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SPINAL STABILIZATION SYSTEMS ANIY instrument is secured 1o the anchors and manipulated 1o
METHODS place the connecting clement in a position mone proximate

PRIOBITY CLAIM

Thiz applhieation claims proaty 1o U5, Provisional Appli-
cation Mo, 60:422,455 entitled *Spinal Stabilization System
Using Polvaxial Members™ filed Oct. 30, 2002: LLS. Provi-
sional Application Mo, 60/466,09 entitled “Spinal Stabili-
eation Svstems and Methods Using Minimally Invasive
Surgical Procedures™ filed Apr. 28, 2003; and U.5. Provi-
sional Application Mo, S/471,254 entitled “Spinal Stabili-
zation Sysiems and Methods Using Minimally Invasive
Surgical Progedunes” filed May 16, 2003, The above-refer-
enced provisional applicalions are incorporated by referemce
as if flly set forth herein.

BACKGROUND

1. Fiel of the Invention

The present invention generally relates 1o spinal stabili-
zation systems that include at least one polyaxial fastener.
Embodiments of the invention relme 1o spinal stabilization
syslems thal may be inserted into o patient during a mini-

mally invasive surgical procedure, Embodiments of the >

invention relate to tools used during & minimally invasive
surgical procedure. Embodiments of the invention relate (o
methods of forming implant system components, methods of
forming stabilizmion systems and components, and methoeds
for performing minimally invasive spinal stabilization pro-
cedures,

2. Description of Related An

Bone may be subject o degeneration caused by trouma,
disease, and'or aging. Degencration may destabilize bone
and affeetl surmounding structures. For example, destabiliza-
tion of a spine may result in alteration of o natural spacing
between adjacent vertebrae. Alteration of a natural spacing
between adjacent vertebrae may subject perves that pass
between veriehral bodies 1o pressure. Pressune applied 1o the
nerves may cause pain andior perve domoge. Maintsining
the matural spacing between verebrmae may reduce pressure
applied to nerves that pass between veriehral bodies, A
spinal stabilization procedure may be used o maintain the
natural spacing between vertebrae and promote spinal sta-
bility.

Spinal stabilization may invelve accessing a portion of the
spine through sofl tissue, Conventional stabilization systems
may require a large incizion andior multiple incisions in the
soft tissue to provide access (o a portion of the spine to be

stabilized. Conventional procedures may result in trauma 1o s

the soft usswe, for example, due 10 musche stripping.

Spinal stabilization systems for a lumbar region of the
spine may b inserted during a spinal stabilation procedure
using a posterior spinal approach. Conventional systems and
methods for posterolmeral spinal fusion may involve dis-
secting and retracting soft tissue proximate the surgical site.
Dissection and retraction of sofi tissue may cause trauma (o
the solt tssue, and extend recovery tme. Mimmally inva-
sive procedures and svstems may reduce recovery time as
wiell a5 traumia 1o the safl Ussve surrounding a stabilization
site.

LIS, Pat. No. 6,530,920 1o Justis ¢l al. (hereinafter *Jus-
1is”y, which 15 incorporited by relerence as if fully dischosed
herein, describes minimally invasive technigues and instrs-
ments for stabilizing a bony strecture in an animal subject,
Justis provides a method for using an instrument fo connect
at least two bone anchors with a connecting element. The

1

15

k1]

LL]

F1

4%

L

-

e anchors.
SUMMARY

A spinal stabilizstion system may be installed in a patient
1o stabilize a portion of a spine. A spinal stabilization system
miay be installed vsing o mikimally invasive procedure, An
instrumentation kit may provide instruments and spinal
stabilization system components necessary for forming a
spinal stabilization system in a patient.

A spinal stabilization system may be used to achieve rigid
pedicle fixation while minimizing e amount of damage 1o
surrcanding tissue. In some embodiments, a spinal stabili-
ation system may be used to provede stability to two or
more veriebrae. A spinal stabilization system may include an
clongated member. two or more bone fastener assemblies,
andfor o closure member, The bone fastener assembly may
inclede, but is nod limited 1o, a bone fastener and a collar. A
first portion of the bone fastener may couple 1o a portion of
the spine during use. A first poriion of a collar may couple
1o a second portion of the bone fastener. A second portion of
the collar may couple 1o an elongated member during use. In
some embodiments, an orientation of the bone fastener may
be independent of the orentmion of the collar for a bone
fastencr assembly. After the bone fastener iz placed in a
veriebral body, the collar coupled to the bone Tustener may
be positioned so that the elongated member can be posi-
ticned in the collar and in ot least one other collar that is
coupled to another vertebral body by a bone fastener.

In an embodiment, o bone fastener assembly may include
o bone fastener, a ring, and a collar. The ring may be
positioned in the collar. Removal of the ring from the collar
may be inhibited. A bone fastener may be positioned in the
ring through a lower opening in the ring and in the collar.
Splines of the bone fastener may be aligned with seats in the
ring. The splines may be forced into the seats to couple the
ning to the bone fastener. Separtion of the nng from the
bone fastener may be inhibited after the bone fastener is
foreed into the seats. The nng mav angulate within the collar
{i.¢., the bone fastener may move relative 1o the collar within
a defined range of motion).

In an embodiment. a collar may inchade, bt is not limited
o, arms and 2 body. Arms and body of a collar may form a
shot o recerve an olongated member. When the clongated
member i positioned in the collar, a portion of the elongated
member may be coupled 1o a head of a bone fastener of the
bone fastener assembly.

Inner surfaces of the arms of a bone fastener assembly
collar may include a modified thread. The modified thread
may engage a complementary modified thread of a closure
member. A closuwre member may secure an ¢longated mem-
ber 1o a bone fastener assembly. In some embodiments, a
range of motion of a collar relative 1o a bone [stener may
be skewed from a conical range of motion relative to a
longitudinal center axis of the collar. The skew may be used
1o secommodate lordotic alignment and'or pedicle angle
shift in sdpcent vericbroe,

Different instruments may be used to form a spinal
stabilization system in a patient using a minimally invasive
procedure. The instruments may inelude, bul are not lmited
o, positioning meedles, guide wires, sleeves, bone fastener
driver, mallets, tissue wedges, tissue retracions, tissue dila-
tors, bone awls, taps, and an elongated member length
estimator. An instrumentation kit may include, but is not
limited to, two or more detachable members (c.g., sheeves),
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3
a tissue wedge, an elongated member positioner, a counter
torque wrench, an estimating tool, a seater, closure member
driver, andior combinations thereof.

[Detachable members may be vsed during installation of

one veriebral level stabalization svstems w cach of the wo
veriebrae 1o be stabilized. In an embodiment, a detchable
member may be coupled w0 o collar of a bone fstener
assembly. A detachable member may include channels io
allow movable members (o advance and'or retract relative to
the detachable member. In ceain embodiments, movable
members may be positioned through other portions of a
detachoble member. Movable members may couple 1o 2
bone fastener assembly collar. The movable members may
inhihit translational and'or rotational movement of the collar
relative to the detachable member.

An cstimating too]l may be used prior o insertion of an
clongated member into bone fastener assemblies to estimate
a desired length of the elongated member. The estimating
el may include arms, The anms may be positioned down
detachable members to rest on top of collars or bone
fasteners of bone fastencr assemblics that are coupled to
viertebral bodies. The amus of the estimating tool may be
expansded 1o contact inner surfoces of the detachable mem-
bers. When the ends of the amis contact the inner surfices
of the detachable members at the bone fastener assemblies,
the estimating ool may be withdrwn from the detachable
members. The arms may compress during removal, but will
spring back 1o the messured distance between the detschable
members sdpacent the collar. The distimee between the arms
may be measured using a scale to provide an estimate of the
appropriate elongated member length. Some additional
length may be added to the estimated value 10 account for
contouring of the clongated member and'or to allow the
clongated member w extend beyond an end of at least two
collars.

A tissue wedge may be used to form a plane between a
first vertebra and a second veriebra during a minimally
invasive procedure, The plane may accepl an elongaed
member. In an embodiment, a tissue wedge may include a
handle portion and a blunted blade. In some embodiments,
the blade may be a double-wedged blade. One edge of the
blade moy include a hooked portion. The hooked portion
may include o culting edge for severing fascia. The hooked
portion may cut fascia positionsd in the hooked portion
when the tissue wedge is dmwn upwards.

In some embodiments, an elongated member positioner
may be nsed 10 guide an elongated member through detach-
able members amd position the clongated member in collars

proximate pedicles of veriebrmae. In an embodiment, an .

elongated member positioner may include a body and a
plunger. The body may include a passageway, a handle
portion, and an engaging partion. The plunger may contact
the elongated member in the engaging portion. In some
cases, pressure supplied o an clongated member with an
elongated member positioner may nol be sullicient 1o seal
the elongated member in collars of bone fastener assemblies,
When the clongated member positioner cannot place the
clongated member in the collars, a scater may be used to
place the elongated member in the collars, The seater may
include a handle portion. A grooved portion of the seater
may be used o push the elongated member downwands into
the collars.

In an embodiment, 4 closure member daver may position
a closure member in a collar coupled 10 a bone fGastener, The
closure member driver may include a handle, an clongated
portion, and a coupling portion.
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In cerain embodiments, a detachable member may be
held with a coumer lorgue wreinch to nhibil njury 1o the
paticmt as the tool portion of a secured closure member is
sheared offl. In some embodimenis, a counter iorque wrench
may include 2 handle portion and a skeeve portion. A distal
end of the sleeve portion may engage an elongated member.

In an embodiment, a method for inserting a stabilizaiion
sYslem in a spine may involve determining ome or mone
vertebrae of the spine to be tlanzeted for stabilization, making
an incision in the skin, inserting a spinal stabilization
system, and closing the incision in the skin.

During some surgical procedurnes, images of o patieil may
be taken to assist in determining target locations for insemion
of bone fastener assemblies in verichrmae o be stabilized. A
marking or markings may be made on the patient 1o indicate
the target locations. An incision may be made in the patient’s
skin between the target locations. In some embodimems, the
incision may be cnlarged afier insertion of a first bone
fastencr assembly. The targeting necdle may be inserted into
a first pedicle, Imaging maoy be used 10 monilor orentation
and depth of the targeting needle during insertion.

Afer insertion of the trgeting needle, a guide wire may
be inserted through a hollow shalt of the targeting needle
into the first pedicle. The tangeting needle may be removed
from the patient. A first bone [stener assembly coupled 1o
a fiest detachable member may be inserted into the first
padicle.

A plane may be created in sofl tissue between the first
bone fistener assembly and a second pedicle, The plane may
be formed without severing muscle tissue. 1F needed, fascia
may be cul to [mcilitie formation of the plane. After the
plane iz formed, the targeting necdle may be inserted in the
first detachable member. A distal end of the targeting neadle
may be wanded through the plane and placed at an entry
point of the second pedicle. The targeting needle may be
inseried into the second pedicle in a desired onentation and
1o a desired depih. A guide wire may be insened through a
hollow shaft of the targeting needle into the second pedicle.
The targeting needle may be removed, and a second bone
fastener assembly coupled 10 o second detachable member
may be inserted into the second pedicle.

An elongaed member may be guided down ihe detach-
able members. The clongated member may be scated in the
collars. A position of the elongated member in the collars
may be confimmed using fluoroscopic imaging. Afler con-
firming the position of the elongated member, a first closure
meember coupled 1o a driver may be sdvameed down the first
detachable members. The first closure member may be
coupled 1o the first collar, A counter lorgue wrench may be
coupled 1o the detschoble member. A head of the first closure
member may be sheared, When the head is sheared, encugh
force is applied 1 the clongated member by the closure
member to inhibil movement of the elongated member
relative 1o the booe fastener assembly, The drver may be
removed from the first closure member after coupling the
first closure member 1o the first collar. The sheared off head
may be removed from the draver.

The drver may be coupled to a second elosure member.
A secomd closure member coupled 1o the driver awd a
counter orqee wiench may be used while the head of the
closure member is sheared off to form the spinal stabilization
system. The detschable members may be removed from the
collars. The incision in the skin may be closed.
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BRIEF DESCRIPTION OF THE DEAWINGS

Advantages of the present invention will becomse apparent
10 those skilled in the ant with the benelit of the following
detaibed description and upon reference 1o the accompanying
drawings in which:

FIG. 1 depicts a perspective view of an embodiment of a
spinal stabilization system.

FIG. 2 depicts a perspective view of an embodiment of a
bone fostener assembly,

FIG. 3 depicis a perspective view of an embodiment of a
bone fastencr.

FIGS. 4A and 4B depict perspective views of embodi-
ments of bone fastener assembly rings.

FIG. 5 depicts a perspective view of an embodiment of o
bone fastener assembly collar

FIG. 6 depicts a cross-sectional view of an embodiment of
a bone fastener assembly.

FIG. T depicts a perspective view of an embodiment of o
bone fostener assembly,

FIGS. BA-BC depict schematic views of a method of
positioning A ring in a collar of a bone fastener azsembly.

FIGS. 9A-9C depict schematic views of a method of
positboning a ring in a collar of a bone fastener assembly.

FIGS. 104 and 108 depict schematic views of positioning
a bone fastener in a ring and collar to form a bone fasiener
assembly.

