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(57) ABSTRACT 

A variable stiffness rod is provided for use in spine stabiliza 
tion systems. The variable stiffness rod system includes an 
outer member having a cannulation that retains a flexible 
tensioning inner member that can be used to adjust the stiff 
ness of the rod via an adjustable end cap assembly that 
couples the inner member to the outer member at least at one 
end of the fixation rod. 
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VARABLE TENSION SPINE FXATION ROD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 61/140,021, filed Dec. 22, 2008, the 
disclosure of which is hereby incorporated by reference as if 
set forth in its entirety herein. 

BACKGROUND 

0002 Spinal fusion involves joining two or more adjacent 
vertebrae with a bone fixation device to restrict movement of 
the vertebrae with respect to one another. For a number of 
known reasons, spinal fixation devices are used in spine Sur 
gery to align and/or fix a desired relationship between adja 
cent vertebral bodies. Such devices typically include a spinal 
fixation element, such as a relatively stiff fixation rod that is 
coupled to adjacent vertebrae by attaching the fixation ele 
ment to various bone fixation elements, such as hooks, bolts, 
wires, screws, and the like. The fixation elements can have a 
predetermined contour and, once installed, the fixation ele 
ments hold the vertebrae in a desired spatial relationship, 
either until desired healing or spinal fusion has taken place, or 
for some longer period of time. 
0003 Recently, dynamic or flexible fixation elements 
have come into use. Dynamic fixation elements are desirable 
to permit some movement and shock absorption upon implan 
tation on a patient's spine. In addition, the removal of bone 
structure, Such as facet joints or laminae, result in instabilities 
of the motion segments of the spine. Consequently, a fixation 
system should stabilize the motion segment in anteroposte 
rior translation as well as in axial rotation. Both motion pat 
terns result in shear stress within the rods of fixation systems. 
This is especially important in elderly patients, where the 
bone quality is sometimes compromised, becoming Sclerotic 
or osteoporotic. 
0004 Excessive stiffness of a rod element may cause 
abnormalities and diseases of the spine, as well as significant 
discomfort to the patient. Although some existing spinal fixa 
tion devices do provide some level of flexibility, what is 
needed is a dynamic stabilization system that enables a range 
of flexibilities and stiffnesses to be applied to a patient's 
Sp1.ne. 

SUMMARY 

0005. In accordance with one embodiment, a variable 
stiffness rod is configured to span between two or more adja 
cent vertebral fixation elements, each vertebral fixation ele 
ment including a channel formed therein configured to 
receive the variable stiffness rod. The variable stiffness rod 
includes an outer member, and inner member, and an adjust 
able end cap assembly. The outer member has a first end and 
an opposing second end, and defines an interior cannulation 
extending between the first and second ends. The inner ten 
Sioning member is configured to be disposed in the cannula 
tion of the outer member. The inner tensioning member has a 
first stiffness. The adjustable end cap assembly is disposed at 
least at one of the first and second ends. The adjustable end 
cap assembly is configured to couple the inner tensioning 
member to the outer member. The adjustable end cap assem 
bly including a translator coupled to the inner tensioning 
member, and an actuator configured to move in a first direc 
tion that drives the translator to extend the inner tensioning 
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member, Such that the inner tensioning member achieves a 
second stiffness that is greater than the first stiffness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. The foregoing summary, as well as the following 
detailed description of the preferred embodiment of the 
present application, will be better understood when read in 
conjunction with the appended drawings. For the purposes of 
illustrating the variable tension rod of the present application, 
there is shown in the drawings a preferred embodiment. It 
should be understood, however, that the application is not 
limited to the precise arrangements and instrumentalities 
shown. In the drawings: 
0007 FIG. 1A is a schematic side elevation view of a bone 
fixation system constructed in accordance with one embodi 
ment as including a plurality of bone fixation elements 
attached to underlying bone and connected to each other via 
a variable stiffness spine fixation rod; 
0008 FIG. 1B is an exploded perspective view of one of 
the bone fixation elements illustrated in FIG. 1A: 
0009 FIG. 2 is a perspective view of the variable stiffness 
fixation rod illustrated in FIG. 1A: 
0010 FIG. 3A is a sectional side elevation view of the 
variable stiffness fixation rod illustrated in FIG. 2, including 
an outer member, and inner member, and at least one adjust 
able end cap assembly: 
0011 FIG.3B is an exploded sectional side elevation view 
of one end of the variable stiffness fixation rod illustrated in 
FIG. 3A: 
0012 FIG.3C is a sectional side elevation view of one end 
of the variable stiffness fixation rod illustrated in FIG. 3A 
during operation; 
0013 FIG. 3D is another sectional side elevation view of 
one end of the variable stiffness fixation rod illustrated in FIG. 
3A during operation; 
0014 FIG.3E is a another sectional side elevation view of 
one end of the variable stiffness fixation rod illustrated in FIG. 
3A during operation; 
0015 FIG. 4A is a sectional side elevation view of the 
adjustable end cap assembly illustrated in FIG. 3A, but con 
structed in accordance with an alternative embodiment; 
0016 FIG. 4B is a sectional side elevation view of the 
adjustable end cap assembly illustrated in FIG. 4A, but con 
structed in accordance with an alternative embodiment; 
(0017 FIG. 4C is an end elevation view of the adjustable 
end cap assembly illustrated in FIG. 4B, taken along line 
4C-4C: 
0018 FIG. 4D is a sectional side elevation view of the 
adjustable end cap assembly illustrated in FIG. 4B, but con 
structed in accordance with an alternative embodiment; 
0019 FIG. 4E is a sectional side elevation view of the 
adjustable end cap assembly illustrated in FIG. 4D, but con 
structed in accordance with an alternative embodiment; 
0020 FIG. 4F is a sectional side elevation view of the 
adjustable end cap assembly illustrated in FIG. 4E, but con 
structed in accordance with an alternative embodiment; 
0021 FIG. 4G is a sectional side elevation view of the 
adjustable end cap assembly illustrated in FIG. 4F, but con 
structed in accordance with an alternative embodiment; 
0022 FIG. 5 is a sectional side elevation view of the vari 
able stiffness fixation rod illustrated in FIG.3A, but including 
a fixed end cap assembly in accordance with another embodi 
ment; and 
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0023 FIGS. 6A-C are perspective views of variable stiff 
ness fixation rods having different curved profiles. 

