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(57) ABSTRACT 

A dynamic bone stabilization system is provided. The system 
may be placed through Small incisions and tubes. The system 
provides systems and methods of treating the spine, which 
eliminate pain and enable spinal motion, which effectively 
mimics that of a normally functioning spine. Methods are also 
provided for stabilizing the spine and for implanting the Sub 
ject systems. 
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SYSTEMS AND METHODS FOR 
STABILIZATION OF BONESTRUCTURES 

CROSS-REFERENCE 

0001. This application is a continuation-in-part of prior 
filed U.S. Non-Provisional patent application Ser. No. 
11/436,407, filed May 17, 2006, which is a continuation-in 
part of U.S. Non-Provisional patent application Ser. No. 
11/033,452 filed Jan. 10, 2005, which is a continuation-in 
part of U.S. Non-Provisional patent application Ser. No. 
11/006,495 filed Dec. 6, 2004, which is a continuation-in-part 
of U.S. Non-Provisional patent application Ser. No. 10/970, 
366, filed on Oct. 20, 2004; this application is also a continu 
ation-in-part of prior-filed U.S. Non-Provisional patent appli 
cation Ser. No. 1 1/362,366, filed Feb. 23, 2006, which is a 
continuation-in-part of U.S. Provisional Patent Application 
Ser. No. 60/701,660, filed Jul. 22, 2005, all of which are 
incorporated herein by reference in their entirety and are 
assigned to the assignee of the present invention. 

FIELD OF THE INVENTION 

0002 The present invention is directed towards the treat 
ment of spinal disorders and pain. More particularly, the 
present invention is directed to systems and methods of treat 
ing the spine, which eliminate pain and enable spinal motion, 
which effectively mimic that of a normally functioning spine. 

BACKGROUND OF THE INVENTION 

0003 FIGS. 1A and 1B illustrate a portion of the human 
spine having a Superior vertebra 2 and an inferior vertebra 4. 
with an intervertebral disc 6 located in between the two ver 
tebral bodies. The superior vertebra 2 has superior facetjoints 
8a and 8b, inferior facet joints 10a and 10b, posterior arch 16 
and spinous process 18. Pedicles 3a and 3b interconnect the 
respective superior facet joints 8a, 8b to the vertebral body 2. 
Extending laterally from superior facetjoints 8a, 8b are trans 
verse processes 7a and 7b, respectively. Extending between 
each inferior facet joint 10a and 10b and the spinous process 
18 are lamina 5a and 5b, respectively. Similarly, inferior 
vertebra 4 has superior facet joints 12a and 12b, Superior 
pedicles 9a and 9b, transverse processes 11a and 11b, inferior 
facet joints 14a and 14b, lamina 15a and 15b, posterior arch 
20, spinous process 22. 
0004. The superior vertebra with its inferior facets, the 
inferior vertebra with its superior facets, the intervertebral 
disc, and seven spinal ligaments (not shown) extending 
between the superior and inferior vertebrae together comprise 
a spinal motion segment or functional spine unit. Each spinal 
motion segment enables motion along three orthogonal axes, 
both in rotation and in translation. The various spinal motions 
are illustrated in FIGS. 2A-2C. In particular, FIG. 2A illus 
trates flexion and extension motions and axial loading, FIG. 
2B illustrates lateral bending motion and translation, and 
FIG. 2C illustrates axial rotational motion. A normally func 
tioning spinal motion segment provides physiological limits 
and stiffness in each rotational and translational direction to 
create a stable and strong column structure to Support physi 
ological loads. 
0005 Traumatic, inflammatory, metabolic, synovial, neo 
plastic and degenerative disorders of the spine can produce 
debilitating pain that can affect a spinal motion segment's 
ability to properly function. The specific location or source of 
spinal pain is most often an affected intervertebral disc or 
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facet joint, and in particular the nerves in and around the 
intervertebral disc or facet joint. Often, a disorder in one 
location or spinal component can lead to eventual deteriora 
tion or disorder, and ultimately, pain in another. 
0006 Spine fusion (arthrodesis) is a procedure in which 
two or more adjacent vertebral bodies are fused together once 
the natural height of the degenerated disc has been restored. It 
is one of the most common approaches to alleviating various 
types of spinal pain, particularly pain associated with one or 
more affected intervertebral discs. However, fusion is only as 
good as the ability to restore disc height to relieve the pain by 
taking pressure off the nerves, nerve roots, and/or articulating 
Surfaces—i.e., facet joints and end plates of the vertebral 
bodies. While spine fusion generally helps to eliminate cer 
tain types of pain, it has been shown to decrease function by 
limiting the range of motion for patients in flexion, extension, 
rotation and lateral bending. Furthermore, fusion creates 
increased stresses on adjacent non-fused motion segments 
and accelerated degeneration of the motion segments. Addi 
tionally, pseudarthrosis (resulting from an incomplete or inef 
fective fusion) may not provide stability of the degenerative 
spine or the expected pain-relief for the patient. Also, the 
device(s) used for fusion, whether artificial or biological, may 
migrate out of the fusion site creating significant new prob 
lems for the patient. In addition, fusion of the spine causes the 
increased transfer of stresses to the anatomical structures 
above and below the site of fusion. The additional stresses 
may cause the accelerated degeneration of anatomical struc 
tures above and below the original site offixation, thus neces 
sitating further Surgical intervention in order to arrest the 
degeneration of these levels, to restorestability of the degen 
erated spine, and to relieve the pain associated with this 
process. 