FIG. 11 depicts a front view of an embodiment of a bone
fostener assembly with a collar that allows for angulation of
a bone fstener relative o the collar i a conwcal range of
motion that is symmetrical relative 1o an axis thal passes
through & central axis of the collar and & central axis of a
bone fistener,

FIG. 12A depicts a front view of an embodiment of a bone
fostener assembly with a collar tha allows for angulation of
a bone fistener relative to the collar in o conical range of
mestion that 15 not symumetricsl relative (o an axis thal passes
through a central axis of the collar and a central axis of a
bone fastener. The collar allows additional lateral bias
relative 1o a non-biased collar.

FIG. 128 depicts a side view of an embodiment of a bone
fostener assembly with a collar that allows for angulation of
a bone fasiener relative 1o the collar in a conical range of
motion that is not symmetrical relative 1o an axis (st passes
through a central axis of the collar and a central axis of a
bone fastener. The collar allows additional cavdal or cepha-
lid baas relative to a non-biased collar.

FIG. 13A depicts a schematic side view representation of
cimbodiments of bone fastence assemblics positioned in
verichrae,

FIGi. 138 depicts a schematic top view representation of
an embodiment of a single-bevel spinal stabilization system,

FIG. 14 depicts a perspective view of an embodiment of
a closure member.

FIG. 15 depicts a cross-sectional representation of the
closure member tuken substantially along plane 15-15 indi-
cated in FIG. 14.

FIG. 16 depicts a perspective view of an embodiment of
a portion of a spinal stabilization svstem.

FIG. 17A depicts a cross-sectional representation of an
embodiment of a spinal stabilization system.

FIG. 17B depicts a detailed view ol a portion of FIG. 1T A,

FIG. 18A depicts a cross-sectional representaticn of an
embodiment of a spinal stabilization svstem.

FIG. 181 depicts a detailed view of a portion of FIG, 18A,

FIGi. 19 depicts a perspective view of an embodiment of
a targeting mocdle.
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FIG, 20 depicts a perspective view of an outer ousing of
a targeting needle.

FIG. 21 depicts a perspective view of an embodiment of
a member of o trgeting neadle.

FIG, 22 depicts a perspective view of an embodiment of
a gnicle wire,

F1G. 23 depicts a perspective view of an embodiment of
a guide wire.

FI1G. 24 depicts a perspective view of an embodiment of
@ bone awl.

F1G. 25 depicts a perspective view of an embodiment of
a bone tap.

FIGi. 26 depicts a perspective view of an embodiment of
a multichannel sleeve.

FIG. 27 depicts a top view of an embodiment of a
multi-channel sleeve with a bone fastener assembly coupled
1o thi sleeve.

FIG, I8 depicts a cross-sectional representation of a
portion of the sleeve with the bone fastener assembly taken
substantially along line 28-28 of FI1G. 27.

FIG. 29 depictz a crmss-sectional representation of a
portion of the sleeve with the bone fastener assembly taken
substantially along line 29-29 of FI1G. 27.

FI1G. 30 depicts a perspective view of an embodiment of
a single-chamnel sleeve,

F1G. M depicts a perspective view of an embodiment of
a sheeve duning connection of the sleeve to a collar of a bone
fastener assembly.

F1(i. 31A depicts a detailed view of a portion of FIG. 31.

FIG. 32 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled 1w a collar of a bone
fastencr asscmbly.

FIGi, 33 depicts a pantial cross-sectional representation of
an embodiment of a sleeve coupled to a collar of a bone
fastener assembly,

FIG. 34 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled 10 a collar of a bone
fastencr assembly,

FICs, 35 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled to a collar of a bone
fastener assembly.

FIG, 36 depicts top view representation of an embodiment
of a collar,

FI1G, 37 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled o an embodiment of a
collar of a bone fastener assembly, such as the collar
depicted in FIG. 36,

FIG, 38 depicts a top view representation of an enbodi-
meent of a collar,

FIti. 38 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled to an embodiment of &
collar of a bone fastener sssembly, such as the collar
depicied in FIG. 38,

FIG., 40 depicts a partial cross-sectional view of an
embodiment of a slecvie with an inner sleeve.

FI1G. 41 depiets a partial cross-sectional representation of
an embodiment of a sleeve coupled 10 a collar of a bone
fastener assembly.

FIG. 42 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled 1o a collar of a bone
fastener assembly.

FIG. 43 depicts a partial cross-sectional representation of
an embodiment of a sleeve coupled 10 a collar of a bone
fastener assembly,

FIG, 44 depicts a cross-sectional representation of an
embodiment of a hinged sleeve coupled to a collar of a bone
fastener assembly,
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FIG. 45 depicts a cross-sectional representation of an
embodiment of a hinged sleeve coupled to a collar of a bone
fostener assembly.

FIG. 46 depicts o schematic representition of sleeve
embodiments coupled 1o collars of a spinal stabilization
aystem,

FIG. 47 depicts a schematic representation of sleeve
embodiments with connections that allow relative move-
ment of portions of a sleeve.

FIG. 48 depicts a perspective view of an embodiment of
sleeves coupled 1o bone fastener assemblies.

FIG. 49 depicts a perspective view of an embodiment of
sleeves that are coupled to bone fasiencr assemhblics.

FIG. 50 depicts a schematic view of sleeve embodiments
that are coupled 10 an embodiment of a frme.

FIG. 51 depicts a perspective view of an embodiment of
a driver coupled to a bone fastener and a sleeve,

FlGi. 52 depicts a partial cross-sectional view of an
embadinient of a bone Fastener and collar coupled 1o o driver
positioned in o dilator,

FIG. 53 depicts a perspective view of an embodiment of
a tissue wedge.

FIG. 54 depicts a perspective view of an embodiment of
an estimating lool.

FIG. 55 depicts a perspective view of an ecmbodiment of 2

an estimating ool

FIG. 56 depicts a perspective view of an embodiment of
an cstimating tool.

FI(i. 57 depicts a perspeetive view of a tool designed o
position an elongated member proximate vertebrae,

FIG. 58 depicts a perspective view of a seater [or placing
an elongated member proximate verchrme.

FIGS. 59A and 598 depict perspective views of a ool
designed 1o position a closure member in a collar coupled to
a bone fastener.

FIGS. 60A and 6083 depict perspective views of a ool
designed 1o position a closure member ina collar coupled 1o
a bone fastener.

FIG. 61 depicts an embodiment of a cownter tonque
wrench coupled 10 a sleeve.

FIG. 62 depicts an embodimem of a counter tomque
wrench,

FIG. 83 depicts a schematic view of ihe counter lorque
wrench shown in FIG, 62 coupled to an elongated member,

FIGE. 64A-64F depict schematic views of guide wire
placement during a minimally invasive spinal stabilization
procedure,

FIGS, 65A-650) depict schematic views of tissue dilation
during a minimally invasive spinal stabilization procedure.

FIGS. 66A-66] depict schematic views of vertebra prepa-
ration for receiving a bone fastener assembly during a
minimally invasive spinal stabilization procedure,

FIGS. 67TA-67D depict schematic views of insertion of o
sleeve and bone fastener assembly during a minimally
invazive spinal stabilization procedure.

FIGS. 68A-68D depict schematic views of tissue plane
creation during s minimally invasive spinal stabilization
procedure.

FIG. 6% depicts an embodiment of a tissue wedge.

FIGS. TOA-TOD depici schematic views of placement of
a sleeve and a bone fastener assembly in second verebra
duning a minimally invasive spinal stabilizmtion procedure.

FIG. T1 depicts a tissue plane between adjacent veriehme
with anchored sleeves crossing at the surface of the skin.

FIG. 72 depicts an embodiment of an elongated member,

FIGi. 73 depicts an embodiment of an elongated member.

FI(i. 74 depicts an embodiment of an clongated member.
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FIG, 75 depicts an embodiment of an elongated member,

FIGS. T6A-TEDY depict schematic views of clongated
member placement during a minimally mvasive spinal sta-
biliztion.

FIG, 77 depicts a perspective view of a distal portion of
a two-proaged driver,

FIGS. TBA-TED depict schematic views of a sleeve
removal during 2 minimally invasive spinal stabilization
procedure.

FIGS. 79A-T9E depict schematic views of elongsted
member placement in sheeves for a mulii-level spinal siabi-
lization system.

FIGS. B0A-80C depict schematic views of bone fasiener
assemblics coupled 1o sleeves.

FIG. 81 depixts a perspective view of a bone fstener used
in an invasive procedure.

While the invention iz susceplible to various modifica-
tions and alternative forms, specific embodiments thereof
are shown by way of example in the drwings and will
herein be descnbed in detail. The drawings may not be 1o
scale. It shoubd be understood that the drmwings and detailed
description thereto are not intended 1o limit the invention 1o
the particular form disclosed, but on the contrary, the inten-
tion is o cover all modifications, equivalents, and altemna-
tives falling within the spimt and scope of the present
invention as defined by the appended claims.

DETAILED DESCRIPTION

A spinal stabilizmion svstem may be installed in o patient
1o stabilize a portion of @ spine. Spinal stabilization may be
used. but is not limited to wse, in potients having degenera-
tive disc disease, spinal stenosis,  spondylolisthesis,
pseudoarthrosis, andfor spinal deformities: in patients hav-
ing frciure or other vericbral trauma; and in patients afler
umor resection. A spinal stabilization system may  be
installed nsing a minimally invasive procedure. An insiru-
mentaion set may include instruments and spinal stabiliza-
tion system components for forming a spinal stbilization
sVslem in a patient.

A mnimally invasive procedure may be used to lmit an
amount of trauma o sofl tissue surrounding veriebeae that
are 10 be sabilized. In some embodiments, the namral
flexibility of skin and soft tssue may be used 1o limit the
lemgrth and'or depth of an incision or incisions needed during
the stabilizstion procedune. Minimally invasive procedunes
may provide limited direct vigibility in vive, Forming a
spinal stabilization system using a minimally invasive pro-
codure may include using tools 1o position sysiem compo-
nents in the body.

A minimally invasive procedure may be performed after
installation of one or mone spanal implants in a patient. The
spinal implant or spinal implants may be inserted using an
amterior procedure andor a lateral procedure. The patient
may be umed and o minimally invasive procedure may be
used to insiall a posterior spinal stabilization system. A
minimally invasive procedwre for stabilizing the spine may
be performed withoul pror inserion of one or more spinal
implants in some patients. In some patients, o minimeally
mvasive procedure may be used o install & spinal stabili-
#ation system after one or more spinal implanis are inserted
uging a posterior spinal approach.

Acspinal stabilization system may be used to achieve ngid
pedicle fixation while minimizing e amounl of damage 1o
surrcanding tissue, In some embodiments, a spinal stabili-
zation system may be used to provide stability 10 two
adjacent vertebrae (i.e.. one veriebral bevel). A spinal stabi-
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lization system may include two bone fastener assemblies,
Oine bone fastener assembly may be positioned in cach of the
viertebrae 1o be stabilized. An clongated member may be
coupled and secured to the bone fstener sssemblies. As
used herein, “coupled” components may direcily contact
enpch other o may be separated by ape of more inlervening
members. In some embodiments, a single spinal stabilization
system may be installed in a patient. Such a system may be
referred to as a unilateral, single-level stabilization system or
a single=level, two-poinl stabilization system. In some
embodimenis, two spinal stabilization sysiems may be
installed in a paticnt on opposite sides of a spine. Such a
system may be referred to as a bilateral, single-level stabi-
lizstion svstem or a singhe-level, four-point stabilization
SYslem.

In some embodiments, a spinal stabilization system may
provide stability 1o theee oF more vertebme (i.c.. tWo of more
vertebral levels). Ina two vertebral level spinal stabilization
system, the spinal stabilization system may include three
bone fastener assemiblics, One bone fastener assembly may
be positioned in each of the verebrae to be stabilised. An
elongated member may be coupled and secured to the three
bone fostener assemblics. In some embodiments, a single
two-level spinal stabilization system may be installed in a
patient. Such a system may be referred 1o a3 a unilateral,
iwo-level siabilization system or a two-level, three-poini
stabalization system. In some embodiments, two three-point
spinal stabilization sysiems may be installed in a patient on
opposite sides of a spine. Such a system may be referred (o
as a bilateral, two-level stabilization svstem or & two-level,
six-point stabilization system,

In some embodiments, combination systems may be
installed. For example, a two-point stubilzation system may
be installed on one side of & spine, and a theee-point
stabalization system may be installed on the opposite side of
the spine. The composite system may be refermed 1o o
five-point stabilization system.

Minimally invasive procedures may reduce trauma 1o sofi
tissue surrounding vericheae that are to be stabilized. Only
a small opening may need to be made in a patient. For
example, for a single-level stabilization procedure on one
side of the spine, the surgical procedure may be performed
through a 2 cm to 4 cm incision formed in the skin of the
patient. In some embodiments, the incision may be above
and substantially between the vericbrae to be stabilized. In
some embodiments, the incision mav be above and between
the verlebrae 1o be stabilized. In some embodiments, the
ineision may be above and substantially halfway between
the vertehrae to be stabilived. Dilators, a targeting needle,

and/or a tissue wedge may be used to provide access to the

vertehrac 1o be stabilized withowt the need to form an
ingision with o scalpel through muscle and other tssee
between the vertebroe 1o be stabilized, A minimally nvasive
procedure may reduce an amount of post-operative pain felt
by a patient as compared to invasive spinal stabilization
procedures. A minimally invasive procedure may reduce
recovery me for the patient as compared 1o invasive spinal
procedures,

Components of spinal stabilization svstems may be made
of matenials including. but not limited fo, titanium, titasium
allovs, stainless steel. ceramics, and/or polymers. Somde
components of a spinal stabilization syslem may be aulo-
claved and'or chemically sterlized, Components that may
ot be amoclwved mdior chemically sterilized may be made
of sterile materials. Components made of sterile materials
may be placed in working relation to other sterile compao-
nents during assembly of a spinal stabilization system.
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Spinal stabalization systems may be used to correct prob-
lems in lumbar, thorscic, andior cervical portions of a spine.
Various embodiments of a spinal stabilization system may
b used from the C1 vertebra o the saerum. For example, a
spinal stabilization system may be implanted posterior o the
spine 1o maintain distraction between sdjacent vertebral
bodies in a lumbar portion of the spine.

