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TORQUE LIMITED INSTRUMENT FOR MANIPULATING
A SPINAL ROD RELATIVE TO A BONE ANCHOR

Background

[01] Spinal fixation devices are used in orthopedic surgery to align and/or fix a
desired relationship between adjacent vertebral bodies. Such devices typically include
a spinal connector, such as a spinal rod, that is coupled to adjacent vertebrac by
attaching the element to various anchoring devices, such as hooks, bolts, wires, or
screws. The spinal rods can have a predetermined contour that has been designed
according to the properties of the target implantation site, and once installed, the
spinal rod and the anchors holds the vertebrae in a desired spatial relationship, either
until desired healing or spinal fusion has taken place, or for some longer period of

time.

[02] Spinal connectors, such as spinal rods, can be anchored to specific portions of
the vertebra. Since each vertebra varies in shape and size, a variety of anchoring
devices have been developed to facilitate engagement of a particular portion of the
bone. Pedicle screw assemblies, for example, have a shape and size that is configured
to engage pedicle bone. Such screws typically include a threaded shank that is adapted
to be threaded into a vertebra, and a head portion having a rod-receiving element,
usually in the form of a U-shaped slot formed in the head. A set-screw, plug, or
similar type of fastening mechanism, is used to lock the spinal rod into the rod-
receiving head of the pedicle screw. In use, the shank portion of each screw is
threaded into a vertebra, and once properly positioned, a spinal rod is seated through
the rod-receiving member of each screw and the rod is locked in place by tightening a
set screw or other fastener mechanism to securely interconnect each screw and the

spinal rod.

[03] While current spinal fixation systems have proven effective, one challenge
associated with such systems is mounting the spinal rods into the rod-receiving
member of various fixation devices. In particular, it can be difficult to align and seat

the rod into the rod receiving portion of adjacent anchors due to the positioning of the
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vertebra into which the anchors are mounted. Thus, the use of a spinal rod reduction
device, also sometimes referred to as a spinal rod approximator, is often required in
order to grasp the head of the anchor and reduce the rod into the rod-receiving head of

the bone anchor.

[04] While several rod reduction devices are known in the art, some tend to be
bulky and cumbersome to use and, thus, are unsuitable for use all procedures,
particularly in minimally invasive surgical procedures in which the skin incisions and
tissue pathways to the spine are relatively small and restricted. Accordingly, there is a
need for improved rod reduction devices and methods for seating a spinal rod in a

rod-receiving member of one or more spinal anchors.

Summary

[05] Disclosed herein are instruments for adjusting the position of a spinal rod
relative to a bone anchor that are particularly suited for use in minimally invasive
spinal procedures in which the spinal rod is delivered to the bone anchors through
screw extensions connected to one or more of the bone anchors. In such procedures,
the bone anchors and the screw extensions may be delivered through separate
minimally invasive incisions, such as stab incisions. The screw extensions operate as
independent pathways to the bone anchor through which instruments and implants,
such as the spinal rod and the set screw for each bone anchor, may be delivered to the
bone anchor implanted in the vertebra of the patient’s spine. The rod adjustment
instruments disclosed herein are designed to work within the screw extensions
without the need to expand or enlarge the skin incisions or tissue pathways from the

skin incisions to the bone anchors implanted in the vertebra of the patient’s spine.

[06] Accordingly, an instrument for adjusting the position of a spinal rod relative to
a bone anchor may include a generally tubular screw extension connectable to the
bone anchor, a reduction cap removably connectable to the screw extension, a set
screw driver, an externally threaded collar positioned about and rotatable relative to
the drive shaft of the set screw driver and engagable with an internal thread provided
on the bore of the reduction cap, and a handle connectable to the set screw driver and
the collar. The handle may include an inner shaft having a distal end configured to

engage the proximal end of the driver shaft of the set screw driver, an outer shaft
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having a distal end configured to engage the threaded collar, and a clutch connecting
the inner shaft to the outer shaft and permitting selective rotation of the inner shaft
relative to the outer shaft, and thus, selective rotation of the set screw driver relative
to the collar. The clutch may include a spring and a plurality of disc clutch members
positioned about the outer shaft. The spring biases the disc clutch members into
contact with one another and into contact with the outer shaft. At least one disc clutch
member may rotate relative to an adjacent disc clutch member upon application of a

torque to the outer shaft greater than a preselected torque value.

