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COWPCSI TE SPI NAL ROD

CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application <clainms the benefit of the filing
dat e of Uni t ed St ates Provi si onal Pat ent Appl i cation

No. 61/053,001 filed May 13, 2008, the disclosure of which is
hereby incorporated herein by reference.

FI ELD OF THE | NVENTI ON

[ 0002] The present technology relates to orthopedic surgery.

In particular, the present technology relates to a spinal rod

formed of a reinforcing conmponent and a flexible conponent so

as to provide a conbination of flexibility, strength, and
resistance to localized conpressive forces. More particularly,

t he present t echnol ogy provi des a titani um and
pol yet her et her ket one ( PEEK) composi te rod t hat can be

manufactured in a variety of configurations designed to provide
different degrees of flexibility and stiffness as desired.
BACKGROUND OF THE | NVENTI ON

[ 0003] Spi nal or vertebral rods are often wused in the
surgical treatnent of spinal disorders such as degenerative disc
di sease, di sc her ni ati on, scoliosis or ot her curvature
abnormalities or fractures. Spi nal rods, which may Dbe
mechanically anchored to sequentially aligned pedicle screw
assenblies connected to vertebral bodi es, serve to provide
rigidity to portions of the spinal colum to encourage the
vertebral bodies to fuse after spinal -fusion surgery. Fusi on
results in the permanent immobilization of one or nore of the
i ntervertebral joints between vertebral bodi es. To achieve
spinal fusion the spinal rods selected are typically wuniform
along the entire length of the rod and manufactured from a
single or integral piece of relatively inflexible material
having a wuniform diameter and sized to provide substantially

rigid support to the spinal construct
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[ 0004] Fusi on, however, can have sone very undesirable side
ef fects. Spinal fusion by design results in immobilization of a
portion of the spine and thus can severely I|imt the natural
notion of the subject. Further, although fusion can result in
a strengthened portion of the spine, it may also result in nore
rapi d degeneration and even hyper -nobility and collapse of other
portions of the spine that are adjacent to the portion of the
spi ne being fused.

[ 0005] An alternative to the use of rigid spinal rods is the
use of flexible or dynamic spinal rods to create a nore nornal
| oadi ng pattern in f 1 exi on, ext ensi on, di straction,
conpression, side bending and torsion. The efforts to provide
a dynamic spinal rod conventionally involve the use of flexible
materials that are capable of providing the needed bending and
twisting dynamics, but these materials can |lack the necessary
strength to avoid the damage that can result from the
conpressive forces of bone screw attachnments to the spinal rods.

[ 0006] Recent attenpts to provide dynami c spi nal rods
typically include the use of a rod fornmed of flexible plastic

materi al , such as pol yurethane, UHMWV  pol yet hyl ene, PEEK or
Tef | on. Efforts to include a neasured degree of reinforcenent
to such flexible rods have enployed longitudinally aligned

reinforcing conmponents that extend internally through the length
of the flexible rods, the reinforcing conmponents being forned of
materials such as Kevlar, polyethylene, pol yur et hane, Tefl on
fiber, carbon fiber, or stainless steel. Common to all current
attenpts to provide a flexible spinal rod is the potential
failure of such rods to provide flexibility while being
sufficiently strong and resistant to the danmaging conpressive
forces of attached bone screws .

[ 0007] There exists therefore a need to provide a flexible
spinal rod that is capable of being secured wth conventional
bone screws without being susceptible to damage from the

conpressive forces at the attachment point of the bone screws.
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BRI EF SUMVARY OF THE | NVENTI ON

[ 0008] The present technology neets the above identified need
by providing a spinal rod that may be sufficiently flexible to
provide a dynamc connecting rod between adjacent vertebrae
while maintaining sufficient surface strength to avoid danmage
from the normal conpr essi ve forces associ at ed with the
attachment of bone screws to the rod.

[ 0009] Also provided is a spinal rod having a conposite
construction that may include flexible materials allowing for
dynamic control of the spine and may also include conpressive
force resistant materials that are sufficiently provided in the
conposite rod at the surface of the rod so as to be the contact
point for any attachnents or bone screws .

[0010] Al so provi ded is a spi nal r od of conposite
construction that may include a flexible material conponent and
an enbedded reinforcing conponent disposed at |east partially on
the surface of the spinal rod at points where bone screws can be
attached. The flexible component may be a material such as PEEK
and the reinforcing conponent mat eri al my be a netallic
conpression resistant material such as titanium

[0011] Also provided is a conposite construction spinal rod
wherein conpressive forces applied to the surface of the rod
may be transferred transversely through the rod by conpressive
force resistant reinforcing materials so as to protect the
fl exi ble conponent of the rod from damage.

[ 0012] Also provided is a spinal rod having a flexible core
mat eri al with enbedded conpr essi on resi st ant rei nforcing
conponents at least partially exposed on the surface of the
spi nal rod at | ocations for bone screw attachment. The
rei nforcing conponents may extend transversely t hrough the
flexible core so as to connect the surfaced exposed reinforcing
material on one side of the spinal rod to the surface exposed
reinforcing material on at |east one other side of the spinal

rod.
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[ 0013] Also provided is a spinal rod constructed of a
conbination of a flexible conponent and a reinforcing conponent,
wherein the reinforcing conponent may be provided at nultiple
| evel s of the spinal construct.

[ 0014] Also provided is a spinal rod constructed of a
conbination of a flexible conponent and a reinforcing conponent,
wherein the flexible conmponent may be manufactured to have a

selected gradient flexibility along the length of the spinal

r od.
[ 0015] Also provided is a spinal rod constructed of a
conbi nati on of a flexible conponent and a reinforcing

conponent, wherein the reinforcing conponent may be configured
to also provide a connecting function between two separate
flexible rod conponents aligned end to end, the two separate
flexible rod conponents being of the same construction or of
different construction and thereby having the same flexibility
or different flexibilities one to the other.