F1i. 1 depicts an embodiment of spinal stabilization
system 100 that may be implanied vsing a minimally inva-
sive surgical procedure. Spinal stabilization system 100 may
inclede bone fasiener assemblies 102, elongated member
104, and‘or closure members 106, Other spinal stabilization
svstem embodiments may include, but are not limited to,
plotes, dumbbell-shaped members, and/or trmsverse con-
nectors. FIG. 1 depicts a spinal stabilization svstem for one
verichral level. In some embodiments, the spinal stabiliza-
tion syvstem of FIG. 1 may be used 58 a multi-level spinal
stabilization system if one or more vertebrae are located
between the vertebrae in which bone lstener assemblics
102 are placed. In other embodiments, multi-level spinal
stabilization systems may include additional bone fastener
assemblies 10 couple to one or more other vertebrae,

FIG. 2 depicts a perspective view of bone fastener assem-
bly 102. FIG. 3, FIGS. 4A and 4B, and FIG. § depict
embodiments of bone fastener assembly components. Com-
ponenis of bone Fastener assembly 102 may include, but are
not limited to, bone fastener 108 (shown in FIG. 3), ring 110
{shown in FIGS. 4A and 4B), and collar 112 {shown in FIG.
5} Bone fastener 108 may couple bone fastener assembly
102 10 @ vertebra, Ring 110 mav be positioned between a
hesd of bone fastener 108 and collar 112,

FIG. 6 depicts a cross-sectional representation of bone
fastener 108, ring 110, and collar 112 of bone fastener
assembly 102, Bone fastener 108 of bone fastencr assembly
102 may include passage 114, Bone fastener 108 may be
cannulated (i.e., pussage 114 may ran through the full length
of the bone fastener), A guide wire may be placed through
paszage 114 g0 that bone fastener 108 may be inserted into
a vertebra at a desired location and in a desired angular
orientation relative to the verlebra with limited or no vis-
ibility of the vertebra

In some embodiments, a bone fastener assembly may be
a fixed angle fastener. FIG. 7 depicis an embodiment of a
fixed angle bone fastener. Collar and bone fastener may be
formed as o unitary picce of metal. A fixed angle fastener
may be positioned as the first bone fastener assembly
inserled into a verlehra,

A bone fastener may be, bt is oot limited 1o, a bome
screw, a ring shank fastener, a barb, a nail, a brad, or a trocar.
Hone fastencrs andor bone fastener assemblics may be
provided in varions lengths in an instrumentation set 1o
accommadate varability in venebrl bodies. For example.
an instrumentation set for stabilizing veriebroe in o lumbar
region of the spine may include bone fastener assemblics
with lengths ranging from sbowt 30 mm to about 75 mm in
5 mm increments. A bone fastener assembly may be stamped
with indhicia {i.e.. printing on a side of the collar). In some
embodiments, a bone fastener assembly or a bone fasiener
may be color-coded to indicate a length of the bone fastener.
In certain embodiments, a bone fastener with a 30 mm
thread length may have a magenta color, a bone fastener
with 4 35 mm thread léngth may have an orange color, and
@ bonve fastener with @ 55 mm thread length may have a blue
color, Other colors may be used as desired,

Each bone fastener provided in an instrumentation set
may have substantially the ssme thresd profile snd thresd
pitch. In an embodiment, the thread may have about a 4 mm
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major diameter and about a 2.5 mm minor diameter with a
cancellous thread profile. In certain embodiments, the minor
diameter of the thread may be in 8 rnge from about 1.5 mm
1o aboul 4 man or larger. In cerain embodiments, the major
diameter of the thread may be in o rnge from abom 3.5 mm
1o aboul 6.5 mum or krger. Bone fasteners with other thread
dimensions and/or thread profiles may also be used. A thread
profile of the bone fasteners may allow bone porchase 1o be
maximized when the bone fastener is positioned in venebral
hane,

FIG. 3 depicis an embodiment of boae fastener 108, Bone
fastener 108 may inclwde shank 116, head 118, amd neck
120. Shank 116 may include threading 122. In some embodi-
ments, threading 122 may nclude sell-lapping stant 124,
Sell-apping start 124 may [ocilitate insertion of bone fas-
tener 108 into vertebral bone,

Head 118 of bone fastencr 108 may include various
configurations o engage a drver that insers the bonc
fostener into a vertebra., In some embodiments. the driver
may alse be used o remove an installed bone fstener from
a vertebra. 1n some embodiments, head 118 may include one
or more ol portions 126, Tool portions 126 may be recesses
and/or protrusions designed 1o engage a portion of the driver.
In some embodiments, bone fastencr 108 may be cannulated
for use in a mindmally invasive procedure,

Head 118 of bone fastener 108 may include one or more
splines 128, as depicted in FIG. 3. In some head embodi-
ments, head 118 may include three splines. Splines 128 may
b equally spaced circumferentially around head 118 of bone
fostener 108, [n some head embodiments, splines 128 may
be spaced ol wnequal distances circumferentially around
head 118, Splines 128 may include various surface configu-
rations andor wexturing to enhance coupling of bone fastener
108 with a ring of a bone fastencr assembly. In some
embodiments, sides of the sphines may be tapered so that the
splines form a dovetn] connection with o ring. In somde
embodiments, sphine width may be tapered so that a good
inerference connection iz established when the bone screw
is coupled to a ring. Splines 128 may include one or more
projections 130 to facilitate coupling bone fastener 108 with
an inner surface of a ring. In some embodiments, projections
130 may be positioned on o lower portion of splines 128, In
some embodiments, the splines may include recessed sur-
1;I*t:n.=:s that accept projections extending from surfaces of the
IIHEF

MNeck 120 of bone fastener 108 may have a smaller
diameter than adjacent porions of head 118 and shank 116,
The diameter of peck 1200 may ix the maximum angle tlat
the collar of the bone fastencr assembly can be rotated

relative to bone fastencr 108, In some embodiments, neck

120 may be sized to allow up to about 40° or more of
angulation of the collar relative w the bone fastener. In some
embodiments, the neck may be sized to allow up 10 abom
307 of angulation of the collar relative to the bone fastener.
In some embodiments, the neck may be sized 1o allow up to
about 20° of angulation of the collar relative 10 the bone
[mstener.

FIGS. 4A and 4B depict perspective views of embodi-
ments of ring 110, Outer surface 132 of ring 110 mav have
a contour that substantially complements a contour of an
inner surface of a collar in which the ring resides. A contour
of the outer surface of the nng may be a sphencal portion.
When the ring is positioned in the collar, the complenentary
shape of the ring ouler surface and the inner surface of the
collar that contacts the ring allows angulation of the collar
relative to a bone fastener coupled 1o the ring. The contour
of the outer surface of the ring and the inner surface of the
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collar may inhibit removal of the ring from the collar after
insertion of the ring into the collar.

Outer surface 132 of ring 110 may have a smeoth finish.
In some embodiments, outer surface 132 may be surface
treated or include coatings and'or coverings. Surfoce treat-
mhenls, coatings, andlor covenngs may be used 1o adjust
frictional and/or wear propertics of the outer surface of the
ring. In some embodiments, a portion of the outer surface of
the ring may be shaped and'or textured to limit a range of
moticn of the collar relative 10 a bone fastener of a bone
fastener assembly.

An inner surface of ring 110 may include one or mose
wrooves 134 and’or one or more seats 136, Seats 136 may be
cirewmlerential ly offsel from grooves 134, Grooves 134 may
be sized w allow passage of splines of a bone fastener (e.g..
splines 128 shown in FIG, 3) through he ring. When the
splines are mserted through grooves 134, the bone fastener
may be rotated until the splines align with seats 136. The
bone fastener may be pulled or driven so that the splines are
positioned in seats 136, In some embodiments, projections
{e.g., projections 130 in FIG. 3) may pass over ridges 138 of
ring 110, Passage of the projections over ridges 138 may
securcly couple the bone fastener 1o the ring and inhibit
separation of the Ang from the bone fastener.

In a ring embodiment, a mumber of grooves 134 and a
number of seats 136 may equal a number of splines 128 on
4 head of a bone fistener. Seats 136 and grooves 134 may
b egqually spaced circumferentially around the inner surface
of nng 110. In some embodiments, seats 136 may be
circumferentially offset about 607 from grooves 134,

In some embodiments, as shown in FlG. 44, a n'n_u_ iy
be a complete ring witliout a split or slots. In some embodi-
ments, a ring may include a split or slots 1o facilitate
insertion of the nng inlo a collar, FIG. 48 depicts a ring with
a split. In some embodiments, a ring with a split and'or slois
may be compressed 1o ease insertion info a collar. Once
positioned in the collar, the ring may expand to its original
uncompressed dimensions, thus inhibiting removal from the
collar

As used herein, the term “collar” includes any clement
that wholly or partially encloses or receives one or more
other elements, A collar may enclose or receive clements
including, but pot limited to, a bone fastener. a closure
member, a ring, andor an elongated member. In some
embodiments, a collar may couple two or more ofher ele-
ments together {c.g.. an elongated member and a bone
fastener). A collar may have any of vanous physical forms.
In some embodiments, a collor may have a “U™ shape,
however 1l 15 o be understood that a collar mav also have
other shapes.

A collar may be open or closed. A collar having a slot and
an open top, such as collar 112 shown in FIG. 2 and in FIG.
5, may be referred fo as an “open collar” A boae fasiener
assembly that includes an open collar may be referred 1o as
an “open fastener.” In some embodiments, an clongated
member may be top loaded into the open fastener. A closure
miember moy be coupled 1o the collar o secure the elongated
member to the open fostener,

A collar that does not include a slot and an open top may
be referad o oas a “closed collar” A spinal implant that
cludes o closed collar may be refermad 10 a5 a “closed
implant,” A closed collar may include an aperture, bore, or
other feature in side surfaces for accommodating other
components of a stabilizalion system (e.g., an elongated
member). A setscrew may be used to securely couple an
clongated member to a closed implant.
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Collar 112 may inchude body 140 med arms 142, Arms 142
iiay extend from body 140, Body 140 of collar 112 may be
greater in width than a width across arms 142 of collar 112
{Le., body 140 may have o maximum effective outer diam-
eter greater thin a maximum effective outer dimmeter of
arms 142). A reduced width across arms 142 may allow a
detachoble member 10 be couplad to the arms withou
substantially increasing a maximum effective outer diameter
along a length of collar 112, Thus, a reduced width across
armms 142 may reduce bulk at a surgical site.

Aheight of body 140 may range from about 3 millimeters
(mm) to about 7 mm. In an embodiment, a height of body
140 is about 5 mm. Body 140 may incluede opening 144 in
a lower surface of the body. To inhibit passage of a ring from
collar 112, opening 144 may be smaller than an outer
diameter of the ring. Inner surface 146 muy be machined 1o
complement a portion of an cuter surface of a ring that is to
b positioned in collar 112, Machining of inner surface 146
may enhance retention of a nng in collar 112, Inner surface
146 of body 140 may be complementary in shape o a
portion of outer surface 132 of ang 110 (see FIG, 4) so tlat
the ring is able to swivel in the collar, Inner surfoces andfor
outer surfaces of collar 112 may be surface treated or include
coatings and/or coverings to modify frictional propenties or
olhver properics of the collar

Inner surfaces of arms 142 may include modified thread
148. Modificd threads 148 may cngage complementary
meddified threads of a closure member 1o secure an elongated
member 1o a bone fstener assembly, Modified threads 148
may have a constant pitch or a vanable pitch.

A height and a width of arms 142 may vary, Arms 142
may range in height from about & mm to about 15 mm. In
an embodiment, a height of arms 142 iz about 1] mm. A
width {i.c., effective diameter) of arms 142 may range from
about 5 mm to 14 mm. Arms 142 and bocdy 140 mav form
slot 150, Slot 150 may be sized o receive an elongated
member. Skot 150 may inclede, bul is oot limited 1o, an
elongated opening of consiant width, an elongated opening
of variable width. a rectangular opening, a trapezoidal
opening, a circular opening, a square opening, an ovoid
opening, an egg-shaped opening. o topered opening. and
combinations amllor portions (hereof, In some embodi-
ments, a first portion of slot 150 may have different dimen-
sions than a second portion of skot 150, In centain embodi-
ments, a portion of shot 150 in first arm 142 may have
different dimensions than a portion of skt 150 in second am
142. When an elongated member is positioned n sk 150,
a portion of the elongated member may contact a head of a
bone fastener positioned in the collar.