Brief Description of the Figures

[07] These and other features and advantages of the instruments and methods
disclosed herein will be more fully understood by reference to the following detailed
description in conjunction with the attached drawings in which like reference
numerals refer to like elements through the different views. The drawings illustrate
principles of the instruments and methods disclosed herein and, although not to scale,

show relative dimensions.

[08] FIGURE 1 is a perspective view of an exemplary spinal fixation system
including a plurality of bone anchors, each connected to a vertebra, a plurality of
screw extensions, each connected one of the bone anchors, a spinal rod connecting the
bone anchor together, and plurality of instruments for adjusting the spinal rod relative

to the bone anchors;

[09] FIGURE 2 is a perspective view of the spinal fixation system of FIGURE 1,
illustrating the positioning of a set screw driver and a threaded collar within a

reduction cap and the screw extension to which the reduction cap is connected;

[10] FIGURE 3 is a side view of one of the instruments for adjusting the spinal rod
relative to the bone anchors, illustrating the handle connected to set screw driver and

the threaded collar;

[11] FIGURE 4 is a side view in cross section of the instrument of FIGURE 3
taken along line A-A in FIGURE 3;

[12] FIGURE 5 is an exploded view of the instrument of FIGURE 3 with the set

screw driver removed; and
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[13] FIGURE 6 is a side view of the outer shaft of the clutch of the instrument of
FIGURE 3.

Detail Description of Exemplary Embodiments

[14] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
instruments and methods disclosed herein. One or more examples of these
embodiments are illustrated in the accompanying drawings. Those of ordinary skill in
the art will understand that the instruments and methods specifically described herein
and illustrated in the accompanying drawings are non-limiting exemplary
embodiments and that the scope of the present invention is defined solely by the
claims. The features illustrated or described in connection with one exemplary
embodiment may be combined with the features of other embodiments. Such
modifications and variations are intended to be included within the scope of the

present invention.

[15] The articles "a" and "an" are used herein to refer to one or to more than one
(i.e. to at least one) of the grammatical object of the article. By way of example, "an

element" means one element or more than one element.

99 Cey

[16] The terms “comprise,” “include,” and “have,” and the derivatives thereof, are
used herein interchangeably as comprehensive, open-ended terms. For example, use
of “comprising,” “including,” or “having” means that whatever element is comprised,
had, or included, is not the only element encompassed by the subject of the clause that

contains the verb.

[17] FIGURES 1-5 illustrate an exemplary embodiment of a spinal fixation system
including a plurality of bone anchors 12, each of which is implanted in a vertebra VB
of a patient’s spine, a spinal rod 10 connecting the bone anchors, and a plurality of
screw extensions 14, each connected to one of the bone anchors. The exemplary
spinal fixation system is a minimally invasive spinal system that allows a spinal
surgeon to align and/or fix a number of vertebrae of a patient’s spine to treat a wide
range of spinal pathologies, including the treatment of degenerative disc disease and

the correction of spinal deformities. In the exemplary system, the implanted bone
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anchors 12 are polyaxial pedicle screws, such as the VIPER polyaxial pedicle screws
available from DePuy Spine, Inc., of Raynham, MA. The exemplary polyaxial
pedicle screws 12 include a U-shaped channel for receiving the spinal rod 10 therein
and a set screw 18. The U-shaped channel is defined by two spaced apart arms and
the set screw 18 is engageable with an internal thread provided on the arms to secure
the spinal rod 10 within the U-shaped channel and to the polyaxial bone screw 12.
Suitable polyaxial pedicle screws are described in U.S. Patent No. 7,179,261, which is
incorporated herein by reference. Other types of bone anchors also may be used
including monoaxial screws, uniplanar screws, and hooks. In addition to the set screw
18, other types of closure mechanisms, including a twist-in cap, the Monarch
Typhoon Cap closure available from DePuy Spine, Inc, of Raynham, MA or a two
piece set screw, such as the Expedium Dual Innie closure available from DePuy

Spine, Inc, of Raynham, MA.