[ 0016] Al so provided is a spinal rod wth reinforcing

conponents exposed on at least a portion of the surface of the
fl exi ble conponent and connecting pins extending transversely

through the flexible conponent core so as to closely approach
but not directly contact the undersurface of at |east one of the
opposing surface exposed reinforcing conponents to define a
conpression space therebetween. Thus, conpressive forces on one
of the surface exposed reinforcing conponents may first serve
to close the conpression space and cause contact of that
reinforcing conmponent to the underlying connecting pin so as to
transfer the conpressive force through the connecting pin to
the reinforcing conponent on the opposing side of the rod.

[0017] Also provided is a nmethod of inplanting a spinal

construct that allows a degree of flexibility and controlled
notion between adjacent vertebrae while maintaining sufficient

strength on the surface of the spinal connecting rod to avoid
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damage from the conpressive forces exerted by conventional bone
screw attachnents

[ 0018] Also provided is a kit containing at |east one spinal
rod having both flexible characteristics and surface strength
needed to avoid damage from the externally applied conpressive
forces and at |east two bone screws .

[ 0019] One aspect of the technology provides a spinal rod
including an elongated flexible conponent and a reinforcing
conponent, the reinforcing conmponent being resistant to damage
from conpressive forces. The reinforcing component may be
di sposed circunferentially around at Jleast a portion of the
flexi ble conmponent so as to define at |east one conpression
sl ot .

[ 0020] In one enbodinment, the spinal rod reinforcing elenent
of the spinal rod may be disposed circunferentially around at
least a portion of the flexible conponent so as to define a
space between the flexible conponent and the reinforcing
conponent . Furthernore, the reinforcing conponent may include a
screw contact surface configured to facilitate contact with an
attachment . The contact surface my be treated so as to
facilitate contact with a pedicle screw

[ 0021] In addition, the reinforcing conponent of the spinal
rod may be at least two separate reinforcing elenments and may
be at least partially enbedded in the surface of the flexible
conponent . Fur t her nor e, the flexible conponent may have a
gradient of flexibility along at least a portion of its I|ength.
In addition or alternatively, the flexible conponent may have a
plurality of sections where the flexibility of one section

differs from the flexibility of at |east one other section.

[ 0022] Anot her aspect of the technology provides a spinal

rod that i ncl udes an el ongated fl exi ble conponent and a
reinforcing conponent, where the reinforcing conponent Dbeing
resistant to damage from conpressive forces. In addition, the
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reinforcing element may conprise an upper bracket, an opposing
| ower bracket, and a connecting pin extending therebetween.

[ 0023] In one enbodi nent, the connecting pin my be
di sposed transversely through the flexible component, each end
of the connecting pin being directed toward the upper bracket or
the |ower bracket, with at |east one of the upper bracket and the
connecting pin or the Ilower bracket and the connecting pin
defining a conpression space. Fur t her nor e, at least one of
the wupper Dbracket and the lower bracket my be at |east
partially enbedded in the surface of the flexible conponent.

[ 0024] In a further enbodinent, at least one edge of the
upper and |ower bracket may be tapered, and the tapered edge nmay
create a gradient of conpressive stress shielding for the
under | yi ng flexi ble component. Fur t her nor e, the flexible
conponent may have a gradient of flexibility along at least a
portion of its length. Still further, the reinforcing
conponent may be at least two separate reinforcing elements and
the flexible conmponent may have a plurality of sections, where
the flexibility of one section differs from the flexibility of
at | east one other section.

[ 0025] A further aspect of the present technology provides
a method for connecting and stabilizing adjacent vertebrae,
the method including the steps of providing the a spinal rod of
the present technology, providing a surgical field of view for

insertion of the spinal rod, and connecting the spinal rod to

adj acent vert ebrae. Fur t her nor e, the connecting step may
further include connecting pedicle screws to vertebrae and
connecting the pedicle screws to the spinal rod. The pedicle

screws may be connected to the spinal rod at a position on the
spinal rod where conmpressive forces inposed by the pedicle
screws on the spinal rod are transferred via the reinforcing
conponent transversely across the flexible conmponent, wherein
the reinforcing conponent provides stress shielding for the

fl exi bl e conponent.
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[ 0026] Yet anot her aspect of t he present t echnol ogy-
provides a kit for use in connecting and stabilizing adjacent

vertebrae, the kit including at |east one spinal rod according
to the present technology and at |east one pedicle screw In
the kit, the at least one spinal rod may be nultiple spinal

rods and the at |east one pedicle screw may be multiple pedicle
SCr ews. In addition, the kit may further include at |east one
instrunent or tool associated with the use of the spinal rods
and the pedicle screws.

[ 0027] An alternative enbodinent of the present technol ogy

provides a spinal rod, the spinal rod including an elongated
fl exi ble component and a reinforcing conponent, the reinforcing
conponent being resistant to damage from conpressive forces.

Fur t her nor e, a portion of the reinforcing conponent nmay be
circunf erentially disposed on the surface of the flexible
conponent and a portion of the reinforcing conmponent nmay extend
transversely through the flexible conponent to connect opposing
sides of the circunferentially disposed reinforcing conponent

one to the other, wherein the reinforcing conponent is capable
of stress shielding the flexible conmponent from conpressive
force damage by transferring externally applied conpressive

forces transversely across the elongated flexible conponent to

the opposing side of the spinal rod. This portion of the
rei nforcing conponent of this enbodi nent my be mltiple
portions. In addition, the reinforcing conponent may be

configured as a plurality of circunferentially disposed rings,

at least one of the rings having nmultiple portions extending
transversely through the flexible conponent. Furthernore, the
multiple transversely extending portions may be symetrically
di sposed passing transversely through the flexible conponent.

