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VERTEBRAL RODS AND METHODS OF USE

Background

Vertebral rods are often used in the surgical treatment of spinal disorders such as
degenerative disc disease, disc herniations, sooliosis or other curvature abnormalities, and
fractures. Different types of surgical treatments are nsed. In some C&ses, spinal fusion s
indicated to inhibit relative motion between vertebral members. In other cases, dynamic
implants are used to preserve motion between vertebral members. For either type of
surgical treatment, one or more rods may be astached to the exterior of two or more
vertebral members, whether it is at & posterior, anterior, or iateral side of the vertebral
members. In other embodiments, rods are attached to the verichral members Withofut the
use of dynamic implants or spinal fusion.

Rods may redirect stresses over a wider area away from a damaged or defective
region and restore the spine to its proper alignment. Rods may alsa increase loading on
interbody constructs, decrease stress transier to adjacent vertebral members while bone-

graft healing takes place, and generally support the veriebral members,

Sammary

The present application is directed to vertebral rods and methods of use. In one
embodiment, the rod includes upper and lower sections that are separated by an
intermediate section. The intermediate section may include one or more members, and
may have a variety of configurations. An el astic member may be positioned within the
intermediate section. The intermediate section and the elastic member may provide for
variable resistance during movement of the upper and lower sections. In one embodiment,
the resistance increases the further away the upper and lower sections move from a first
otieniation. In one embodiment, the extent of movement of the upper and lower sections

is Hmited.
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Brief Description of the Drawings

Figure 1A is a perspeclive view illustrating a rod according to one embodiment.

Figure 1B is a front view llustrating a rod according to one embodiment.

Figure 2 is a perspeciive view of a pair of rods atiach ed to vertebral members
according to one embodiment.

Figure 3 is a side view illustrating a rod gccording to one embodiment.

Figure 4 is a side view illustrating a rod according to one embodiyent.

Figure 5 is a side view illustrating a rod according to ong embodiment.

Figures 6A-H are side views illustrating a rod according to various embodiment.

Figures 7A-F are cross section views of an elastic member according to various
erabodiments.

Figure 8 is a side view ilustrating a rod according to ong enmbodiment.

Figure 9 is a side view illustrating a rod sccording to one embodiment.

Figure 10 is 2 cross section view of a rod according to one smbodiment.

Figure 11A is a side view tllustrating a rod according to one embodiment.

Figure 118 is a side view lllustrating a rod according 1o one embodunent.

Figure 12 is a side view illustrating a rod according to one embodiment.

Figure 13 is a side view illustrating a vod according to one embodiment.

Figure 14 is a side view illustrating a rod according to one embodiment.

Figure 15A is a side view Hllusirating a rod in a first position according to one
embodiment.

Figure 15B is a side view illusirating a rod in a second position according to one
embodiment.

Figure 16 is a side view illustrating a rod and a sleeve according o one
embodiment.

Figure 17 is a side view illustrating a rod according 1o one embodiment.

Figure 18 is a side view illustrating a vod according to one em bodiment.

Detailed Description
The present application is directed to vertebral rods and methods of supporting one

or more vertebral members. The rod may include upper and lower sections and an
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intermediate seotion. An elastic member may be positioned at the intermediate section.
The elastic member may have a variety of orientations, sizes, shapes, densities, modulus of
clasticity, and other matesial properties depending upos the desired displacement between
the upper and lower sections. The elastic membes and/or the intermediale section may be
elastically flexible to exert a stabilizing force during movement of the vertebral members.

Pigure 1A illustrates a side perspective view and Figure 1 B illustrates a front view
of one embodiment of the rod 10, The rod 10 includes an upper section 20 and a fower
section 30 separated by an imermediate section 40. An elastic member 60 may be
positioned to work in combination with the interm ediate section 40 to provide axial and
lateral flexibility.

In one embodiment, the intermediate section 40 and elastic member 60 provide
variabie resistance during movement of the vertebral members 100, The resistance may
provide dynamic stabilization during a normal range of motion from the neutral position
during flexion, extension, lateral beading, and rotation. The resistance may be caused by
placing the intermediate section 40 and efastic member 60 in compression or tension.
Further, these elements may switch between compression and tension during movement of
the vertebral members. The stiffness of the intermediate section 40 and elastic member 6Q
roay further fmit the range of motion beyond a predetexmined amount.