In an embodiment of a collar, arms 142 of collar 112 may
include one or more openings and'or indentions 152, Inden-
tions 152 may vary in size and shape (e.g., circular, irian-
gular, rectangular). Indentions 152 may be position markers
andfar foree applicalion regions for instrnments that perfonm
reduction, compression, or distraction of sdjacent vertebrae,
In some embodiments, openings andlor indentions may be
positioned in the body of the collar.

Arms 142 may include rdges or flanges 154, Flange 154
may allow collar 112 w0 be coupled o a detachable member
so that trmslitional metion of the collar relative to the
detachoble member s inhibited, Flanges 154 may also
include notches 156, A movable member of a detachahble
member may extend into notch 156, When the movable
member is positioned in notch 156, a channel in the detach-
able member may align with a shot in collar 112, With the
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movable member positioned in potch 156, rotational move-
meent of collar 112 relative to the detschable member may be
inhibited.

FIGS. BA-BC show views of collar 112 and ring 110
during top losding insertion of the ring into the collar, Ring
110 may be positioned ag shown in FIG. 8A and inserted past
arms 142 into body 1400 FIG. 8B depicts a cross-sectional
view of ring 110 and collar 112 after insertion of the ring into
ithe collar through slod 150, Afier insertion of nng 110 nie
collar 112, the ring may be rotated =0 (hat a bone fstener
may be positioned through the rAng. FIG. BC depicis a
cross-sectional view of ring 110 and collar 112 after rotation
of the nng in the collar.

FIGS. 9A-9C show views of collar 112 and ring 110
diiring bottom boading inserion of the ang o the collar.
Ring 110 may be posifioned as shown in FIG. 9A and
inserted into body 140 through an opening in the bottiom of
collar 112. In some embodiments, ring 110 may be inscrted
into body 140 through a groove or a slol in the bottom of
gollar 112, In cenuin embodiments, collar 112 designed for
botiom insertion of Ang 110 may have narrower slot 150
than a collar designed for 1op insertion of a ring, Collar 112
with narmower slot 150 may allow an elongated member with
a redeced diameter 10 be used in a spinal swbilization
svstem. Collar 112 with narmower slot 150 moy be wsed 1o
reduce bulk at a surgical siie.

FIG. 98 depicts a cross-sectional view of fAng 110 and
collar 112 afier insertion of the ning into the collar through
the opening in the bottom of the collar. After insertion of ing
110 into eollar 112, the nng may be motated so tha o bone
fostener may be positioned through ke ring, Tolerance
between an outer surface of fing 110 and an inner surface of
body 140 shown in FIGS. 8A-8C and 9A-9C may requine
force to be applied to the ring to drive the fng into the body.
Omee ring 110 15 positionsd in body 140, the ring may
expand shightly. In certain embodiments. significan force
meay b respuired 1o remove ring LLO from body 140 (1.6, the
nng may be substantially unreleasable from the body), The
required force may inhibit unintentional removal of ring 110
from body 140, FIG. W depicts a cross-sectional view of
ning 110 and eollar 112 after rotation of the ring in the collar.

FIG, 10A depicts bone fastener 108 before insertion of the
bone fasiener into ring 110 positioned in collar 112, Splines
128 may be aligned with grooves 134 1o allow passage of
head 118 through ring 110 and into collar 112 FIG. 108
depicts bone fastener 108, ring 110, and collar 112 afier the
bone fastener his been rotated and head 118 has been
coupled 1o seals in the ring 10 form bone fastener assembly
102. Inserting bone fastener 108 through opening 144 in
collar 112 (depicted in FIG. 10A) may allow use of bone
fastencrs that have shanks and'or heads with larger diam-
elers than can pass through sl 150, Bone fasteners with
large diameter shanks may form a bone fsteper assembly
{threaded or otherwise) that securely fastens to veriebral
bone during use.

A bone fastener may be rotatably positioned in a collar
such that the bone fastener is able 10 move mdially andfor
roationally relative o the collar {or the collar relative to the
bone fastener) within a defined range of motion. The range
of motion may be provided within a plane, such as by a
hinged connection, or within a three-dimensional region,
such as by a ball and socket connection. Motien of the bone
fastener relative 10 the collar {or the collar relative 1o the
bofe fastener) may be referred 1o as “angulation™ and'or
“polvaxial movement”, FIG. 11 depicts bone fastener assem-
bly 102 with central axis 158 of collar 112 aligned with
central axis 160 of bone fastener 106, Bone [asiener 108
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may be angulated in a symmetrical conical range of motion
characterized by angle at sbout the aligned axes. Bone
fostener 108 may be constrained from motion owtside of
limit axis 162 by contuct between neck 120 of bone fastener
108 and collar 112, Alignment of axis 160 of bone fastener
108 with central axis 158 of collar 112 may be considered a
neutral position relative o the range of motion. The align-
ment is a nentral position because bone fastener 108 may be
angulated an equal amount in any direction from central axis
158, When a driver is inserted into bone fastener 108, axis
160 of bone fasiener 108 may be substaniially aligned with
axis 158 of collar 112 to facilitate insertion of the bone
fastener into a verichral body.

In certain embodiments, a range of motion of a collar may
be skewed from a full conical range of motion relative 1o
aligned central axes of the collar and a bone fastener coupled
o the collar. In some embodiments, a distal end of a collar
may be shaped to skew, or bias, the range of motion from the
range of motion depicted in FIG. 11, FIGS. 12A axd 1218
depict bone fastener assemblics 102 with biased collars 112,
Body 140 of biased collar 112 may be shaped to restrict
relative movement of bone fastencr 108 (and'or the collar)
to a skewed conical rnge of motion defined by limit axes
162, As depicted by limit axes 162 in FIG. 12A, a first arm

142 of collar 112 mav approach bone fastener 108 more 2

closely than a second arm of the collar. As suggesied by limit
axes 162 in FIG. 128, a first opening of the slot between
arms 142 of collar 112 may approach bone fasiener 108
more closely than a second opening of the slot.

Oiher biased collars may be designed 10 selectively
restrict relative movement of collars andior bone fasteners,
In some embodiments, a bissed collar may be attached 1o a
detachahle member such that a surgeon performing a mini-
mally invasive procedure may selectively align the portion
of the collar with the greater mnge of motion as needed. For
example. the collar depicted in FIG. 128 may be coupled to
a single-level (e, C-shaped) sleeve so that the side of the
collar (i.e., the side of the slot) with a larger range of motion
iz positioned next 10 a channel opening of the sleeve.

When a bissed collar of o bone fstener assembly s
coupled 10 a detachable member and a drive mechanism is
coupled 1o a bone fastener of the bone fstener assembly,
central axis 158 of collar 112 may align wiih central axis 160
of bone fastener 108 to facilitme inserion of the bone
fastener inip bone. In some embodiments, the bias of the
collar may be so large that a flexible drive member is needed
to drive the bone fastener 1o bone.

In sonwe embodiments, one or more biosed collars may be
used in o spinal stabilization system. The spinal stabilization

systems may be single-level systems or multi-level systems.

Biased collars may be used to sccommoxdate the increasing
angle of the pedicke comidor for each lumbar vertebra, The
angle may incrense by about § degrees for each successive
lumbar vertebra. FIGS. 13A and 138 depict a single-level
spinal stabilization system including bome fasiener assembly
1024 coupled o pedicle 164.A and vertebra 1664 and bone
fostener assembly 10213 coupled 1o pedicle 16418 and ver-
tebra 166E.

A bone fastener of bone fastener assembly 102A may
engage pedicle 1644 ai pedicle angle A relative io sagitial
planc 168. Pedicle angle $A may rnge between about 13
and about 17% Collar 112A of bone (astener assembly 1024
may be unbissed, Pedicle angle ¢B may mnge between
about 18” and about 227, Collar 1128 may have a biss angle
ff of about 5°, Bone fastener assembly 1028 may engage
pedicle 1648 at pedicle angle B. Becouse the hias of collar
1128 is approximately oqual to the difference between the
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pedicle angles of the two vertebrae, slots 1504 and 1508 in
bone fastener assemblies 102A and 1028, respectively. may
be generally aligned when both bone fasteners ane in newtral
posItions.

Angulation of either or both collars of the bone fastener
assemblies may allow fine adjustment of engagement angles
of the bone fasteners. In addition, collar angulation may
allow adjustment in the oriemation of bone (asteners in a
sagitial plane (ie. 1o conform te lordosis of a spine) while
still allowing the collars 1o be easily coupled with elongated
member 104, Elongated member 104 may be disposed in
shots 150A and 1508 and secured by closure members. In
some embodiments, a fexible driver or a polyaxial driver
(... a drver with a universal joint) may be used 1o drive the
heads of the bone fsteners from a position that is ofl-axis
from the bone fasteners 1o reduce the size of an opening of
the body needed 1o implant the spinal stabilization system.

A closure member may be coupled to a collar of a bone
fastener assembly to fix an elongmed member positioned in
e collar 1o the bone fastener assembly. In some embodi-
ments, a closure member mav be cannulated. In certain
embodiments, a closure member may have a solid central
core. A closure member with a solid central core may allow
more contact area between the closure member and a driver
used 1o couple the closure member 1o the collar. A closure
member with a solid eeniral core may provide a more secure
connection o an elongated member than a cannulated clo-
sure member by providing contact against the elongated
member @l a central portion of the closure member as well
a% near an edge of the closure member.

FIG, 1 depiets closure members 106 coupled 10 bone
fastencer assemblics 102, FIG. 14 depicts closure member
106 prior W insertion of the closure member into a collar of
a bone fastener assembly. Closure member 106 may include
o] portion 170 and male modified thread 172, Tool portion
170 may couple o a 1ol that allows closure member 106 10
be positioned in a collar. Tool portion 170 may include
various configurations (e.g., threads, hexalobular connec-
tions, hexes) for engaging a tool (e.g., a driver). Male
medified thread 172 may have a shape that complements the
shape of a female modified thread in arms of a collar (eg..
meoclified thread 148 depicted in FIG. 5).

F1G. 15 depicts a cross-sectional representation of closure
member 106 taken substantially along plane 15-15 of FIG.
14. Closure member 106 may include removal openings
174, Adnve tood may be inserted into removal openings 174
1o allow removal of closire meniber 106 afler ool pofion
170 has been sheared off, Removal openings 174 may
include any of a variety of features including. but not limited
1o, sockets, holes, slots, andior combinations thereof, In an
embodiment, removal openings 174 are holes that pass
through bottom surface 176 of closure member 106,

A bottom surfisce of a closure member may include
structure andlor texturing that promotes contact between the
closure member and an clongated member. A portion of the
structure andfor texturing may enter and'or deform an elon-
goted member when the closure member 15 coupled 10 the
elengated member. Having a pontion of the closure member
enter and/or deform the elongated member may couple the
elongated member o the closure member and a bone fas-
tener assembly so thal movement of the clongated member
relative to the bone fstener assembly 15 infabited. In a
closure member embodiment, such as the embodiment
depieted in FIG. 15, bottom surface 176 of closire mermber
106 may include point 178 and rim 180, In some embodi-
ments, rim 180 may come to a shamp point. In some
embodiments, a height of rim 180 may be bess than a height
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of point 178, In other embodiments, a beight of rim 180 may
be the same or larger than a height of point 178, In some
embodiments, rim 180 may not extend completely around
the closure member. For example, eight or more portions of
riny 180 may be equally spoced circumberentially around
chosure member 106, In certain embodiments, a solid central
core including point 178 and rim 1810 may enhance the
ahility of closure member 106 1o secure an clongated
member in a collar.

FIG. 16 depicts a portion of a spinal stabilization system
with closure member 106 coupled io collar 112 before ool
portion 170 is sheared off. Closure member 106 may couple
io collar 112 by a vanety of systems including, but noi
limited 1o, standard threads, modified threads, reverse angle
threads, buttress thresds, or helical Nanges. A buttress thread
o @ closure member may include a rearward-facing surface
that is substantially perpendicular to the axis of the closure
member, Closure member 106 may be advanced into an
opening in a collar o engoge o portion of clongated member
104, In somwe embodiments, closure member 106 may inhiba
movement of elongated member 104 relative o collar 112,

FIG. 17A depicts a cross-sectional view of closure mem-
ber 106 coupled 1o bome fastener sssembly 102, Closure
member 106 may include male modified thread 172, Male

medified thread 172 may inclede male distal surface 182 and 2

male proximal surface 184, as shown in FIG. 17B. Collar
112 may include female modified thread 148 on an inside
surface of arms 142, Female modified thread 148 may
include female proximal surface 186 and female distal
surface 188, Male proximal surface 184 may couple o
female distal surfoce 188 during vse, Male proximal surface
184 and female distal surface 188 may be load-bearing
surfaces. A load may result from an upward load on closure
member 106, such as a load resulting when clongated
member 104 positioned in a slot of collar 112 15 secured o
bone fostener assembly 102 by closure member 106.
Raoised porions 190 and recessed portions 192 may be
ineluded on male distal surface 182 and female proximal
surface 186, Cooperating surfaces 194 of modified threads
172 and 148 mav contact or be proximate 1© one another
during use. As used herein, “proximate™ means near o or
choser to one portion of a component than anosther portion of
a component. Engagement of cooperating surfaces 194 of
medified threads 172 and 148 during vse may inhibit mdial
expansion of collar 112, Engagemeni of cooperating sur-
foces 194 may inhibit spreading of arms 142 away from cach
odlver (1.e., inlibat separation of the ams). In some embodi-
menls, cooperating surfaces 194 may be substantially par-
allel to a central axis of closure member 106, In other

embodiments, cooperating surfaces 194 may be angled :

relative to a central axis of closure member 106.

