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PERCUTANEOUS SYSTEM FOR DYNAMIC SPINAL STABILIZATION

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to US provisional patent application no. 60/823,246,
filed August 22, 2006 and to US patent application no. 11/771,770 filed June 29, 2007.

FIELD OF THE INVENTION
The present invention relates generally to methods and systems for the treatment of
disorders of the spine, and more specifically to methods and systems for dynamic

stabilization of the spine.

BACKGROUND OF THE INVENTION

Lower back pain is one of the most common, and one of the most expensive,
disorders afflicting industrialized societies. Conservative treatments include rest, application
of ice or heat, exercise, physical therapy, narcotics, steroids and weight control. If these
treatments are insufficient to control pain and allow return to normal activity, surgical
treatment may be required in which all or part of one or more degenerated, ruptured or
otherwise failing discs is removed. This is followed by insertion of an interbody device, for
example an artificial disc or fusion implant, and/or fusion of adjacent vertebrac. While fusion
surgery is effective in a majority of cases, it has several disadvantages including a reduced
range of spinal motion and an increased load transfer to adjacent levels of the spine, which
accelerates degeneration at those levels and increases the likelihood of later problems with
adjacent spinal segments. External stabilization of spinal segments, either alone or in
combination with lumbar fusion and/or implantation of interbody devices, provides
significant advantages over lumbar fusion alone, including prevention or reduction of pain.

US Patent 6,530,929 describes instruments for use in placing a brace, or stabilization
device, in for example the spine. The brace comprises at least two anchors, such as pedicle
screws, that are placed in adjacent vertebrae and a generally rigid rod that extends between,

and is held in place by, the two pedicle screws. This spinal stabilization system, known as
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the Sextant™™ system, is commercially available from Medtronic, Inc. (Minneapolis, MN).
The Sextant™ system, which employs multiaxial pedicle screw implants and pre-contoured
rods that are inserted percutancously, requires the surgeon to make three, relatively small,
incisions in order to place two pedicle screws and the rod — one to insert each of the screws
and one to insert the rod.

A similar system, known as the Viper'™ System, is available from DePuySpine, Inc.
(Raynham, MA). While the Viper'™ system also employs pedicle screws and a generally
rigid rod, it only requires the surgeon to make two incisions — one to insert each screw. This
is achieved by introducing the rod through a closed screw extension using a rod holder that is
rotated through 90°. While systems such as the Viper'™ and the Sextant'™ systems can be
employed to stabilize the spine, they have the disadvantage of preventing any motion
between the two adjacent vertebrae.

In order to overcome this problem, dynamic stabilization systems have been designed
that are intended to stabilize the spine by controlling abnormal spinal motion while
preserving near normal spine function. US published patent application no. US 2005/
0143737 describes a stabilization system that employs at least one flexible element interposed
between a bone anchor, such as a pedicle screw, and a generally rigid stabilization member,
such as a rod or plate. Such a system, which would be difficult to implement in practice, is
not yet commercially available.

The Dynesys' ™ system from Zimmer, Inc. (Warsaw, IN) is a dynamic stabilization
system that is designed to bring lumbar vertebrac back into a more natural anatomical
position while stabilizing affected spinal segments. This system, which is described for
example in US Patent 7,073,415 and European Patent EP0669109B1, the disclosures of
which are hereby incorporated by reference, is designed to be used cither as a stand-alone
treatment or in conjunction with fusion surgery. The system includes at least two pedicle
screws that are anchored in adjacent vertebrae, and a flexible stabilizing cord that is threaded
through, and extends between, the pedicle screws. The stabilizing cord consists of functional,
working and inserting zones having varying thickness and flexibility. A separating cushion,
or spacer, through which the cord passes, is positioned between the two pedicle screws. The
stabilizing cord limits bending movements while the spacer holds the spinal segments in an
anatomically functional position.

The Dynesys™ system is implanted by exposing the back of the spinal segment,
inserting the pedicle screws into the vertebrae, cutting the spacers to the correct size, and

putting the stabilizing cord in place. When employed to stabilize more than one spinal
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segment, the spacers are inserted segment by segment. The stabilizing cord is fixed in the
eyes of the pedicle screws by mean of set screws. The surgeon can pretension the stabilizing
cord separately for each spinal segment before fixing the cord in the pedicle screws, using a
specially designed instrument. The stabilizing cord is then cut to the required length and the
wound is closed. The main disadvantage of the Dynesys' ™ system is that significant spinal
exposure and paraspinous muscle stripping is necessary in order to place the hardware,
requiring the surgeon to make a relatively large incision. This leads to increased trauma with
an associated increase in recovery time and risk of complications. In addition, the
instrumentation for the Dynesys' ™ system is clumsy and does not permit a percutancous
approach.

US published patent application no. US 2005/0065516 discloses a spinal fixation
device comprising two securing members, such as pedicle screws, and a flexible metal
connection unit connected to the two securing members, wherein the metal connection unit
comprises a metal tube or pipe. In certain embodiments, the outer surface of the metal tube is
provided with spiral cuts or grooves to provide a desired level of flexibility.

There remains a need for an effective dynamic spinal stabilization system that can be

implanted in a patient using minimally invasive procedures.

SUMMARY OF THE INVENTION

The present invention provides a minimally invasive, percutaneous system that allows
for dynamic stabilization of the spine, together with methods of using the system. The
system and methods disclosed herein may be effectively employed in the treatment of acute
and chronic instabilities or deformities of the vertebral spine, including the thoracic, lumbar,
sacral and/or cervical spine, such as, but not limited to, degenerative disc diseases, spinal
stenosis, spondylolithesis, spinal deformities (for example, degenerative scoliosis, kyphosis
and/or lodosis), fractures and dislocations due to physical trauma, pseudarthrosis and tumor
resection. The system and methods can be used in addition to, or in place of, fusion treatment
in which a surgeon removes portions of the affected disc and bone from the spine.

The disclosed minimally invasive system allows a surgeon to effectively stabilize two
or more adjacent vertebrae, while maintaining some degree of motion, without making large
incisions. This reduces the amount of trauma to the patient and decreases the recovery time.
Using the system disclosed herein, the surgeon need only make a small number of small
incisions, for example two, on each side of the spine, to give a total of four incisions, when

stabilizing two adjacent vertebrae. Furthermore, each incision need only be a stab incision of
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about 7-10 mm in length.