[18] The exemplary screw extensions 14 are generally tubular in shape and have a
central lumen extending from the proximal end 20 of the screw extension 14 to the
distal end 22 of the screw extension 14. The central lumen of each screw extension
14 is sized to receive instruments and implants therethrough. The screw extensions
14 may include a pair of opposed longitudinal slots 24 that open to the central lumen
of the screw extension 14. The slots 24 open at the distal end 22 of the screw
extension 14 and extend axially from the distal end 22 of the screw extension. The
screw extensions provide a number of functions including facilitating the delivery of
the spinal rod 10 to the bone anchors 12 in a minimally invasive manner. In one
exemplary minimally invasive surgical technique, each bone anchors 12 and each
screw extension 14 may be delivered percutaneously to a vertebra of the spine
through a separate and independent minimally invasive incision, such as a stab
incision. The spinal rod 10 may be introduced to the bone anchors 12 through one of
the screw extensions 14, or through one of the minimally invasive incisions, and
guided into position beneath the skin and fascia. Exemplary screw extensions are
described in U.S. Patent No. 7,179,261 and U.S. Patent Application Publication No.
2008/0077134 and U.S. Patent Application No. 12/244,268, each of which is
incorporated herein by reference. Exemplary minimally invasive surgical techniques

are described in U.S. Patent No. 7,527,638, U.S. Patent Application Publication No.
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2005/0131422, and U.S. Patent Application Publication No. 2009/0082811, each of

which is incorporated herein by reference.

[19] The exemplary spinal system includes an instrument for adjusting the position
of the spinal rod 10 relative to one or more of the bone anchors 12. The instrument
may include a reduction cap 30 removably connectable to the proximal end 20 of one
of the screw extensions 14, a set screw driver 40, an externally threaded collar 50
positioned about and rotatable relative to the drive shaft 42 of the set screw driver 40

and a handle 60 connectable to the set screw driver 40 and the collar 50.

[20] The reduction cap 30 has an internal bore extending therethrough that includes
an internal thread 32 for engaging an external thread 52 provided on the collar 50.
The reduction cap 30 may include a mating element 32 disposed on the distal end of
the reduction cap 30 and adapted to removably mate the reduction cap to one or more
of the screw extensions 14. The mating element 32 may include a pawl disposed
within the bore of the cap 30 that can engage a groove or slot 28 provided on the
proximal end 20 of the screw extension 14. Alternatively, the mating element 32 may
be one or more threads for engaging a corresponding thread on the proximal end 20 of
the screw extension 14, a ball and plunger configuration, or other suitable
mechanisms for removably connecting the reduction cap 30 to the screw extension in
a manner that permits axial adjustment of the spinal rod with the set screw driver 40.
Exemplary reduction caps are disclosed in U.S. Patent Application Publication No.

2008/0243190, which is incorporated herein by reference.

[21]  In alternative embodiments, the central lumen of screw extension 14 may
include an internal thread to facilitate reduction of the spinal rod 10 relative to the
bone anchor 12. In such embodiments, the internal thread may be provided at the
proximal end 20 of the screw extension 14, for example, and may be engaged by the

externally threaded collar 50, thereby eliminating the need for the reduction cap 30.

[22] The exemplary set screw driver 40 includes a drive shaft 42 extending from a
proximal end 44 to a distal end 46. The proximal end 44 of the set screw driver 40
includes a drive feature that facilitates rotation of the set screw driver 40 by the
handle 60. In the exemplary embodiment, the drive feature is hexagonal shaped, in

cross section, post 48 that is sized and shaped to fit within a complementary shaped
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recess 76 within the inner shaft 62 of the handle 60. The distal end 46 of the set screw
driver is sized and shaped to fit within the mating feature of the set screw 18. In the
exemplary embodiment, the distal end 46 is configured to retain the set screw 18 until
released by axially advancing the distal end 46 relative to the set screw 18. An axial
stop 49, in the form of a shoulder or a rib, is provided on the drive shaft 42 of the set

screw driver 40.

[23] The threaded collar 50 is generally tubular in shape and includes a central
lumen. The threaded collar 50 may be positioned about the drive shaft 42 of the set
screw driver 40 and may rotate relative to the drive shaft 42 of the set screw driver 40.
To facilitate rotation of the collar 50 relative to the drive shaft 42, the collar 50 may
include a bushing 54 positioned within the central lumen of the threaded collar 50.
The distal end 56 of bushing 54 engages the axial stop 49 of the set screw driver 40.
The proximal end 58 of the threaded collar 50 includes a drive feature that facilitates
rotation of the collar 50 by the handle 60. In the exemplary embodiment, the drive
feature is a hexagonal shaped, in cross section, section 59 that is sized and shaped to
fit within a complementary shaped recess 92 within the outer shaft 66 of the handle
60. The outer surface of the threaded collar 50 may include indicia 55 to indicate the
position of the threaded collar 50, as well as the set screw 18, relative to the screw
extension 14 and the screw 12. The indicia 55 may be a series of depth markers

indicating the depth of collar 50 relative to the screw extension 14.