0007 Various technologies and approaches have been 
developed to treat spinal pain without fusion in order to 
maintain or recreate the natural biomechanics of the spine. To 
this end, significant efforts are being made in the use of 
implantable artificial intervertebral discs. Artificial discs are 
intended to replace the natural disc while restoring articula 
tion between vertebral bodies so as to recreate the full range 
of motion normally allowed by the elastic properties of the 
natural disc. Unfortunately, the currently available artificial 
discs do not adequately address all of the mechanics of 
motion for the spinal column. 
0008 Most recently, surgical-based technologies, referred 
to as “dynamic posterior stabilization.” have been developed 
to address spinal pain resulting from more than one disorder, 
when more than one structure of the spine have been com 
promised. An objective of such technologies is to provide the 
Support of fusion-based implants while restoring the natural 
biomechanics of the spine. This approach helps reduce the 
amount of stress transmitted or shifted to the level above or 
below that which is being treated to reduce the acceleration of 
the degenerative process typically seen in rigid devices used 
to fuse the spine. Dynamic posterior stabilization systems 
typically fall into one of three general categories: (1) inters 
pinous spacers (2) posteriorpedicle screw-based systems and 
(3) facet arthroplasty systems. 
0009 Examples of interspinous spacers are disclosed in 
U.S. Pat. Nos. Re. 36,211, 5,645,599, 6,695,842, 6,716,245 
and 6,761,720. The spacers, which are made of either a hard 
or compliant material, are placed between adjacent spinous 
processes. Because the interSpinous spacers involve attach 
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ment to the spinous processes, use of these types of systems is 
limited to applications where the spinous processes are 
uncompromised and healthy. 
00.10 Examples of pedicle screw-based systems are dis 
closed in U.S. Pat. Nos. 5,015,247, 5,484437, 5,489,308, 
5,609,636 and 5,658,337, 5,741,253, 6,080,155, 6,096,038, 
6.264,656 and 6,270,498. These types of systems involve the 
use of screws which are positioned in the vertebral body 
through the pedicle. Certain types of these pedicle screw 
based systems may be used to augment compromised facet 
joints, while others require removal of the spinous process 
and/or the facet joints for implantation. One Such system, the 
Zimmer Spine Dynesys(R) employs a cord which is extended 
between the pedicle screws and a fairly rigid spacer which is 
passed over the cord and positioned between the screws. 
While this system is able to provide load sharing and resto 
ration of disc height, because it is so rigid, it is not effective in 
preserving the natural motion of the spinal segment into 
which it is implanted. Other pedicle screw-based systems 
employ articulating joints between the vertebral bodies which 
are intended to replace the facetjoints, and are anchored to the 
veterbral bodies via the pedicle screws. 
0011. With the limitations of current spine stabilization 
technologies, there is clearly a need for an improved means 
and method for dynamic posterior stabilization of the spine 
which address the drawbacks of prior devices. In particular, it 
would be highly beneficial to have a dynamic stabilization 
system that enables the spine to mimic the motion of one or 
more healthy, uncompromised vertebral segments without 
limiting natural extension/flexion, axial rotational, and lateral 
bending movements. It would be additionally beneficial if 
Such a system could be used to treat all spinal indications 
regardless of pain source, prevent or slow the deterioration of 
the intervertebral discs, or even restore disc height, and be 
used in conjunction with prosthetic intervertebral discs. 

SUMMARY OF THE INVENTION 

0012. The current invention provides an enhanced 
dynamic rod system that may be disposed between two 
pedicle Screws. two crossbars, a combination of a pedicle 
screw and a crossbar, or two other spinal devices, that can 
provide a patient with spinal Support and freedom of move 
ment that is very close to that of a normally-functioning 
healthy spine. The dynamic nature allows controlled flexib 
lity, motion, and movement, between two vertebral segments 
being stabilized. A high degree of the natural biomechanics 
and motion are preserved. In addition, pain is reduced and 
long-term complications are reduced. The system also avoids 
unnecessary stresses placed on neighboring vertebral seg 
ments, as are seen in standard fusion techniques, which cause 
accelerated degeneration of vertebral structures and associ 
ated pain. 
0013 Embodiments of the system may include two rod 
segments that are joined by a dynamic element. The dynamic 
element may include flexible materials, flexible assemblies 
Such as threaded sections joined by springs, elastomeric 
materials, and other Such components as are described below. 
0014. The current invention is applicable to patients with 
degenerative disc disease, spinal Stenosis. Severe spondylolis 
thesis at L5-S1. spinal deformities, fractures. pseudarthrosis, 
tumors, failed prior fusions. or other similar vertebral seg 
ment traumas and diseases. 
0.015 The current invention allows convenient installation 
and removal in a patient. The ease of installation and removal 
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in turn allows embodiments to be removed if further degen 
eration occurs, to be replaced with a fixed rod installed into 
the bone screws already installed in the pedicles. This allows 
the Surgeon a revision strategy for the patient between the 
different systems. 
0016 Advantages of the invention may include one or 
more of the following. A semi-rigid rod system is provided 
which mimics the natural biomechanics of the spinal seg 
ment. Motion and movement are allowed, e.g., 1.0 mm exten 
sion, 5° angular flexion, and 15° torsional deflection. 
Embodiments of the system allow for offset and offloading of 
affected anatomical structures undergoing, degenerative 
changes. The spring design may bias the spine back to a 
neutral position. 
0017. Other advantages will be apparent from the descrip 
tion that follows, including the figures and claims. 
0018. These and other objects, advantages, and features of 
the invention will become apparent to those persons skilled in 
the art upon reading the details of the invention as more fully 
described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The invention is best understood from the following, 
detailed description when read in conjunction with the 
accompanying drawings. It is emphasized that, according to 
common practice, the various features of the drawings are not 
to-scale. On the contrary, the dimensions of the various fea 
tures are arbitrarily expanded or reduced for clarity. Included 
in the drawings are the following figures: 
(0020 FIGS. 1(A) and 1(B) illustrate perspective views of 
a portion of the human spine having two vertebral segments, 
where the spinous process and the lamina of the Superior 
vertebra have been resected in FIG. 1 (B). 
0021 FIG. 2(A)-(C) illustrate left side, dorsal and top 
views, respectively, of the spinal segments of FIG.1(A) under 
going various motions. 
0022 FIG. 3(A)-(B) illustrate exploded, combined, and 
rotated perspective views of a pedicle Screw and dynamic rod 
combination, where the dynamic rod can be rotated to assume 
a variety of angles relative to the pedicle Screw. 
0023 FIG. 4(A)-(C) illustrate exploded, combined, and 
locked views of a pedicle screw and dynamic rod combina 
tion, which the dynamic rod can be locked in place with a cap. 
0024 FIG. 5(A)-(F) illustrate exploded, combined, side, 
perspective transparent, and side transparent views of a 
dynamic rod system according to an embodiment of the cur 
rent invention. 

(0025 FIGS. 6(A) and 6(B) illustrate side sectional views 
of a dynamic rod system according to another embodiment of 
the current invention. 
0026 FIG. 7 illustrates a side sectional view of a dynamic 
rod system according to a further embodiment of the current 
invention. 
0027 FIG. 8(A)-(D) illustrate side and top sectional views 
of a dynamic rod system according to yet another embodi 
ment of the current invention. 
(0028 FIGS. 9(A) and 9(B) illustrate a perspective sec 
tional view of a dynamic rod system according to yet another 
embodiment of the current invention, as well as a depiction of 
an exemplary range of motion. 
0029 FIG. 10(A)-(C) illustrate perspective and sectional 
views of a dynamic rod system according to yet another 
embodiment of the current invention. 
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0030 FIG. 11(A)-(D) illustrate perspective and sectional 
views of a dynamic rod system according to yet another 
embodiment of the current invention. 
0031 FIG. 12(A)-(D) illustrate side, sectional, perspec 

tive, and top views of a dynamic rod system according, to yet 
another embodiment of the current invention. 
0032 FIG. 13(A)-(E) illustrate side, top, sectional, and 
perspective views of a dynamic rod system according to yet 
another embodiment of the current invention. 
0033 FIG. 14(A)-(E) illustrate various views of a 
dynamic rod system according to yet another embodiment of 
the current invention. 
0034 FIG. 15(A)-(H) illustrate various views of a 
dynamic rod system according to yet another embodiment of 
the current invention. 
0035 FIG. 16(A)-(C) illustrate views of a dynamic rod 
system according to an embodiment of the current invention 
in use as installed in a set of vertebral segments. 
0036 FIGS. 17(A) and 17(B) illustrate views of a multi 
level dynamic rod system according to an embodiment of the 
current invention in use as installed in a set of vertebral 
Segments. 