In one aspect, a system is provided that comprises a first bone anchoring member,
such as a pedicle screw, that is anchored in a first vertebra, and a second bone anchoring
member that is anchored in a second, adjacent, vertebra. The first and second bone anchoring
members, or pedicle screws, include a first head portion and second head portion,
respectively, that are sized and shaped to hold a flexible elongated member, or cord. In
certain embodiments, the cord is provided with a stiffened, relatively inflexible, end portion
that is fixedly attached to the cord and that facilitates threading, or passing, of the cord
through the first and second head portions. Preferably, the end portion of the cord is tapered.
In one embodiment, the cord and/or its end portion is hollow, or cannulated, and the tip of the
cord and/or end portion is open to permit threading of the cord onto a guidewire to aid in
placement of the cord. The tip of the cord and/or the stiffened end portion may also, or
alternatively, be provided with a protrusion that can be engaged by an instrument, such as a
forceps-like instrument, thereby allowing the cord to be pulled through the first and second
head portions. As detailed below, the cord and/or its end portion may be provided with an
articulating joint that provides some flexibility to the cord in proximity to its tip. The system
further comprises a hollow, generally cylindrical, flexible spacer that can be threaded onto
the cord, and that is sized to fit between, and abut, the first and second head portions once the
pedicle screws are anchored in the vertebrae.

In certain embodiments, first head portion of the first pedicle screw is provided with
an aperture that extends through the head portion and is sized to receive a portion of the cord.
The diameter of this aperture is smaller than the outer diameter of the spacer such that the
spacer is unable to enter the aperture and instead abuts the outer face of the first head portion.
Once the cord is positioned in the aperture, it is fixed in position by means of a first locking
member, such as a set screw which is able to engage a threaded portion provided on the
inside of a hole, or aperture, in the top of the first head portion. In one embodiment, second
head portion of second pedicle screw is also provided with an aperture that extends through
the head portion. The diameter of this aperture is greater than the outer circumference of the
spacer, such that the spacer is able to pass through this aperture. The cord may be fixed in
position in the second head portion in the same, or a similar, manner as in the first head
portion.

Using this embodiment, the surgeon first anchors first and second pedicle screws in
adjacent vertebrae and determines the distance between the two screws, thereby determining

the required length of the spacer. The stiffened end portion of the cord is then threaded, or
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passed, through the apertures in the first and second head portions as detailed below, such
that the cord spans the distance between the first and second head portions. The spacer is
threaded onto the opposite end of the cord and pushed through the aperture in the second
head portion on second pedicle screw until it abuts the first head portion of the first pedicle
screw. As described below, an insert may be optionally used to prevent movement of the
spacer in a reverse direction on the cord and to aid in securing the cord in the second head
portion. Once the cord is secured in the first and second head portions, it is cut to the desired
length.

In a second embodiment, the second head portion on the second pedicle screw is
generally tulip-shaped and is provided with a generally U-shaped slot, or recess, that extends
through the second head portion and that is sized to receive the cord. The cord may be
fixedly held in the passageway by means of a second locking member, as described in detail
below. Using this embodiment, the stiffened end portion of the cord is threaded through the
aperture in the first head portion on the first pedicle screw. The spacer is then threaded along
the cord until a first end of the spacer abuts the outer surface of the first head portion and a
region of the cord immediately outside the second end of the spacer is placed in the slot on
the second head portion and fixed in place using the second locking member.

In a related embodiment, the second pedicle screw head portion includes first and
second rotatable members positioned in the U-shaped recess having first and second
generally vertical faces, respectively, wherein the first and second faces are spaced apart to
form a passageway for receiving the spacer mounted on a portion of the cord. Once the cord
and spacer are positioned in the passageway, distal ends of the first and second faces are
rotated proximally towards each other whereby the spacer is pushed along the cord and out of
the head portion towards the first pedicle screw head portion.

In another aspect, a tool for grasping and retaining a portion of a flexible elongated
spinal stabilization member, such as a cord, during implantation in a patient’s body in
provided. In one embodiment, the tool comprises a first generally U-shaped elongated
member and a second generally U-shaped elongated member, wherein the outer radius of the
second elongated member is smaller than the inner radius of the first elongated member. The
inner surface of the first elongated member is provided with at least one first engagement
member that slidably engages at least one second engagement member provided on an outer
surface of the second elongated member. Following positioning of a portion of the spinal
stabilization member in a lower portion of the first elongated member, second elongated

member is advanced in first elongated member in a generally downwards direction with the
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first engagement member engaging the second engagement member, whereby distal ends of
the first and second engagement members are brought into proximity with each other and
grasp the spinal stabilization member.

In certain embodiments, the first engagement member is provided as an inward
protrusion that extends along, but not parallel to, a longitudinal axis of the first elongated
member whereby the first engagement member is closer to an outer edge of first elongated
member in an upper region of the first elongated member than in a lower region of the first
clongated member. The second engagement member is provided as an outward protrusion
that extends along, but not parallel to, a longitudinal axis of the second elongated member
whereby the second engagement member is closer to an outer edge of first elongated member
in a lower region of the second elongated member than in an upper region of the second
elongated member. The inner surface of the first elongated member may be provided with
two opposing first engagement members and the outer surface of the second elongated
member is provided with two opposing second engagement members.

In a related aspect, a tool set for applying tension to a flexible elongated spinal
stabilization member during implantation in a patient is provided, the tool set comprising an
elongated guide tube having an open upper end and an open lower end, the tube being sized
to fit over at least a head portion of a bone anchoring member, and a retaining member that is
positionable in the guide tube to grasp and retain a proximal region of the spinal stabilization
member following positioning of a distal region of the spinal stabilization member in the
bone anchoring member. The retaining member includes a first generally U-shaped
elongated member and a second generally U-shaped elongated member having an outer
radius that is smaller than an inner radius of the first elongated member, and a rigid elongated
tensioning member that is positionable in the guide tube to engage, and apply tension to, a
region of the spinal stabilization member. The inner surface of the first elongated member is
provided with at least one first engagement member that slidably engages at least one second
engagement member provided on an outer surface of the second elongated member.
Following positioning of the proximal region of the spinal stabilization member in at least a
portion of the first elongated member, second elongated member may be advanced in first
elongated member with the first engagement member engaging the second engagement
member, whereby distal ends of the first and second engagement members are brought into
proximity with each other thereby grasping the proximal region of the spinal stabilization
member. In certain embodiments, the tensioning member is in the form of a rod having an

enlarged distal region.
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The tool set may also include a handle that can be grasped by the hand of a user and
that comprises a first handle member attached to the first elongated member that is able to
engage a second handle member attached to the second elongated member. First and second
indicators may be provided on the first and second handle members, respectively, wherein
correct positioning of the first and second elongated members is indicated by mating of the
first and second indicators. The tensioning member may also be movably connected to the
handle.

These and additional features of the present invention and the manner of obtaining
them will become apparent, and the invention will be best understood, by reference to the

following more detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in greater detail in the following detailed
description, with reference to the accompanying drawings, wherein:

Fig. 1 is a side view of one embodiment of the dynamic stabilization system disclosed
herein implanted in a spinal segment.

Fig. 2 shows first and second pedicle screws for use in the disclosed dynamic
stabilization system.

Figs. 3A and 3B show one embodiment of the dynamic stabilization system with
attached guide tubes, with Fig. 3A being a front view and Fig. 3B being a perspective view.

Figs. 4A and 4B are perspective views of the embodiment of Figs 3A and 3B, with
Fig. 4A illustrating the threading of a cord through the pedicle screws, and Fig. 4B
illustrating the threading of a spacer and optional insert along the cord.