[24] The handle 60 may include an inner shaft 62 having a distal end 64 configured
to engage the proximal end 44 of the driver shaft 42 of the set screw driver 40, an
outer shaft 66 having a distal end 68 configured to engage the threaded collar 50, and
a clutch 70 connecting the inner shaft 62 to the outer shaft 66 and permitting selective
rotation of the inner shaft 62 relative to the outer shaft 66, and thus, selective rotation

of the set screw driver 40 relative to the collar 50.

[25] The inner shaft 62, in the exemplary embodiment, includes a proximal flange
72 and a cylindrical body 74 that terminates with a recess 76 configured to engage the
post 48 of the set screw driver 40 and transmit rotational motion thereto. The
proximal flange 72 may be secured to the top of handle body 80 by fasteners 78 and
an O-ring 82 may be positioned between the flange 72 and the handle body 80.
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[26] The outer shaft 66, in the exemplary embodiment, may be generally tubular in
shape having a central lumen sized and shaped to receive the inner shaft 62 therein.
The proximal end 84 of the outer shaft 66 includes an external thread 86 for
engagement with a torque adjustment mechanism, a nut 88 in the exemplary
embodiment, as described in more detail below. The distal end 68 of the outer shaft
66 includes a recess 92 configured to engage the hexagonal section 59 of the collar 50
and transmit rotational motion thereto. The outer shaft 66 may include a flange 94
that engages a clutch housing 96 secured to the bottom of the handle body 80. An O-
ring 98 may be positioned between the flange 94 and the clutch housing 96 and an O-
ring 100 may be positioned between the inner shaft 62 and the outer shaft 66.

[27] The handle clutch 70 is positioned within the cylindrically shaped clutch
housing 96, which is secured within the handle body 80. Dowel pins 102 extend
through the handle body 80 into the clutch housing 96 to prevent rotation of the clutch
housing relative to the handle body 80. Two handle caps 104 and complementary O-
rings 106 connect to the handle body 80 to seal the handle body &0.

[28] O-rings 82, 98, 100, and 106 seal the handle body 80 to prevent fluids from

entering the handle body 80 during sterilization procedures.

[29] The handle clutch 70 may include a spring 110 and a plurality of disc clutch
members 112 positioned about the outer shaft 66. The spring 110 biases the disc
clutch members 112 into contact with one another and into contact with the outer
shaft 66, in particular into contact with the flange 94. During use of the instrument, at
least one disc clutch member 112A may rotate relative to an adjacent disc clutch
member 112B upon application of a torque to the collar 50 and outer shaft 66 greater
than a preselected torque value, thereby allowing the inner shaft 62 and the set screw

driver 40 to rotate relative to the outer shaft 66 and the collar 50.

[30] In the exemplary embodiment, the clutch 70 includes five adjacent disc clutch
members 112A-112E. In alternative embodiments, any number of adjacent disc
clutch members may be employed. For example, in one alternative embodiment, two
disc clutch members may be employed. Moreover, in certain alternative
embodiments, the proximal facing surface 116 of the axial stop 94 of the outer shaft

66 may have a disc clutch member connected thereto or may otherwise function as a
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disc clutch member by, for example, coating the proximal facing surface 116 with an
appropriate wear resistant material, such as a ceramic or polymer coating. In such
embodiments, the proximal facing surface 116 may engage a single disc clutch
member 112E interposed between the anti-rotation washer 114 and the proximal
facing surface 116, without any further disc clutch members being provided.
Likewise, the distal facing surface of the anti-rotation washer 114, if included, may
have a disc clutch member connected thereto or may otherwise function as a disc
clutch member by, for example, coating the distal facing surface with an appropriate
wear resistant material, such as a ceramic or polymer coating. In such embodiments,
the distal facing surface of the anti-rotation washer 114 may engage a single disc
clutch member 112 interposed between the anti-rotation washer 114 and the proximal
facing surface 116, without any further disc clutch members being provided or may
directly engage the proximal facing surface 116 with the proximal facing surface 116

operating as a disc clutch member.