Figure 2 illustrates one embodiment of two rods 10 attached to vertebral members
100. 1o this embodiment, the rods 10 are positioned at a posterior side of the spine, on
opposite sides of the spinous processes 101, Rods 10 may be attached 1o a spine at other
locations, including lateral and anterior locations. Rods 10 may also be attached at various
sections of the spine, including the base of the skull and to vertebral members 100 in the
cervical, thoracic, fumbar, and sacral regions, Thus, the iigstration in Figore 2 is provided
merely as a representative example of one embodiment. It is further well understood that
a single rod 10 may be used for supporting the vertebral members 100

Ta the embodiment of Figure 2, the rods 10 are secured to the vertebral members
100 by pedicie assemblies comprising a pedicle serew 12 incloding a receiver 14 and a
retaining cap 13. The outer surface of each rod 10 1s grasped, clamped, or otherwise
secured within the receiver 14 and maintained in position by the retaining cap 13. Other
mechanisms for securing rods 10 to the vertebral members 100 include hooks, cables, and

other such devices. Further, examples of other types of retaining hardware include
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threaded caps, screws, and ping. Rods 10 are also attached to plates in other
configurations, Thus, the exemplary assemblies shown in Figure 2 are merely
representative of one type of attachment mechanisn.

Upper and lower sections 20, 30 may have a variety of shapes, sizes, and physical
properties. In one embodiment, the upper and lower sections 20, 30 are substantially
identical. In one embodiment, one or both of the sections 20, 30 are substantially
oylindrical including an extended length and a circular cross sectional shape. In one
embodiment, one or both of the sections 20, 30 are substantially rigid. One or both
sections 20, 30 may be substantially straight, include a continuous curve, oF incinde one or
maore discrete curved sections,

The intermediate section 40 is positioned between the upper and lower sections 20,
30. In one embodiment, the intermediate section 40 and upper and lower sections 20, 30
are constracted of a single piece including a folded or curved configuration. In other
embodiments, intermediate section 40 is attached 1o the upper and lower sections 20, 30,
Figure 3 illustrates one embodiment with the intermediate section 40 constructed of a
separate member 41 that is attached to the sections 20 30. Member 41 is attached to the
upper section 20 with one or more fasteners 16. Embodiments of fasteners 16 may include
rivets, ping, screws, ete. In the embodiment of Figure 3, member 41 is atfached to the
lower section 30 in another manner, such as with adhesives, welding, brazing, ete.
tntermediate section 40 may be constructed from one or more members 41, Inthe
embodiment of Figure 3, intermediate section 40 is constructed from a single member 41,

The embodiment of Figure 4 illustrates the intermediate section 40 congtructed of
two separate members 41a, 41b. 1n this embodiment, first member 41a is connectad with
section 20, and second member 41b is connected with section 30, Moembers 41a, 41b gre
connected together in & manner as descxibed above.

Intermediate section 40 may have a variety of widths. In the embodiment of
Figure 1B, intermediate seciion 40 has a width w that is greater than a width w” of the
gpper and lower sections 20, 30. In other embodimens, the width w of the intermediate
section 40 is less than or equal to the width w™ of the sections 20, 3Q. In one egmbodiment,
the width w of the intermediate section 40 is up to four times the widih of the sections 20,
10, The width w of the intermediate section 40 may vary, as illastrated in the embaodiment

of Figure 18. In another embodiment, the width w is substantially constant.
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Intermediate section 40 may also be positioned at a variety of locations relative to the
sections 20, 30. In one embodiment as ilfustrated in Figure 3, intermediate section 40 is
laterafly offset from the sections 20, 30. In another erbodiment as iHustrated in Figure
6A, intermediale section 40 Is axially aligned with the sections 20, 30,

In one embodiment, intermediate section 40 may comprise a member 18 mcluding
4 first section 43 and a second section 44. First and second sections 43, 44 may comprise
the entivety of or a limited poriion of the member 18, Inone embodiment as illusirated in
Figure 4, intermediate section 40 has substantially planar first and second sections 43, 44.
In other embodiments, intermediate section 40 has a curved shape as illustrated in Figure
5 In various other embodiments such as illustrated in Figure 3, intennediate sécticn 40
has a combination of planar and curved shapes.

In somo embodiments, intermediate section 40 is constructed from a single
member 18, Figures 6A and 6B illustrate embodiments with the intermediate section 40
comprised of a single member 18 including a curved shape. Figures 6C, 6D, and 6E
llustrate embodiments having an intermediate section 40 comprised of a single member
18 including planar and curved sections.