Figs. 5A-51 illustrate various embodiments of a stiffened end portion provided on the
cord.

Fig. 6 shows an alternative embodiment of a pedicle screw for use in the disclosed
dynamic stabilization system.

Fig. 7 shows an embodiment of a head portion of a pedicle screw with insert for use in
the dynamic stabilization system.

Figs. 8A-C show an embodiment of a head portion of a pedicle screw with a rotatable
inner member for use in the disclosed dynamic stabilization system.

Figs. 9A-C show an embodiment of a head portion of a pedicle screw with a
removable wedge for use in the dynamic stabilization system.

Figs. 10A and 10B illustrate a cord having an enlarged region positioned in a
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passageway of a tulip-shaped screw head portion prior to and after, respectively, application
of a locking cap.

Figs. 11A-D illustrate the use of rotatable wing elements in the head portion of a
pedicle screw for placing and retaining a spacer on a cord. Figs. 11A and 11B are top views
of a head portion of a pedicle screw including such rotatable elements. Figs. 11C and D are
side views of a rotatable wing element.

Figs. 12A-F illustrate a tensioning system that may be employed to tension a cord
extending between at least two pedicle screws. Fig. 12A is a side view of the tensioning
system. Fig. 12B is a top view of a first elongated member and a second elongated member
of the tensioning system and Fig. 12C is a perspective view of the first and second elongated
members. Figs. 12D-F, are top views of the first and second elongated members in an initial
engagement position, a partially closed position and a full closed position, respectively.

Figs. 13A and B are side and top views, respectively, of a handle for use with the
tensioning system of Figs. 12A and B.

Figs. 14A and B are side views of a first and a second embodiment, respectively, of a

tensioning system disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

While in the specific embodiments described below, the system is used to stabilize
two adjacent vertebrae, those of skill in the art will appreciate that the system disclosed
herein may also be employed to effectively stabilize three or more adjacent vertebrae by
employing additional pedicle screws and spacers. As shown in Fig. 1, in one embodiment
spinal stabilization system 10 comprises two anchoring members, such as pedicle screws 1
and 3, which are anchored into adjacent vertebrae 5 and 7, respectively. Pedicle screws 1 and
3 are formed of a durable, generally rigid, biocompatible material, such as, but not limited to,
carbon fiber, titanium, titanium alloys, Nitinol™, cobalt-chromium alloys and cobalt-
chromium-molybdenum alloys, and may be cannulated in order to allow use of a guidewire
for positioning the screws. Screws of various lengths, diameters, and threadforms may be
employed, depending upon the size of the vertebrac. For example, screws 1 and 3 may have
diameters of 5.5, 6.5 and 7.5 mm, and lengths from 35 to 55 mm. Each pedicle screw
comprises a bone engagement portion 2 and 4, and a head portion 9 and 11. In the
embodiments illustrated herein, bone engagement portions 2 and 4 are threaded. However,
those of skill in the art will appreciate that other designs of bone engagement portions may be

effectively employed in the systems disclosed herein. Head portions 9 and 11, which are
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described in detail below, each have an aperture 13 and 15 through which an elongated
flexible member, or cord, 17 is passed.

Cord 17 is constructed of a flexible, durable, biocompatible material, such as, but not
limited to, polyethylene terephthalate (PET). Alternatively, cord 17 may be constructed of a
stiffer polymer that can be extruded or molded. In certain embodiments, cord 17 is
constructed of a material whose tension varies with temperature, such that the cord tension
decreases or increases as cord 17 warms from room to body temperature. Suitable materials
are well known to those of skill in the art. In other embodiments, cord 17 may be in the form
of a braided metal cord or wire, formed for example, by braiding filaments of stainless steel,
an aluminum-nickel alloy, titanium, a titanium alloy cobalt chrome steel or other metals
known to be appropriate for use in the body. If desired, cord 17 can be pre-tensioned prior to
being threaded through apertures 13 and 15 using techniques and instruments well known in
the art, such as those described in US Patent 6,616,667. The structure of cord 17 is described
in detail below.

In certain embodiments, pedicle screws 1 and 3 are polyaxial screws, whereby head
portions 9 and 11 have a range of motion along several different axes, thus allowing the
surgeon some flexibility in placing pedicle screws 1 and 3. As shown in Fig. 2, each of the
head portions 9 and 11 is provided with two generally planar opposing sides or end faces 19
and 21 which form support surfaces for a generally cylindrical spacer 23. Spacer 23 has a
tubular hollow configuration and is constructed of a durable, biocompatible material such as,
but not limited to, polycarbonate urethane. In certain embodiments, spacer 23 may be formed
of a material whose stiffness increases as its temperature increases following positioning in
the body. Spacer 23 is positioned between pedicle screws 1 and 3, with cord 17 extending
through spacer 23 along a linear axis. In embodiments where at least three pedicle screws
and at least two spacers are employed per ipsilateral side, for example in systems spanning
three adjacent vertebrae, spacers of different stiffness may be employed. For example, a
relatively flexible spacer may be employed between a first pedicle screw positioned in a first
vertebra and a second pedicle screw positioned in a second vertebra, and a relatively
inflexible spacer may be employed between the second pedicle screw and a third pedicle
screw positioned in a third vertebra. This is particularly useful when the second and third
vertebrae are fused together. The relatively flexible spacer may be sufficiently flexible to
permit a range of motion that is considered by one of skill in the art to be normal for a healthy
subject, while the relatively inflexible spacer may have a flexibility that restricts movement

between two adjacent bones to a level that is sufficient to permit fusion of the bones. In
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certain embodiments, the relatively flexible spacer is designed to allow a desired amount of
movement between the adjacent vertebrae such as, but not limited to, movement of between 5
micron to 20 micron, while the relatively inflexible spacer is designed to reduce movement
between adjacent vertebrae to a level sufficient to achieve fusion of the vertebrae.

As will be appreciated by those skilled in the art, pedicle screws 1 and 3, cord 17,
spacer 23 and/or regions thereof may be radiopaque or may be provided with one or more
radiopaque markers, in order to facilitate positioning of the system by a surgeon. Cord 17
and spacer 23 may include two different radiopaque materials in order to allow the surgeon to
differentiate between the positions of these two elements.

As shown in Fig. 2, the diameter of aperture 13 in pedicle screw 1 is larger than the
diameter of aperture 15 in pedicle screw. More specifically, the diameter of aperture 13 is
larger than the outer diameter of spacer, while the diameter of aperture 15 is smaller than the
outer diameter of spacer 23. Accordingly, spacer 23 is able to pass through aperture 13 but is
unable to pass through aperture 15. Each of head portions 9 and 11 may be provided with
notches or indentations 25 and 25’ for engagement with guide tubes described in detail
below. Other known attachment mechanisms, including, but not limited to, threads may
alternatively be employed to engage head portions 9 and 11 with guide tubes.