DETAILED DESCRIPTION 

0024 Certain terminology is used in the following 
description for convenience only and is not limiting. The 
words “right”, “left”, “lower and “upper designate direc 
tions in the drawings to which reference is made. The words 
“inwardly” or “distally” and “outwardly” or “proximally” 
refer to directions toward and away from, respectively, the 
geometric center of the variable stiffness rod assembly and 
related parts thereof. The words, “anterior”, “posterior, 
“superior,” “inferior' and related words and/or phrases des 
ignate preferred positions and orientations in the human body 
to which reference is made and are not meant to be limiting. 
The terminology includes the above-listed words, derivatives 
thereof and words of similar import. 
0025 Referring to FIG. 1A, a bone fixation assembly 20 
includes a plurality of bone fixation elements, such as bone 
fixation elements 22A-D, connected by a spine fixation rod 24 
that spans between the fixation elements 24A-D. As will be 
described in more detail below, the fixation rod 24 is config 
ured as a variable stiffness spine fixation rod whose stiffness, 
or flexibility, is adjustable depending, for instance, on the 
desired flexibility or stiffness that is to be imparted onto the 
underlying vertebral bodies 27A-D. Unless otherwise speci 
fied, the bone fixation assembly 20 and its components can be 
made from any Suitable biocompatible material Such as tita 
nium, titanium alloys such as titanium-aluminum-niobium 
alloy (TAN), implant-grade 316L stainless steel, poly-ether 
ether-ketone (PEEK) or any suitable alternative implant 
grade material. 
0026. The bone fixation elements 22A-D each include a 
bone anchor 30 that is implanted into a corresponding verte 
bra 27A-D disposed in a spinal region 29. The spinal region 
29 is illustrated as the lumbar region, but can alternatively 
include the thoracic region or the cervical region as desired. 
While the fixation rod 24 is illustrated as having a length 
sufficient to join four bone fixation elements 22A-D, it should 
be appreciated that the fixation rod 24 can have any length 
suitable for attachment to any desired number of bone fixation 
elements configured to attach to any corresponding number 
ofunderlying vertebral bodies. It is recognized that the degree 
of spine degradation can dictate the desired level of stiffness 
of the fixation rod 24. For example, instances of advanced 
vertebral or intervertebral degradation can indicate a high 
degree of desired fixation rod stiffness, while initial to inter 
mediate stages of vertebral or intervertebral degradation can 
indicate lower levels of desired fixation rod stiffness so as to 
permit greater amounts of Vertebral movement. 
0027. The fixation rod 24 defines a curved profile 31 
defined at least in part by a pair of opposing terminal ends 33a 
and 33b, and a middle portion 33c disposed between the 
terminal ends 33a-b and offset with respect to an imaginary 
straight line A that joins the terminal ends 33a-b. In the 
illustrated embodiment, the middle portion 33 c is disposed 
posterior with respect to the terminal ends 33a-b when the 
bone fixation elements 22A-D are implanted into the spine, 
such that the rod 24 is convex with respect to the spinal 
column 23, though it should be appreciated that the fixation 
rod 24 could be curved when implanted such that the middle 
portion 33 c is disposed anteriorly with respect to the terminal 
ends 33a-b, such that the fixation rod 24 is convex with 
respect to the spinal column 23. Accordingly, in the illustrated 
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embodiment, the fixation rod 24 is curved such that the rod 
24, including the terminal ends 33a-band the middle portion 
33c, lies in a desired plane. Such as the Sagittal plane S, when 
the bone fixation assembly 20 is secured to the underlying 
vertebrae 27A-D. In this regard, the fixation rod 24 is config 
ured to impart a lordotic profile onto the underlying vertebrae 
27A-D. 