In some embodiments, o proximal surfoce of a male
medified thread may inclede roised and recessed portions.
FIG. 18A depicts a cross-sectional view of bone fastener
assembly 102 coupled to closure member 106 with raised
and recessed portions on a proximal surface of male modi-
fied thrend 172, FIG. 188 depicts a cross-sectional view of
ruised portions 190 at male proximal surface 184 of male
modified thread 172 and female distal surface 188 of female
modified thread 148. Male proxinal surface 184 may
include an overall positive slope S such that point A near the
top of male modified thread 172 15 distal from point B at the
base of the male modified thread. Alternatively, mabe proxi-
mal surface 184 may include an overall negative slope oF a
slope of aboul #er.

In an embodiment, a bone fastener assenibly and a closure
member may be coupled with a running fit. A running fit
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{i.e., a fit in which parts are free o rotate) may result in
predictable losding characteristics of a coupling of a bone
fastener assembly and a closure member, Predictable losd-
ing characteristics mav fscilitate use of a closure member
with a break-ofl portion designed 1o shear off at o predeter-
mined torque, A running fit may also facilitate removal and
replacement of closure members. In some embodiments, a
closure member may include an interference fit (e.g., crest-
to-roed radial interference).

In an embodiment, a position (e, axial position and
angular orientation) of o modified thread of a collar may be
controlled, or “timed,” relative o selected surfaces of the
collar. For example, a modified thread form may be con-
trolled relative o a top surfsce of a collar and an angular
ofentation of the slots of the collar. In some embodiments.
positions of engaging structural elements of other coupling
systems (eg., theead forms) may be controlled.

Controlling a position of a modified thread form may
affeet a thickness of a wop modified thresd portion of a collar.
In FlG. 5, wp modified thresd portion 196 is the first
modified thread portion to engage a closure member. In an
embodiment, a position of a modified thread form may be
selected such that the thickness of the leading edge of a top
modified threwd portion s substantially equal 10 the full
thickness of the rest of the modified thread.

Controlling a position of a modified thread form of a
collar may increase a combined strength of engaged modi-
fied thremsd ions for a collar of a given sive (eg. wall
height, modified thread dimensions, and thread pitch). Con-
trolling a position of the modified thread o moy redice
a probability of failure of modified thresd portions, and thos
reduce a probability of coupling failure between a collar and
a closure member. Controlling the position of a modificd
thread form in a collar of & bone fastener assembly may
incresse a combined strength of engaged collar and closure
meember modified thresd portions such that Gilure of the
mrochfed thread portions does nol eeour prios o the intended
shearing off of a tool portion of the closure member. For
example, a tool portion of a closure member may be
designed 1o shear off at about 940 in-Ibs of torque. while the
combined medified thread portions may be designed 10
withstand a torgue on the closure member of af least 120
in-lbs,

If & thickness of a modified thread portion of a given size
and profile is redoced below a minimum thickness, the
medified thread portion may nod significantly contribute 1o
e holding strength of the modified thread of a collar, In an
embodiment, o position of o moddified thread form of a collar
may be controlled such that a thickness of a top modified
thread portion is sufficient for the portion to increase a
holding strength of the collar. In one embodiment, & top
mrochified thread portion may have a leading edge thickness
of wboawt 0.2 mm.

In an embodiment, & position of a modified thread form of
a collar may be selected to ensure that a closure member
engages @ selected minimum number of modified thread
portions on each amm of the collar. [n an embodiment, an least
two modified thread portions having a full thickness over
widih w of a collar arm (shown in FIG. 5) may be engaged
by a closure member at each arm. Aliernatively, a closure
member may engage parts of three or more modified thread
portions on each amm, with the total width of the portons
exqual o at least two full-width portions, Allowances may be
meade for tolernces in the components (e.g., dinmeter of the
elongated member) andfor anticipated  misalignment
between the components, such as misalignment between an
clongated member and a slot. In an embodiment, a substan-
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tially equal number of modified thread portions in each arm
may engage the closure member when an elongated member
is coupled to o bone fastener assembly.

Various instruments may be used in a minimally invasive
procedure 1o form o spinal stabilization system in a paticnt.
The instruments may include, but are not limited 10, posi-
tioning neadles, guide wires, dilators, bone awls, bone taps,
sleeves, drvers, fisswe wedges, elongated member lbength
estimating tools, mallets, tissue retractors, and tissue dila-
tors. The instruments may be provided in an instrumentation
set. The instrumentation st may also inslude components of
the spinal stabilization system, The components of the spinal
stabilization system may inclhude, but are not limited to, bone
fastener assemblies of varfous sizes and'or lengths, elon-
gated members, and closure members.

Instruments used to install a spinal stabilization system
may be made of materials including, but not limited 1o,
stapnless steel, tannum, Maniwm allovs, ceramics, andfor
polvmers, Some instruments mav be sutochived andfor
chemically sterilized. Some instruments may include com-
penents that cannot be autoclaved or chemically sterilized.
Components of instruments that cannot be awoclaved or
chemically stenlized may be made of sterile matenials, The
sterile materials may be pleced in working relstion to other
partz of the instrement that have been sterilized.

Atargeting needle may be used o locate an enlry point in
a veriebral body for a bone fastener of a bone fastener
agsembly. In some embodiments, the targeting needle may
b 2 Jamshidi® bone marrow biopsy needle. FIG. 19 depicts
an embodiment of trpeting needle 198, Targeting needle
198 may includke outer housing 200 snd member 202, FIG,
20 depicts an embodiment of outer housing 200, Outer
housing 200 may include hollow shaft 204 and handle 206,
Scale markings 208 may be printed, etched, or oiherwise
placed on hollow shafi 204. Scale markings 208 may be used
to approximate a length of a bone fstener needed for a
veriebra. Handle 206 may provide a grip that allows a user
o manipulate the argeting needle. Handle 206 may include
threaded ponion 210, Threaded portion 210 may couple o
threading on a portion of a tangeting needle member (o
secure the member to outer housing 200,

FIG. 21 depicts an embodiment of member 202 of a
targeting needle. Member 202 may include point 212 and
cop 214, Point 212 may be placed through a hollow shaft of
an ovier housing of the targeting needle. Cap 214 may
include threading 216. Member 202 may be rotated relative
to the outer housing to couple threading 216 with threading
in a handle of the outer housing, In some embodiments, the

member may be coupled 1o the outer housing by another .

tvpe of connection system (e.g., by placement of a key ina
keyway). With member 202 positioned in an outer housing,
point 212 may extend from a distal end of a hollow shaft of
the cuter bousing. Cap 214 may be used as an impact surface
for driving the targeting needle in bone.

FIG. 22 and FIG. 23 depict embodiments of guide wire
218, Guide wire 218 may be an 18-guge K-wire, Guide
wire 218 may pass down a shafl of a targeting needle outer
housing. A guide wire may be from about 15 cm (o about 63
cm in lengih. In some embodiments, guide wires provided in
an instrumentation set ane about 46 cm in length. The length
of gurde wire 218 may allow a surgeon and'or assistnts 1o
hobd ot least one portion of the guide wire at all times when
the guide wire is insered into vertebral bone, even during
insertion, use, amd removal of instruments along a length of
the guide wire. A guide wire that can be held continnously
during a surgical procedure may inhibit removal or sdvance-
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ment of the guide wire from a desired position during a
minimally invasive surgical procedure.

As depicted in FIG. 22, a distal end of guide wire 218 may
include point 220, Point 220 may fcilitate insertion of the
distal end of guide wire 218 into vertebral bone, As depicted
in FIG. 23, a distal end of guide wire 218 may not be
pointed. A position of an unpointed goide wire in bone may
b essier to maintain during a spinal stabilization procedure.

Dilsiors may be wsed during a minimally invasive surgical
procedure 1o push aside tissee and create space o access
veriebeal bome, In some embodimenis, four tissue dilaiors of
increasing diameter may be used o cstablish sufficient
wn.ri;ing space o accommodate instruments and spinal sta-
hilization system components, [n some embodiments, espe-
cially for a mid-vertebra or for nuid-vertebrae of a muli-
level stabilization system, only three dilators may be needed
to form sufficicnt working space. Dilators in an instrumen-
tation sel may increasc in diameter incrementally by a
selected amount. For example, outside diameters of dilnors
in an insrumentation sel may increise sequentially by
increments of about 0.5 mm.

A bone awl may be used to breach corical bone of a
pedicle. FIG. 24 depicts an embodiment of bone awl 222.
Bone awl 222 may include handle 224, passage 226, and tip
228, Handle 224 may provide a secure grip that allows a
surgeon (o breach cortical bone of a pedicle with iip 228. A
guide wire that is inserted in vertebral bone in a desired
oricniation may be inserted through passage 226 that
extends through bone awl 222, Bone awl 222 may be moved
dowin the guide wire so that tup 228 contacis the pedicle.

Bone awl 222 may have a length that allows a guide wine
positioned in venebral bone 1o always be held in at least one
lecation when the guide wire is placed through passage 226
in the needle. In some embodiments, handle 224 may be
removable from a shafl of bone awl 222 so thm the guide
wire may always be held during use of the bone awl.

During some surgical procedures downward force and
some rotation of the bone awl may be suflicient 1o breach
corical of a vertebra. During some surgical procedures, an
impact force may be needed for the bone owl o breach
cortical bone. In some embodiments, a guide wire may be
remonved, the bone ow] may be used o breach contical bone,
and the guide wire may be reinserted. In some embodiments,
a small dilator may be placed over the portion of the guide
wire extending from ihe bone awl so that a first end of the
dilator contacts the bone awl. A mallet or other impact
device mav be used against a second end of the dilator so
ihat the bone awl bresches cortical bone af the vertebra, The
dilator may be removed from the bone awl and contact with
the guide wire may be roestablished.

A bone tap may be used to form a threaded passage of a
desired depth through a pedicle amd into a veriebral body.
FIG. 25 depicts an embodiment of tap 230, Tap 230 may
include passage 232, shaft 234, removable handle 236, flutes
238, and indicia 240. Passage 232 may extend through a
length of shafl 234 and removable handle 236. A guide wine
positioned in vertebral bone may be inserted ino a distal end
of passage 232 so that tap 230 can be moved down the guide
wire toward the bone.

In an embodiment of tap 230, a proximal posiion of shaft
234 may include at least one flat pontion that fits in a mating
portion of removable handle 236, Proximal end of shafl 234
may also include a detent depression, The flat portion may
allow for rotation of shaft 234 when removable handle 236
is rotated, An embodiment of removable handle 236 may
include spring-loaded release 242, When spring-loaded
release 242 is compressed (e, drawn upwards), a detent in
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removable handle 236 may be movable. When spring-
Inaded release 242 is not compressed, movement of the
detent may be inhibited. When shaft 234 is positioned in
removable handle 236, the detent of the removable handle
may be positioned in e detent depression of shalt 234 1o
couple the shaft to 1he removable handle.

A tap portion of wp 230 may hove a known bength, As
shown in FIG. 25, a fap portion of tap 230 may have a length
t. In some cmbodiments, © may be about 20 mm, about 40
mm, about 60 mm, or greater. For example, 1 may be about
45 mm. X-my monitoring of a depth of a tap portion of
knowen length may allow a medical practitioner 1o assess
depih of a hole tapped in a bone. In some embodinents, the
hole may be tapped 10 accommodate a bone fastener of a
desired length. In certain embodiments, a bone fastener may
be chosen to accommodate o hobe tapped 10 a desired depah.

A guide wire positioned in verichral bone may be held
near a lop of a dilater inserted over the guide wire at a
surgical site. A proximal end of the guide wire may be
positioned through a distal end of a passage in shaft 234 of
tap 230 without a removable handle coupled to the shafi. A
proximal portion of the guide wire may be held when the
proximal portion of the guide wire extends beyond the wop
of shaft 234, A portion of the guide wire may always be held
during use of tap 230, Shafi 234 may be moved down the
guide wire until the shafi contactz the vertebral bone. The
guide wire may be held near the top of shafi 234 and the
guide wire may be positioned through passage 232 of
removable handbe 236, When the guide wire extends out of
passage 232 through removable handle 236, il guide wire
may be held above the removable handle. The handle may
be coupled to the shafl using spring-loaded release 242,

A first reacing of indicia 240 relative o a proximal el of
a dilator may be taken when a first flute of flutes 238 is
located at a pedicle. Tap 230 may be rotated so that flutes
238 form a thresded opening through the pedicle and into a
veriebral body. Fluies 238 may have a diameter that is abom
0.1 mum to aboat 0.7 mm less than a maximum thresd fight
of a bone fastener 1o be positioned in the threaded opening
formed by the flutes. In an embodiment, tap may form &
thread that is about 0.5 mm less than a maximum thread
flight of a bone fastener 10 be positioned in the threaded
opening formed by the fMtes. A position of tap 230 may be
menitored using a Aucroscope. When the threaded opening
is formed to a desired depth, a second reading of indicia 240
relative to the dilator may be taken. A length of a bone
fostener 10 be mseted ino the vertebral body may be
estimated by wmking the difference between the indicia
readings.

Afier o threaded opening is formed o o desired depth, 1ap
230 may be removed by rotating the tap until flies 238 are
disengaged from verichral bone. Removable handle 236
may be separated from shaft 234, and the emovable handle
may be removed with the guide wine always hebd in at beast
ome bocation. After removable handle 226 is removed from
the guide wire, shalt 234 may be removed with the guide
wire always held in at least one location.