During implantation of spinal stabilization system 10, pedicle screws 1 and 3 are
anchored in adjacent vertebrae 5 and 7 using techniques well known to those of skill in the
art. Head portions 9 and 11 of screws 1 and 3 are positioned such that apertures 13 and 15
are generally transverse to the axis of screws 1 and 3 and oppose each other. However, those
of skill in the art will appreciate that, due to anatomy and methods necessary for placement,
the axes of the apertures may not necessarily be coincident or collinear. The distance
between pedicle screws 1 and 3 is measured in order to determine the required length of
spacer 23. Techniques and instruments for measuring the distance between two inserted
pedicle screws are well known in the art and include, for example, those described in US
Patent 7,073,415.

Following implantation of pedicle screws 1 and 3, closed guide tube 27 and open
guide tube 29 are attached to pedicle screws 1 and 3, respectively, by means of notches 25
and 25°, as illustrated in Figs. 3A and 3B. Open guide tube 29 is provided with a generally
linear slot 31 which extends along a vertical axis of extension and is open at the upper end of
guide tube 29. Closed guide tube 27 is provided with a generally linear slot 33 which extends
along a vertical axis of extension and is closed at the upper end of guide tube 27. Both open

slot 31 and closed slot 33 are sized to receive at least a lower portion 35 and a mid-portion 37

10
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of an elongated handle 39. At least one of open slot 31 and closed slot 33 may be provided
with an enlarged opening, or cut-out 40 (shown in Fig. 10B), positioned at its lower region,
for example in order to facilitate positioning of fastening screws in head portions 9 and 11 of
pedicle screws 1 and 3. Upper portion 41 of handle 39 is shaped and sized to mate with a top
portion 43 of closed guide tube 27. Guide tubes 27 and 29, together with handle 39, are
constructed of materials currently employed in similar surgical instruments, such as surgical
stainless steel. One practiced in the art will appreciate that there are other methods of
providing pivots for handle 39 and for allowing handle 39 to function in a manner similar to
that described above.

Closed guide tube 27 and open guide tube 29 are positioned such that open slot 31 and
closed slot 33 are orientated in the same vertical plane. Handle 39 is then positioned in slots
31 and 33 at an angle of about 90° with respect to the vertical axis of guide tubes 27 and 29,
with lower portion 35 of handle 39 extending through, and away from, closed extension 27.
Tip 45 of lower portion 35 engages cord 17 at a forward, or front, region 47, for example by
means of a pincer mechanism. Upper portion 41 of handle 39 is raised until it engages top
portion 43 of closed guide tube. As shown in Fig. 4A, as top portion 41 is raised, handle tip
45 and cord front region 51 are directed towards pedicle screws 1 and 3, and cord 17 is
threaded through apertures 13 and 15. The upper portion 41 of handle 39 is then lowered and
handle tip 45 is disengaged from cord 17. An instrument, not shown, is then directed through
guide tube 29 and is employed to grip, or connect with, cord front region 47 and pull it up
alongside of, or alternatively into, open guide tube 29.

Spacer 23 and an optional insert, or locking ring, 49 are then introduced, for example
through guide tube 27, threaded onto cord 17 as shown in Fig. 4B. Upper portion 41 of
handle 39 is again raised, whereby handle tip 45 engages and pushes spacer 23 and optional
locking ring 49 along cord 17 towards pedicle screws 1 and 3. As discussed above, spacer 23
has an outer diameter that is smaller than that of aperture 13 on pedicle screw 1 and thus
passes through aperture 13 along cord 17 until it abuts end face 21 on pedicle screw 3.
Locking ring 49 has an approximately circular configuration with an aperture extending
through it. The diameter of this aperture is approximately the same as the inner diameter of
spacer 23. However, the outer diameter of locking ring 49 is larger than the outer diameter of
spacer 23 and is approximately the same as the diameter of aperture 13. Locking ring 49 thus
travels along cord 17 until it enters aperture 13, and is subsequently retained in aperture 13 by
application of a set screw or other fastening/locking mechanism commonly known in the art,

thereby preventing any backwards movement of spacer 23. Locking ring 49 is made of a
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generally rigid material and may be constructed of the same material as head portion 9 of
pedicle screw 1. In certain embodiments, locking ring 49 is sized to extend beyond aperture
13 along cord 17 in the direction of spacer 23, thereby exerting pressure on spacer 23.

Following positioning of spacer 23, handle 39 is removed and cord 17 is fixed in
place in apertures 13 and 15 of screw head portions 9 and 11, as described below, prior to
being cut at, or in proximity to, the side of head portion 9 that is distal to spacer 23.

As will be appreciated by those of skill in the art, two handles may be employed in
place of handle 39. For example, a first handle may be employed to pull cord 17 through
apertures 13 and 15, and a second handle may be employed to push spacer 23 and optional
locking ring 49 along the cord. Alternatively, cord 17 may be pulled through apertures 13
and 15 using a forceps-like instrument, as is known in the art.

As shown in Fig. 5A, in certain embodiments, a first, distal, end of cord 17 is
provided with a stiffened end piece 51 preferably constructed of a semi-rigid, biocompatible
material, such as polyethylene. End piece 51 may have, but is not limited to, a length of
approximately 15 to 50 mm and is fixedly attached to cord 17. End piece 51 may be
generally straight or may be curved. The use of a stiffened end piece on cord 17 facilitates
threading of cord 17 through apertures 13 and 15 on pedicle screws 1 and 3. End piece 51
may have a tapered tip as shown in Fig. SA. Alternatively, as shown in Fig. 5B, end piece 51
may be provided with a protrusion 55 at its tip which can be engaged by a tool, such as a
forceps- or hook-like tool, to facilitate pulling of cord 17 through apertures 13 and 15. While
the protrusion illustrated in Fig. 5B has a generally doughnut-like shape, protrusions having
other shapes may also be effectively employed on end piece 51. Other fastenable
connections known to those skilled in the art may be employed to grasp, control and/or guide
end piece 51 such that cord 17 is threaded through apertures 13 and 15, and end piece 51 is
removed through, or alongside of, guide tube 29.

In yet another embodiment, both cord 17 and end piece 51 are cannulated, and end
piece 51 is provided with an open tip 57 as shown in Fig. 5C. In this embodiment, a
guidewire 59 may be first threaded through apertures 13 and 15 in pedicle screws 1 and 3, for
example essentially as described above. Cord 17 is then threaded over guidewire 59 and
through apertures 13 and 15. Alternatively, a cannulated cord, without a stiffened endpiece,
may be employed in conjunction with a guidewire. In this embodiment, the cord is
preferably formed of a comparatively stiff material. Distal end piece 51 may include a joint
which may be partially opened in order to allow some flexibility. An example of such a joint

is shown in Fig. 5D. In this embodiment, end piece 51 includes a first portion 61 provided
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with a first locking mechanism 63 which mates with a second locking mechanism (not
shown) located on the inside of a second portion 65 of end piece 51, wherein the first and
second portions can pivot with respect to each other. When first portion 61 is pushed towards
second portion 63, the two locking mechanisms engage thereby locking portions 61 and 63
together. When first portion 61 and second portion 63 are pulled away from each other, the
two locking mechanisms partially, but not completely, disengage, thereby allowing end piece
51 to flex. In this embodiment, second portion 63 is first pushed through and then pulled if
necessary.