Embodiments of the intermediate section 40 may include multiple members 18,
Figure 6F illastrates an emvbodiment with a curved flest member 18a and & second member
18, Figures 6G and 6H Hllustrate embodiments with first and second members 18z, 18b
each including curved and plasar sections. In embodiments having multiple members 18,
members 18 may be constructed from a single piece, or multiple different pieces fastened
together, Further, the multiple members 18 may be spaced apart, or in close proxinty,
Support members 18 may also have an overlapping configuration. The overlap may beina
horizontal direction, vertical direction, or both. Member 18 of Figure 6A and memberg
18a and 18b of Figure 6G illustrate embodiments having vertical overlap with multiple
sections of each of these members overlapping vertical between the sections 20, 30,

Member 18 of Figures 68, 6C, and 6F also includes vertical overlap. Member 18
of Figure 8D illustrates an embodimem of horizomal overlap. Horizontal overlap ocours
when a line perpendicalar to the asis of sections 20 and 39 extends through the member at
least twice. Some embodiments feature both horizontal and vertical overlap. Inermediate

sections 40 comprising multiple merabers 18 include horizontal overlap due to the
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construction. Each of the members 18a, 18b may themselves include horizontal and/or
veriical overlap.

In one embaodiment as iHustrated in Figure 1A, the imermediate section 40 includes
an open side 70. In different embodiments, the open side 70 faces in anlerior or posterior
directions. In one embodiment, an interior section is formed between the multiple
members 18 that comprise the intermediate section 40, The inlerior section may have two
sides enclosed by the members 18. In one embodiment, the iateral sides of the interior
section 70 are open. In another embodiment, the interior section 70 is completely
enclosed.

Multiple intermediate sections 40 may be positioned along ihe length of the rod 10.
In one embodiment as iHustrated in Figuwre 2, each rod 10 includes two separate
intermediate sections 40, The intermediate sections 40 may include the sams or differpat
sizes, shapes, and constructions. A middle section 42 may be positioned along the length
of the rod 10 between the intermediate sections 40. Tn one embodiment, middle section 42
is constructed in a manner as described above for the upper and lower sections 20, 30,

Upper and lower sections 20, 30, and the intermediate section 40 may be
construcied of a variety of materials including metals, polymers, ceramics, and
combinations thereof. Examples of metals include titanium, titanivm alloys such as
nickel-titanium, stainless stegl, and cobalt chromium. Examples of polymers include
silicone, silicone-polyurethane copolymer, potyolefin rubber, PEEK, PEEK-~carbon
composites, polyimide, polyetherimide, polyurethane, and combinations thereof.
Examples of polvurethanes include thermoptastic potyarethanes, aliphatic polyarethanes,
segmented polyurethanes, hydrophilic polyurethanes, polyether-urethane, polycarbonate-
arothane, silicone polyetherurethane, polyvinyi alcohol hiydrogel, polyacrylamide
hydrogel, and polyacrylic hydrogel. Examples of ceramics include calcium phosphate,
hydroxyapatite, HAPCP, alumina, and zirconium.

The intermediate section 40 may provide resistance 1o movement of the upper and
lower sections 20, 30, Movement of one or both of the sections 20, 30 mav canse
deformation of the intermediate section 40. In one embodiment, the resistance ig
substantially constant during movement of the sections 20, 30. Tn another embodiment,
the resistance increases when one or both of the sections 20, 30 move farther away from a

first, neutral position. The shape of the intermediate section 40 may also affect the
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resistance. In one embodiment, relative movement between the sections 20, 30 in a first
direction causes a first amount of resistance, and movement in a second, opposite direction
causes a second, different amount of resistance. In one embodiment, the differences in
resislance may be used to restriction motion of the vertebral members 100 in one direction
(e.g., flexion} more than in a second direction {e.g., extension}.

An elastic member 60 may be positioned within the intermediate section 40 and
has a stiffness to provide resistance to movement of the sections 20, 30. The elastic
member 60 may share the load applied to the rod 10 and may prevent fatigue failure of the
intermediate section 40, The elastic member 60 may impose a substantiaily linear or non-
linear resistance to resist movement of the sections 20, 30.