DETAILED DESCRIPTION OF THE INVENTION 

0037. Before the present invention are described, it is to be 
understood that this invention is not limited to particular 
embodiments described, as Such may, of course, vary. It is 
also to be understood that the terminology used herein is for 
the purpose of describing particular embodiments only, and is 
not intended to be limiting, since the scope of the present 
invention will be limited only by the appended claims. 
0038. Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limits of that range is also specifically 
disclosed. Each Smaller range between any stated value or 
intervening value in a stated range and any other stated or 
intervening value in that Stated range is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included or excluded in the 
range, and each range where either, neither or both limits are 
included in the Smaller ranges is also encompassed within the 
invention, Subject to any specifically excluded limit in the 
stated range. Where the stated range includes one or both of 
the limits, ranges excluding either or both of those included 
limits are also included in the invention. 
0039. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, some potential and 
preferred methods and materials are now described. All pub 
lications mentioned herein are incorporated herein by refer 
ence to disclose and describe the methods and/or materials in 
connection with which the publications are cited. It is under 
stood that the present disclosure Supercedes any disclosure of 
an incorporated publication to the extent there is a contradic 
tion. 
0040. It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an', and “the 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to “a rod' includes a 
plurality of such rods and reference to “the spring includes 
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reference to one or more springs and equivalents thereof 
known to those skilled in the art, and so forth. 
0041. The publications discussed herein are provided 
solely for their disclosure prior to the filing date of the present 
application. Nothing herein is to be construed as an admission 
that the present invention is not entitled to antedate such 
publication by virtue of prior invention. Further, the dates of 
publication provided may be different from the actual publi 
cation dates which may need to be independently confirmed. 
0042. The present invention will now be described in 
greater detail by way of the following, description of exem 
plary embodiments and variations of the systems and meth 
ods of the present invention. While more fully described in the 
context of the description of the subject methods of implant 
ing the Subject systems, it should be initially noted that in 
certain applications where the natural facet joints are com 
promised, as illustrated in FIG. 1 (B), inferior facets 10a and 
10b, lamina 5a and 5b, posterior arch 16 and spinous process 
18 of superior vertebra 2 of FIG. 1(A) may be resected for 
purposes of implantation of certain of the dynamic stabiliza 
tion systems of the present invention. In other applications, 
where possible, the natural facet joints, lamina and/or spinous 
processes are spared and left intact for implantation of other 
dynamic stabilization systems of the present invention. 
0043. It should also be understood that the term "system’, 
when referring to a system of the present invention, most 
typically refers to a set of components which includes mul 
tiple bone stabilization components such as a Superior, ceph 
alad or rostral (towards the head) component configured for 
implantation into a superior vertebra of a vertebral motion 
segment and an inferior or caudal (towards the feet) compo 
nent configured for implantation into an inferior vertebra of a 
Vertebral motion segment. A pair of such component sets may 
include one set of components configured for implantation 
into and stabilization of the left side of a vertebral segment 
and another set configured for the implantation into and sta 
bilization of the right side of a vertebral segment. Where 
multiple bone segments such as spinal segments or units are 
being treated, the term "system” may refer to two or more 
pairs of component sets, i.e., two or more left sets and/or two 
or more right sets of components. Such a multilevel system 
involves stacking of component sets in which each set 
includes a Superior component, an inferior component, and 
one or more medial components therebetween. 
0044) The superior and inferior components (and any 
medial components therebetween). when operatively 
implanted, may be engaged or interface with each other in a 
manner that enables the treated spinal motion segment to 
mimic the function and movement of a healthy segment, or 
may simply fuse the segments such as to eliminate pain and/or 
promote or enhance healing. The interconnecting or interface 
means include one or more structures or members that 
enables, limits and/or otherwise selectively controls spinal or 
other body motion. The structures may perform such func 
tions by exerting various forces on the system components. 
and thus on the target vertebrae. The manner of coupling, 
interfacing, engagement or interconnection between the Sub 
ject system components may involve compression, distrac 
tion, rotation or torsion, or a combination thereof. In certain 
embodiments, the extent or degree of these forces or motions 
between the components may be intraoperatively selected 
and/or adjusted to address the condition being treated, to 
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accommodate the particular spinal anatomy into which the 
system is implanted, and to achieve the desired therapeutic 
result. 
0045. In certain embodiments, the multiple components, 
Such as Superior and inferior spinal components, are mechani 
cally coupled to each other by one or more interconnecting or 
interfacing means. In other embodiments, components inter 
face in an engaging manner. which does not necessary 
mechanically couple or fix the components together, but 
rather constrains their relative movement and enables the 
treated segment to mimic the function and movement of a 
healthy segment. Typically, spinal interconnecting means is a 
dorsally positioned component, i.e., positioned posteriorly of 
the Superior and inferior components, or may be a laterally 
positioned component, i.e., positioned to the outer side of the 
posterior and inferior components. The structures may 
involve one or more struts and/or joints that provide for sta 
bilized spinal motion. 
0046 Reference will now be made in detail to the present 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the draw 
ings to refer to the same or like parts. 
0047 Referring to FIGS.3(A) and 3(B). there is illustrated 
a bone stabilization device according to an embodiment of the 
invention. The device includes a dynamic rod 30, a seat 40. 
and a bone screw 50. Certain aspects of the bone screw and 
seat are described here; however, a more complete description 
of these components may be found in the applications incor 
porated by reference above. The dynamic rod may be 
employed with any such bone screw systems, or indeed with 
components coupled to bone screw systems through interven 
ing or intermediary devices. 
0048. The dynamic rod 30 includes a sleeve cap 34. The 
sleeve cap 34 is generally cylindrical or conical in shape, 
although other shapes can also be accommodated. The 
dynamic rod has a distal shaft 32 which is defined to be distal 
of the sleeve cap 34 relative to a pivot point on the opposite 
side of the rod. The dynamic rod 30 also has a proximal shaft 
36 which terminates in a ball end 38 having a flat portion on 
which is mounted a pin 42. Pin 42 has a matching pin (not 
shown) on the opposite side of the ball end 38. In certain 
embodiments, the dynamic rod has a cannula 44 disposed 
centrally therethrough. 
0049. A bone anchoring portion includes a seat 40 and a 
bone screw 50. The cannula 44 may pass through dynamic rod 
30 and through the bone anchoring portion such that the 
assembly may be passed, in the orientation shown in the 
figure, into a patient through a installation cannula (not 
shown) and over a previously-placed guidewire, such as a 
“K-wire' commonly used in bone and joint procedures. How 
ever, in many cases, no such cannula, lumen, or guidewire is 
necessary for placement. 
0050. As noted above, at one end of dynamic rod 30 is ball 
end 38, which is rotationally received and captured by a 
coupler 29. In particular. “U”-shaped grooves 52 are provided 
which mate with the corresponding pins 42 on dynamic rod 
30 to allow the dynamic rod 30 to be pivoted in a perpendicu 
lar (or other angular) fashion relative to the rest of the system. 
The coupler 29 may be attached to the seat 40 via a retaining 
ring having lugs which cooperatively and securedly engage 
corresponding slots in the coupler 29 (and may also engage 
slots in the seat 40). The retaining ring may be secured to the 
seat 40 via a groove formed in the cylindrical interior of the 
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seat. In this way, the retaining ring and the coupler are press fit 
together into the seat. The coupler and seat have a keyway 
(not shown) Such that they are aligned with one another. In 
this way, the coupler is prevented from being misaligned with 
the seat. 
0051. In an alternative embodiment, the “U”-shaped 
grooves may be replaced with a “closed’ saddle having 
receivers. In this case, during installation of the dynamic rod, 
the pins on the dynamic rod push on ramps until the pins drop 
into holes. Once the pins drop they are captured and generally 
require a tool for removal. In this way. the end of the dynamic 
rod cannot be displaced when the opposite end of the dynamic 
rod is being captured by a receiving assembly. In this embodi 
ment, the dynamic rod is not attached to the coupler prior to 
installation. Because of this, the bone screw can be driven 
directly through a hole in the coupler, and no tangential rota 
tion arrangement is necessary. 
0052 Returning to the embodiment of FIGS. 3(A) and 
3(B), the coupler mates with the ball end in a snap-fit ball 
and-socket arrangement. The Screw—ball end—coupler sys 
tem sits within the seat and is at least partially secured therein 
because coupler lip 51 rests on seat lip 56. The screw ball 
end—coupler system may be further secured using retaining 
ring 35 on top of lip 51 and press fit into seat lip 56. 
0053. The dynamic rod can be inserted into the saddle of 
the coupler, which is assembled to the seat, by an operator, or 
may be provided in a pre-attached State. The dynamic rod can 
be removable from the coupler, which is assembled to the 
seat, or may be permanently, though rotatably, attached, 
whether provided in a “to-be-assembled' or a pre-assembled 
state. The ball and socket design of FIGS. 3(A) and 3(B) 
allows multi-directional rotation of the dynamic rod 30. 
Alternative designs may allow a single degree of freedom, or 
may allow more sophisticated trajectories of travel for the 
dynamic rod 30. 
0054. After the dynamic rod has been pivoted to a position 
for use in a patient. the dynamic rod may be held in that 
position by use of the closure element or cap 66 and a set 
screw 67. The closure element 66 may be snap-fitted into the 
seat 40 by interaction and engagement of closure element tabs 
31 and seat grooves 33. Instead of grooves and tabs, lugs may 
also be employed. Lugs have the benefit of preventing the seat 
40 splaying and releasing the rod. Furthermore, besides the 
Snap-fit of closure element 66, the same may also be dropped 
in and captured with set screws or other capture devices. One 
particular other such capture device includes an integral lock 
ing nut/plug combination, which eliminates the need for a 
plug and set screw set. 
0055. A closure element slot 37 may be disposed in the 
closure element 66 so that the same may be further tightened 
along the groove 33 if the groove 33 is provided with a ramp 
system. Of course. Various other techniques may also be used 
to keep closure element 66 within seat 40. The set screw 67 
may then be tightened to secure the dynamic rod 30 against 
moVement. 