In an alternate embodiment, illustrated in Figs. SE-I, first and second portions 61 and
65 are provided with a mechanism such that, when first portion 61 is pushed and second
portion 65 experiences some resistance to that pushing, the first and second portions become
slidably engaged, for example by means of fingers 62 and 62’ protruding from first portion
61 and second portion 65, respectively, towards each other. Fingers 62 and 62’ interdigitate
during engagement to make a single assembly. When pulled, the second portion 65 slides
apart from first portion 61 disengaging the interdigitation while remaining attached via, for
example, a hinge pin 64 in slots 66 and 66’ or a similar mechanism. This enables second
portion 65 to pivot around a corner before first portion 61 thus providing a system that can
turn a sharper corner (i.e. transverse a shorter radius curve), allowing the end piece 51 to be
pulled up through, or alongside, tube 29 in a smaller space and with less adjacent tissue
disruption and potential damage. Other flexible member mechanisms that are employed in
flexible drill shafts and similar items may also, or alternatively, be incorporated into end
piece 51 in order to allow it to flex off axis while remaining fairly stiff for pushing along the
major axis.

In another embodiment, cord 17 is provided with an enlarged, or substantially stiffer,
region 99 at, or in proximity to, its second, proximal, end. Figs. 10A and 10B illustrate a
cord 17 having an enlarged region 99 positioned in a passageway of a tulip-shaped screw
head portion 71 prior to and after, respectively, application of, for example, a locking cap 75.
Enlarged region 99 may be formed of a material that can be swaged and thereby securely
attached to cord 17, such as a compressible metal, polymer or ceramic. Those of skill in the
art will appreciate that other techniques may be employed for attaching enlarged region 99 to
cord 17. Enlarged region 99 preferably has a diameter that is greater than that of passageway
73 in the head portion, and thereby aids in retaining cord 17 in passageway 73. Following
positioning of cord 17 in the head portion of pedicle screw 3 and application of a set screw,

enlarged region 99 assists in retaining cord 17 in the head portion.
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As illustrated in Fig. 2, head portions 9 and 11 of pedicle screws 1 and 3 are each
provided with a threaded hole 67 and 69, respectively, for receiving a set screw (not shown).
Once cord 17 is positioned and appropriately tensioned in apertures 13 and 15, and spacer 23
is positioned on cord 17 between pedicle screws 1 and 3, cord 17 is fixed in place by
screwing the set screws into threaded holes 67 and 69 using instruments and techniques well
known in the art, for example as described in US Patent 7,073,415, the disclosure of which is
hereby incorporated by reference. Other types of clamping mechanisms may additionally, or
alternatively, be employed to hold cord 17 in position in apertures 13 and 15. For example,
the set screw may be provided with a penetrating element that at least partially penetrates the
cord to hold it in position.

In an alternative embodiment, illustrated in Fig. 6, pedicle screw 1 is provided with an
open, generally tulip-shaped, head portion 71 having a generally U-shaped passage 73
extending through it. Passage 73 is sized to receive cord 17. In this embodiment, end portion
51 of cord 17 is threaded through aperture 15 in pedicle screw 3, spacer 23 is positioned on
cord 17 between pedicle screws 1 and 3, and cord 17 is placed in passage 73. Locking cap 75
is then fixedly positioned in the top of head portion 71, thereby securing cord 17 in place in
passage 73. Many mechanisms known in the art may be effectively employed to fixedly hold
locking cap 75 in place on head portion 71 including, but not limited to, those disclosed in
US Patent 6,783,527, the disclosure of which is hereby incorporated by reference. For
example, locking cap 75 may be provided with a threaded portion that engages a threaded
portion provided on head portion 71. Alternatively, as shown in Fig. 6, locking cap 75 may
be provided with two protrusions 77 and 77’ positioned on opposing sides of locking cap 75
which engage notches, or slots, 79 and 79’ provided on inner surfaces of passage 73. In use,
locking cap 75 is positioned on head portion 71 with protrusions 77 and 77’ positioned in
passage 73. Locking cap 75 is then rotated through 90°, whereby protrusions 77 and 77
enter, and are retained by, notches 79 and 79°. Other types of locking caps that may be
employed with the present system include, for example, the Monarch™ typhoon cap
available from DePuy Spine.

In yet another embodiment, illustrated in Fig. 7, pedicle screw 1 includes a head
portion 80 having a slotted insert 81, whose outer configuration matches the inner
configuration of head portion 80 so that insert 81 is retained in head portion 80. Slotted insert
81 is provided with an open passage, or slot, 85 which is sized to receive cord 17. Once cord
17 is placed in slot 85, insert 81 is rotated by means of an instrument attached, for example,

to attachments points 83, thereby trapping the cord within slot 85. Cord 17 and insert 81 may
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be further retained in place by set screw 87.

In the embodiment illustrated in Figs. 8A-C, pedicle screws 1 and 3 are provided with
a head portion 88 that comprises a rotatable inner member 89 that is sized to be received
within head portion 88 and is able to rotate around an approximately vertical axis of head
portion 88. Inner member 89 is provided with a passageway 91 that is sized to receive cord
17 and that may or may not be open at the top. After cord 17 is positioned in passageway 91,
inner member 89 is rotated, thereby locking cord 17 in head portion 88.

In the embodiment illustrated in Figs. 9A-C, a wedge 93 is employed in place of a
locking ring 49 in an open head portion 9 of pedicle screw 1. Wedge 93 includes a groove 95
that is sized to receive cord 17, and that may be tapered at a lower edge 97 in one or two
dimensions. In addition, wedge 93 is provided with two protrusions 96 positioned on
opposing sides of the wedge that mate with and can be retained in grooves 98 provided on
opposing sides of the inner surface of hear portion 9. Once cord 17 is positioned in head
portion 9, wedge 93 is pushed down into head portion 9, thereby applying force to spacer 23
and pushing it towards head portion 11 in order to tighten spacer 23 into position.