Elastic member 60 may be constructed of a variety of differentm aterials. Member
50 may be resilient and change shape during movement of the sections 20, 30. Exanples
of such materials include elastic or rubbery polymers, hydrogels or other hydroptatic
polymers, or composites thereof. Particud arly suitable elastomers include silicone,
polyurethane, copolyraers of silicone and polyurethane, polyolefing, such as
polyisobutylene and polyisoprene, neoprene, ni trile, vulcanized rubber and combinations
thereof. Examples of polyurethanes include thermoplastic polyurethanes, aliphatic
polyurethanes, segmented polyurethanes, hydrophilic polyurethanes, polyether-urethane,
polycarbonate-urethane and silicone polyetherursthane. Other suitable by drophilic
polymers include polyvinyl alcohol hydrogel, polyacrylamide hydrogel, polyacrylic
Irydrogel, poly{(N-vinyl-2-pyrrolidone hydrogel. polyhvdroxyethyl methaceylate hydrogel.
and naturally occurring materials such as collagen and polysaccharides, such as hyaluronic
acid and cross-linked carboxvl-containing polysaccharides, and combinations thereof.

In one embodiment, elastic member 60 is connected to the intermediate section 40.
The elastic menther 60 may be connected with mechanical fasteners such as sCrews, pins,
rivets, tethers, sleeves, cables, etc. In another embodiment, elastic member 60 is
connected with an adhesive. In one embodiment, the intermediate section 40 includes a
roughened surface, ridges, teeth, etc. to maintain the position of the elastic member 60, In
one embodiment, the clastic member 60 has a shape that attaches to the intermediate
section 40. Tn a specific embodiment, elastic member 60 includes a dovetail recess that

attaches with en extension that extends from the intermediate section 40,
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In one embodiment, elastic member 60 is comnected to both the first and second
seciions €3, 44 of the intermediate section 40. When connecied to both sections 43, 44,
the elastic member 60 provides resistance to both inward and outward movement that may
accur during flexion, extension, lateral bending, and rolation. During inward movement
of the sections 20, 30, elastic member 60 is compressed and provides a resistance to the
inward movement, During owtward movement of lhe sections 20, 30, the glastic member
&0 is placed in tension to provide resistance. In one embodiment, the elastic member 60 is
placed in compression during extension of the vertebral members and placed in tension
during flexion.

Tn one embodiment with the elastic member 60 connected to one of the first and
second sections 43, 44, the elastic member 60 provides resistance to inward movement.
However, the elastic member 60 may not be placed in tension during outward movement
of the sections 20, 30 and the resistance to this movement is limited to the intenmediate
section 40.

In various embodiments, elastic member 60 is constructed from a single member ag
illustrated in Figures 7A-7D. Figure 7A illusirates one embodiment having an elastic
member 60 with a substantially rectangular shape. Figure 7B illustrates a substantially C-
shaped elastic member 60 with the base facing away from the support member 18. Figore
= itlustrates an elastic member 60 having a rectangular first ssuface that contacts the
second section 44 and four planar sidewalls that taper upwards. Figure 7D illustrates an.
embodiment having an frregular, non-symmetrical shape.

Elastic member 60 may further include two or more separate members. The
separate members may have the same construction, or may be constructed of different
materials each having a different stifiness, Figure 7E lustrates an embodiment having
three separate elastic members 60g, 60b, 60c, Each elastic member 60s, 60b, 60c is
independent and has a substantially circular shape that may be cylindsical, spherical, or
conical. Figure 7F illusirates an embodiment having a first elastic member 60a that
extends around a second elastic mnember 60b, In one embaodiment, clastic members 60a,
60b are connected together.

In a newtral condition with no external forces on the rod 10, the elastic member &0
may have a variety of heights Fl. In one embodiment, the height H is sized for the member

60 1o extend betsveen and contact both sections 43, 44, fn one embodiment, the beight H
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may be substantially the same throughout the elastic member 60. In other embodiments as
ilustrated in Figures 8 and 9, the height H may vary along the elastic member 60. Figure
& includes elastic member 60 having a height H that decreases away from the support
member 18, and Figure 9 includes the elastic member 60 having a height H the increases
away from the support member 18.