0028. It should be appreciated that even though the fixa 
tion rod 24 is curved as illustrated, the rod is described herein 
as extending generally along a longitudinal direction L. 
Accordingly, various structure associated with the fixation 
rod 24 is described herein with reference to longitudinally 
inner and longitudinally outer directions, and derivatives 
thereof. The longitudinally inner direction refers to a direc 
tion from a respective one of the terminal ends 33a-b toward 
the middle portion 33c, while the longitudinally outer direc 
tion refers to a direction from the middle portion 33c toward 
a respective one of the terminal ends 33a-b. In this regard, it 
should be appreciated that the fixation rod 24 could be con 
structed as extending straight, for instance in the longitudinal 
direction L, if desired. 
(0029. With continuing reference to FIG. 1A, the bone 
fixation elements 22A-D will be described as and may be 
generally implanted in the spine, for instance at the pedicle 
portion of a lumbar, thoracic, or cervical vertebral body. In 
this regard, when the bone fixation elements 22A-D are 
joined by the rod 24, the assembly 20 fixes the relative posi 
tion of the vertebrae (illustrated schematically at 27A-D). 
Accordingly, the bone fixation elements 22A-D can be 
referred to as vertebral fixation elements or pedicle screw 
assemblies, the fixation rod 24 can be referred to as a spinal 
rod, and the bone fixation assembly 20 can be referred to as a 
spine fixation assembly. 
0030) Referring now to FIG. 1B, the bone fixation ele 
ments 22A-D of the bone fixation assembly 20 will now be 
described with respect to the bone fixation element 22 as 
illustrated. In particular, the bone fixation element 22 gener 
ally includes a bone anchor seat 26, a collet 28 disposed inside 
the anchor seat 26, a bone anchor 30 having ahead portion 39 
attached inside lowerfingers 49 of the collet 28, and a locking 
cap 34 installed in the anchor seat 26 at a location above the 
collet 28. 

0031. The locking cap 34 includes a set screw 38 and a 
saddle 40 rotatably coupled to the set screw 38. The set screw 
38 defines a threaded outer surface 35 that mates with a 
threaded inner surface 37 of the bone anchor seat 26. The 
saddle 40 defines a lower surface 41 curved to match that 
cross-sectional profile of the fixation rod 24. Likewise, the 
collet 28 defines an upper surface 45 curved to match the 
cross-sectional profile of the fixation rod. Thus, a rod receiv 
ing channel 36 is disposed, and as illustrated defined, between 
the collet 28 and the locking cap 34. The rod receiving chan 
nel 36 is configured to receive the fixation rod 24 therein. 
0032. The locking cap 34 can be actuated, such as rotated 
or screwed, between an unlocked position and a locked posi 
tion. When the locking cap 34 is in the unlocked position, the 
fixation rod 24 can slide with respect to the bone fixation 
elements 22A-D, the bone anchor 30 is free to pivot with 
respect to the anchor seat 26 as desired, and the bone anchor 
30 can further freely rotate relative to the anchor seat 26. 
When the locking cap 34 is in the locked position, such that 
the surfaces 41 and 45 bear tightly against the rod 24, the rod 
24 is unable to move inside the channel 36, and the collet 28 
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becomes tightened against the bone anchor Such that the bone 
anchor is unable to pivot or rotate with respect to the collet 28 
or the anchor seat 26. 

0033. While the fixation assembly 20 has been illustrated 
in accordance with one embodiment, it should be appreciated 
that the fixation rod 24 could alternatively extend and connect 
between fixation elements of any alternatively constructed 
fixation assembly 20 that is configured to attach or span 
between to two or more (i.e., a plurality of) underlying ver 
tebral bodies. For instance, while the bone fixation element 22 
is illustrated in accordance with one embodiment, the bone 
fixation element could be described in accordance any alter 
native embodiment so that it is capable of attaching to the 
bone fixation rod 24. In this regard, while the bone anchor 30 
is illustrated as a bone screw, or pedicle screw, the bone 
anchor can alternative be provided as a nail, pin, rivet, hook, 
or any alternatively constructed structure configured to be 
affixed to the underlying vertebrae. 
0034) Referring now to FIGS. 2-3A, the variable stiffness 
fixation rod 24 as constructed in accordance with one 
embodiment includes an outer member 110 that can be pro 
vided as a sleeve 111, an inner tensioning member 120 such as 
a cable 121 disposed inside the outer sleeve 111, and an 
adjustable end cap assembly 70 disposed at one or both ter 
minal ends 33a-b of the fixation rod 24. The adjustable end 
cap assembly 70 thus couples the inner tensioning member 
120 to the outer member 110 at least at one end of the fixation 
rod, and includes a translator is configured to be actuated to 
adjust the translate one end of the inner tensioning member 
120, which correspondingly adjusts the tension and stiffness 
of the inner tensioning member 120, and thus the overall 
stiffness of the fixation rod 24. For instance, as the tension of 
the inner tensioning member 120 is increased, the stiffness of 
the inner tensioning member 120 is also increased, which 
increases the overall stiffness of the fixation rod 24. Con 
versely, as the tension of the inner tensioning member 120 is 
decreased, the stiffness of the inner tensioning member 120 is 
also decreased, which decreases the overall stiffness of the 
fixation rod 24. 

0035. The outer member 110 defines a pair of opposing 
terminal ends 129a-b disposed proximate to the terminal ends 
33a-b, respectively, of the fixation rod 24. The outer member 
110 can be provided as an elongated rod-like element, similar 
to a conventional spinal rod that extends along a longitudinal 
axis and includes a hollow interior that can be centrally dis 
posed so as to define an internal cannulation 114 extending 
between the first and second terminal ends 33a-b. The outer 
member 110 can beformed of biocompatible material such as 
titanium, stainless steel, PEEK or other polymer. In the pre 
ferred embodiment, the outer member 110 is capable of bear 
ing a desired amount of load to assist in spinal corrective 
repair. 
0036. The outer member 110 can be provided with an 
as-manufactured initial or first stiffness or flexibility set by 
adjusting the amount of material removed during the forma 
tion of its cannulation 114. As greater amounts of material are 
removed to form the cannulation 114, the thickness of the 
cannulation 114 increases, and the material that defines the 
outer member 110 decreases in thickness, thereby causing the 
outer sleeve to have a higher initial flexibility than if the 
cannulation 114 is formed by removing less material from the 
outer member 110, thereby causing the cannulation 114 to 
have a reduced thickness, such that material that defines the 
outer member 110 has an increased thickness. In this regard, 
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it should be appreciated that the stiffness or flexibility of the 
fixation rod 24 is defined by a number of components, such as 
the stiffness or flexibility of the inner member 120, and stiff 
ness or flexibility of the outer member 110 disposed in the 
cannulation 114. Therefore, as the stiffness of inner member 
120 increases and decreases, the overall stiffness of the fixa 
tion rod 24 can likewise increase and decrease, respectively. 
Reference herein to increased or decreased stiffness can be 
equated to decreased or increased flexibility, respectively, and 
Vice versa. 