[31] The disc clutch members 112A-E may be constructed from a material selected
to reduce wear on the clutch members. For example, the disc clutch members 112A-E
may be constructed from metal, such as steel, from a ceramic material, from a
polymer material, or from a composite material such as fiberglass. In certain
embodiments, the disc clutch members may be constructed from the same material.

In other embodiments, one or more of the clutch members may be selected from
different materials. For example, disc clutch members 112A, 112C, and 112E may be
constructed from a first material, such as fiberglass, and disc clutch members 112B
and 112D may be constructed from a second material, distinct from the first material,

such as steel.

[32] Inthe exemplary embodiment, the spring 110 includes as pair of Belleville
springs 120 positioned about the outer shaft 66. Any number of Belleville springs,
including a single Belleville spring, may be employed to provide a compressive force
on the disc clutch members 112A-E. In the exemplary embodiment, the Belleville
springs 120 bias the disc clutch members 112A-E into contact with the proximal
facing surface 116 of the axial stop 94 of the outer tube 66 to thereby provide an

axially compressive force on the disc clutch members. One or more springs other
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than Belleville springs may be employed to provide the compressive force on the

clutch members.

[33] The clutch 70 may include an anti-rotation washer 114 positioned between
spring 110 and the disc clutch members to prevent wearing of the spring 110 by
engagement with a rotating clutch member. In the exemplary embodiment, the anti-
rotation washer 114 is positioned between the distal Belleville washer 120 and the
proximal disc clutch member 112A. The anti-rotation washer 114 may include one or
more projections 122 that are sized and shaped to fit within complementary axial slots

124 provided in the clutch housing 96.

[34] The exemplary instrument may include an adjustment member for adjusting
the reselected torque value above which one or more of the clutch members may
rotate. In the exemplary embodiment, the adjustment member is nut 88 that engages
the external thread 86 on the proximal end 84 of the outer shaft 66. Advancing the
nut 88 toward the clutch members 112 and the spring 110 increases the axial
compressive force on the clutch members 112, thereby increasing the torque above
which one or more of the clutch members may rotate. Conversely, moving the nut 88
away from the clutch members 112 and the spring 110 decreases the axial
compressive force on the clutch members 112, thereby decreasing the torque above
which one or more of the clutch members may rotate. A thrust bearing 130 and a pair
of bearing races 132, provided on either side of the thrust bearing 130, may be
positioned between the nut 88 and the spring 110. The thrust bearing 130 and bearing
races 132 inhibit rotation of the nut 88 during operation of the clutch 70.

[35] The exemplary instrument may include a mechanism to inhibit rotation of the
outer shaft 66 in one direction. In the exemplary embodiment, the mechanism
includes a pair of pins 140 positioned within the wall of the clutch housing 96 that
extend from the distal end of the clutch housing 96 to engage the proximal facing
surface 116 of the flange 94 of the outer shaft 66. Springs 142 bias the pins 140 into
contact with the proximal facing surface 116 of the flange 94 of the outer shaft 66.
The proximal facing surface 116 of the flange 94 includes a pair of opposed ramped
indents 144, each having an angled surface 146, oriented at an angle to the proximal
facing surface 116, and a stop surface 148, oriented approximately perpendicular to

the proximal facing surface, as best illustrated in FIGURE 6. During rotation of outer

10
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shaft 66 in a first direction, indicated by Arrow X, the pin 140 may move through the
indent 144 via the angled surface 146. Rotation of the outer shaft 66 in the opposite
direction, indicated by the Arrow Y, causes the pin 140 to contact the stop surface
148, which prevents further motion of the pin 140, and the outer shaft 66, relative to
the handle housing 80. In this manner, the clutch 70 may function in one rotational

direction (Arrow X) but not the other rotational direction (Arrow Y).

[36] One exemplary method of using the exemplary instrument may include
connecting one of the screw extensions 14 to a bone anchor 12 and implanting the
bone anchor 12 into a vertebra VB, as illustrated in FIGURE 1. As discussed above,
the bone anchors 12, the screw extensions 14, and the spinal rod 10 using minimally
invasive surgical technique, including, for example, delivering the screw extensions
14 and the bone anchors 12 through separate minimally invasive incisions. Any
number of bone anchors 12 and corresponding screw extensions 14 may be employed
depending on the procedure being performed. A spinal rod 10 may be delivered into
proximity to the bone anchors 12 by, for example, positioning the spinal rod 10

through the longitudinal slots 24 of the screw extensions 14.