In yet a further embodiment, illustrated in Figs. 11A-D, at least one of pedicle screws
1 and 3 is provided with a tulip-shaped head portion 99 that contains two opposing rotatable
wing elements 101 and 101°. Each element 101 and 101° comprises an upper locking portion
103 and 103’, an engagement portion 105 and 105° and a lower, generally cylindrical, portion
107 and 107°. Cylindrical portions 107 and 107 are rotatably held in at least one aperture in
head portion 99 (not shown) and can be rotated in the aperture(s) by, for example, a gearing
or other drive mechanism. In an initial, open, position (shown in Fig. 11A), wing elements
101 and 101" are in a spaced-apart configuration such that first generally vertical faces 109
and 109 on elements 101 and 101°, respectively, oppose each other and form a passageway
111 that is sufficiently large to accommodate cord 17 with spacer 23 threaded onto the cord.
Once spacer 23 is positioned between faces 109 and 109°, wing elements 101 and 101’ are
rotated in a generally horizontal (relative to the longitudinal axis of the screw) plane towards
cach other using, for example, an instrument attached to an upper region of wing elements
101 and 101°, such that second generally vertical faces 113 and 113° on wing elements 101
and 101°, respectively, are brought together or into proximity with each other. Spacer 23 is
thus pushed along cord 17 and out of head portion 99, as shown in Fig. 11B. As shown in
Figs. 11C and D, second faces 113 and 113’ are each provided with a generally horizontal
clongated cut-out, or depression, 115 and 115°, which are sized to receive cord 23 when wing

clements 101 and 101’ are in a closed position. Similarly, first faces 109 and 109’ may be
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provided with generally horizontal elongated cut-outs or depressions sized to receive spacer
23.

Once wing elements 101 and 101’ are in a closed position, a locking mechanism is
applied to prevent movement of the wing elements. For example, a locking bar (not shown)
may be positioned on the upper surface of, and extend between, rotatable wing elements 101
and 101°. Alternatively, upper surfaces of wing elements 101 and 101’ may each be provided
with an upward protrusion 117 and 117°. As shown in Figs. 11C and D, in one embodiment,
protrusions 117 and 117’ include an undercut, or groove 119 for receiving and retaining a
locking wire, or loop. The locking wire is sized to fit over protrusions 117 and 117 and may
be crimped into groove 119, thereby locking wing elements 101 and 101’ in a closed
position. Alternatively, protrusions 117 and 117’ may be provided with apertures extending
through them that are sized to receive and retain a locking pin. Once wing elements 101 and
101” are in a closed position, the locking pin is inserted through the apertures in protrusions
117 and 117’ thereby securing wing elements 101 and 101” in position. Those of skill in the
art will appreciate that other mechanisms may be employed to hold wing elements 101 and
101" in a closed, or locked, position.

Fig. 12A illustrates a tensioner that can be employed to tension a cord once cord 17
has been locked in place in a first pedicle screw (not shown) and positioned in a head portion
99 of a second pedicle screw 3. An elongated working, or guide, tube 121 is sized to fit over
pedicle screw head portion 99. A first elongated member 123 and a second elongated
member 125 are positioned in a generally vertical orientation within working tube 121. As
shown in Fig. 12B, both first elongated member 123 and second elongated member 125 have
a generally semi-circular cross-section. First elongated member 123 has a larger radius than
second elongated member 125 and is provided with opposing inwardly-extending protrusions
127 on its inner surface that extend along, but are not parallel to, the longitudinal axis of
member 123. Rather, as shown in Fig. 12C, protrusions 127 are angled such that they are
closer to outer edges 128 of elongated member 123 in the upper region of member 123 than
in the lower region of member 123. Second elongated member 125 is provided with
outwardly-extending protrusions 129 on its outer surface extending along the longitudinal
axis of member 125 and is sized to be received within first elongated member 123, such that
protrusions 129 slidably engage protrusions 127. Protrusions 129 are angled such that they
are closer to outer edges 130 of member 125 in the lower region of member 125 than in the
upper region. The inner surface of second elongated member 125 is sized to receive cord 17.

The inner surfaces of first and second elongated members 123 and 125 may be provided with
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ridges, knurls and/or other protrusions in order to enhance their ability to grasp and securely
retain the outer surface of cord 17. Those of skill in the art will appreciate that other
mechanisms may be employed to grip cord 17, such as a mechanism similar to a pair of pliers
or a parallelogram system whereby when one elongated member is moved proximally, the
working end collapses onto, and thus retains, the cord.

Once cord 17 is locked in the first pedicle screw (not shown) and positioned, but not
locked, in head portion 99 of screw 3, which may or may not be adjacent to the first pedicle
screw, the cord is securely grasped by first advancing first elongated member 123 in a
downward direction until it contacts cord 17. Second elongated member 125 is then
advanced in a downward direction with inwardly extending protrusions 127 slidably
engaging outwardly extending protrusions 129 on first elongated member 123 as shown in
Fig. 12C. As shown in Figs. 12D-F, due to the angled positioning of protrusions 127 and
129, the lower regions of first elongated member 123 and second elongated member 125 are
drawn closer together as second elongated member 125 is moved in a downward direction,
whereby cord 17 is firmly grasped between, and retained by, the first and second elongated
members. If desired, cord 17 may be pulled generally upwards by moving first and second
elongated members 123 and 125 in an upwards direction, thereby removing any slack from
the cord.

An elongated, generally rigid, tensioning member 131 having an enlarged distal
region 133 is then placed in working tube 121, such that enlarged distal region 133 engages
cord 17 at a location between screw 3 and first and second elongated members 123 and 125.
Tensioning member 131 is then urged in a generally downward direction while first and
second elongated members 123 and 125 are either held in place or urged in a generally
upward direction, thereby applying tension to cord 17. Tensioning member 131 may
alternatively, or additionally, be provided with a bend in its shaft at a lower region to aid in
applying pressure to cord 17. Cord 17 is then locked in position in the head portion of screw
3 as discussed above. Cord 17 may be cut to the desired length using, for example, a
guillotine-type cutter. As shown in Fig. 12A, working tube 121 may be provided with an
aperture 135 at a lower or distal region in order to accommodate bulging of cord 17 when
pressure is applied by tensioning member 131.

As illustrated in Fig. 13A, first and second elongated members 123 and 125 are
connected at their upper, or proximal, ends to first and second handle members 137 and 139,
respectively. Handle members 137 and 139 may be engaged to form a handle 140, which is
shaped to be grasped by the hand of a user. First handle member 137 and second handle
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member 139 are matingly engaged, for example by way of an interlocking protrusion 141 on
second handle member 139 which is received, and slidably held, by aperture 143 on first
handle member 137, as shown in Fig. 13B, thus ensuring correct vertical alignment of first
and second elongated members 123 and 125. In order to indicate when the distal ends of first
and second elongated members 123 and 125 are correctly aligned, first and second handle
members 137 and 139 may be provided with indicators 145 and 147 that align, and/or snap
together when first and second elongated members 123 and 125 are correctly positioned.
While indicators 145 and 147 are illustrated in Fig. 13A as being in a lower region of handle
140, it will be appreciated that they may alternatively be located in a mid-region or upper
region of handle 140. Those of skill in the art will appreciate that other methods of indicating
alignment may be employed.