0056. In one method of use. the screw 50. the coupler 29, 
the seat 40, the rod 30, and the corresponding intermediate 
elements, are assembled prior to implantation in the patient. 
The device is inserted over the guidewire. The screw is then 
driven into the desired bone by use of a driver (not shown). In 
another method of use, the screw 50, the coupler 29, the seat 
40, and the corresponding intermediate elements, are 
assembled prior to implantation in the patient. The screw is 
driven into the desired bone by use of a driver which coop 
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eratively engages with a mating recess in the screw. Once the 
screw is driven into the bone, the dynamic rod is inserted, 
captured, and then may be pivoted and the closure element 66 
and set screw 67 applied. 
0057 FIG. 4(A)-(C) show the system where the dynamic 
rod is pivoted, and the closure element is about to be disposed 
within the seat (4(A)). Similar reference numerals and parts 
refer to similar numerals and parts in FIG. 3(A)-3(B). After 
pivoting, the closure element is disposed within the seat 
(4(B)). Finally, the closure element is tightened along with the 
set screw (4(C)). 
0058 Referring to FIGS. 5(A) and 5(B), a first embodi 
ment of a dynamic rod system is shown. The ball end 38 
having. pins 42 is shown at one end of a proximal rod segment 
36, which terminates at its opposite end in a flange 78. Simi 
larly, a distal rod segment 32 is shown which terminates at one 
end in flange 82. Flanges 82 and 78 each have one or more 
radially extending arc sections 83 and 85. respectively, which 
matingly engage one or more corresponding radially 
retracted arc sections 86 and 88, respectively, in a sleeve cap 
34. A press-fit retaining end cap 84 can further be used to seal 
the sleeve cap 34. The end cap 84 may be made slightly oval 
in shape. In this way, it may control the direction in which 
flexion can occur. To ensure that the Surgeon can distinguish 
this slight oval character, i.e., this marker, a line 91 may be 
etched on the assembly. here shown on the end cap, so that the 
surgeon is made aware of which direction preferred flexion 
will occur. 