Alternatively, the nultiple transversely extending portions nmay
be asymetrically and selectively disposed so as to make the
spinal rod capable of greater flexibility in selected planes of

novement of the flexible conponent.
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[ 0028] Anot her enbodi ment of t he present t echnol ogy-
provides a spinal rod including an elongated flexible conponent

and a reinforcing conponent, where the reinforcing conponent

may be resistant to danmage from conpressive forces and wherein
the reinforcing element is configured on the flexible conponent

as a circunferentially disposed spiral extending along at |east
a portion of the elongated flexible conponent of the spinal

rod.

[ 0029] Yet anot her enbodi ment provi des a spinal r od
including an elongated flexible conponent and a reinforcing
conponent, wth the reinforcing conponent being resistant to
damage from conpressive forces and wherein the reinforcing

conponent may be configured to provide a protective end cap on

at least one end of the elongated flexible conponent.

[ 0030] Al ternatively, an enbodi ment of t he present
technology may provide a spinal rod including an elongated
flexible conmponent and a reinforcing conponent, with the
rei nforcing conponent bei ng resi st ant to damage from
conpressive forces and wherein the reinforcing conmponent i's

configured as a plurality of elongated reinforcing elenents
di sposed on the surface of the elongated flexible conmponent and
extending parallel to the longitudinal axis of the elongated

fl exi bl e conponent.

[ 0031] One enbodi mrent of the present technology provides a
spinal rod including an elongated flexible conponent and a
reinforcing conponent, with the reinforcing conponent being
resistant to damage from conpressive forces and wherein the
flexible conponent conpri ses a carbon fiber rei nforcing

structure. The carbon fi ber may be chopped or wound.

Furthernore, the carbon fiber may be selectively disposed in the
flexible conmponent so as to create a gradient of flexibility in
the elongated flexible component. The selective disposition

of carbon fiber may  consi st of i ncreased or decreased

concentration of chopped carbon fibers, wherein portions of the
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fl exi ble conponent having increased chopped carbon fibers my"~
be stiff relative to portions of the flexible conmponent having

decreased concentrations of carbon fibers. Fur t her nor e, t he

selective disposition of carbon fiber my be increased or

decreased nunbers of wnds of wound carbon fibers, wher ei n

portions of the flexible component having increased w nds of

carbon fibers my be stiff relative to portions of the flexible

conponent having decreased w nds of carbon fibers.

[ 0032] One enbodinent of the present technology includes a
spinal rod, the spinal rod including an elongated flexible

conmponent and a reinforcing component , t he rei nforcing

conponent being resistant to damage from conpressive forces and

conprising a mnmesh «circunferentially disposed on at least a
portion of the surface of the flexible conponent. In an
alternative enbodinment, the reinforcing conponent nmay conprise

a connecting bracket having an upper bracket and an opposing
| ower bracket, the connecting bracket being configured to
connect two separate, longitudinally aligned elongated flexible
conponents to each other end-to-end.

[ 0033] In an alternative enbodinent, the spinal rod may
i ncl ude an el ongat ed flexible component , a reinforcing
conmponent, and a connecting bracket, the reinforcing conponent
being resistant to damage from conpressive forces, and the
connecting bracket including at least two transversely disposed
connecting pins, each of the pins passing respectively through
the flexible conponent of a respective elongated flexible
conponent of a separate spinal rod.

[ 0034] In yet another enbodinent, the spinal rod may have
an elongated flexible conponent and a reinforcing conponent,
the reinforcing conponent being resistant to damage from
conpressive forces. In addition, the reinforcing conponent
may be disposed adjacent to at least a portion of the flexible
conponent so as to define at |east one conpression slot and

the reinforcing element nmay conprise an upper Dbracket, an
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opposi ng | ower br acket, and a connecting pin extendi ng

t her ebet ween

BRI EF DESCRI PTION OF THE DRAW NGS

[ 0035] The foregoing and other features of the disclosed
technology wll become apparent to one skilled in the art to
which the present technology relates upon consideration of the
following description of exenplary enbodinments wth reference
to the acconpanying draw ngs, wherein:

[ 0036] FIG IA shows the spinal rod having a flexible
conponent with a generally circul ar cross section and a
plurality of partially enbedded rigid reinforcing conponents;

[ 0037] FIG IB shows the spinal rod of FIG I|A having an
asymetrical disposition of partially enbedded rigid reinforcing
conponents ;

[ 0038] FIG 1C shows the spinal rod of FIG 1A having
concentric reinforcing conponent connecti ng rings partially

enbedded at each end of the elongate spinal rod;

[ 0039] FIG 2A shows the spinal rod having a flexible
conponent with a generally circul ar cross section and a
plurality of partially enbedded rigid reinforcing conponents
di sposed in a general ly uni form and par al | el manner

circunf erentially along the longitudinal axis of the rod. Al so
shown is an alternative element of inwardly directed cross
menbers that wmy bisect each of the reinforcing conponent

rings;

[ 0040] FIG 2B shows the spinal rod having a simlar
construction to that of FIG 2A with the reinforcing rings
el ongated and disposed along the longitudinal axis of the rod at
select locations where bone screw attachnment s to be nade.