Once first and second elongated members 123 and 125 are correctly aligned and
locked into position with each other and cord 17 is securely grasped, an elongated, generally
rigid, rod 149 is movably attached at a first end to the upper surface of handle 140 by, for
example, hinge connector 151. At its second end, elongated rod 149 is provided with a
handle, or knob, 153. Tensioning member 131 is rotatably attached at or near its upper end to
rod 149 by means, for example, of a pin 155, at a region on rod 149 that is located between
hinge connector 151 and knob 153. Movement of knob 153 in a generally downwards
direction thus causes tensioning member to be pushed in a generally downwards direction
while simultaneously urging first and second elongated members 123 and 125 in a generally
upwards direction. A calibrated scale 157 may be provided to enable the user to determine
the amount of force that is being applied to tensioning member 131. Those of skill in the art
will appreciate that tensioning member 131 may alternatively be positioned in a channel
provided in handle 140 as in the embodiment illustrated in Fig. 14B.

Fig. 14B shows an embodiment of a tensioner handle 159 having a “pistol-grip”
configuration. Handle 159 comprises a first handle member 161 and a second handle
member 163, with second handle member 163 having a protrusion 165 extending from one
side that is sized and shaped to be gripped by a user. Rod 149 is rotatably attached to first
handle member 161 by means, for example, of a pin 167 located in an aperture 169 in a
region of first handle member 161 that is positioned away from, or distal to, protrusion 165.
Alternatively, rod 149 may be formed of two elongated members connected by a small,
generally perpendicular section that is retained in aperture 169. Tensioning member 131 is
positioned in channel 171 in second handle member 163 and, as in the embodiment of Fig.

14A, is rotatably attached to rod 149, for example by means of pin 155. In use, the surgeon
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grasps protrusion 165 and knob 153 and squeezes them together in the direction indicated by
arrows A and A’. This causes handle 159 to be urged in a generally upwards direction as
indicated by arrow B, and tensioning member 131 to be urged in a generally downwards
direction as indicated by arrow C, thereby keeping handle members 161 and 163 locked
together while simultaneously applying tension to cord 17 whereby pedicle screw 3 can be

locked with a surgeon-determined amount of tension applied to the cord.

While the present invention has been described with reference to specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, method, method step or steps, for use in practicing
the present invention. All such modifications are intended to be within the scope of the
claims.

All of the publications, patent applications, and patents cited in this application are
herein incorporated by reference in their entirety to the same extent as if each individual
publication, patent application or patent was specifically and individually indicated to be

incorporated by reference in its entirety.
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Claims
We claim:
1. A system for stabilizing at least two vertebrae, comprising:

(a) a flexible, elongated member having a length sufficient to extend between the
two bones;

(b) a generally cylindrical spacer having an aperture extending along a
longitudinal axis thereof, wherein the aperture is sized to receive a portion of the elongated
member;

() a first bone anchoring member comprising a first head portion and a first bone
anchoring portion, wherein the first head portion is provided with a generally transverse
aperture sized to receive a first portion of the elongated member and having a diameter that is
smaller than an outer diameter of the spacer element;

(d) a second bone anchoring member comprising a second head portion and a
second bone anchoring portion, wherein the second head portion is provided with a generally
U-shaped recess that extends through the second head portion in a generally transverse
direction and is sized to receive a second portion of the elongated member, and wherein the
spacer element is able to pass through the U-shaped recess;

(e) a first locking member for retaining the first portion of the elongated member
in the first head portion; and

() a second locking member for retaining the second portion of the elongated
member in the second head portion,
whereby, once the first and second portions of the elongated member are positioned in the
first and second head portions, the spacer member can be threaded along the elongated

member and through the second head portion until it abuts a surface of the first head portion.

2. The system of claim 1, wherein the second head portion comprises:

(a) a first rotatable member positioned in the U-shaped recess and having a first
generally vertical face; and

(b) a second rotatable member positioned in the U-shaped recess and having a second
generally vertical face that opposes and is spaced-part from the first face to form a
passageway for receiving the spacer mounted on a portion of the elongated member,

wherein distal ends of first and second faces may be rotated proximally towards each

other whereby the spacer is pushed along the elongated member.
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3. The system of claim 2, further comprising a locking mechanism for retaining first and
second rotatable members in a locked position following positioning of the spacer between

the first and second head portions.

4. The system of claim 1, wherein the elongated member is provided with a stiffened

region at, or in proximity to, its distal end.

5. The system of claim 1, wherein the elongated member is cannulated, whereby the
elongated member may be threaded onto a guidewire to facilitate placement of the elongated

member in the first and second head portions.

6. The system of claim 1, wherein the elongated member is provided with a protrusion
at, or in proximity to, its distal end, whereby the protrusion may be grasped by an instrument

and pulled through the first and second head portions.

7. The system of claim 1, wherein the elongated member is constructed of a material

whose tension varies with temperature.

8. The system of claim 1, wherein the elongated member is in the form of a braided
metal cord.
9. The system of claim 1, wherein the elongated member is provided with a region

having an enlarged diameter, wherein the enlarged diameter region is sized to be received and

retained in the transverse aperture of the second head portion.
10. The system of claim 1, wherein the spacer is sized to extend between the first and
second head portions when the first and second bone anchoring members are positioned in

the bones.

11. The system of claim 1, wherein the spacer is formed of a material whose stiffness

increases as the spacer warms from room temperature to body temperature.

12. The system of claim 1, wherein at least one of the first and second bone anchoring

members is a polyaxial pedicle screw.
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13. The system of claim 1, wherein at least one of the first and second bone anchoring

portions is cannulated.

14. The system of claim 1, wherein at least one of the first and second locking members is
a set screw which is able to engage a threaded portion provided on an inner surface of an

aperture provided in a top surface of the first or second head portion.

15. The system of claim 1, further comprising:

(a) a third bone anchoring member having a third bone anchoring portion for
placement in a third bone; and

(b) a second generally cylindrical spacer sized to extend between the second and
third bone anchoring members,

wherein the first and second spacers have different flexibilities.

16. The system of claim 15, wherein one of the first and second spacers has a flexibility
that permits movement between two adjacent bones and the other of the first and second
spacers has a flexibility that restricts movement between two adjacent bones to a level that is

sufficient to permit fusion of two adjacent bones.

17. The system of claim 1, further comprising a locking ring having a transverse aperture
that is sized to receive a portion of the elongated member, wherein the diameter of an outer
surface of the locking ring is larger than that of an outer surface of the spacer, and wherein
the locking ring is sized to be retained in the transverse aperture of the second head portion,
whereby, following positioning of the spacer on the elongated member between the first and
second head portions and positioning of the locking ring on the elongated member proximal

to the spacer, the locking ring prevents movement of the spacer in a proximal direction.