0059. The sleeve cap and the end cap may be welded 
together to contain the system but may also still employ a 
slight gap between the end cap and the flange 82 to allow for 
an extension motion. Moreover, the sleeve cap 34 is shown 
with a frusto-conical shape in order to accommodate and limit 
angular flexion of the dynamic rod from end-to-end. Besides 
welding, the two may be press-fit. employ another type of 
mating Snap feature or be attached with an adhesive. The 
sleeve cap and the end cap may each have an opening in which 
to slidingly receive their corresponding proximal or distal 
Segments 
0060 Disposed within sleeve cap 34 are the components 
that provide the dynamic movement. In particular, a proximal 
threaded section 72 is provided at a distal end of proximal rod 
segment 36. and a distal threaded section 74 is provided at a 
proximal end of distal rod segment 32. In construction, the 
proximal and distal threaded sections are complementary in 
that they are disposed as shown to together form most of a 
complete and continuous thread; however, in most embodi 
ments, they do not form the complete thread. Two. three, or 
more grooves may form this thread on each segment. In any 
case, rather than forming a complete 360° thread, they form a 
thread with one or more gaps of e.g., 15° each. Of course. 
numerous other values may be employed as dictated by the 
requirements of the patient. Each of the proximal and distal 
end sections may be further optionally Supported by a cylin 
drical core, one of which is shown in FIG. 5(A) as cylindrical 
core 87. The cylindrical cores provide strength to the threaded 
sections, and further provide a convenient guide or marker to 
be used during manufacturing. i.e., to indicate a pre-set posi 
tion prior to conjunction with a spring. In general, the distal 
rod segment 32 may be provided with a cylindrical core 87 
and the proximal rod segment 36 is provided with a smaller 
cylindrical core, i.e., one that provides a degree of Support or 
strength, but otherwise the remaining interior of proximal 
threaded section 72 is left as void 89 (see also FIG.5(C)). The 

Dec. 15, 2011 

void 89 may be cylindrical in shape but is generally frusto 
conical to allow for, and limit, angular flexion of the cylin 
drical core 87 within the void 89. 
0061 The size of the cylindrical cores defines the maxi 
mum amount of compression afforded by the device, and the 
size of the housing defines the maximum amount of extension 
afforded by the device. In certain embodiment, the housing 
may be filled or partially filled with a resilient material, such 
as a silicone elastomer, to dampen motion and/or limit travel. 
0062. In more detail, the proximal and distal threaded 
sections are held together by a spring 76, which helically 
engages each of the proximal and distal threaded sections. 
The sleeve cap 34 covers the spring 76 and the proximal and 
distal threaded sections, in part to prevent blood and tissue in 
the spinal area from deleteriously affecting the dynamic 
mechanism. 
0063. In general, the spring may be configured to bias the 
system back to the neutral position. The spring controls rota 
tion, flexion, and extension, and biases the system to a neutral 
or equilibrium position. In certain embodiments, the pitch of 
the spring may be greater or less than that of the proximal and 
distal threaded sections. In this way, the spring may be biased 
to push the two components together. In other embodiments, 
the pitch may be the same but the diameter of the wire of the 
spring may be Smaller than the corresponding helical groove 
in which it sits to allow for torsion. 
0064. In some embodiments, a small gap may still be 
provided, e.g., 1.0 mm, to allow the components to extend. 
0065 FIG.5(D) and5(E) show perspective and side trans 
parent combined views of the dynamic rod of FIGS. 5(A)-(C). 
0.066 FIG. 6 shows an alternate embodiment of a dynamic 
rod system 30' according to the current invention. The 
dynamic rod system includes a dynamic element 90, a proxi 
mal rod segment 92, and a distal rod segment 94. Many of the 
features of the dynamic rod system 30" can be similar to 
corresponding elements in the dynamic rod system 30 of FIG. 
5 

0067. In the embodiment of FIG. 6, the dynamic rod sys 
tem 30' employs hinge pins 96 which matingly engage ele 
ments such as the “U”-shaped grooves of FIG. 3. As in FIG. 
5, the proximal segment has a distal end 104 and the distal 
segment has a proximal end 102. The distal end 104 and the 
proximal end 102 are joined by a spring 106. Flanges 112 and 
114 serves similar purposes to the corresponding flanges in 
the embodiment of FIG. 5, to wit, sealing the housing and 
preventing removal of the elements of the dynamic rod sys 
tem from the housing, 98. Radioactive seeds 116 may be 
employed to assist in the prevention of undesiredbone fusion. 
0068. In the embodiment of FIG. 6, various elements are 
provided to control certain adjustable ranges of motion for the 
dynamic rod 30'. For example, a set screw 108 may be pro 
vided to control the degree of angular flexion achievable by 
the dynamic rod system 30'. A set screw 110 may be provided 
to adjust the limits of extension and compression, and Such set 
screws may be adjusted pre-, during, or post-implantation. 
Finally, the housing, 98 may be optionally filled with a mate 
rial. Such as an elastomer, to control the overall degree of 
dynamic response of the dynamic rod system 30'. For 
example, the elastomeric filling may be employed to improve 
the restoring force of the dynamic rod system. Similarly, the 
same may be employed to provide a dampening force. As with 
the housing or sleeve cap perse, the filling prevents contami 
nation from entering the housing and also keeps debris from 
wear within the housing. 
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0069. In the embodiment of FIG. 6(B), the elements of 
FIG. 6(A) are essentially reproduced. However, in FIG. 6(B), 
the proximal and distal rod segments of dynamic rod system 
30" are not collinear. Rather, they are configured such that in 
an equilibrium position they mimic the curvature of the spine. 
In other words, they are not collinear but meet at an angle that 
is Substantially the same as the curve the spinal axis takes in 
the local setting of the affected vertebral segments. This angle 
may be, e.g., 5 degrees. Other values may be employed 
according to the dictates of the patient. 
0070 Referring to FIG. 7, a further embodiment of a 
dynamic rod system 30" is shown. The system 30" has essen 
tially similar elements to the embodiment of FIG. 6(A), and 
thus individual reference numerals are omitted. However, the 
system 30" employs two dynamic elements 91 and 100. 
Elements 91 and 100 may be the same or dissimilar. The 
elements may be equidistantly arranged on the rod or may be 
arbitrarily placed to accommodate particular types of motion. 
(0071 Referring to FIG. 8(A), a further embodiment of a 
dynamic rod system 130 is shown. Many components are 
similar to the embodiment of FIG. 6(A). A proximal segment 
122 is coupled to a distal segment 124 via a spring 126. In this 
embodiment, the housing 118 has flared walls to accommo 
date, and limit, additional flexion. Referring to the bottom 
view of FIG. 8(B), a spring end 128 may be fixed into one of 
the segments, here shown as the distal segment 124, via 
welding, adhesives, etc.. Referring to FIG. 8(C), a round 
spring 132 may be employed, in which case all azimuthal 
angles may be provided with the same degree of flexion. On 
the other hand, referring to FIG. 8(D), an oval spring 134 may 
be employed, in which case certain azimuthal angles are 
preferred in terms of how much flexion they are allowed. 
0072 Referring to FIG. 9, a further embodiment of a 
dynamic rod system 130' is shown. Many components are 
similar to the embodiment of FIG. 6(A). A proximal segment 
136 is coupled to a distal segment 156 via a spring 158. A ball 
end 146 and pins 148 allows coupling of the proximal seg 
ment 136 to an assembly Such as a hinged assembly coupled 
to a bone anchor system. The proximal segment has a 
threaded section 152 and the distal segment has a threaded 
section 154. A collet 162 may be employed to maintain the 
dynamic rod 130' in a neutral state. An elastomeric sleeve 164 
may then be employed to ensure deleterious material does not 
clog or otherwise inhibit the action of the collet 162. The 
elastomeric sleeve may also be employed to keep debris from 
wear of the device, if any, out of the spinal space. A housing 
166 may then be used to seal the dynamic element. FIG.9(B) 
shows exemplary ranges of motion provided by this embodi 
ment. 