[37] A reduction cap 30 may be connected to one or more of the screw extensions
14. As illustrated in FIGURES 1 and 2, a set screw driver 40 may be positioned
through the reduction cap 30 and the screw extension 14 with a set screw 18 engaged
to a distal end 46 of the set screw driver 40. An externally threaded collar 50 may be
positioned about the set screw driver 40. The collar 50 is rotatable relative to the

driver 40 and advanced to engaging an axial stop 49 on the driver 40.

[38] The handle 60, including the clutch 70, may be positioned about the distal
ends of the collar 50 and the set screw driver 40. The distal end 64 of the inner shaft
74 engages the post 48 at the proximal end 44 of the set screw driver 40 and the distal
end 68 of the outer shaft 66 engages the post 59 at the proximal end of the collar 50.
The handle 60 connected to the set screw driver 40 and the collar 50 may be rotated in
a first direction, e.g., a clockwise direction, to engage the external thread 52 of the
collar 50 with the internal thread 32 of the reduction cap 30. The handle 60 may
continue to be rotated in the first direction to axially advance the set screw driver 40

and the collar 50 distally within the screw extension 14 and to advance the set screw

11
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18 into contact with the spinal rod 10. The axial advancement of the set screw 18

against the spinal rod 10 axially positions the spinal rod 10 within the bone anchor 12.

[39] By continuing to rotate the handle 60 in the first direction, the set screw 18
may be advanced into engagement with an internal thread of the bone anchor 12.
Engagement of the set screw 18 with the internal thread on the bone anchor 12 may
increase the torque on the collar 50, which is threadedly engaged to the reduction cap
30, therby increasing the torque on the outer shaft 66 of the clutch 70. If the increase
torque exceeds the preselected torque value, at least one disc clutch member 112 of
the clutch 70 will rotate relative to an adjacent disc clutch member 112 of the clutch
70, thereby allowing the set screw driver 40 to rotate independently of the collar 50
and thereby advance the set screw18 into engagement with bone anchor 12 and
capture the spinal rod 10 within the bone anchor 12. As the torque on the collar 50
and the outer shaft 66 decreases below the preselected torque value, the clutch
members 112 will rotate together, allowing the collar 50 and set screw driver 40 to
rotate together. During advancement of the set screw 18 into its final position
capturing the spinal rod 12, the torque on the collar 50 and outer shaft 66 may cycle
above and below the preselected torque value and, correspondingly, the clutch 70 will
permit rotation of the collar 50 relative to the set screw driver 40 to reduce the torque

and prohibit such rotation when the torque is below the preselected torque value.

[40] Once the set screw 18 is properly positioned, the set screw driver 40 and collar
50 may be removed from the screw extension 14 and the screw extension 14 may be

disconnected from the bone anchor 12.

[41] While the exemplary method has been described in connection with minimally
invasive surgical procedures in which the screw extensions 14 and the bone anchors
12 are delivered through minimally invasive incisions, such as separate stab incisions,
the instruments disclosed herein may be used in non-minimally invasive procedures,
e.g., open procedures, in which the screw extensions 14 and the bone anchors 12 are
delivered through one or more large incisions. In such open procedures, the screw
extensions 14 may be connected to the bone anchors 12 after implantation of the bone
anchors 12 and/or delivery of the spinal rod 10 to the bone anchors 12. In such
exemplary embodiments, the screw extensions 14 need not include extended

longitudinal slots 24. Instead, the slots 24 may extend a minimal distance from the

12
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distal end 22 of the screw extension 14 sufficient to permit rod reduction. Exemplary
screw extensions for such open procedures are described in U.S. Patent Application
Publication No. 2006/0200132 and U.S. Patent Application Publication No.
2007/016209, each of which is incorporated herein by reference.

[42] While the instruments and methods of the present invention have been
particularly shown and described with reference to the exemplary embodiments
thereof, those of ordinary skill in the art will understand that various changes may be
made in the form and details herein without departing from the spirit and scope of the
present invention. Those of ordinary skill in the art will recognize or be able to
ascertain many equivalents to the exemplary embodiments described specifically
herein by using no more than routine experimentation. Such equivalents are intended

to be encompassed by the scope of the present invention and the appended claims.
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1. A spinal fixation system comprising:

a spinal rod,

a plurality of bone anchors, one or more of the bone anchors having a U-
shaped channel for receiving the spinal rod therein and a set screw, the U-shaped
channel defined by two spaced-apart arms, the set screw having an external thread
engagable with an internal thread provided on the arms to secure the spinal rod in the
U-shaped channel,