This configuration can alternatively also include the elenent

of inwardly directed <cross nenbers described and shown in
FIG 2A
[ 0041] FIG 2C shows a variation of the spinal rod of

FIG 2B, having reinforcing rings configured to be elevated

-10-
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above the surface of the flexible portion of the spinal rod.
Also shown is an alternative element of a conpression slit
defined in the reinforcing ring;

[ 0042] FIGS. 2D shows the spinal rod of FIG 2C wherein the
elevated reinforcing component ring is flattened on an upper
surface to facilitate contact with the locking set screw of a
conventional bone screw which may be attached at that position.
Also shown is an alternative elenent of a conpression slit
defined in the reinforcing ring;

[ 0043] FIG 3A shows a transparent isometric view of an
alternative configuration of the reinforcing conmponent ring
portion of the spinal rod, the ring having at least one
conpression slit;

[ 0044] FIG 3B shows the spinal rod with a plurality of the
reinforcing conmponent rings configured as shown in FIG 3A

[ 0045] FIG 3C shows an alternative flexible conponent of
the spinal rod that may be used in place of the flexible portion
shown in FIG 3B;

[ 0046] FIG 4A shows an alternative reinforcing conponent
ring portion of the spinal rod. The reinforcing component ring
may be provided with at |east one conpression slit and as shown
may have a flattened upper surface to facilitate contact wth
the locking set screw of a conventional bone screw that may be
attached at that position.

[0047] FIG 4B shows the alternative reinforcing conponent
ring of FIG 4A partially enbedded in a flexible comonent of
the spinal rod, the rod being configured to have a flattened
upper surface and a curved |ower surface;

[ 0048] FIG 4C shows an alternative configuration of the
spinal rod shown in FIG 4B with the reinforcing conponent ring
disposed in an elevated ©position over the surface of the
flexible portion of the rod;

[ 0049] FIG 4D shows an alternative configuration of the

reinforcing conponent ring wherein the upper and |ower portions

-11-



WO 2009/139902 PCT/US2009/003031

are curved so as to conform to the curved upper and |ower

surfaces of the flexible portion of the rod;

[ 0050] FIG 4E-F show respectively an alternative

reinforcing conponent ring having upper and |ower portions that

are curved, the upper curved portion being partially flattened
to facilitate attachment of a set screw locking a bone screw to
the rod and, in FIG 4F, a pair of the sane alternative

reinforcing conponent rings nmounted in an elevated position over

the surface of the flexible portion of the rod;

[ 0051] FIG 5 shows the use of rigid reinforcing conponents

positioned at nultiple levels along the flexible portion of the

rod;
[ 0052] FIG 6 shows the spinal rod having a flexible
conponent that has a gradient of flexibility along all or at

| east a portion of its entire |ength;

[ 0053] FIG 7 shows the spinal rod having an alternative
enbodi ment of the rigid reinforcing conponent, wherein the
reinforcing conponent is configured to serve as a connector

between two longitudinally aligned flexible conponents of a rod,

the two connected flexible conponents having the sane or
different degrees of flexibility;

[ 0054] FIG 8A-B show respectively a flexible portion and a
reinforcing conmponent portion of an alternative enbodinment of
the spinal rod, wherein the two portions are configured to have
a corresponding spiral slit and spiral ridge that can engage

when the two portions of the rod are assenbled together;

[ 0055] FIG 9 shows an alternative enbodinment of the spinal
rod, wherein the reinforcing conmponent is configured in a coil
spring like manner and overlaid around the circunference for
the full | ength of the flexible portion of the rod.

Alternatively, the flexible portion of the rod may be configured
with corresponding recesses on the surface of -the flexible

portion;

~-12-
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[ 0056] FIG 10A-B show an alternative reinforcing conponent

of the spinal rod configured as a tubular nmesh and in FIG 10B
di sposed around the surface the flexible portion of the rod;

[ 0057] FIG 10C shows the alternative reinforcing conponent

and flexible portion of FIG 108, wherein the reinforcing

conponent nmesh is disposed and partially enbedded in only the
end portions of the spinal rod;

[ 0058] FIG 10D shows an exanple of different alternative

enbodi nents of the reinforcing conmponent partially enbedded in
different portions of the same flexible portion of the rod.

DETAI LED DESCRI PTI ON

[ 0059] Preferred enbodinments of the present invention are
di scl osed herein; however, it is understood that the follow ng
description and each of the acconpanying figures are provided as
being exenmplary of the invention herein, which nmay be enbodied
in various forms wthout departing from the scope of the
cl ai nms. Thus, the specific structural and functional details

provided in the following description are nonlimting, but serve
nerely as a basis for the invention as defined by the clains
provi ded herewth. The device described below can be nodified

as needed to conform to further developnment and inprovenent of
materials w thout departing from the invention as clained.

[ 0060] Referring now to the drawi ngs, wherein |ike reference
nunerals indicate simlar features, the spinal rod, generally
shown at 10 in FIGS. IA-C, 2A-D, 3B, 4B-D, 4F, 5, 6, 7, 9 and 10B
includes an elongate flexible conmponent 12 and at |east one rigid
reinforcing conponent 14, the at least one rigid reinforcing

conponent 14 being at least partially exposed on at least a

portion of the outer surface 16 of the flexible conmponent 12.

[ 0061] The spinal rod 10 in accordance wth the present

i nvention my be used in connection with any suitable
conponent s in connection with fusion or other spi nal or
ort hopedi ¢ procedures. Such conponents include pedicle screw
assenbl i es such as those described in US Pat ent Nos .

-13-~-
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6, 261, 287, 6, 537, 276; 6, 858, 030; and 7,128, 743, t he
di scl osures of each being incorporated herein by reference as
if fully set forth herein.