0037. The inner member 120 is preferably comprised of a 
flexible or substantially stiff elongated member such as the 
cable 121 as illustrated, or a tether, or other cord-like member 
made from titanium, titanium alloys Such as titanium-alumi 
num-niobium alloy (TAN), implant-grade 316L stainless 
steel, poly-ether-ether-ketone (PEEK) or any suitable alter 
native implant-grade material. If the inner member 120 is 
entirely encapsulated by the outer member 110, the inner 
member 120 may be made from materials other than implant 
grade materials, and thus can comprise any Suitable plastic or 
composite. In accordance with one embodiment, the stiffness 
of the inner member 120 increases as the inner member is put 
in tension, and decreases as the tension of the inner member 
120 is decreased. The inner member 120 defines a pair of 
opposing terminal ends 123a-b disposed proximate to the 
corresponding terminal ends 129a-b, respectively, of the 
outer member 110, and thus also proximate to the correspond 
ing terminal ends 33a-b, respectively, of the fixation rod 24. 
0038 Referring now to FIGS. 2-3B, the fixation rod 24 
includes an adjustable end cap assembly 70 disposed at each 
terminal end 33a and 33b. Each end cap assembly includes an 
inner generally cylindrical connector 72 that has a longitudi 
nally inner end 74 attached to the longitudinally outer end of 
the inner tensioning member 120. In the illustrated embodi 
ment, the outer member 110 defines an enlarged cylindrical 
channel 80 disposed at the opposing outer ends of the cannu 
lation 114 that receives the inner end 74 of the connector 72. 
The longitudinally inner end 74 of the connector 72 is illus 
trated as defining a central bore 73 that receives the inner 
member 120. For instance, the inner member 120 can be 
adhesively secured in the central bore 73, crimped in the 
central bore 73, or otherwise secured in the central bore 73 in 
any desired manner. The connector 72 defines a longitudi 
nally outer end 76 that presents radially outwardly extending 
threads 78. As will be described in more detail below, the 
connector 72 translates relative to the outer member 110, and 
thus provides a translator 115 that causes the corresponding 
longitudinally outer end of the inner member 120 to translate 
with the connector 72. 