The device 10 may provide a variable resistance to deformation. The variable
resistance may sause less resistance to initial amounts of vertebral movement, but apply
greater forces 1o reduce larger vertebral movements. By way of example, the device 10
may be designed to provide little resistance dusing an initial amount of movement of the
sections 20, 30. Larger amounts of resistance may be applied io the vertebral members
when the sections 20, 30 move beyond the initial amount. In some embodinents, the
stiffness of the elastic member 60 and intermediate sectjon 40 increases with additional
amounts of movement. The amount of resistance applied by each member increases the
further they move away from the original, first position.

Varisble resistance to inward movement may also result from the height of the
clastic member 60. In one embodiment, the height H is less than the height of the opemng
70 {i.e., the member 60 does not comact both sections 43, 44). The resistance to the intfial
movement of the sections 20, 30 is isolated o the intermediate section 40. The elastic
member 60 does not affect the stiffness until it is contacted by two sections 43, 44 of the
intermediate section 40 and begins to elastically deform. In one embodiment, deformation
is limited to the intermediate section 40 during an amount of initial section movement.
Movement beyond this initial amount causes the sections 43, 44 10 begin deforming the
clastic member 60 in addition to continued deformation of the intermediate section 40
resulting in greater stiffness of the device and more resistance to additional movement.
The shape and size of the elastic member 60 may further cause variable resistance to
deformation. Greater amounts of contact between the sections 43, 44 and the elastic
member 60 may result in greater amownts of resistance. By way of example using the
embodiments of Figures 8 and 9, the peaked shapes of the elastic members 60 provides
less resistance during initial amounts of inward movement of the sections 43, 44,
Additional inward movement of the sections 43, 44 results in deformation of larger

~

amouats of the elastic member 60 resulting in greater resistance.

=
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Variable resistance may also be provided by multiple elastic elements. Figure 10
ilustrates an embodiment having two intermediate sections 40. A first intermediate
section 40 includes two separate glastic members 60z and 60b. During inward movement
of the seations 432, 43b, the inner elastic member 60a is initially contacted thus causing &
first amount of resistance. The second elastic member 60b is not contacted by section 43a
qntil the member 60a is compressed bevond & predetermined amount. This gompression
then causes the elastic member 60b to deform resulting in addisional amounts of
resistance. The second intermediate 40 section includes a single elastic member
constructed of first and second materials 60c, 60d having different stiffiresses. Initial
compression of the sections 43b, 44b causes deformation of the first materigl 60¢ resulting
in & fBrst resistance, Additional compression canses deformation of the first and second
materials 60¢, 60d which together provide additional resistance.

Figures 11A and 11B illustrate another embodiment having first and second
members 60a, 60b positioned between the sections 43, 44, As Hustrated in Figure 114,
member 605 has a greater Iength and is in a slackened confi guration when the rod 10 ts in
a neutral orientation with no extemal forces. An initial putward movement of the sections

3, 44 is resisted initially by the first member 60a and the intermediate section 40. As the
sections 43, 44 move farther outward, member 60b is pulled tight. Movement bey ond this
amount causes the member 60b to be stretched and further movement is opposed by the
combination of the first and second members 60a, 60b and the intermediate section 40.

Members 60a, 60b may be constructed of the same or different materials.

In one embodiment, member 60b is constructed of an inclastic material and acis as a
limiter to contral the extent of outward movement. in this embodiment, the sections 43,
44 gre moved apart an antount until the member 60b i3 pulied tight. The inelastic natare
of the member 60b then prevents further outward movement of the sections 43, 44 beyond
this amount. In one embodiment, member 60b immediately restricts further motion once it
is pulled tight, such as occurs with & metallic member. In another embodiment, member
60b provides for a small amount of additional outward movement after being pulled tight
prior to stopping further movement. An example includes a woven fabric that expands a
stight amount after the member 60b has been pulled tight.

The limiter member 60b as illustrated in the embodiments of Figures 114 and 118

may be constructed of a variety of materigls including metals, polymers, and ceramics.
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Examples of metals may include titanivm and stai niess steel. Examples of
polywmers may include fibers and textile-based products that are woven or braided. An
example of a ceramic is a carbon fiber in a braided configuration.