[ 0062] As shown in FIGS. IA-C 2A-C, 3B, 4B-D, 4F, 5, 6, 7, 9
and 108, the reinforcing conponent 14, while at least partially
exposed on the surface of the flexible conponent 12 may also be
at least partially enbedded in the flexible conponent 12 of the
spinal rod 10. The reinforcing conponent 14 may be manufactured
of titanium or titanium all oy. However, the reinforcing
component 14 may be made of any metal or other suitable nmateria
(e.g., ceramc) that is bioconpatible and possess sufficient
strength to resi st damage from the conpr essi ve forces
associated wth the attachnent of conventional bone screws to
spi nal rods. As shown in FIGS IA-C, the enbedded portion of the
reinforcing conponent 14 may be configured to include retention
el enments 18, which nmay serve to support the integrity of the
composite construction of the spinal rod 10. As shown in
FIG 1C, the spinal rod 10 may be provided with an end collar 20
or, as shown in FIG 9, an end cap 22.

[ 0063] The spi nal rod 10 may benefit from the bendable
nature of the flexible conponent 12 so as to provide a flexible
or dynamic spinal rod as an alternative to the conventiona
rigid rods typically wused in spinal fusion procedures. The
flexibility of such a dynamic rod allows selectively controlled
articulation of the spine while providing a necessary degree of
contr ol for a diseased or injured part of +the spine. The
reinforcing components 14 may be disposed wthin the conposite
spi nal rod 10 in a variety of configurations and, as
demonstrated in FIG |B can be asymmetrically arranged or skewed
so as to influence or limt the amount of flexibility along one
or nore planes about whi ch the vertebrae normal | y may
articul ate

[ 0064] The spinal rod 10 may also be nmanufactured wusing a

variety of materials, dianmeters, nunber, position, and design of

-14-
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reinforcing conponents 14 to plan and control the degree of

flexibility permtted. Indeed, it is not necessary that the
spi nal rod 10 be cylindrical. O her  shapes, such as a
hexagonal profile, an oval profile, or any other suitable
profile, are also contenplated. There may be a varying of
profiles along the length of the spinal rod 10 as well. Thi s
can be for many purposes, including variability of stiffness

or accomodation of different materials along the I|ength.

[ 0065] In addition, the reinforcing conponents 14, being at
| east partially exposed on the outer surface 16 of the flexible
conponent 12, may provide the protection for the spinal rod 10
from the conpressive forces that are normally exerted against a
spinal rod by the attachnent of pedicle bone screws to the rod.
Conventional flexible spinal rods, some of which are cbnposed of
fragile, fl exi bl e, pol yur et hane, PEEK, or simlar materials,
typically are damaged and crushed under the conpressive forces
of the locking set screws wused in pedicle or bone screws.
Conventional spinal rods having internal reinforcing conponents
may also be subject to the conpressive force danmage caused by
pedicle screw attachnent to the external surface of such
flexible spinal r ods. The damage done to conventional
flexible spinal rods in this manner may quickly conprom se the
integrity of the spinal rod and thus conpromse the desired
outcone of the original surgical procedure.

[ 0066] The spinal rod 10 may be manufactured wusing a w de
variety of configurations to achieve the goal of providing a
flexible or dynamc spinal rod that is not subject to structural
damage as a result of the attachnent of bone screws. Wiile it is
possible to manufacture the flexible conmponent 12 of the spinal
rod 10 from a variety of flexible materials known in the art,
it may be advantageous to manufacture the flexible component 12
from any of several grades of PEEK The spinal rod 10 may thus
be manufactured to have a w de variance of flexibility to neet

the specific needs for the patient. It is also within the
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concept of the technology to enmploy ~carbon fiber reinforced
PEEK to increase the strength and durability of the flexible
component 12. Wth PEEK and siml ar mat eri al s, t he
flexibility of the rod can be varied along the length of a
given rod, wth or wthout reinforcing or other conponents,
such that a portion or portions are nore flexible than another
portion or other portions. For exanple, the mddle of a rod
may be made nore stiff than the ends.

[ 0067] As shown in FIG 2A the design of the rod my be a
generally circular cross section of the flexible conmponent 12
having a plurality of partially enbedded rigid reinforcing
components 14 that are arranged in a generally uniform and

substantially parallel manner circunf erentially around the |ong

axi s of t he spi nal rod. Any vari ation of such a
circunferentially di sposed array or spiral of reinforcing
conmponents 14 may  provide protection for the underlying

flexible conponent 12 by hoop stress transfer around the
circunference of the spinal rod 10.

[ 0068] To further facilitate the transfer of conpressive
forces from any bone screw attached to the spinal rod 10, the
reinforcing conmponent rings may be provided wth inwardly
directed cross nenbers 24 that transversely bisect the flexible
component along at |east one plane. Such internally directed
cross nenbers 24 may function nuch like supporting trusses to
provide axial stress transfer from a reinforcing conponent 14
portion on one side of the spinal rod 10 to the opposing side of
the spinal rod 10. As shown in FIG 2A the spinal rod 10 may be
provi ded with mul tiple Cross menbers 24, t hat may be

perpendicularly arranged relative to each other or alternatively

can be of any relative angle to each other. Such variances in
relative angle of multiple <cross nenbers 24, in addition to
providing protection for the internally disposed flexible

conmponent 12, may also be advantageously used to strengthen the

spinal rod along selected planes to help control the degree and
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direction of flexibility of the rod 10. Rei nforcing conponents
14 may also be nodified to achieve desired strength and
stiffness by, for exanpl e, connecti ng t he rei nforcing
conmponents 14 together.