0039 Each end cap assembly 70 further includes an outer 
cap 82 that defines an annular cap body 84 defining an inner 
channel 86 having threads 88 protruding therein that are 
configured to mate with the threads 78 of the connector 72. As 
shown in FIG. 2, the outer cap body 84 carries an actuator 85 
configured to engage any Suitable driving tool that can cause 
the outer cap body 84 to rotate with respect to the inner 
connector 72. In the illustrated embodiment, the actuator 85 
comprises a polygonal radially outer engagement Surface 87 
configured to be engaged by a wrench, pliers, or even by hand. 
It should be appreciated that the actuator 85 could define any 
alternative structure as desired that is capable of being driven 
in the manner described herein. In accordance with the illus 
trated embodiment, the actuator 85 rotates to drive the trans 
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lator 115, though it should be appreciated that the actuator 
could alternatively translate in the manner described below. 
0040. The outer cap 82 further defines a radially outer 
flange 90 projecting longitudinally inward from the cap body 
84. The flange 90 defines an inner diameter substantially 
equal to, or slightly greater than, the outer diameter of the 
outer member 110 such that the flange 90 is configured to ride 
along the outer member 110 during operation. The flange 90 
prevents contaminants from entering into the end cap assem 
bly 70 during operation, and provides a guide for the rotation 
of the outer cap 82. The flange 90 can further engage the outer 
member 110 in a manner such that the flange 90 is rotatable 
with respect to the outer member, but is fixed to the outer 
member 110 with respect to relative longitudinal movement. 
For instance, an engagement member Such as a Snap ring 142 
(see FIG. 4F) can couple the flange 90, and thus the outer cap 
82, to the outer member 110. 
0041 Referring now to FIGS. 3C and 3E, each end cap 
assembly 70 can be provided in an initial position 95 whereby 
the inner connector 72 is movable relatively longitudinally 
outward and relatively inward with respect to the outer cap 
82, the inner member 120, and the opposing endcap assembly 
70. In particular, the outer cap 82 is movable in a first rota 
tional direction R1 (for instance clockwise) relative to the 
inner connector 72, which causes the threadedly engaged 
inner connector 72 to translate relatively longitudinally out 
ward or longitudinally extend with respect to the outer cap 82. 
the inner member 120, and the opposing end capassembly 70, 
in the direction indicated by Arrow LO. As the inner connec 
tor 72 moves relatively outward, the tension of the inner 
member 120 increases to a second stiffness that is greater than 
the first stiffness, thereby increasing the stiffness of the inner 
member 120 and thus increasing the overall stiffness of the 
fixation rod 24. Thus, FIG. 3D illustrates the fixation rod 24 in 
a position 97 of increased stiffness with respect to the initial 
stiffness, or prior stiffness, illustrated in FIG.3C. With con 
tinuing reference to FIG. 3E, the inner connector 72 can 
define a radially outer stop flange 102 that is configured to 
abut the longitudinally inner end of the outer cap 82 so as to 
prevent over-rotation of the outer cap 82. 
0042. Referring now to FIGS. 3C and 3D, the outer cap the 
outer cap 82 is movable in a second rotational direction oppo 
site the first rotational direction R2 (for instance counter 
clockwise) direction relative to the inner connector 72, which 
causes the threadedly engaged inner connector 72 to translate 
relatively longitudinally inward or longitudinally retract with 
respect to the outer cap 82, the inner member 120, and the 
opposing end cap assembly 70, in the direction indicated by 
Arrow LI. As the inner connector 72 moves relatively inward, 
the tension of the inner member 120 decreases to a third 
stiffness that is less than the first stiffness (or prior stiffness, 
which could be the second stiffness), thereby decreasing the 
stiffness of the inner member 120 and thus decreasing the 
overall stiffness of the fixation rod 24. Thus, FIG. 3D illus 
trates the fixation rod 24 in a position 99 of decreased stiffness 
with respect to the initial stiffness, or prior stiffness. 
0043. Thus, during operation, the variable stiffness fixa 
tion rod 24 is applied between a plurality of (at least two) 
conventional pedicle screw assemblies of the type illustrated 
and described above with respect to bone fixation elements 
22A-D. The tension of the fixation rod 24 can be adjusted 
preoperatively or intraoperatively by rotating the outer cap 82 
at either or both ends 33a–b of the fixation rod 24 by using a 
simple instrument by hand. 
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0044) While the adjustable end cap assembly 70 has been 
illustrated and described in accordance with one embodi 
ment, it is appreciated that the end cap assembly 70 can be 
constructed in accordance with numerous alternative 
embodiments that is configured to selectively extend or 
retract the inner member 120. Unless otherwise indicated, the 
end cap assembly 70 is not intended to be limited to any of the 
embodiments disclosed herein. 
0045 Referring now to FIG. 4A, the end cap assembly 70 
can be configured such that the inner connector 72 is fixedly 
attached to, or integral with, the inner member 120. Thus, as 
illustrated, the outer diameter of the inner connector 72, and 
the corresponding inner diameter of the channel 86 can be 
greater than the diameter of the inner member 120 as illus 
trated, or can be substantially equal to or less than the diam 
eter of the inner member 120 if desired. 
0046 Referring now to FIG. 4B, it is appreciated that the 
inner connector 72 can be rotatable with respect to the inner 
member 120. The inner connector 72 carries a first engage 
ment member in the form of an annular recess 116 projecting 
radially outward into the surface 117 of the longitudinally 
inner end 74 of the inner connector 72 that defines the central 
bore 73. The outer member 110 carries a second engagement 
member in the form of a protrusion illustrated as an annular 
Snap ring 122 that is fitted over the inner member, and option 
ally disposed in a recess extending into the inner member, 
Such that the inner member carries the protrusion or Snap ring 
122. The snap ring 122 is configured to be inserted into the 
recess 116 and interlock with the recess So as to be rotatable 
therein, while preventing relative longitudinal movement 
between the connector 72 and the outer member 110. Accord 
ingly, the inner connector 72 is rotatable with respect to the 
outer member 110, and the inner member 120 moves longi 
tudinally with the connector 72. It should be appreciated that 
the first and second engagement members could be alterna 
tively constructed. For instance, the outer member 110 could 
define a recess and the connector could 72 carry a Snap ring or 
other protrusion as desired. 
0047. The longitudinally outer end of the outer member 
110 thus defines the inner bore 86 presenting inwardly pro 
jecting threads 88 configured to mate with the threads 78 of 
the connector 72. Thus, as the inner connector 72 is rotated in 
the first rotational (counterclockwise) direction R1 with 
respect to the outer member 110, the inner connector 72 
translates longitudinally outward with respect to the outer 
member 110 and the opposing connector 72 of the fixation rod 
24, which extends the inner member 120, thereby increasing 
the tension in the inner member 120, which increases the 
stiffness of the inner member 120 and also increases the 
stiffness of the fixation rod 24. As the inner connector 72 is 
rotated in the second rotational (clockwise) direction R2 with 
respect to the outer member 110, the inner connector 72 
translates longitudinally inward with respect to the outer 
member 110 and the opposing connector 72 of the fixation rod 
24, which retracts the inner member 120, thereby decreasing 
the tension in the inner member 120, which decreases the 
stiffness of the inner member 120 and also decreases the 
stiffness of the fixation rod 24. 