Flastic member 60 may fill varying amouats of the space between ihe sections 20,
30, In one embodiment, member 60 fills a Himited amount of the intermediate section ).
T another embodiment as iHustrated in Figore 12, elastic member 60 substantially fills the
entirety of the interior section 70. In this embodiment, voids 78 are positioned within the
clastic member 60. In one embodiment, voids 78 include a specific shape and size to
control the supporting abilities of the elastic member &0, Voids 78 may be substantially
free of material, or may be filled with a materigl that is different than that of the elastic
member 80, As illustrated in Flgure 12, voids 78 may be positioned within the interior of
the elastic member 60, or may be positioned along one edge as liustrated in Figare 13,

A limiter may prevent movement of the sections 20, 30 beyond a predetermined
amount. Fioure 14 illustrates one embodiment having a rigid limiting member 79
positioned within the intermediate section 40 between the sectious 43, 44, Movement of
one or both sections 20, 30 may cause inward movement of the sections 43, 44 and cause
deformation of the elastic member 60. At a predetermined amount of movenend, section
43 contacts a top edge of Hmiting member 79 that prevents further inward movement,
Limiting member 79 may have a variety of different shapes and orientations,

Another limiting embodiment is ittustrated in Figures 15A and 15B. Arms 92, 93
are positioned opposite from sections 43 and 44. Arms 92, 93 include edges that are
spaced apart forming a gap 49 in a first position such as in a neutral state as illustrated in
Figure 15A. This allows for a limited amount of inward movement of the sections 43, 44
during vertebral movement. At a predetermined amouut of inward movement, edges
contact together as ilfustrated in Figure 15B and further inward movement is prevented,

In one embodiment as illustrated in Figure 16, a sleeve 85 extends around the
intermediate section 40. In one embodiment, steeve 85 functions 1o maintain the elastic
material 60 within the intermediate section 40, Sleave 8% may further provide resistance
to movement of the sections 20, 30. In one embodiment, sleeve 85 applies resistance to
outward movement of the intermediate section 40. Sleeve 85 may be constructed from

materials that are slastic, semi-elastic, or inelastic. Sleeve 85 may be solid, such as
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constructed from silicone, may be braided or woven, such as a polyester braid or weave, of
may be a combination of different materials and constructions.

Tethers 150 may also be used to provide additional resistance 1o devige 10, Inone
embodiment as iHustrated in the embodiments of Figure 17, tether 150 extends across the
open side 70 and is attached to the first and second sections 20, 30. Tether 150 provides
resistance during outward movement of the sections 20, 30. In other embodiments,
multipte tethers 150 extend across the open side 79. Tethers 150 may have a variety of
widths and shapes depending upon the context of use. In one embodiment, tether 150 15
constricted of an elastic material that stretches upon movement of the vertebral members
100. In ohe embodiment, tether 150 is constructed of an inelastic maserial to prevent
movement beyond a predetermined amount. In another embodiment, one or more tethers
150 are connected to the clastic member 60. In one pmibodiment, the tether 150 is
completely contained within the elastic member 60. In one embodiment, tether 150 is
positioned completely or in part on the exterior surface of the elastic member 60. 1o
another embodiment, tether 150 extends outward from the el astic member 60. The tether
or tethers 150 connected to the elastic member 60 may provide additional resistance
during vertebral movement.

Figure 18 illustrates another embodiment with the elastic member 60 contacting
the upper and lower sections 20, 30. In one embodiment, elastic member 60 is spaced
away from the member 18, In another embodiment, elastic member 60 is also in contact
with the member 18.

When the elastic member 60 is formed from an elastic material, such as a hydrogel,
or other simitar hydrophilic material, it may deliver desired pharmacological agents. In
one embaodiment, the pharmacological agents are delivered during deformation of the
elastic member 60. The pharmacotogical agent may be a one used for freating various
spinal conditions, including degenerative disc disease, spinal arthritis, spinal infection,
spinal lumor and osteoporosis. Such agents tnclode antibiotics, analgesics, anti-
inflammatory drogs, including steroids, and combinations thereof., Other such agents are
well known to the skilled artisan. These agents are also used in therapeutically effective
amounts. Such amounts may be determined by the skilled artisan depending on the

specific case.
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fn one embodiment, the elagtic member 60 is attached to the intermediate member
40 10 move between positions of tenston and compression. During a fisst motion of the
vertehral members 100, the elastic member 60 is placed in compression to provide
resislance 1o the movement, During a second motion of the vertebral members 100, the
elastic member 60 is placed in tension to provide resistance to the motion. In one
embodiment, the intermediate section 40 is in sequence placed in compression and teasion
during vertebral movement.