0073. Referring to FIG. 10(A)-(C), a further embodiment 
of a dynamic rod system 130" is shown. Many components 
are similar to the embodiment of FIG. 6(A). A proximal 
segment 168 is coupled to a distal segment 174. The proximal 
segment 168 has a flange 172 on which is mounted male nub 
173. The distal segment 174 is provided with a female 
receiver 178 affixed to the distal segment at a proximal end 
176. A cage spring 184 may be slid over the distal segment 
174 and may securedly engage the female receiver 178 such 
that when the female receiver 178 receives the male nub 173, 
the spring 184 (and in particular aproximal end 186) holds the 
female receiver 178 and the male nub 173 in a secure fashion. 
0074. A separate spring portion 188 may be provided to 
further enhance the dynamic response. An elastomeric sleeve 
192. Such as a silicone washer. may then be employed to 
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ensure deleterious material does not clog or otherwise inhibit 
the action of the spring 184. A housing 194 with top cap 196 
may then be used to seal the dynamic element, e.g., by being 
welded to the flange 172. 
0075 FIG. 10(B) shows exemplary ranges of motion pro 
vided by this embodiment, and FIG. 10(C) shows a side 
sectional view of the system of FIG. 10(A). 
(0076 FIGS. 11(A)-(D) show an embodiment related to 
that of FIG. 10. Similar elements perform similar functions, 
Such as the proximal segment 168, flange 172, and male nub 
173, and thus no additional description is provided here. 
However, additional elements include a female rod segment 
175 which mates with the male nub 173, a spring 177 which 
provides extension, torsion, and centering, a rod sleeve 179, 
and a locking collar 198. An elastomeric sleeve 181 may be 
employed to performs functions similar to the same compo 
nent in FIG. 10. As shown in FIG. 11(D), the locking collar 
may be inserted in various degrees—if fully inserted, a sig 
nificant amount of motion, or all motion, may be prevented. 
Lesser insertions result in additional motion allowed. 
(0077 Referring to FIG. 12(A)-(D), a system 230 is shown 
in which a proximal segment 202 is coupled to a distal seg 
ment 204 by a spring 206 that is attached to each. The spring 
206 acts as both to allow torsion and to allow extension. If the 
spring 206 is sufficiently stiff, it may be the only component 
that couples the rods. In another embodiment, as shown in the 
figures and in particular FIG. 12(B), one of the proximal or 
distal segment may be provided with a ball end 216 which is 
received by a socket 224 which is coupled to the opposite 
segment. In FIG. 12(B), the proximal segment is coupled to 
the ball end and the distal segment carries the socket. In this 
case, a Small gap 222 may be provided in the proximal seg 
ment such that the ball end may be partially enclosed by the 
proximal segment, in particular the distal tip thereof. The 
amount of bending capable of this dynamic rod system 230 is 
at least in part determined by the size of the socket. The socket 
may, in Some embodiments, be replaced by fingers (not 
shown) similar to the way in which a gemstone is held onto a 
ring setting. 
0078 FIG. 12(C) shows exemplary ranges of motion pro 
vided by this embodiment. 
(0079 FIG. 12(D) shows an end view of the system 230. In 
this embodiment, four fingers 215, 217, 219, and 221 are 
employed to hold the ball end. As the spring, is attached to one 
or both of the rod segments, a portion of the spring (or another 
detentif desired, not shown) may contact one of the fingers at 
minimum and maximum points of torsion, providing a maxi 
mum angle (p of torsion. 
0080 Referring to FIGS. 13(A)-(E), an embodiment of a 
dynamic rod system 330 is shown. In this embodiment, a 
proximal segment 232 is coupled to a distal segment 234. The 
proximal and distal segments are each made of a rigid mate 
rial, e.g., titanium, but a plurality of holes 236 are provided 
that are filled with a flexible material such as an elastomeric 
material. The elastomeric material also forms a hinge portion 
236". FIG. 13(B) shows an end sectional view of the system, 
and FIG. 13(C) shows a side view. Referring to FIG. 13(E), 
the system is shown with an optional outer sleeve 244 which 
may be employed to limit the amount of angular flexion 
afforded by the system. 
I0081 Referring to FIGS. 14(A)-(E), another embodiment 
of a dynamic rod system 430 is shown with three component 
sleeves 248.252, and 254. Disposed throughout the center of 
the sleeves is an elastomeric material 246. When the dynamic 
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rod system 430 is coupled in known fashion to pedicle screws 
256 and 256', as shown in FIGS. 14(B) and 14(C), the pedicle 
screws are allowed to hingedly rotate to provide a dynamic 
spinal Support system. An additional benefit is that pedicle 
screws 256 and 256' may be dynamically joined even where 
the installation of the pedicle screws 256 and 256' has resulted 
in their screw heads being misaligned. As shown in FIG. 
14(D), a plurality of holes 247 may be provided to enhance 
flexibility. Finally, as shown in FIG. 14(E), a feature may be 
provided to limit the amount of bending allowed by the sys 
tem. A sleeve extension 258 may be mated with a frusto 
conical member 262 at the intersection of two adjoining 
sleeves, e.g., sleeves 248 and 252. In this way, sleeves 248 and 
252 may be bent at an angle at most equal to the angle of the 
frusto-conical section. A motion-limiting collar such as 
described above may also be employed for similar purposes. 
I0082 FIGS. 15(A)-(H) show views of another embodi 
ment of a dynamic rod system 530. a proximal segment 264 is 
joined to a distal segment 266 by a dynamic element 268. The 
dynamic element is formed by a series of semi-rigid serpen 
tine filaments which distribute support for the spinal compo 
nents, to which the segments are affixed, in a known fashion. 
The serpentine filaments may beformed of various materials, 
including titanium and associated alloys, stainless steel and 
associated alloys, polymers such as PEEK and other biocom 
patible materials. FIGS. 15(C)-(E) show views of the serpen 
tine filaments from various angles, while FIGS. 15(F)-(H) 
show exemplary ranges of motion provided by this embodi 
ment. 

0083. The serpentine filaments may differ amongst them 
selves in mechanical properties, resulting in preferred direc 
tions of motion. The same may result from different densities 
of filaments. Besides the filaments, the volume between the 
proximal and distal segments may include a flexible material 
Such as an elastomer. 