0048 Referring also to FIG. 4C, the inner connector 72 
carries the actuator 85 configured to engage any Suitable 
driving tool that can cause the inner connector 72 to rotate 
with respect to the outer member 110. As illustrated, the 
actuator 85 includes a pair of apertures 126 extends longitu 
dinally into the longitudinal outer Surface of the inner con 
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nector 72. Theapertures 126 are configured to engage teeth of 
a driving instrument which can thereby cause the rotation of 
the inner connector in the directions R1 and R2. 
0049 Referring now to FIG. 4D, the end cap assembly 70 
can be constructed substantially as illustrated with respect to 
FIG. 4C, however, the end cap assembly can include the outer 
cap 82 of the type illustrated in FIG. 4A. Accordingly, the 
tension of the inner member 120 can be increased or 
decreased by rotating either or both of the outer cap 82 and the 
inner connector 72 relative to each other. Alternatively, the 
outer cap 82 or the inner connector 72 can be rotatably fixed 
to the outer member 110. Accordingly, the outer cap 82 or 
inner connector 72 that is not rotatably fixed to the outer 
member 110 is configured to rotate relative to the other of the 
outer cap 82 and inner connector 72, thereby adjusting the 
tension of the inner member 120 in the manner described 
above. 
0050 Referring now to FIG. 4E, the end cap assembly 70 
can be constructed substantially as illustrated in FIG. 4D, 
however the outer cap 82 is fixedly attached to, or integral 
with, the inner connector 72. The end cap assembly 70 
includes threads 128 projecting radially inward from the 
flange 90, and the longitudinally outer end of the outer mem 
ber 110 includes threads 132 projecting radially outward 
therefrom. The threads 128 and 132 are configured to engage 
such that rotation of the outer cap 82 relative to the outer 
member 110 in the first (clockwise) rotational direction R1 
causes the end cap assembly 70 to translate longitudinally 
outward relative to the outer member 110 and the opposing 
end cap assembly 70, thereby extending the inner member 
120 and increasing the tension and stiffness of the inner 
member 120, which increases the stiffness of the fixation rod 
24. Rotation of the outer cap 82 relative to the outer member 
110 in the second (clockwise) rotational direction R2 causes 
the end cap assembly 70 to translate longitudinally outward 
relative to the outer member 110 and the opposing end cap 
assembly 70, thereby retracting the inner member 120 and 
decreasing the tension and stiffness of the inner member 120, 
which decreases the stiffness of the fixation rod 24. 
0051 Referring now to FIG. 4F, the end cap assembly can 
be constructed such that the outer cap 82 is fixedly attached to, 
or integral with, the inner connector 72 as illustrated in FIG. 
4.E. However, the inner connector 72 and the inner member 
120 do not include interlocking first and second engagement 
members. Furthermore, the outer cap 82 is not threadedly 
connected to the outer member 110. Rather, the central bore 
73 of the connector 72 carries radially inwardly projecting 
threads 134, and the longitudinally outer end of the inner 
member 120 carries radially outwardly projecting threads 
136 that mate with the threads 134. 

0052. The outer cap 82 carries a first engagement member 
in the form of an annular recess 138 projecting radially out 
ward into the radially inner surface of the flange 90. The outer 
member 110 carries a second engagement member in the 
form of a protrusion illustrated as an annular Snap ring 142 
that is fitted over the outer member 110, and optionally 
inserted into a recess extending into the outer member 110. 
such that the outer member 110 carries the protrusion or snap 
ring 142. The Snap ring 122 is configured to be inserted into 
the recess 138 and interlock with the recess 138 so as to be 
rotatable therein, while preventing relative longitudinal 
movement between the outer cap 82, and thus the connector 
72, and the outer member 110. Accordingly, the inner con 
nector 72 and outer cap 82 are rotatable with respect to the 
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outer member 110, and the inner connector 72 and the outer 
cap 82 are fixed with the outer member 110 with respect to 
relative longitudinal movement. 
0053. During operation, as the end cap assembly 70 is 
rotated in the first (clockwise) direction R1, the inner connec 
tor 72 rotates relative to the inner member 120, which causes 
the inner member 120 to extend longitudinally inward within 
the bore 73, thereby increasing the tension and stiffness of the 
inner member 120, and increasing the stiffness of the fixation 
rod 24. As the end cap assembly 70 is rotated in the second 
(counterclockwise) direction R2, the inner connector 72 
rotates relative to the inner member 120, which causes the 
inner member to retract longitudinally inwardly within the 
bore 73, thereby decreasing the tension and stiffness of the 
inner member 120, and decreasing the stiffness of the fixation 
rod 24. 
0054 Referring now to FIG. 4G, it is further appreciated 
that the end cap assembly 70 can be provided in accordance 
with an alternative embodiment, whereby the inner member 
120 is translated or extended longitudinally outward with 
respect to the outer member 110 and the opposing end cap 
assembly without inducing rotation in the end cap assembly. 
For instance, the inner connector 72 can be attached to the 
inner member 120 in any manner described above, and the 
inner connector can define a longitudinally outer portion 144 
that protrudes longitudinally out from the outer cap 82, and 
thereby provides an actuator that is configured to translate, 
thereby driving the translator 115, which is provided by the 
connector 72. 

0055 Any suitable crimping mechanism 146 can be pro 
vided having a first pair of arms 148 that are configured to 
engage and retain the longitudinally outer end 144 of the 
connector 72, and translate the connector 72 longitudinally 
outward in the first direction of Arrow F, thereby extending 
the inner member 120 and increasing the tension and stiffness 
of the inner member, which increases the stiffness of the 
fixation rod 24. Next, a pair of crimp arms 150 can engage the 
radially outer surface of the outer cap 82 along the direction of 
Arrow G, thereby crimping the outer cap 82 against the con 
nector 72 so as to lock the connector 72 and inner member 120 
in their longitudinally extended position. Finally, a pair of 
cutter blades 152 carried by corresponding cutter arms 151 
can cut, in the direction of Arrow H, the excess portion of the 
connector 72 that extends longitudinally beyond the outer cap 
82. 