a plurality of generally tubular screw extensions, each screw extension
connectable to one of the bone anchors and having a central lumen extending from a
proximal end to a distal end of the screw extension, the central lumen sized to receive
instruments and implants therethrough,

a reduction cap having a bore extending therethrough, an internally threaded
driving element, and a mating element disposed on a distal end thereof and adapted to
removably mate the cap to one of the screw extensions,

a set screw driver comprising a drive shaft having a proximal end and
terminating at a distal end sized and shaped to fit within a mating feature on the set
screw of a bone anchor,

an externally threaded collar positioned about the drive shaft and rotatable
relative to the drive shaft, the collar engaging an axial stop on the drive shaft, the
collar engagable with the internally threaded drive element of the reduction cap, and

a handle comprising an inner shaft having a distal end configured to engage
the proximal end of the driver shaft of the set screw driver, an outer shaft having a
distal end configured to engage the threaded collar, and a clutch connecting the inner
shaft to the outer shaft and permitting selective rotation of the inner shaft relative to
the outer shaft, the clutch comprising a spring and a plurality of disc clutch members
positioned about the outer shaft, the spring biasing the disc clutch members into
contact with one another and into contact with the outer shaft, at least one disc clutch
member rotating relative to an adjacent disc clutch member upon application of a

torque to the outer shaft greater than a preselected torque value.

2. The system of claim 1, wherein the spring comprises one or more Belleville

springs positioned about the outer shaft.
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3. The system of claim 1, wherein the outer shaft of the handle includes an axial
stop, at least one of the disc clutch members being biased into engagement with the

axial stop by the spring.

4. The system of claim 3, wherein one of the disc clutch members is coupled to

the axial stop.

5. The system of claim 1, wherein the handle includes an adjustment member for

adjusting the preselected torque value.

6. The system of claim 5, wherein the adjustment member is a nut engaged with
an external thread on the outer shaft of the handle, the nut applying an axial force on
the clutch, wherein adjustment of the axial position of the nut on the outer shaft

adjusts the axial force on the clutch.

7. The system of claim 1, wherein each screw extension has a pair of opposed
longitudinal slots opening to the lumen of the screw extension, the slots opening at the
distal end of the screw extension and extending axially from the distal end of the

screw extension.

8. An instrument for adjusting the position of a spinal rod relative to a bone
anchor, the instrument comprising:

a generally tubular screw extension connectable to the bone anchor and having
a central lumen extending from a proximal end to a distal end of the screw extension,

a reduction cap having a bore extending therethrough, the bore including an
internal thread, the reduction cap removably connectable to the screw extension,

a set screw driver comprising a drive shaft having a proximal end and
terminating at a distal end sized and shaped to fit within a mating feature on a set
screw for the bone anchor,

an externally threaded collar positioned about the drive shaft and rotatable
relative to the drive shaft, the collar engaging an axial stop on the drive shaft, the

collar engagable with the internal thread of the reduction cap, and
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a handle comprising an inner shaft having a distal end configured to engage
the proximal end of the driver shaft of the set screw driver, an outer shaft having a
distal end configured to engage the threaded collar, and a clutch connecting the inner
shaft to the outer shaft and permitting selective rotation of the inner shaft relative to
the outer shaft, the clutch comprising a spring and a plurality of disc clutch members
positioned about the outer shaft, the spring biasing the disc clutch members into
contact with one another and into contact with the outer shaft, at least one disc clutch
member rotating relative to an adjacent disc clutch member upon application of a

torque to the outer shaft greater than a preselected torque value.

9. The instrument of claim 8, wherein the spring comprises one or more

Belleville springs positioned about the outer shaft.

10. The instrument of claim 8, wherein the outer shaft of the handle includes an
axial stop, the disc clutch members being biased into engagement with the axial stop

by the spring.

11. The instrument of claim 10, wherein one of the disc clutch members is

coupled to the axial stop.

12. The instrument of claim 8, wherein the handle includes an adjustment member

for adjusting the preselected torque value.

13. The instrument of claim 12, wherein the adjustment member is a nut engaged
with an external thread on the outer shaft of the handle, the nut applying an axial force
on the clutch, wherein adjustment of the axial position of the nut on the outer shaft

adjusts the axial force on the clutch.