[ 0069] There are contenplated a variety of alternative

enmbodi ments that nmay enploy reinforcing conponents configured

as collars 26. Nonlimting exanples of different types of
collars 26 are shown in FIGS. 2A-D 3A- B, and 10D. The
collars 26 may be uniformy disposed along the longitudinal axis
of t he spi nal rod 10, as denonstrat ed in FIG 2A

Al ternatively, the collars 26, as show in FIG 2B, my be

manuf actured so as to be positioned only at those points along
the length of the spinal rod 10 where the conpressive forces of
set screws for bone screw attachment to the spinal rod 10 wll
be exerted.

[ 0070] Further, the collars 26 my be partially enbedded
into the flexible conmponent 12, as shown in FIG 2B or they may

be inposed on top of the surface of the flexible conmponent 12, as

showmm in FIG 2C giving an elevated appear ance to the
col l ar 26. When positioned on the outer surface 16 of the
flexible conmponent 12, the reinforcing conponent, such as a

collar 26, may be provided wth a beveled edge 28 along any
edge of the reinforcing conponent 14 that may conme into repeated
and dynamic contact with the flexible conponent 12. Failure to
provide a snoother beveled edge 28 could eventually subject
the flexible rod 10 to unnecessary wear and material fatiqgue.
An alternative enbodinent of any of +the possible collar 26
desi gns for the reinforcing conmponent 14 may i ncl ude a
conpression slit 30, which may effectively absorb a portion of
the conpressive forces exerted on the reinforcing conponent 14.
that may result from the tightening of the set |ocking screw of
the bone screw against the reinforcing conponent 14.

[0071] Al ternatively, any of the enbodinents of the

conposite spi nal rod having the reinforcing component 14
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di sposed on the outer surface of the flexible conponent 12 may-~
be manufactured such that the dianeter of the flexible
conponent 12 is slightly smaller than the internal dianmeter of
the circunf erentially positioned reinforcing conponent 14. In
such an enbodiment, the slight physical separation of the two
conponents nmay provide additional protection of the flexible
conponent 12 from the conpressive forces placed against the
external surface of the reinforcing conponent 14 when nechani cal
attachments such as pedicle screws are added.

[0072] Al so contenplated are reinforcing conponents 14 that
may be manufactured and incorporated into the conposite spinal
rod 10 in a configuration t hat is a conbination of the
longitudinally disposed reinforcing nmenbers 14, such as shown in
FIG 1A and t he circunf erentially di sposed rei nforcing
conponents 14. Such a conbined configuration could present as
a checkerboard, lattice, or matrix type array on the surface 16
of the flexible component 12. The capacity to manufacture the
spinal rod 12 with a wide variety of reinforcing conmponent 14
di sposi tions is advant ageous because t he manuf act ur ed
configurations my be purposely varied so as to affect the
functional characteristics of the spinal rod 10.

[0073] Further, as graphically illustrated by the hash marks
of greater frequency 42 or lesser frequency 44 in FIG 6, the
spinal rod may be manufactured so as to provide a flexible
conponent 12 that is nore stiff 42 or nore flexible 44 at any
selected position along the length of the rod 10. Thi s
alternative feature of the spinal rod 10 may thus provide a
gradient of stress protection in selected sections of the rod.
This may be acconplished by a wvariety of  manufacturing
t echni ques t hat af f ect t he fl exible conmponent 12, t he
reinforcing conponent 14, or both in the sane conposite spinal
rod 10. One neans of creating a gradient of stress protection
within the flexible conponent 12 is to manufacture the flexible

conponent 12 to include short or chopped filament carbon fiber
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reinforcenment in measured degrees only in those areas of the
rod where such additional support is desired. Al ternatively,

carbon fibers my be circunferentially wound around the
| ongi t udi nal axi s of t he spi nal rod and structurally
i ncor por at ed into the flexible conponent 12. The stress

gradient can be varied by the introduction of additional w nds
of the carbon filaments 1in sonme areas as conpared to other
areas having fewer wnds of the filaments and thus nore
flexibility.

[ 0074] A gradient of flexibility my be provided by varying
the conposition chemcal fornulation of the flexible conmponent
to provide either nore stiffness or nore flexibility as desired
for different portions of the spinal rod 10.

[ 0075] A gradient of conpressive stress protection may also
be provi ded by manuf act uri ng t he outwardly posi ti oned
reinforcing conponent 14 as a tapered structure that is thicker
in those areas where additional stress protection is desired and
relatively thinner in those areas where nore flexibility s
desired and less stress protection is required.

[ 0076] FIGS. 4A-F show non-limting exanples of a further
enmbodi ment of the reinforcing component 14 of the spinal rod 10.
These reinforcing conponents 14 may be described as reinforcing
brackets 32. Common to any of the reinforcing brackets 32 shown
in these figures is an upper bracket 34 and an opposing |ower
bracket 36, which are connected one to another by a connecting
pin 38 that may pass transversely through. the body of the
flexi ble conponent 12. As wth any of the reinforcing
conponents 14 that were above discussed, the reinforcing
bracket 32 may serve to protect the flexible conmponent 12 from
the conpressive forces of the set screws that |ock the spinal
rod into the groove of a conventional bone screw. The
connecting pin 38 may serve to transmit any such conpressive
forces from the upper bracket 34, which may be in contact wth

the set screw of the bone screw, to the |ower bracket 36, thus
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protecting the internally disposed flexible conponent 12 from
danmage .