0056. It should be appreciated that the outer cap 82, or 
alternatively the outer member 110 of the adjustable end cap 
assembly 70 constructed in accordance with any of the 
embodiments described herein, can be crimped in accordance 
with any of the embodiments described above if it is desired 
to provide the fixation rod 24 with a preset stiffness during 
manufacturing and assembly. In this regard, it should be 
appreciated that a kit can be provided that includes a plurality 
of variable stiffness fixation rods 24 throughout a range of 
preset stiffnesses. 
0057 Referring now to FIG. 5, it is appreciated that while 
the fixation rod 24 has been illustrated and described hereinas 
including an adjustable end cap assembly 70 at both terminal 
ends 33a-b, it is appreciated that the adjustable end cap 
assembly 70 can be provided at only one of the ends 33a-b, 
while the other of the ends 33a-b can include a fixed end cap 
assembly 154 that is not configured to adjust the tension of the 
inner member 120. The fixed end cap assembly 154 can be 
provided as any suitable structure that fixes the inner member 
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120 with respect to the outer member 110 at or proximate to 
one of the ends 33a-b (33b as illustrated), or anywhere along 
the length of the outer member 110. In accordance with the 
illustrated embodiment, the fixed end cap assembly 154 
includes a fixed connector 156 that is attached to, or integral 
with, the outer member 110. The connector 156 includes a 
connector body 158 that defines a bore 160 extending into the 
longitudinally inner surface 162 of the connector body 158 in 
a longitudinally outward direction. The bore 160 is config 
ured to receive, and attach to, the inner member 120. The 
connector body 158 can alternatively be integral with the 
inner member 120. Furthermore, one or both of the outer 
member 110 and the connector 156 can be crimped against 
the end 123b of the inner member 120. Accordingly, actuation 
of the opposing adjustable end cap assembly causes longitu 
dinal movement of the opposing end 123a of the inner mem 
ber 120 relative to the fixed end cap assembly 154 as opposed 
to an opposing adjustable end cap assembly as described 
above. 

0058. The variable stiffness rod 24 can be applied between 
any conventional polyaxial or monoaxial pedicle Screws and 
preferably does not require additional elements common to 
prior art dynamic stabilization devices such as bumpers or 
other spacing members, shielding elements for protecting the 
interaction between polymer and metallic elements, special 
locking caps and/or pedicle screw assemblies, or flared rod 
portions. 
0059. The adjustable end cap assemblies 70 at either or 
both of the ends 33a-b of the fixation rod 24 can be con 
structed in accordance with any of the embodiments illus 
trated and described above. In this regard, it should be appre 
ciated that the terminal ends 33a-b can include adjustable end 
cap assemblies of the same embodiments, or of different 
embodiments. Thus, the end cap assembly 70 disposed at the 
end 33a of the fixation rod 24 can be constructed the same or 
differently than the end cap assembly 70 disposed at the end 
33b of the fixation rod 24. In this regard, it should be appre 
ciated that the kit can include fixation rods 24 having different 
adjustable end cap assemblies 70 of the type described herein 
disposed at one or both of the terminal ends 33a-b. The one or 
more of the fixation rods 24 can further include the fixed end 
cap assembly 154 in the manner described above. 
0060 Referring now to FIGS. 6A-C, it is appreciated that 
the kit can further include a plurality of fixation rods 24 
having that define varying curvature profiles. For instance, the 
fixation rod 24 illustrated in FIG. 6A defines a first curvature, 
the fixation rod illustrated in FIG. 6B defines a second cur 
vature greater than the first curvature, and the fixation rod 
illustrated in FIG. 6C defines a third curvature greater than the 
second curvature. One or more, up to all, of the fixation rods 
24 illustrated in FIGS. 6A-C can include the adjustable end 
cap assembly 70 constructed in accordance with any of the 
embodiments illustrated and described herein at one or both 
ends 33a-b, and can further include the fixed end cap assem 
bly 154 at one of the ends 33a-b in the manner described 
above. 

0061. It will be appreciated by those skilled in the art that 
changes could be made to the embodiment described above 
without departing from the broad inventive concept thereof. It 
is understood, therefore, that this invention is not limited to 
the particular embodiment disclosed, but it is intended to 
cover modifications within the spirit and scope of the present 
invention as defined by the present description. 
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What is claimed is: 
1. A variable stiffness rod configured to span between two 

or more adjacent vertebral fixation elements, each vertebral 
fixation element including a channel formed therein config 
ured to receive the variable stiffness rod, the variable stiffness 
rod comprising: 

an outer member having a first end and an opposing second 
end, the outer member defining an interior cannulation 
extending between the first and second ends; 

an inner tensioning member configured to be disposed in 
the cannulation of the outer member, the inner tension 
ing member having a first stiffness; and 

an adjustable end cap assembly disposed at least at one of 
the first and second ends, the adjustable end cap assem 
bly configured to couple the inner tensioning member to 
the outer member, the adjustable end cap assembly 
including a translator coupled to the inner tensioning 
member, and an actuator configured to move in a first 
direction that drives the translator to extend the inner 
tensioning member, Such that the inner tensioning mem 
ber achieves a second stiffness that is greater than the 
first stiffness. 