I0084 FIGS. 16(A)-(C) show views of embodiments of the 
dynamic rods in use, i.e., dynamic rods 300 and 310 span 
pedicle screw systems 304/308 and 302/306. 
0085. As noted above, various MIS systems, such as those 
incorporated by reference above, may include dynamic rods 
according to the present invention. In some cases, a dynamic 
rod system may be installed on each side of a vertebral seg 
ment. Depending on the treatment, the rod systems may be 
alike or may differ in mechanical properties, such as maxi 
mum amounts of extension or compression, angular flexion, 
and rotation or torsion. They may also be alike or differ in 
their respective restoring forces. 
I0086) Referring to FIG. 17(A)-(B), the dynamic rod 
embodiments may be employed in a multi-level system, Such 
as may span three vertebral segments 312,314, and 316, with 
three screw systems on each side of the spinous processes. In 
FIG. 17(A), the non-primed components are disposed on the 
right side of the spinous process and primed components are 
disposed on the left side. A long rod may be employed that 
spans all three segments, and that has a segment 326 with no 
dynamic element between first and second screws 328 and 
322 but which incorporates a dynamic element 332 on a 
segment 328 between the second and third screws 322 and 
324. The description for the primed components is analogous. 
In Such systems, movement is allowed but Support is 
enhanced to the fused segments, and thus stress is distributed 
to reduce the increased amount at the level above the fusion 
site. Given this teaching it is clear other possibilities may be 
envisioned as well. Moreover, in some multi-level proce 
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dures, the same intermediate pedicle Screw may be employed 
to secure both the upper and lower rods, whether rigid or 
dynamic. 
0087. In another variation of the above embodiments, a 
chosen vertebral segment and thus set of pedicles is skipped, 
but a dynamic rod spans the vertebral segments above and 
below the chosen vertebral segments. This embodiment may 
be called for when the chosen vertebral segment is too dam 
aged to install pedicle screws, e.g., was damaged by a gunshot 
or other acute localized injury. In this embodiment, pedicle 
screws are installed in the vertebral segments above and 
below the chosen vertebral segment, and a dynamic rod is 
installed that is typically longer than the dynamic rods dis 
closed above. Either the rod may be made longer or the 
dynamic component may be made longer or both. In this type 
of embodiment, the dynamic nature is especially important as 
the motion of three vertebral segments is being tied together, 
and much freedom of motion may be sacrified without a 
dynamic element. 
I0088. In methods according to embodiments of the inven 
tion, the above-described dynamic rod is substituted for the 
rigid rods described in the applications incorporated by ref 
erence above. The same pedicle screws may still be 
employed. In other words, a rigid rod is removed and a 
dynamic rod according to the invention is inserted in its place. 
In an alternative embodiment of the method, a dynamic rod is 
removed and a rigid rod in inserted in its place. In any case, 
the dynamic rods of the above description may be inserted in 
pre-existing pedicle screws, no matter the placement or the 
type. 
I0089. The procedures above may be performed in combi 
nation with other procedures. including facet procedures Such 
as facet replacement or augmentation. 
0090. In other methods according to embodiments of the 
invention, various properties of the dynamic rod are adjusted 
before, during, or after implantation. These properties 
include: adjusting the limit of travel. Such as via set screws; 
adjusting the amount of restoring force, again Such as via set 
screws or other means; adjusting travel Such as via a tapered 
collet that slides over the rod and that employs a thread that 
when tightened securedly engages the taper. In a correspond 
ing method, the dynamic rod may be placed adjacent to a 
Vertebral segment that has a fixed or rigid rod in place. In this 
way, the dynamic rod acts as a prophylactic to prevent deg 
radation of adjacent segments. In Such a procedure, the 
dynamic rod may be placed on one or both sides, to distribute 
stress more evenly in a reduced or ramped fashion. 
0091. The components of the devices of the present inven 
tion are preferably configured for percutaneous placement, 
each device sized for placement through a percutaneous can 
nula. Each device preferably includes a lumen or sidecar 
through which a guidewire can be placed, or allowing place 
ment alongside a percutaneously placed guidewire. The 
dynamic rod of the present invention can preferably be 
rotated or pivoted out of the cannula toward the receiving 
pedicle Screw assembly, such as with the inclusion of a slot 
allowing the guidewire to exit alumen, while a guidewire is in 
place. The dynamic rod and attached components are prefer 
ably configured Such that the dynamic rod can be secured. 
Such as with insertion of multiple set Screws, also with a 
guidewire in place. Other components may include slot exits 
from guidewire lumens such as to allow over-the-wire deliv 
ery and Subsequent escape of the guidewire while leaving the 
guidewire in place. The devices and methods of the present 
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invention are configured to be inserted without resection of 
tissue, however procedures including or requiring resection 
are also Supported. 
0092. It should be noted that the description above refers 

to specific examples of the invention, but that the scope of the 
invention is to be limited only by the scope of the claims 
appended hereto. Moreover, the sizes and materials shown for 
the components of the system may vary, but certain ranges of 
sizes and materials have been shown to be of particular use. 
0093. For example, the bone anchors, i.e., pedicle screws, 
shown may have exemplary lengths ranging from 25 to 80 
mm, and may, e.g., be available within that range in 5 mm 
increments. The diameters of the same may be, e.g., 5.5 mm, 
6.0 mm, 6.5 mm, etc. They may be made of metal. Such as a 
titanium alloy, e.g., Ti-6A1-4V. ELI, etc. They may also be 
made of stainless steel, e.g., 316LSS or 22-13-5SS. The holes 
into which the same are inserted may be pre-tapped, or alter 
natively the pedicle screws may be self-tapping. If the bone 
anchor has a receiving slot, such as a hex head or other Such 
head, then a screwdriver may be used to attach to the bone 
anchor directly. Once the pivoting rod is in place, a screw 
driver may attach to the pivoting rod for further rotation. The 
pivoting rod itself may be used to further drive the screw. The 
bone anchors may further have either fixed or polyaxial 
heads. Their threads may be standard, may be cutting threads, 
may incorporate flutes at their distal end, or may be any other 
type of thread. The bone anchors need not be purely of a 
screw-type. Rather they may also be soft-tissue-type anchors. 
such as a cylindrical body with a Nitinol barb. 
0094. The dynamic rods shown may have exemplary 
lengths ranging from 30 to 85mm, and may, e.g., be available 
within that range in 5 mm increments. The diameters of the 
same may be, e.g., 5.5 mm, etc. They may be made of metal, 
such as CP Titanium Grade 2, stainless steel, etc. 
0095. The ranges of motion accommodated by the system 
may be as follows: the extension allowed may be zero up to 1 
mm, the angular flexion may be Zero up to 5 degrees, the 
torsional deflection Zero may be up to 15 degrees. The system 
may provide for a restoring force back to a neutral or equi 
librium position or state. 
0096. While not shown in the figures, the distal end of the 
distal segment may be fitted with a feature to assist in the 
engagement of the distal segment with the second bone 
anchor or other such receiving assembly. Moreover, the ends 
of the dynamic rod need not connect directly into bone screw 
assemblies. The same may connect to couplers or to other 
components as well. 
0097. The dynamic rod may be contoured prior to inser 