A detachable member may be used as a guide 10 instal]
baone fasteners of a bone fastener assembly in vertebral bone.
A detachable member may be coupled 1o a collar of a bone
fostener assembly. A distal end of a detachable member may
be tpered or angled 10 reduce bulk a1 a surgikcal sie,
Instruiments oy be inserted into the detachable member (o
manipulate the bone fastener assembly. Movement of the
detachable member may alter an onentstion of a collar
relative o a bone fastener of the bone fastener asscmbly. [n
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some embodiments, a detachable member may be used as a
retractor during a spinal stabilization procedure.

A detachable member for a single-level vertebral stabili-
zation svstem may include one or more channels ina wall of
e detachable member 1o allow access o an adjacent
veriebra, For some single-level vertebral stabilization pro-
cedures, only iingl.c—chmncl detachable members (e,
detachable members with a single channel in a wall of the
detachable member) may be uvsed. For other single-level
veriebral stabiliztion procedures, one or more multi-chan-
nel detachable members (i.e., detachable members with two
or more channels in a wall of the detachable member) may
be used. Channels may provide fexibility to or enhance
flexibility of a multi-<channe]l detachable member. In some
embodiments, s proximal portion of a mult-channel daach-
able member may have a solid circumference. A region of
solid circumference in a multi-channe] detachable member
may enhance stability of the multi-channel detachable mem-
ber. In some embodiments, a multi-channel detachable
member may be longer than o single-channe]l detachable
meermber.

A detachable member used at a middle verichra in a
multi-level stabilization procedure may be a multi-channel
detachable member. Channels in a multi-channel detachable
member may allow access o adjacent vertebrae from a
middle veriehra. A deiachable member used ai an end
veriebra of a multi-level siabilization system may be a
single-channel  detachable member or a mulii-channel
detachable member. A svstem for coupling a bone fastener
assembly 10 8 muli-chomnel detschable member may
irchede a limiter that inhibits spreading of amms of the
detachable member o inhibit release of the bone fasiener
assembly from the detachable member,

A channel in a wall of a detachable member may allow
access 10 o verichr that s 1o be stabilized with a spinal
stabilization system being formed. In some embodiments, a
single-channel detachable member may be coupled 1o a bone
fastencr azsembly to be inserted into vertebral bone of a first
veriehra, The single-channel detaclable member may allow
aeoess to a secomd vertehra from the first vertebra. In other
embodiments, a multi-channel detachable member may be
coupled 1o o bone fastener assembly 0 be insened into
veriebral bone of a first veriebra. The mulii-channel detach-
able member may allow access from the first vertebra 1o
adjacent verichme.

Instruments may access a bone fastener assembly through
a passage i a detachable member. In some embodiments, a
channel in a wall of a detachable member may extend a full
length of the detachable member. In some embodiments,
cspecially in embodiments of multi-channel detachable
members, a channel in a wall of a detachable member may
extendd only a portien of the kength of the detachable
member. In some embodiments, a channel in a wall of a
detachable member may extend 25%, 50%%, 73%, B0%%, 907%,
05% or more of the length of the detachable member. A
channel may extend 1o a distal end of a detachable member
such that an elongated member inserted in the channel may
pass from the detachable member into a slot of a collar of a
bone fastener assembly coupled to the detachable member.

Achannel in a detachable member may be any of a variety
of shapes. A channel may have a width that exceeds a width
{e.g.. a diameter) of an clongated member that is o be
inseried in the channel, In some embodiments, a channel
meay be a linear opening parallel 1o a longitnsdinal axis of (he
detachable member. In 2ome embodiments, a channel may
have s non-linear shape including, but not limited to, &
helical pattern, an arc, an *L." shape, or an “5" shape. A
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non-linear channel may allow an elongated member 1o travel
along a predetermined path. [n certain embodiments, adja-
cent detachable members may imclude channels with match-
ing profiles, allowing ends of an elongated member o follow
similar paths down e detachable member channels,

Movable members may extend through portions of a
detachable member pmx'nm:m: a channel in the detachable
member. Movable members may engage notches in a collar
1 establish a radial onentation of the detachable member on
the collar andfor to inhibit rotation of the collar relative 1o
the detachable member, A distal end of 2 movable member
may be flat, curved, or angled. In some embodiments, a
distal end of a movable member may be threaded. In other
embodiments, a distal end of a movable member may be a
prvection thal engages an opening in a collar. In some
embodiments, an upper surface of a collar andior a surface
of a distal end of & movable member may be textured to
inhibit rmotation of the collar relative o the detachable
member. In certain embodiments, o proximal end of 2
mevable member may inclede a ol engaging portion. A
ool engaging portion may include, bt i3 pot limited to, a
hex section, a hexalobular section, a tapered section, a bead,
a knot, a keyed opening, a coating. a threading. andfor a
roughened surface for engaging a drive that rotates or
otherwise displaces the movable member,

A cross secihon iransverse o a longidinal axis of a
detachable member may have shapes including, but mo
limited to. circular. ovoid, square, pentagonal, hexagonal,
and combinations thereof. [n some embodiments, a detach-
able member may be hollow. In cerain embodiments, a
thickmess of a allow detachable member may be uniform,
In cerain embodiments, a thickness of a hollow detachable
member may vary along the length of the detachable nvem-
ber. A detachable member with a passage extending longi-
tudinally from a first end of the detachable member to a
second end of the detachable member muy be referred 1o as
a “sleeve™,

FIG. 26 depictz an embodiment of sleeve 244, Sleeve 244
may be a multi-channel sleeve, Sleeve 244 may include wal
246, channels 248, passage 250, movable members 252, and
fange 254, Channels 248 may extend from a distal end of
sleeve 244 through o portion of wall 246, Channels 248 may
allow instruments o be positioned amd used 1o form a plane
throargh sofi tissue o ope or more adjacent verebrme. An
clongated member may be inseried in the tissue plane and
positioned in collars of bone fastener assemblics anchoned in
viertebrae and coupled 1o sleevies, Passage 250 may allow
instruments 1o be positioned and used 10 manipulate o bome
fastener assembly that i coupled to a distal end of sleeve
244. Movable members 252 may be part of a system that
couples a bone fastener assembly to sleeve 244, In some
embodiments, movable members 252 moy include ool
engaging portion 256, A driver may be positioned in ool
portion 256. The driver (e.g., a hex wrench) may be used
extend or retract a distal end of movable member 252, A
distal end of sleeve 244 may include flange 254 that mates
with a complementary flange on a collar of a bone fastener
assembly. A distal end of sleeve 244 may be tpered o
reduce bulk (e.g., reduce spin diameter) at a surgical site.

FIG. 27 depicts a top view of an embodiment of sleeve
244 coupled 1o a bone fastener assembly. Tool portion 126
of bone fastener 108 15 a hexalobular connection,

FIG. 28 depicts a cross-sectional representation of a
pomion of sleeve 244 with bone fastener assembly 102 taken
substantially along line 28-28 of FIG. 27. Flange 254 of
sleeve 244 may mate with flange 154 of collar 112 10 inhibit
transbation of the sleeve nelative 1o the collar. Sleeve 244
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may also include stop 258, Stop 258 may engage a portion
of collar 112 to inhibit separation of walls 246. During use,
stop 258 may inhibit undesired separation of bone fastener
assembly 102 from sleeve 244,

FIG, 29 depicts o cross-seclional representation of a
portion of sleeve 244 with bone fastener assembly 102 and
clongated member 104 taken substantially along line 29-29
of FIGi. 27. Distal ends of movable members 252 may extend
into notches (e.g., notches 156 depicted in FIG. 5) in collar
112, Porions of walls 246 of sheeve 244 may include
threading. Poertions of movable members 252 may include
threading complementary to threaded portions of walls 246.
Threading of movable members 252 may engage threading
in walls 246 such that rotation of the movable members
advances or retracts the movable members relative to the
walls.

As shown in FI1G. 29, collar 112 may be designed such
that elongated member 104 lics below a distal end of sleeve
244, Coupling sleeve 244 w0 collar 112 sbove elongated
member 104 may recdhece bulk at a surgical site. With
elongated member 104 coupled (o collar 112 below a distal
end of sleeve 244, the sleeve may be removed without
interference from the elongated member of a spinal stabili-
Falion syslem.

FIG. 30 depicts an embodiment of sleevie 244, Sleeve 244
may be a single<channel sleeve for use in single-level or
multi-level spinal stabilization procedures. Sleeve 244 may
be used at the owtermost verfebrac to be stabilized during
installation of a multi-level vertebral stabilization svstem.
Sleeve 244 may be coupled 10 a collar of a bone Gistener
assembly with movable members 252 amlior flange 254.
Instruments may be insened through passage 250 of sleeve
244 10 access an anchored bone Tastener assembly coupled
1o the sleeve. An instrument may be moved through chanmnel
248 woward an adjpcent vertebra 1o form a tssue plane in sofl
tissue between sleeve 244 and the adjacent vertebra.

A sheeve may be coupled 1o a bone fastener assembly in
wvarioas wavs 1o inhibit movement of the sleeve relative o a
collar of the bone fastener assembly. A system wsed 1o
couple the sleeve 1o the bone fastener assembly may inhibit
ration and translation of the sleeve relative to the collar.

FIG, 31 depicts a perspective view of a sleeve embodi-
ment during connection of the sleeve to collar 112 of a bone
fastener aszembly, Sleeve 244 may include movable mem-
bers 252, Movable members 252 may inclode threaded
distal end portions. FIG. 31A depicts a detailed view of a
portion of sheevie 244 and collar 112, Collar 112 may nelude
openings 260, Openings 260 may be threaded. Openings 260
of collar 112 may be aligned with movable members 252, A
drive end of driver 262 may be positioned in tool engaging
portion 286 of movable member 252 Driver 262 may be
rdated o couple a threaded end of movable member 252
with thresds in opening 260, The driver may be positioned
in a tool opening of second movable member 252, The driver
may be used 1o couple a threaded end of second movable
member 252 with threads in second opening 260, Threaded
connections between movable members 252 and collar 112
may inhibit movement of the collar relative 1o sleeve 244,

A detachable member may be coupled to a collar of a bone
fastener assembly in various ways. When a detachable
member is coupled o a collar, rotation and translation of the
detachable member relutive 1o the collar may be inhibited. A
svstem used W couple a detachable member and collar
should be simple, inexpensive 1o implenent, and should not
sigmficantly weaken the mechanical strength of the collar
andfor the detaschable member. Detachable members may be
coupled 1o collars using varous coupling systems including,
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but not limited 1o, flanges, threaded connections, imerlock-
ing connections (e.g.. rmatcheting connection systems), andfor
interference fits.

In an embodiment of an interfocking connection sysiem,
a detachable member may inclede an opposing pair of
deflectable arms. Each deflectable arm may include a tooth.
The deflectable arms may be forced owtwards duning cou-
pling of & collar 1o the detachable meniber. When the collar
15 coupled 10 the detachable member, the deflectable arms
may be positioned in channels in the collar, with the teeth
positeoned in indentions in the collar. The presence of the
deflectable arms in the channels of the collar may inhikbit
rotation and translation of the detachable member relative 1o
the collar. Separation of the detachable member from the
collar may be achieved by insertion of an expander in the
detachable member. The expander may be used o force the
deflectable arms outwards and expel the wath from the
indentions.

FIGS, 32-45 depict embodimrents of sleeves coupled 1o
bone fastener assemblies. In cach bone fastencr assembly/
sleeve embodiment depicted in FIGS. 32-43 and FIG. 45, an
elongted member seated in the collar of the bone fstener
assembly would lie below a distal end of sleeve 244, Having
the elongated member below the distal end of sheeve 244
reduces bulk at the surgical site. With sleeve 244 positioned
above the clongated member, interference of the secured
elongated memiber with the sheeve 15 avorded dunng removal
of the sleeve.

FIG. 32 depicts a cross-sectional representation of sleeve
244 including sleeve Aange 254. Sleeve 244 may be rotated
onto collar 112 until slot 150 aligns with channed 248. Sleeve
flange 254 may engage flange 154 of collar 112 1o inhikat
ranslation of sleeve 244 relative to collar 112 of bone
fastener assembly 102,

In some detachable member and collar coupling embodi-
ments, the detachable member and the collar may include
members that work together 1o inhibil mdial expansion of
walls of the detachable member, FIG. 33 depicts an embodi-
meni of sleeve 244 coupled o an embodiment of bone
fastener assembly 102, Slecve 244 mav include sloeve
flange 254 and stop 258. Slecve flange 254 may engage
flange 154 of collar 112 1o inhibit trmnslation of sheeve 244
relative 1o the collar. Stop 258 mayv contact ladge 264 of
collar 112. Contact of stop 258 against ledge 264 may inhibat
release of collar 112 from sleeve 244 caused by radial
expansion of walls of the sleeve. A stop in a slecve and a
ledge in o collar moy be needed in o multi-chonnel sheeve
embodiment. A stop in a sleeve andlor a ledge in a collar

may nol be peeded in a single-channe] sleeve embodiment or

in a collar for a single-level stabilization.