14. The instrument of claim 8, wherein the screw extension has a pair of opposed
longitudinal slots opening to the lumen of the screw extension, the slots opening at the
distal end of the screw extension and extending axially from the distal end of the

screw extension.
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15. A method of positioning a spinal rod relative to a bone anchor, the method
comprising:

connecting a generally tubular screw extension to the bone anchor, the screw
extension having a central lumen extending from a proximal end to a distal end of the
screw extension and a pair of opposed longitudinal slots opening to the central lumen,

implanting the bone anchor into a vertebra,

delivering a spinal rod into proximity to the bone anchor, the spinal rod being
positioned through the longitudinal slots during delivery,

connecting a reduction cap to the screw extension, the reduction cap having a
bore extending therethrough, the bore including an internal thread,

positioning a set screw driver through the reduction cap and the screw
extension with a set screw engaged to a distal end of the set screw driver, the set
screw driver having an externally threaded collar positioned about the set screw
driver, the collar being rotatable relative to the driver and engaging an axial stop on
the driver,

rotating a handle connected to the set screw driver and the collar to engage the
external thread of the collar with the internal thread of the reduction cap, the handle
comprising an inner shaft having a distal end configured to engage a proximal end of
the set screw driver, an outer shaft having a distal end configured to engage the collar,
and a clutch connecting the inner shaft to the outer shaft and permitting selective
rotation of the inner shaft relative to the outer shaft, the clutch comprising a spring
and a plurality of disc clutch members positioned about the outer shaft, the spring
biasing the disc clutch members into contact with one another and into contact with
the outer shaft,

continuing to rotate the handle to axially advance the set screw driver and the
collar distally within the screw extension and to advance the set screw into contact
with the spinal rod, axial advancement of the set screw against the spinal rod axially
positioning the spinal rod within the bone anchor,

continuing to rotate the handle to advance the set screw into engagement with
an internal thread of the bone anchor, at least one disc clutch member of the handle
rotating relative to an adjacent disc clutch member of the handle upon application of a
torque to collar and the outer shaft of the handle greater than a preselected torque

value thereby allowing the set screw driver to rotate independently of the collar and
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thereby advance the set screw into engagement with bone anchor and capture the
spinal rod within the bone anchor,
removing the set screw driver from the screw extension, and

disconnecting the screw extension from the bone anchor.

16.  An instrument for adjusting the position of a spinal rod relative to a bone
anchor, the instrument comprising:

a generally tubular screw extension connectable to the bone anchor and having
a central lumen extending from a proximal end to a distal end of the screw extension,
the central lumen including an internal thread at the proximal end thereof,

a set screw driver having a proximal end and terminating at a distal end sized
and shaped to fit within a mating feature on a set screw for the bone anchor,

an externally threaded collar positioned about the set screw driver and
rotatable relative to the set screw driver, the collar engaging an axial stop on the set
screw driver, the collar engagable with the internal thread of the screw extension, and

a handle comprising an inner shaft having a distal end configured to engage
the proximal end of the set screw driver, an outer shaft having a distal end configured
to engage the threaded collar, and a clutch connecting the inner shaft to the outer shaft
and permitting selective rotation of the inner shaft relative to the outer shaft, the
clutch comprising a spring and a plurality of disc clutch members positioned about the
outer shaft, the spring biasing the disc clutch members into contact with one another
and into contact with the outer shaft, at least one disc clutch member rotating relative
to an adjacent disc clutch member upon application of a torque to the outer shaft

greater than a preselected torque value.

17. The instrument of claim 16, wherein the spring comprises one or more

Belleville springs positioned about the outer shaft.
18. The instrument of claim 16, wherein the outer shaft of the handle includes an

axial stop, the disc clutch members being biased into engagement with the axial stop

by the spring.
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19. The instrument of claim 18, wherein one of the disc clutch members is

coupled to the axial stop.

20. The instrument of claim 16, wherein the handle includes an adjustment

member for adjusting the preselected torque value.

21. The instrument of claim 20, wherein the adjustment member is a nut engaged
with an external thread on the outer shaft of the handle, the nut applying an axial force
on the clutch, wherein adjustment of the axial position of the nut on the outer shaft

adjusts the axial force on the clutch.

22. The instrument of claim 16, wherein the screw extension has a pair of opposed
longitudinal slots opening to the lumen of the screw extension, the slots opening at the
distal end of the screw extension and extending axially from the distal end of the

screw extension.
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