[0077] As shown in FIGS. 4A-B, the reinforcing bracket 32
may be configured to have a flat upper bracket 34, which my be
better suited to receiving contact with a |ocking device of a
pedicle screw. One non-limting exanple of a well known
locking device is the locking set screw of a pedicle screw
The area of the reinforcing conponent 14 where the pedicle
screw |locking device may nmake contact wth the reinforcing
conponent 14 of the spinal rod 10 may be textured, brazed,
di npl ed, cross-hatched, chemcally treated or machined in any
way conmonly known in the art to provide a roughened surface
that will facilitate the contact hold of the pedicle screw
| ocking device on the surface of the spinal rod 10. A benefit
to inmproving the frictional hold between the |ocking device and
the surface of the reinforcing conponent 14 nmay be that the sane
effective hold my be achieved wth a |essened |evel of
conpressive force of the |locking device against the spinal
rod 10. Thus, the provision of this alternative feature of a
roughened surface may in addition to inproving the holding power
of the locking device against the spinal rod 10, may also serve
to protect the flexible conponent 12 of the spinal rod 10 from
greater |levels of conpressive force.

[ 0078] As showmn in FIG 4B, the reinforcing bracket may be
partially enbedded in the flexible conponent 12 to provide an
appearance of being flush nmounted on the outer surface 16 of
the flexible conponent 14. Al ternatively, the reinforcing
bracket 32, as shown in FIG 4C 4D, and 4F, may extend above
the outer surface 16 on the flexible conmponent 12. Anot her
variation of the reinforcing bracket 32 is showm in FIGS. A4E-F
as having curved upper bracket 34 with a flattened apex that
may best be described as an upper bracket platform 40. Any of
these exenplary variations of the bracket-type rei nforcing

conponent 14 may be enployed to neet the specific needs of the
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surgeon w thout departing from the basic concept of providing a
flexi ble composite spinal rod that is protected from damage from

the conpressive forces associated wth attachment to a pedicle

screw.
[ 0079] As shown in FIGS. 5, 6 and 7, the rigid reinforcing
conponents 14 may be positioned at nultiple [levels. Such a
multi- level construct may be provided with a consistent degree

of flexibility and conpressive stress resistance or it may be
provided wth any or a conbination of the alternative
configurations and conposi tions di scussed above. In
manufacturing the spinal rod 10, the gradient of flexibility
in the flexible conmponent 12 may be provided as varying or
consistent at any specific portion of the spinal rod as required
by the functional needs of the construct

[ 0080] Furt her, as shown in FIG 7, the reinforcing
conponent 14 may be configured to provide an end-to-end
connection function between two or nore separate flexible
conponents 12 of the spinal rod 10. To provide protection
agai nst conpressive forces and to strengthen the connection
function enbodiment 46, the reinforcing conmponent 14 may be
provided wth nultiple connecting pins 38A 38B that pass
transversely through the body of each of the two flexible
conponent rods 10A, 10B to be connected end- t o- end. As
graphically illustrated by the hash marks 42 on flexible
conponent rod 10B, the so connected flexible conmponent rods 10A
and 10B can have di fferent conposi tions or functi onal
characteristics. For exanple, one may have greater flexibility
than the other due to its conposition forrmulation or it may have
differently configured internally di sposed rei nforcing
conponents . Any of the exenplary enbodinments discussed herein
may be so connected one to the other as necessary to obtain the
functional characteristics required for the spinal construct.
FIGS. 8A-B show an additional enbodinment of the spinal rod 10

wherein the reinforcing conmponent 14 is configured as an open
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spiral having a conplenentary shape and size to the internally
di sposed cl osed spi ral configuration of t he flexible
conponent 12. The spiral or thread design of the two
conponents may facilitate +the process of threading the two
together to form the conpleted conposite spinal rod 10. As
with other enbodi ment s, any other sui tabl e manuf act uri ng
techni que, such as extrusion of the PEEK into the reinforcing
conponent 14, mmy also be enployed. By varying the width of the
grooves in the open spiral of the reinforcing conponent 14, or
by wvarying the thickness of the reinforcing conponent 14
spiral, the manufacturing process can also be used to
selectively determne the degree of stiffness and flexibility of
the resulting spinal rod 10.

[ 0081] FIGS. 9 and 10A-D provide additional non-limting
examples of preferred enbodinents. FIG 9 denobnstrates t he
possible use of a flat netal spring design for the reinforcing
conponent 14. Wthin the spring design of the reinforcing
conmponent 14 t he flexible conmponent 12 may be al | owed
flexibility and protection from conpressive forces as in other
enbodi ments  di scussed  herein. The spring- type reinforcing
conponent 14 may be positioned wth a conplenentary shaped
groove in the outer surface 16 of the flexible conponent 12 or
alternatively like on the surface of the flexible conmponent 12.
Even if a netal rei nforci ng conmponent 14 is wound over
flexible conmponent 12, the outer dianmeter of the reinforcing
conmponent 14 may be greater than the dianmeter of the flexible
conponent 12 so that only netal contacts the pedicle screw or
other associated mechani sm In addition, the rod need not be
round, as shown in FIG 9, but my be a different shape, such
as, for exanple, oval , octagonal or hexagonal . The use of
netal end caps 22 are also showmn in FIG 9. In practice, end
caps 22 may be attached to any of the enbodinments of the

present technol ogy.
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[ 0082] FI GS 10A-D show anot her enbodi nent of t he
reinforcing conponent 14 in the form of a protective nmesh that
is circunferentially disposed around the flexible conponent 12.
The stiffness of the nmesh reinforcing conponent 14 may be
matched to the stiffness of the PEEK material selected for use
in the flexible conponent 12, thus creating a uniform spinal
rod 12. This matching and careful selection of manufacturing
materials for all exenplary enbodinents discussed herein may be
enpl oyed to provide a customzed conposite spinal rod for a
wide variety of applications. For example, as shown in FIG
10D, nmultiple enbodinments of the reinforcing conponent nmay be
used on the sanme rod for optimal «clinical applications.