In some detachable member and collar coupling embodi-
ments, a detachable member may include a protrusion that
mafes with a complementary groove in a collar. Alerna-
tively. a detachable member may include a groove that mates
with a complementary protrusion of a eollae. FIG. 34 depicts
a cross-sectional view of sleeve 244 with ridge 266, Ridge
266 may couple with groove 268 in collar 112, Ridge 266
and groove 268 may form a dovetail joint. The dovetail joint
may inhibit mdial expansion of sleeve walls 246, In some
embodiments, such as the embodiment depicted in FIG. 35,
ridge 266 and groove 268 may not form a dovetail joint.

In some embodiments, a detachable member and'or a
collar maay inchede a locking svstem to inhibil rotation of the
detachable member relative to the collar. The locking system
may he, but is not limited to, threading, interference fits,
frictional ecngagement, or a press-fit connection. In somd:
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embodiments, a locking system may inhibil translation
amdior rotation of a detachable member relwtive to a collar.

FIG. 36 depicts a top view representation of an embodi-
meenl of collar 112 of o bone stener assembly. Collar 112
inchedes openings 260, [n some embodiments, openings 260
may be threaded. In some embodiments, openings 260 may
not include threading. The body of collar 112 adppcent to
openings 260 may include extra material 1o provide strength
1o the collar.

FIG. 37 depicts a partial cross-sectional representation of
an embodiment of sleeve 244 coupled io an embodiment of
collar 112, such as the collar depicted in FIG. 36. Distal end
portions of movable members 152 may extend into openings
260, When distal end portions of movable members 252 are
posiioned in openings 260, motational movement of sleeve
244 relative to collar 112 may be inhibited. Sleeve 244 may
include flange 254, Flange 254 may engage flange 154 of
collar 112 to inhibit translation of sleeve 244 relative 1o the
collar. In an embodiment in which distal end portions of
movable members in o skeeve are threaded and openings in
ilse eollar are threaded, rotation and translaion of e collar
relative to the sleeve may be inhibited when distal end
portions of the movable members ane positioned in the
Openings.

As depicted in FIG. 37, portion 270 of movable member
252 may include threading. Threading of poriion 270 may
engage threading in wall 246 of sleeve 244. Engagement of
threading of portion 270 with threading in wall 246 may
allow distal end pontion of movable member 252 1o advance
towards, or retract from, o distal end of sleeve 244 when the
movable member s romned,

FIG. 38 depicts a top view representation of an emibodi-
mient of collar 112 of 2 bone fastener assembly. Collar 112
may include notches 156, FIG. 39 depicts a partial cross-
sectional representation of an embodiment of sleeve 244
coupled 10 an embodiment of collar 112, such as the collar
depicted in FIG. 38, Distal end portions of movable mem-
bers 252 of sleeve 244 may be extended and positioned in
nofches 156 of collar 112. An interference fit between the
distal end portions of movable members 252 and the body of
collar 112 that defines the notches may inhibit rotation of
sheeve 244 relative 1o the collar,

Portion 270 of movable member 252 may include thresd-
ing. Threading of portion 270 may engage threading in wall
246 of sleeve 244, Engagement of threading of poriion 270
with threading in wall 246 may allow a distal end pontion of
movable member 252 to advance towands, or retragt from, a
distal end of sleeve 244 when the movable member is
rodated.

In an embodiment, an inner sleeve may be positioned in
2 slecve 1o inhibit translation andor rotation of the sleeve
relative 1o a collar of o bone fstener assembly, FIG, 40
depicts o cross-sectional view of sheeve 244 with inner
sheeve 272 A distal end of inner sleeve 272 may contact an
upper end of collar 112. A proximal portion of inner slecve
272 may engage a proximal portion of sleeve 244, The
engogement may allow inner sleeve 272 1o apply a force
against collar 112 that presses lange 154 against flange 254
of sleeve 244 1o inhibit translation of the sleeve relative 1o
the collar. The engagement may be, but is not limited to, a
threaded connection, an interference fit, a frictional fit, or a
kevway tvpe of connection.

In some embodiments, a distal end of an inner sleeve may
be roughened or textured to fRctionally engage a proXimal
surfece of the collar, The frictional engagement may inhibit
rodation of the sheeve relative to the collar. In some embodi-
meents, inner sleeve 272 may include passage 274, A pin may
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pass through passage 274 into an opening in collar 112,
When a pin s positioned through passage 274 into the
opening, rotation of steeve 244 relative to collar 112 may be
inhibitid.

In somee embodiments, threading may be used 10 couple a
detachable member to a collar, FIG, 41 and FIG. 42 depict
partial cross-sectional n.11nrc5::1'.|lati-nns of slecves 244 that
couple 1o collars 112 by threaded connections. Sleeves 244
may include female threading that is complementary 1o male
threading of collar 112, In some embodiments, threading of
the sleeve and threading of the collar may be modified
threads.

FIG. 43 depicis a partial cross-sectional representation of
sleeve 244 that couples 1o collar 112 by a threaded connec-
tioai, Sheeve 244 may include male threading, and collar 112
may include complementary female threading. In some
cimbodiments, portion 276 of collar 112 that includes thremsd-
ing which mates with threading of sleeve 244 may be a
break-off section. Collar 112 may be held in o ficed position.
Torque may be applied 1o sleeve 244 10 shear ofl portion
276,

In some embodiments, a detachable member may include
a pair of hinged arms configured to couple to a collar. FIG.
44 and FIG. 45 depict embodiments of sleeves that include

hinged portions. Sleeve 244 may include arms 278, Arms 2

278 may be pivotally coupled iogeiber by hinge 280, Hinge
280 may be located near a proximal end of sleeve 244, In
some sleeve embodiments, sleeve 244 may include a locking
clement or a biasing element (e.g., a spring) near or at hinge
280, A locking elenwenil of biasing clemvent may cause a
clamping force 1o be exened on collar 112 to maintxin the
collar in the sleeve and'or 1o inhibit rotation of collar 112 in
slecve 244, In some embodiments, such as in the embodi-
ment depicted in FIG. 44, flange 254 of sleeve 244 may
contact a bottom portion of collar 112, In some embodi-
ments, such as in the embodiment depicted in FIG. 45,
flange 254 of sleeve 244 may contact Mange 154 of collar
112,

In some detachable member embodiments, proximal por-
tions of detaschable members may be chamfered to allow
ends of the detachable members 10 more elosely approach
each other than detachable members with a uniform cross
section. FIG. 46 depicis sleeves 244 coupled o collars 112
engaged in adjacent pedicles 164, Sleeves 244 may include
chamfered surfaces 282, Chamfered surfaces 282 may
reduce space between proximal ends of sleeves 244, During
somve surgical procedunes, only one of the sleeves may be
chamfered. Dunng some swrgical procedures, the vse of o
sleeve with a chamfered surface may allow for a smaller

ingision than required when using non-chamfered sleeves. In

some embodiments, other types of detachable members may
be used 1o reduce space between proximal emds of detach-
able members. Other tvpes of detaschable members may
include, but are not limited to, detachable members of
different lengths, detachable members of different diameters,
and detschuble members with flexible end portions.
Detachable members may be of various lengths. Detach-
able members of different lengths may be used in the same
surgical procedure. A detachable member length used in a
spinal stabilization procedure may be determined by a
patient’s anatomy. Detachable members may be just short
encugh to allow mumipulation by a medical practiioner
above an incision in a patient, In some embodiments,
detachoble members may be about 3.5 to about 11.5 cm
lomg. For example, a single-chanme] detachable member may
be about 10 cm long. In some embodiments. detschable
members may be about 11.5 cm to about 14 cm long. For
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example, a single-channel or a multi-<<hannel detachable
member may be shout 12.5 em long. A multi-channel
detachable member may be longer than a single-channcl
detachable member. In some embodiments, & multi-channel
detachable member may be at least abownt 13 cm bong, For
example, 3 multi-channel detachable member may be about
16 em long. Detachable members that are too long may
require a longer incision andfor a larger tissue plane for
insertion of a spinal stabilization svstem. Insertion of an
elongated member may be more difficull with detachable
members that are longer than necessary. Detachable mem-
bers with excess length may be bulky and hard to manipulate
during a surgical procedure.

A detachable member may be flexible over its entire
length or wnclide o Nexible portion near o proximal end of
the detachable member. A flexible portion may allow posi-
tioning of a proximal portion of a detachable member in a
desired location. A flexible portion may be produced from
any of varous materials including, bt not limited 10, a
surgical grade plastic, mubber, or metal. A flexible portion
may be formed of varous elements, including, but not
limited to, a whbe, a channel, or a plorality of linked
segments.

FIG. 47 depicts an embodiment of sleeve 244 with a
connection that allows movement of first portion 284 nela-
live to second portion 286, Firsi poriion 284 may be coupled
1o collar 112 of a bone fastencr assembly. Second portion
286 may connect to first portion 284 at linkage 288. Linkage
288 may include, bt is not limited 1o, a locking clement, a
pived podnt, & hinge, or a pin. I some embodiments, the
linkage may be a ball and socket type of connection that
allows rotational motion of second ponion 286 relative 1o
first portion 284. During some spinal stbilization proce-
dures, a detachable member without a second portion that is
able o move relative 10 @ first portion moy be used at one
veriebra, and a detachable member with a second portion
it 15 wble 10 move reltive oo first portion may be used at
ong of mone veriehrae thal are 1o be stabilized.

When bone fasteners of polvaxial bone fastener assem-
blies are positioned in vertebral bone, detschable members
coupled to collars of the bone fistener assemblics may be
moved in desired positions, During surgery, a detachable
member in a patient may be oriented iowards an adjacent
veriebra that is 10 be stabilized to reduce the reguired
incision stze. In some embodiments, channels of the detach-
ahble members may be aligned so that an clongated member
ay be positioned 1n collars of the bone Gstener assemblies.
FIG. 48 depicts an onentation of three sleeves, Sheeves 244,
244" may couple to collars 112, 112, Bone fasteners 108,
108" may be inserted into verichrac. Single-channel sleeves
244 may be coupled to collars 112 before insertion of bone
fasteners 108 o two ouler pedicles 1o be stabilized,
Multi-channel sheeve 244' moy be coupled 0 collar 11Y
before insertion of bone fastener 108" into a central pedicle
of the three adjacent pedicles. Single-channel sleeves 244
may be angled wowards multi-channel sleeve 244", In certain
embodiments, multi-channe] detochable members may be
coupled 1o all three pedicles. In other embodimenis, differ-
ently shaped detachable members (e.g., circular, oval) may
be used in one or more of the pedicles. Channels of the
detachable members may be aligned so that an clongated
meember muy be movied down the detachable membsers and
into ¢ollars of the bone fastener assemblies,

In some embodiments, channels of detachable members
may face a direction other than toward each other. FIG. 49
depicts sleeves 244 coupled to collars 112 oriented at an
anghe so that channels 248 of sheeves 244 face in different
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directions. An elongated member may be curved in an
appropriate shape 1o engage slots 150 in collars 112 when
channels 248 of sleeves 244 are angled. In some embodi-
ments, channels in the detwchable member may not be
longitudingl channels down the length of the detachable
member, In embodiments of detachable members with non-
longitdinal channels, the channels of two adjacent detach-
able members may ool face towards each other when the
openings of collars coupled 1o the detachable members are
aligned.

In an embodiment, a fmme may coupls 0 wo or more
detachable members, FIG, 50 depicis a perspective view of
sleeves 244 coupled to frame 290, Az used herein, a “frame™
includes any of a variety of structural clements including,
but not limited, rods, bars, cages, or machined blocks. In
somke embodiments, frame 290 mav provide 2 ngid coupling
between sleeves 244, In other embodiments, frame 290 may
allowe for angular or imnslational movement between
sleeves. For example, frame 290 may include slidable ele-
ments that allow sleeves 1o be trnslated toward cach other
or away from each other o facilitse compression or dis-
traction of vertebroe, Allematively, frome 290 may enable
sleeves 244 1o pivol woward each other or away from each
other. In some embodiments, frame 290 may allow for
movement of sleeves 244 1o facilitate spinal reduction.

Afier a bone fastener assembly is coupled to a detachable
member, a driver may be coupled 1o a bone fastener of the
bone fastener assembly. The drver may be used 1o insert the
bone fastener into veriebral bone.

FIG. 51 depicts an embodiment of driver 292 positioned
in sleeve 244, Sleeve 244 15 coupled 1o bone fastener
agsembly 102, Driver 292 may be coupled to collar 112 and
o bone fastener 108 of bone fastener assembly 102, Cou-
pling driver 292 1o collar 112 and o bone fastener 108 may
ensure proper alignment of the driver relative 1o the bone
fostener. Coupling driver 292 1o collar 112 and 1o bone
fastener 108 may also inhibit movement of the collar relmive
1 the bone Fastener during insertion of the bone fastener.