Spatially relative terms such as “under”, “helow”, “lower”, “over”, “upper”, and
the like, are used for ease of description to explain the positioning of one element relative
to a second element. These terms are intended to encompass different orientations of the
device in addifion 1o different orfentations than those depicted in the figures. Further,
terms such as “first™, “second”, and the like, are also used to describe various elpments,
regions, sections, ete and are also not intended to be Bmiting. Like terms refer to like
elements throughout the description.

As used herein, the terms “having”, “containing”, “including”, “comprising” and
the like ave open ended terms that indicate the presence of stated elements or features, but
do not prectude additional elements or features. The articles “a”, “an” and “the” are
intended to include the plural as well as the singular, unless the context clearty indicates
ptherwise,

The present invention may be carried out in other specific ways than those herein
set forth without departing from the scope and essential characteristics of the invention.
The present embodiments are, therefore, to be considered in all respects as illustrative and
not restrictive, and all changes coming within the meaning and equivalency range of the

appended claims age intended to be embraced therein.
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Claims
What is claimed is:
1. A vertebral rod comprising:

a first elongated section;

a second elongated section;

an intermediate section positioned between the first and second sections, the
intermediate section comprising & member with a turn and an upper section and a lower
section; and

an elastic member positioned within the intermediate section;

the intermediate sestion and elastic member configured to provide vé.riablc
resistance to movement of the first and second sections.

2. The rod of claim 1, wherein the first section and the second section comprise a

common cross sectional shape.

3. The rod of claim 1, further comprising a second intermediate section and a middle
member, the middle member positioned between the intermediate section and the second
intermediate section, the second intermediate section providing a second varjable
resistance that is different than the variable tesistance of the intermediate section,

4. The rod of claim 3, wherein the middle member has a common cross sectional shape
with the first and second sections,

5. Therod of claim 1, wherein the intermediate section further comprises a plurality of
turns, '

6. The rod of claim 1, whetein the intermediate section cotaprises a sccond member
comprising a first end attached to the first section and a second end attached to the second

section, the second member being spaced from the member.

7. The rod of claim 1, wherein the elastic member is attached both of the upper and Jower

sections of the intermediate section.
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8. The rod of claim 1, further comprising a second elastic member positioned within the

intermediate section between the upper and lower sections.

9. The rod of claim 1, further comprising a sleeve that extends around at least a portion of
the intexmediate section to maintain the elastic material within the intermediate section.

10. The rod of claim 1, further comprising a tether that extends across the intermediate
section and is attached to the first and second sections, the tether retarding outward
movement of the first and second sections.

11. The rod of claim 1, wherein the elastic member is constructed from the group
consisting of silicone, polyurethane, copolymers of silicone and polyurethane, and
polyolefins.

12. A vertebral rod comprising;

a first section;

a second section;

an intermediate section positioned between the first and sesond sections, the
intermediate section comprising a member with a turn and an upper section and a lower
section; and

an elastic mewber positioned within the intermediate section between the upper
and lower sections;

the intermediate section movable between a first position with the upper and lower
scctions spaced a first distance apart, and a second position with the upper and lower
scetions spaced a second, different distance apart, the clastic member applying a force in
the second position to return the intcrmediate section towards the first position.

13. The rod of claim 12, wherein the intermediate section and elastic member are

configured to provide increasing resistance as the intermediate section moves from the
first position towards the second position.
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14, The rod of claim 12, wherein the second distance is less than the first distance and the

elastic member is in compression in the second position.

15. The rod of claim 14, wherein the elastic member is spaced from one of the upper and
lower sections in the first position, and in contact with each of the upper and lower

sections in the second position.

16. The rod of claim 12, wherein the second distance is greater than the first distance and

the elastic member is in tension in the second position.

17. The rod of claim 16, wherein the elastic member is connected to each of the upper and

lower sections.

18. The rod of claim 12, wherein the elastic material is deformable and has a first shape
when the intermediate section is in the first position and a second different shape when the
intermediate section is in the second position.

19. The rod of claim 18, wherein the elastic material further comprises a pharmacological
agent, deformation of the elastic material from the first shape to the second shape causes
the pharmacological agent to be distributed.

20. A vertebral rod comprising:

amn upper section;

& lower section;

an intermediate section extending between the upper and lower sections, the
intermediate section comprising fitst and second members;

an interior section formed betwecen the first and second members; and

an elastic member positioned within the interior section;

the first and second members and the elastic membey providing resistance to

movement of the upper and lower sections.
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