[ 0083] The material strength of the spinal rod 10 may be
used as a basis to determne wth precision what degree of
torque and downward pressure of the set screw is needed to
firmy hold the spinal rod 10 in place in a pedicle screw
wi t hout inposing excessive and potentially damaging conpressive
f orces. For each construct, such a force determ nation nay be
made and then subsequently applied to the insertion tool used
to attach the spinal rod to a pedicle screw

[ 0084] The spinal rod 10 may be manufactured as integral
conmponents by nmethods known in the art, to include, for exanple,
nol di ng, casting, formng, extruding, or machine processing.
The conponents may be nmanufactured using materials having
sufficient strengt h, resiliency, and biocompatibility as is
well known in the art for such devices. By way of exanple
only, suitable materials my include inplant grade netallic
materials such as titanium cobalt chromum all oys, st ai nl ess
steel, or other suitable materials for this purpose. Flexible
conponent 12 materials may be PEEK, carbon fiber reinforced
PEEK, or any other suitable flexible and bioconpatible material
known in the art .

[ 0085] In another enbodinent of the invention a kit may be

provi ded. A kit may include at |east one of the spinal rod and
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at least tw pedicle screws. Spi nal rods 10 of different
lengths, dianmeters, and cross sectional shapes may be provided
in the kit to permt selection and substitution as deened
necessary. Addi tionally, a kit my include tools and/or
i nstruments suitable to facilitate i npl anting the spinal
rod 10. Such a kit may be provided with sterile packaging to

facilitate opening and imediate use in an operating room

[ 0086] Al though the invention herein has been described
with reference to particular enbodi nent s, it is to Dbe
understood that these enbodinents are nerely illustrative of
the principles and applications of the present invention. It

is therefore to be understood that nunerous nodifications may
be nmade to the illustrative enbodi nent s, and that other
arrangenents may be devised, wthout departing from the spirit
and scope of the present invention as defined by the appended
clains .
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CLAIMS
1. A spinal rod, conprising:
an elongated flexible conponent, and

a reinforcing conponent, the reinforcing conponent

being resistant to damage from conpressive forces;

wherei n t he rei nforcing conponent is di sposed
circunferentially around at I|east a portion of the flexible

conponent so as to define at |east one conpression slot.

2. The spinal rod of claim 1, wherein the reinforcing
element is disposed circunferentially around at |east a portion
of the flexible conponent so as to define a space between the

fl exi ble component and the reinforcing conponent.

3. The spinal rod of claim 1, wherein the reinforcing
conponent includes a screw contact surface configured to

facilitate contact with an attachnent.

4. The spi nal rod of <claim 3, wherein the contact
surface is treated so as to facilitate contact with a pedicle

SCrew.

5. The spinal rod of claim 1, wherein the reinforcing

conponent is at least two separate reinforcing elenents

6 . The spinal rod of claim 1, wherein the reinforcing
conponent is at least partially enbedded in the surface of the

fl exi bl e conponent.

7. The spinal rod of claim 1, wherein the flexible
conponent has a gradient of flexibility along at Ileast a

portion of its |ength.

8. The spinal rod of claim 1, wherein the flexible
conponent has a plurality of sections and wherein t he
flexibility of one section differs from the flexibility of at

| east one other section.

9. A spinal rod, conprising:
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an elongated flexible conponent, and

a reinforcing conponent, the reinforcing conponent

being resistant to damage from conpressive forces;

wherein the reinforcing elenent conprises an upper
br acket, an opposing |ower bracket, and a connecting pin
ext endi ng therebetween.

10. The spinal rod of claim 9, wherein the connecting pin
is disposed transversely through the flexible conponent, each
end of the connecting pin being directed toward the upper bracket
or the lower bracket, at |east one of the upper bracket and the
connecting pin or the lower bracket and the connecting pin

defining a conpression space.

11. The spinal rod of claim 9, wherein at |east one of
the upper bracket and the lower bracket is at |east partially-
enbedded in the surface of the flexible conponent.

12. The spinal rod of claim 9, wherein at |east one edge
of the wupper and l|ower bracket is tapered, and wherein the
tapered edge creates a gradient of conpressive stress shielding
for the underlying flexible conponent.

13. The spinal rod of claim 9, wherein the reinforcing
conmponent is at least two separate reinforcing elements .

14. The spi nal rod of claim 9, wherein the flexible
component has a gradient of flexibility along at least a
portion of its length

15. The spi nal rod of <claim 9, wherein the flexible
conponent has a plurality of sections and wherein t he
flexibility of one section differs from the flexibility of at
| east one other section.

16. A method for connecting and stabilizing adjacent
vertebrae, the nethod conprising: '

providing the spinal rod of claim 1;
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providing a surgical field of view for insertion of

t he spinal rod;
connecting the spinal rod to adjacent vertebrae.

17. The nmethod of claim 16, wherein the connecting step
includes connecting pedicle screws to vertebrae and connecting

the pedicle screws to the spinal rod.

18. The method of claim 17, wherein the pedicle screws
are connected to the spinal rod at a position on the spinal rod
where conpressive forces inposed by the pedicle screws on the
spi nal rod are transferred via the reinforcing conponent
transversely acr oss the flexible conponent, wher ei n t he
rei nforcing conponent provi des stress shi el di ng for t he
fl exi bl e conponent.

19. A kit for use in connecting and stabilizing adjacent
vertebrae, the kit conprising:

at least one spinal rod of claim 1;
at least one pedicle screw.

20. The kit of claim 19, wherein the at |east one spinal
rod is nultiple spinal rods and the at |east one pedicle screw
is multiple pedicle screws, the kit further conprising at |east
one instrunent or tool associated with the use of the spinal

rods and the pedicle screws.
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