cells, stem cells, 
enZymes, proteins, hormones, and germicides. 

[0090] Surgery of the intervertebral disc may leave the 
spine With increased motion or shear Which can cause 
further disc failure, facet hypertrophy, or arthritis of the facet 
joints. To stabiliZe the repaired intervertebral disc “on the 
Way out,” the devices and methods of the present invention 
may be utiliZed. Flexible ?xation of tissue at and near the 
operation site may alloW compression of tissue and limited 
motion of the repaired intervertebral disc alloWing liga 
ments, the annulus ?brosis, interspinous ligaments, and 
other soft tissue to properly heal. Stabilizing one vertebral 
body to another vertebral body under compression Would 
still alloW for some range of motion of the joint yet prevent 
disc degeneration. 

[0091] The vertebral bodies may be stabiliZed anteriorly 
and/or posteriorly or With a hybrid approach such as an 
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anterior-lateral or posterior-lateral approach. For example, 
on the anterior side of the spine, tWo fasteners 30 are 
positioned to secure the ends of a suture 100 placed through 
the intervertebral disc 80 and through adjacent vertebrae 82 
and 84 in a curved or looped con?guration. TWo other 
fasteners 30 are positioned against or Within the vertebrae 82 
and 84 to hold the ends of a suture or sutures 100 placed 
through the disc 80 and through the adjacent vertebrae 82 
and 84 in a generally straight con?guration. TWo more 
fasteners 30 are positioned against or Within tWo vertebrae 
102 and 104 located a distance from the repaired disc 80. A 
suture or sutures 100 are placed betWeen these vertebrae 102 
and 104 and tensioned. These fasteners and sutures provide 
stability and an enhanced healing environment for the inter 
vertebral disc. 

[0092] Finally, FIG. 3 illustrates another exemplary 
embodiment for stabiliZing tissue around a repaired tissue 
region. One fastener 30 is positioned against or Within an 
upper spinous process 106 adjacent the repaired disc 80, 
While another fastener 30 is positioned against or Within a 
loWer spinous process 108 also adjacent the repaired disc 80. 
A suture or sutures 100 are placed betWeen the fasteners 30 
and tensioned. This con?guration and placement of fasteners 
and sutures limits or prevents the movement of the repaired 
disc. 

EXAMPLE 2 

Intervertebral Disc Replacement 

[0093] A damaged intervertebral disc may require replace 
ment instead of just minor repair. The disc may be replaced 
With a prosthetic disc Which may include a biocompatible 
material such as metal, polymer, composite, ceramic, or 
combinations thereof. FIG. 4 illustrates a total intervertebral 
disc replacement using the devices and methods of the 
present invention. While a disc replacement is shoWn and 
described beloW, it is contemplated that any skeletal region, 
like a joint, may be ?tted With an implant, and the implant 
fastened and stabiliZed With the sutures, fasteners, and 
methods disclosed herein and incorporated by reference. For 
example, a knee replacement component may be affixed to 
the femur, tibia, or patella in accordance With the folloWing 
described methods. 

[0094] A disc replacement component may be positioned 
betWeen the loWer surface of a superior vertebra and the 
upper surface of an inferior vertebra. In this con?guration, 
the disc replacement component takes the place of the 
original intervertebral disc and provides the proper spacing 
betWeen the vertebrae. Such a disc component may be 
anchored to the surfaces of the superior and inferior verte 
brae With the fasteners and sutures described herein and 
incorporated by reference. 

[0095] Alternatively, and as shoWn in FIG. 4, the disc 
replacement implant 110 may be larger in height than the 
normal height of an intervertebral disc. The implant 110 may 
include upper 112, middle 114, and loWer 116 sections. The 
upper and loWer sections 112 and 116 are made of a 
biocompatible material Which alloWs integration of the bone 
tissue of the vertebral bodies. This material may be poly 
meric, composite, metallic, ceramic or combinations 
thereof. Furthermore, the material may be body tissue 
including bone, collagen, cartilage, ligaments, or tissue graft 




