18. A minimally invasive system for stabilizing at least two vertebrae, comprising:

(a) a flexible, elongated member having a length sufficient to extend between the
two bones;

(b) a first generally cylindrical spacer having an aperture extending along a
longitudinal axis, wherein the aperture is sized to receive a portion of the elongated member;

() a first bone anchoring member comprising a first head portion and a first bone
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anchoring portion, wherein the first head portion is provided with a generally transverse
aperture sized to receive a first portion of the elongated member and having a diameter that is
smaller than a diameter of an outer surface of the spacer element;

(d) a second bone anchoring member comprising a second head portion and a
second bone anchoring portion, wherein the second head portion is provided with a generally
transverse aperture for receiving a second portion of the elongated member and having a
diameter that is larger than a diameter of an outer surface of the spacer element, whereby the
spacer clement is able to pass through the aperture on the second head portion;

(e) a first locking member for retaining the first portion of the elongated member
in the first head portion; and

() a second locking member for retaining the second portion of the elongated
member in the second head portion,
whereby, once the first and second portions of the elongated member are positioned in the
first and second head portions, the spacer member can be threaded along the elongated

member and through the second head portion until it abuts a surface of the first head portion.

19. The system of claim 18, wherein the elongated member is provided with a stiffened

region at, or in proximity to, its distal end.

20. The system of claim 18, wherein the elongated member is cannulated, whereby the
elongated member may be threaded onto a guidewire to facilitate placement of the elongated

member in the first and second head portions.

21. The system of claim 18, wherein the elongated member is provided with a protrusion
at, or in proximity to, its distal end, whereby the protrusion may be grasped by an instrument

and pulled through the first and second head portions.
22. The system of claim 18, wherein the elongated member is constructed of a material
whose tension varies with temperature, and the tension of the elongated member decreases as

the elongated member warms from room to body temperature.

23. The system of claim 18, wherein the elongated member is in the form of a braided

metal cord.
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24, The system of claim 18, wherein the elongated member is provided with a region
having an enlarged diameter, wherein the enlarged diameter region is sized to be received and

retained in the transverse aperture of the second head portion.

25. The system of claim 18, wherein the spacer is sized to extend between the first and
second head portions when the first and second bone anchoring members are positioned in

the bones.

26. The system of claim 18, wherein the spacer is formed of a material whose stiffness

increases as the spacer warms from room temperature to body temperature.

27. The system of claim 18, wherein at least one of the first and second bone anchoring

members is a polyaxial pedicle screw.

28. The system of claim 18, wherein at least one of the first and second bone anchoring

portions is cannulated.

29. The system of claim 18, wherein at least one of the first and second locking members
is a set screw which is able to engage a threaded portion provided on an inner surface of an

aperture provided in a top surface of the first or second head portion.

30.  The system of claim 18, further comprising:

(a) a third bone anchoring member having a third bone anchoring portion for
placement in a third bone; and

(b) a second generally cylindrical spacer sized to extend between the second and
third bone anchoring members,

wherein the first and second spacers have different flexibilities.

31.  The system of claim 30, wherein one of the first and second spacers has a flexibility
that permits movement between two adjacent bones and the other of the first and second
spacers has a flexibility that restricts movement between two adjacent bones to a level that is

sufficient to permit fusion of two adjacent bones.

32. The system of claim 1, further comprising a locking ring having a transverse aperture
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that is sized to receive a portion of the elongated member, wherein the diameter of an outer
surface of the locking ring is larger than that of an outer surface of the spacer, and wherein
the locking ring is sized to be retained in the transverse aperture of the second head portion,
whereby, following positioning of the spacer on the elongated member between the first and
second head portions and positioning of the locking ring on the elongated member proximal

to the spacer, the locking ring prevents movement of the spacer in a proximal direction.

33. A tool for grasping and retaining a region of a flexible elongated spinal stabilization
member during implantation of the spinal stabilization member in a patient, comprising:

(a) a first generally U-shaped elongated member; and

(b) a second generally U-shaped elongated member having an outer radius that is
smaller than an inner radius of the first elongated member,

wherein the inner surface of the first elongated member is provided with at least one
first engagement member that slidably engages at least one second engagement member
provided on an outer surface of the second elongated member, and wherein, following
positioning of the region of the spinal stabilization member in at least a portion of the first
elongated member, second elongated member may be advanced in first elongated member
with the first engagement member engaging the second engagement member, whereby distal
ends of the first and second engagement members are brought into proximity with each other

thereby grasping the spinal stabilization member.

34, The tool of claim 33, wherein

(a) the at least one first engagement member is provided as an inward protrusion that
extends along, but not parallel to, a longitudinal axis of the first elongated member whereby
the first engagement member is closer to an outer edge of first elongated member in an upper
region of the first elongated member than in a lower region of the first elongated member;
and

(b) the at least one second engagement member is provided as an outward protrusion
that extends along, but not parallel to, a longitudinal axis of the second elongated member
whereby the second engagement member is closer to an outer edge of the second elongated
member in a lower region of the second elongated member than in an upper region of the

second elongated member.

35. The tool of claim 33, wherein the inner surface of the first elongated member is
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provided with two opposing first engagement members and the outer surface of the second

clongated member is provided with two opposing second engagement members.

36. The tool of claim 35, wherein the inner surfaces of the first and second elongated
member are roughened whereby the ability of the first and second elongated members to

grasp the spinal stabilization member is increased.

37. A tool set for applying tension to a flexible elongated spinal stabilization member
during implantation of the spinal stabilization member in a patient, comprising:

(a) an elongated guide tube having an open upper end and an open lower end, the
tube being sized to fit over at least a head portion of a bone anchoring member;

(b) a retaining member that is positionable in the guide tube to grasp and retain a
proximal region of the spinal stabilization member following positioning of a distal region of
the spinal stabilization member in the bone anchoring member, wherein the retaining member
comprises:

(1) a first generally U-shaped elongated member; and
(i1) a second generally U-shaped elongated member having an outer radius
that is smaller than an inner radius of the first elongated member,

wherein the inner surface of the first elongated member is provided with at least one

first engagement member that slidably engages at least one second engagement

member provided on an outer surface of the second elongated member, and wherein,
following positioning of the proximal region of the spinal stabilization member in at
least a portion of the first elongated member, second elongated member may be
advanced in first elongated member with the first engagement member engaging the
second engagement member, whereby distal ends of the first and second engagement
members are brought into proximity with each other thereby grasping the proximal
region of the spinal stabilization member;

and

() a rigid elongated tensioning member that is positionable in the guide tube to

engage, and apply tension to, a region of the spinal stabilization member located between the

proximal and distal regions.

38.  The tool set of claim 37, wherein the first and second engagement members are in the

form of elongated protrusions that extend along, but not parallel to, a longitudinal axis of the
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first and second clongated members.

39.  The tool set of claim 37, wherein the tensioning member is in the form of a rod having

an enlarged distal region.

40. The tool set of claim 37, further comprising a handle that can be grasped by the hand
of a user, the handle comprising a first handle member attached to the first elongated member

that is able to engage a second handle member attached to the second elongated member.

41. The tool set of claim 40, further comprising a first indicator provided on the first
handle member and a second indicator on the second handle member, wherein correct
positioning of the first and second elongated members is shown by mating of the first and

second indicators.

42.  The tool set of claim 40, wherein the tensioning member is movably connected to the

handle.
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