2. The variable stiffness rod as recited in claim 1, wherein 
the actuator is configured move in a second direction that 
drives the translator to retract the tensioning member, Such 
that the tensioning member achieves a third stiffness that is 
less than the first stiffness. 

3. The variable stiffness rod as recited in claim 2, wherein 
the adjustable end cap assembly comprises an outer cap that 
carries the actuator, and an inner connector that is coupled to 
the inner tensioning member so as to provide the translator. 

4. The variable stiffness rod as recited in claim 3, wherein 
the outer cap is threadedly connected to the inner connector, 
such that rotation of the outer cap relative to the inner con 
nector in the first direction causes the inner connector and the 
coupled inner tensioning member to translate outward. 

5. The variable stiffness rod as recited in claim 4, wherein 
rotation of the outer cap relative to the inner connector in the 
second direction causes the inner connector and the coupled 
inner tensioning member to translate inward. 

6. The variable stiffness rod as recited in claim 3, wherein 
the inner connector is integrally coupled to the inner tension 
ing member. 

7. The variable stiffness rod as recited in claim 3, wherein 
the end cap is threadedly connected to the outer member and 
fixedly attached to the connector, such that rotation of the end 
cap relative to the outer member causes the connector to 
translate the inner tensioning member. 

8. The variable stiffness rod as recited in claim 7, wherein 
the end cap is integrally connected to the connector. 

9. The variable stiffness rod as recited in claim 1, wherein 
the adjustable end cap assembly comprises a connector that 
carries the actuator, and the connectoris further coupled to the 
inner tensioning member Such that the connector provides the 
translator. 

10. The variable stiffness rod as recited in claim 9, wherein 
the connector is threadedly coupled to the outer member, such 
that rotation of the connector relative to the outer member in 
the first direction causes the inner connector and the coupled 
inner tensioning member to translate outward. 

11. The variable stiffness rod as recited in claim 10, 
wherein rotation of the connector relative to the outer member 
in a second direction causes the connector and the coupled 
inner tensioning member to translate inward. 
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12. The variable stiffness rod as recited in claim 9, wherein 
the adjustable end cap assembly further comprises an outer 
cap that fits over the outer member, and the connector is 
threadedly connected to the outer cap. 

13. The variable stiffness rod as recited in claim 10, 
wherein the connector is threadedly coupled to the inner 
member, Such that rotation of the connector causes the inner 
member to translate relative to the outer member. 

14. The variable stiffness rod as recited in claim 13, 
wherein the adjustable endcap assembly further comprises an 
outer cap fixedly attached to the connector, and the outer cap 
is attached to the outer member so as to be rotatable with 
respect to the outer member, and longitudinally fixed with 
respect to the outer member. 

15. The variable stiffness rod as recited in claim 9, wherein 
the connector is translatable relative to the outer member, 
thereby causing the inner tensioning member to translate 
relative to the outer member. 

16. The variable stiffness rod as recited in claim 15, 
wherein the connector comprises an outer portion that pro 
trudes past the outer member, and the outer portion is config 
ured to be engaged and pulled outward. 

17. The variable stiffness rod as recited in claim 16, 
wherein the adjustable endcap assembly further comprises an 
end cap coupled to the outer member, the end cap further 
receiving the connector Such that the outer portion protrudes 
past the end cap. 

18. The variable stiffness rod as recited in claim 1, wherein 
the rod defines a curvature. 

19. The variable stiffness rod as recited in claim 1, further 
comprising a second end cap assembly disposed at the other 
of the first and second ends, the second end cap assembly 
configured to couple the inner tensioning member and the 
outer member. 

20. The variable stiffness rod as recited in claim 19, 
wherein the second end cap assembly is adjustable so as to 
vary the stiffness of the inner tensioning member. 
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21. The variable stiffness rod as recited in claim 19, 
wherein the second end cap assembly is not configured to 
adjust the stiffness of the inner tensioning member. 

22. A kit comprising a plurality of variable stiffness rods, 
each variable stiffness rod configured to span between two or 
more adjacent vertebral fixation elements, each vertebral 
fixation element including a channel formed therein config 
ured to receive the variable stiffness rod, each variable stiff 
ness rod comprising: 

an outer member having a first end and an opposing second 
end, the outer member defining an interior cannulation 
extending between the first and second ends; 

an inner tensioning member configured to be disposed in 
the cannulation of the outer member, the inner tension 
ing member having a first stiffness; and 

an adjustable end cap assembly disposed at least at one of 
the first and second ends, the adjustable end cap assem 
bly configured to couple the inner tensioning member to 
the outer member, the adjustable end cap assembly 
including a translator coupled to the inner tensioning 
member, and an actuator configured to move in a first 
direction that drives the translator to extend the inner 
tensioning member, Such that the inner tensioning mem 
ber achieves a second stiffness that is greater than the 
first stiffness, 

wherein at least one of the variable stiffness rods has a 
different curvature with respect to one of the other vari 
able stiffness rods. 

23. The kit as recited in claim 22, wherein the adjustable 
end cap assembly comprises an outer cap that carries the 
actuator, and an inner connector that is coupled to the inner 
tensioning member so as to provide the translator. 

24. The variable stiffness rod as recited in claim 22, 
wherein the adjustable end cap assembly comprises a con 
nector that carries the actuator, and the connector is further 
coupled to the inner tensioning member Such that the connec 
tor provides the translator. 
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