tion. In other words, to more closely match the curvature of a 
spine, or for increased strength, i.e., to accommodate the 
geometry of the pedicle bone screws, or to accommodate the 
geometry of the spinal segment in which it is installed, a curve 
or other contour may be designed into the rod prior to inser 
tion. Alternatively, a physician may bend the rod or put 
another such contour into the rod, either manually or with the 
aid of a device, prior to insertion. In certain cases, the rod may 
be contoured after insertion or partial insertion, Such as after 
a measurement procedure is performed to determine the opti 
mal contour angles for that particular patient. 
0098. Further, systems according to the disclosed embodi 
ments may be disposed not only on multiple levels of the 
vertebrae but also on different sides of the spinous process. In 
other words. two systems may be disposed in a single seg 
ment, one on each pedicle. Moreover, the use of the disclosed 
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pedicle-screw-based systems may be employed in combina 
tion with various spacer systems, such as are disclosed in U.S. 
Non-Provisional patent application Ser. No. 1 1/314,712, filed 
Dec. 20, 2005, assigned to the assignee of the present inven 
tion and herein incorporated by reference in its entirety. 
0099. The sleeve caps or housings, as well as other com 
ponents, may incorporate radiolucent or radiotransparent 
materials so that the installing Surgeon or other physician may 
view the dynamic elements within under fluoroscopy or other 
Such techniques. Changes in material density, Such as 
“notches’, may be employed to indicate the state of various 
components, e.g., via use of X-rays. The sleeve caps or hous 
ings may be made flexible to provide a small amount of 
dynamic motions per se. Additionally or alternatively, other 
types of markers may be used to enable viewing of the 
dynamic elements such as visible markers, ultrasonic mark 
ers, magnetic markers or other markers. 
0100. The devices may be provided in kit form, where the 
kits may include multiple springs from which the Surgeon can 
choose to select desired properties. In the same way, kits may 
provide multiple housings among which a housing may be 
chosen for similar reasons. 
0101 Markers may be employed to indicate the status of 
the dynamic rod. For example, the markers may indicate the 
amount of extension or compression, rotation, or angular 
flexion. Such markers may also indicate the amount of stress 
the dynamic rod is subjected to. Such markers may be visible, 
radioopaque, ultrasonic, magnetic, or a combination of these. 
The markers may also be integrated onto the dynamic cou 
pler, sleeve cap, or housing. 
0102) While the figures have generally shown the dynamic 
elements substantially in the center of the dynamic rods, the 
same may be disposed at any position on the rod, including 
the ends. 
0103) The preceding merely illustrates the principles of 
the invention. It will be appreciated that those skilled in the art 
will be able to devise various arrangements which, although 
not explicitly described or shown herein, embody the prin 
ciples of the invention and are included within its spirit and 
Scope. Furthermore, all examples and conditional language 
recited herein are principally intended to aid the reader in 
understanding the principles of the invention and the concepts 
contributed by the inventors to furthering the art, and are to be 
construed as being without limitation to such specifically 
recited examples and conditions. Moreover, all statements 
herein reciting principles, aspects, and embodiments of the 
invention as well as specific examples thereof, are intended to 
encompass both structural and functional equivalents thereof. 
Additionally, it is intended that such equivalents include both 
currently known equivalents and equivalents developed in the 
future. i.e., any elements developed that perform the same 
function, regardless of structure. The scope of the present 
invention, therefore. is not intended to be limited to the exem 
plary embodiments shown and described herein. Rather, the 
scope and spirit of present invention is embodied by the 
appended claims. 

1-31. (canceled) 
32. A bone stabilization device, comprising: 
a first and a second bone anchor, wherein the first and the 

second bone anchor are coupled to bone at a first and a 
second location respectively; and 

at least one dynamic rod coupling the bone anchors, 
wherein the dynamic rod is intraoperatively selected 
and/or adjusted Such that the range of spinal motion 
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allowed is adjustable, from some motion allowed to all 
motion prevented, and wherein the bone stabilization 
device is structured and configured Such that the bone 
stabilization device is capable of being delivered percu 
taneously. 

33. The bone stabilization device of claim 32, further com 
prising at least one adjustment mechanism wherein the 
allowed range of motion may be adjusted. 

34. The bone stabilization device of claim 33, wherein the 
adjustment mechanism is a set Screw. 

35. The bone stabilization device of claim 33, wherein the 
adjustment mechanism is disposed in a housing, the housing 
having an interior. 

36. The bone stabilization device of claim 35, wherein the 
housing further comprises a filling or covering to prevent 
contamination or wear or debris from the interior of the hous 
ing. 

37. A method of stabilizing bone, comprising: 
providing a bone stabilization device having a dynamic rod 

that is intraoperatively selected and/or adjusted Such that 
the range of spinal motion allowed is adjustable, from 
Some motion allowed to all motion prevented; 

securedly coupling a first bone anchor to bone at a first 
location via a percutaneous procedure through a first 
incision; 

securedly coupling a second bone anchor to bone at a 
second location via a percutaneous procedure through a 
second incision; 

securedly coupling the bone stabilization device to the first 
bone anchor; 
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adjusting the range of allowed spinal motion of the bone 
stabilization device; and 

rotating the dynamic rod and securedly coupling the 
dynamic rod to the second bone anchor. 

38. The method of claim 37, further comprising adjusting a 
property of the bone stabilization device post-implantation. 

39. The method of claim 38, wherein the adjusting further 
comprises adjusting at least one adjustment mechanism. 

40. The method of claim 39, wherein the adjustment 
mechanism is a set Screw. 

41. The method of claim 39, wherein the adjustment 
mechanism is disposed in a housing having an interior. 

42. The method of claim 41, wherein the housing further 
comprises a filling or covering to prevent contamination or 
wear or debris from the interior of the housing. 

43. The method of claim 38, wherein the adjusting is per 
formed more than 24 hours post-implantation. 

44. The method of claim 44, wherein the adjusting is per 
formed Surgically. 

45. The method of claim 44, wherein the adjusting is per 
formed percutaneously. 

46. The method of claim 37, further comprising adjusting a 
property of the bone stabilization device, wherein the adjust 
ing the range and the adjusting a property of the bone stabi 
lization device are performed in the same procedure. 

47. The method of claim 37, further comprising adjusting a 
property of the bone stabilization device, wherein the adjust 
ing the range and the adjusting a property of the bone stabi 
lization device are performed in different procedures. 
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