Drver 292 may inclede outer shafl 294, inner shafl 296,
and removable handle 236, Outer shaft 204 may include
threading 298 and textured portion 300. A portion of outer
shatt 294 may be positioned in a passage through sleeve 244
{passage 250 shown in FIG. 30). Threading 298 may couple
1o o modified thread of collar 112, Textured portion 300 may
facilitate rotation of outer shaft 294 so thar threading 298
engages the modified thread of collar 112, When threading
298 engages the modified thread of collar 112, driver 292
may be securchy coupled to bone fastener assembly 102,
which is securely fastened 1o sleeve 244,

A distal end of inner shaft 296 may be coupled to bone
fostener 108 during vse. [nner shafl 296 may be coupled m
a proximsl end 1o removable handle 236 during use, Inner
shaft 296 may be rotatable relative to outer shafi 294 so tha
bone fastener 108 can be inseried into vertebral bone, A
proximal portion of inner shafl 296 may include a1 beast one
flat portion that fits in & mating portion of removable handle
236. Removable handle 236 may be the same removable
handbe that is used with a bone tap that forms a threaded
opening in verichral bone for a bone fastener. Removable
handbe 236 may be removed from driver 292 during inser-
tion of a guide wire through the dnver so that the guide wire
may be held in ot least one place a1 all umes, In some
embodiments, a removable handle for the daver mav be
unnecessary given the length of the guide wire and'or the
length of the driver (eg., a long guide wire andor a short
driver).
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FIG, 52 depicts a cross-sectional representation of a
portion of an embodiment of a driver that is coupled to bone
fastener 108 and collar 112 of a bone fastencr assembly.
Collar 112 15 coupled 1o sleeve 244, Sleeve 244 is positionsd
in dilator 302, In some embodiments, clearance between
outer shaft 204 and sleeve 244 may be relatively small. In
some embodiments, the clearance between outer shafi 294
and sleeve 244 may range from about 0.1 mm to about (.75
mm. For example, the clearance between outer shafi 294 and
sheeve 244 may be about 0023 mum (i.e., an inner diameter of
ihe sleeve may be about 0.5 mm greater than an ouier
diameter of the outer shaft). Also, clearance between sleeve
244 and dilator M2 may be relatively small. The small
clearances may inhibin undesired movement of the instn-
meents relative o each other andior redice bulkiness an the
surgical site.

Thread 298 of outer shaft 294 of the driver may couple to
modified thread 148 of collar 112, Head 304 of inner shaft
296 of the driver may couple W ool portion 126 of bone
fastener 108, Head 304 may havie o complementany shape 1o
ool portion 126 of bone fastener 108, A guide wire may be
inserted into a distal end of passage 114 of bone fastener 108
and through passage 306 of the driver. When the guide wire
is inserted into passage 114 and passage 306, a removable
handle may not be coupled 10 nner shaft 296,

During o minimally invasive surgical procedure, a plane
may be created in tissue from a first vertebra (o a second
vericbra. An el ed member may be positioned in the
plane during the surgical procedure. In some embodiments,
a tissue plane may be formed using a tangeting needle, The
targeting needle may be positioned at the first verehm, The
distal end of the needle may be moved toward the second
veriehr to form the plane while maintaining a position of
the needle at a surface of the skin. The needle may be moved
back and forth a number of tmes 1o clearly establish the
plane. Care may need to be taken 1o avold bending the
targeting needle during establishment of the plans.

In some embodiments, a tissue wedge may be used 1o
form a plane in tissue between a first vertebra and a second
vertebra, FIG. 53 depicts an embodiment of tissue wedge
308, Tissue wedge ME may include handle 310 and blade
312, Handle 310 may allow blade 312 1o be easily positaomned
al a desired location,

Blade 312 may be a double-wedged blade. Blade 312 may
have a diamond-like shape. Edges of blade 312 may be blunt
o avoid severing tissue during use of tissue wedge 308,
Dastal end 314 of bliske 312 may be rounded. A shape of
distal end 314 may inhibit damage 10 tssue and may
facilitate movement of blade 312 wwards a target location
during formation of a plane in tissuce between vertebrac. In
some tissue wedge embodiments, tissue wedge 308 may
include hook 316, Cutting edge 318 in hook 216 may be
used 1o sever portions of tissue (e.g.. fscia) through which
blade 312 cannot form a plave. Cutting odge 318 may be
oriented in blade 312 go that zevenng of tissue results when
tissue wedge 308 15 pulled sway from the spine.

An estimating wol may be used 10 estimate a distance
between bone fastener assemblies anchored in vericbrae.
The bone fastener assemblies may be part of a single-level
or mulii-level spinal stabilization system. The distance esii-
mated by an estimating ool may be used 1o determine a
desired length of an elongated member o be positioned in
collars of the anchored hone fastener assemblies, FIG, 54
depiets an embodiment of estimating tool 320 with handle
322 and shaft 324, Arms 326 may be pivodably coupled 1o
coupling portion 325 of shaft 324. Distal ends of arms 326
may be rounded. In some embodiments, distal ends of amms
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326 way inclile members 330, Members 330 may be
rounded (e.g.. spherical) or elongated (eg.. tubular). Mem-
bers 330 may also have other shapes 1o meet specific needs
or requirements. In embodiments, a shape and’or a size of
members 330 may be designed o Gt snugly into detachable
members coupled to a spinal stabilization system,

Activator 328 may be located at a proximal end of handle
322, With activator 328 unengaged, a biasing clement (e.g.,
a spring. springs, and'or elastic member) in coupling portion
325 may allow anms 326 to assume a fully extended posi-
tion. With arms 326 in a fully exiended pesition, members
330 may achicve a maximum separation distance. Estimat-
ing tool 320 may be designed such that a maximum sepa-
rotion distance of members 330 excesds an expected dis-
tance between anchorsd bone Fastener assemblies. Fully
extended arms 326 may be manually compressed and
inserted into passages of sleeves coupled to anchored bone
fastener assemblics. For a multi-level system, arms 326 may
be inserted in detachoble members coupled 10 the outermost
bone fustener assemblies while one or more detschable
members coupled 1o one or more inner vertebrae are held out
of the way. With activator 328 unengaged, the biasing
clement in coupling portion 325 may force members 330
against inner walls of the detachable members.

Estimating tool 320 may be sdvanced towand the
anchored bone fasiener assemblies. In some embodimenis,
estimating ool 320 may be advanced toward the anchored
bone fastener assemblics until members 330 contact collars
and/or bone fasteners of the bone fastener assemblics. With
members 3M contacting collars and'or bone Bstleners, acti-
vater 328 of estimating wol 320 may be engaged. Engaging
activator 328 of cstimating tool 320 may limit the biasing
clement such that the distance between outer surfaces of
members 330 does not exceed the distance between the
anchored bone fastener assemblies. With activator 328
engaged and the distimee between outer surfaces of mem-
bers 320 fixed o ndicate the distance between the anchored
bone fastener assemblies, estimating tool 320 may be moved
upwards 1o remove the estimating too] from the patient,
When estimating tool 320 is moved upwards, arms 326 may
compress o facilitate removal of the estimating 1ol from
the detachable members,

Onee removed from the detachable members, the biasing
element may restore the distance between outer surfaces of
members 330 to indicate the sepamtion between anchored
bone fastener assemblies. The distance between members
130 (e.z., the distance between outer surfaces of the mem-
bers) may be used 10 estimate a length of an elongaed
member needed to couple the anchored bone fastener assem-
blies. The distance betwoen members 330 may be read using
a scale provided in the instrumentation kit. In some embodi-
ments, e scale may be indicia or etching on o surface of the
instrumentation kil. In on embodiment, o length of an
elongated member may be chosen to be greater than a
distance between members 330 1o allow for bending of the
clongated member and/or 1o albow the elongated member 1o
extend bevond the collars of the anchored bone fastener
assemblies. For example, 15 mm may be added 1o the
distance between members 330, In some embodiments, a
length of an elongated member may be chosen such that the
clongated member extends 2 mm or more beyond the
collars. In certain embodiments, a length of an elongated
member may be chosen such that ends of the clongaed
member do nol extend from the collars.
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In the embodiment shown in FIG, 55, arms 326 of o5

engaging ool 320 may be substantially parallel 1o each other
and/or touching cach other with activator 328 unengaged.
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Engaging activalor 328 may cause separation of arms 326 at
an angle, such that a distance between distal ends of the arms
15 greater than a distance between proximal portions of the
arms. Estimuating ool 320 may be inserted (eg.. with arms
326 wgether) in detachable members coupled 10 bone fas-
lener assemblies anchored in vertebml bone, Actividor 128
may be engaged and activated until anms 326 extend through
channels of the detachable members and contact inner
surfisces of the detachable members. Arms 326 may contact
bone fasteners in the bone fhstener msemblies. With arms
326 extended 1o meet resistance in the detachable members,
estimating tool 320 may be withdrawn from the detachable
members. During withdrawal of estimating ool 320 from
the detochable members, arms 326 mav be compressed
towand ench other as the estimating ool i3 moved up the
detachable members and out of the body, After withdrawal
of estimating tool 320 from the detachable members, arns
326 may extend back to the separation achicved when the
arms were ouching the bone [steners. The distance
between extended anms 326 may be used 1o estimate a length
of an elongated member needed 10 couple the anchored bone
fastener assemblies,

In some embodiments, an estimating ool may include a
gage. FIG. 56 depicts an embodiment of estimating ool 320
with goge 332, With anms 326 of estimating (ool 320
positioned togeiber, gage 332 may have or may be sei to a
#ero reading. With arms 326 extended 1o meel resistance in
sheeves 244, gage 332 may provide an estimate of the
distance between the sleeves. The distance between the
sheeves may be used 1o estimale o length of an elongated
mrember eeded o couple the anchored bone fastener assem-
blies. In an embodiment, a length of an elongated member
may he chosen o be greater than the distance measured by
a gagee to allow the clongated member to extend beyond slots
of collurs of anchored bone fastener assemblics.

In some embodiments, an elongated member positioner
meay be used 1o guide an elongated member through detach-
able members and to position the elongated member in
collars proximate pedicles of vertebrae, FIG. 57 depicts an
embodiment of elongated member positioner 334, Elongated
member positioner 334 may include outer shaft 336, handle
338, inper shafl 340, and grasping member 342, [n some
embodiments, grasping member 342 may be a hook. A first
end {i.e., proximal end) of outer shaft 336 may be connected
io handle 338, A second end (ic., distal end) of outer shafl
336 may be coupled to grasping member 342, Inner shaft
40 may pass through handbe 338 and outer shafi 336, A
sevond end (i.e, distal end 344) of inner shafl 340 may
contact an clongated member positioned in grmsping mem-
ber 342, A first end (proximal end 346) of inner shaft 340
may extend from handle 338, Proximal end 346 of inner
shaft 340 may be a knob or a thumb plve, An amount of
foree applied 10 an elongated member positioned between
grasping member 342 and distal end 344 of inner shaft 340
may be controlled by the amount of pressure applied 1o
proximal end 346 of inner shafl 340, Pressure may be
applicd o proximal end 346 of inner shaft 340 manually or
mechanically. Mechanical means of applying pressure 1o
proximal end 346 of inner shaft 340 include, but are not
limited to, forceps handles and an adjustable rodor.

Distal end 344 of inner shaft 340 may be positioned
proximate grasping member 342, An elongated member may
be positicned between grasping member 342 and distal end
344 of inner shafil 340 of positioning tool 334 before oF after
initial insertion of the elongated member into a sleeve, The
clongated member may be held between grasping member
342 and distal end 344 of nner shaft 340 with pressure
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applied 10 proximal end 346 of the inner shafi, Distal end
M4 of inner shaft 340 mav be contoured (eg. curved) 1o
allow some motion (e.g.. rocking motion) of the clongated
member while ibe elongated member is coaxed nio position
with positioning 100l 334, During some installation proce-
dures, positioning tool 334 may remain coupled w0 an
elongated member umil the elongated member is secured in
collars of anchored bone fastener assemblies with closure
members.

In some cases, pressure supplied 1o an elongated member
with an clongated member positioner may not be sufficient
to seat the elongated member in a collar. A seater may be
usedd in comjunction with an elongted member positioner to
maneuver an elongated member inlo one or more collars,
During some procedures, an elongated member positioner
may be removed from the elongaied member before using
the seater. During some procedures, the clongated member
posilioner may reman attached o the elongated member
until chosure members are secured 10 bone fastener assem-
blies to form a spinal stabilization system.

Seater M8, shown in FIG. 58, may include handle 350
and groove or grooves 352, A porion of an elongated
member to be positioned in collars may fit in grooves 352,
In an embodiment, an elongated member positioner may be
used 1o align an elongaited member proximate slots in one or
more collars coupled o pedicles of vertebrae, Groove 352 of
seater 348 may be positioned al a desired position along a
length of the elongated member. A user may apply down-
ward force with handle 350 to seat the elongated member in
a collar as the elongated member positioner is used 10 guide
the elongated member into position,

After an elongated member has been positioned and
seated in collars as desired, closure members may be used 1o
secure the elongated member to the collars, FIGS. 59A and
591 depict perspective views of drver 354, Driver 354 may
be used io posiiion a closure member in a collar of a bone
fastener assembly. As shown in FIG. 59A, driver 354 may
inglude handle 356, clongated portion 358, and coupling
portion 360, Coupling porion 360 may be used 10 engage
closure member 106, Coupling portion 360 may engage tool
porion 170 of closure member 106, shown in FIG. 598, In
some cmbodiments, driver 354 may include an inner shaft.
The nner shaft may couple the closure member 10 driver
354, The inner shaft may couple 10 the wol portion of the
closure member so thai the tool portion is securely held afier
the 1ol portion is sheared from the closure member. In some
embodiments, an end of inner shaft may be press fit into the
tool portion. In some embodiments, the inner shaft may

include a threaded end portion that engages a mating thread

in the ool porion. Rotation of the inner shafi may allow
chosure member 106 1o be locked in coupling portion 360 of
driver 354. Knob 362 may be used 1o rotate the inner shafi.

FIG. 60A depicts driver 354 with coupled clozure member
106 positioned for insertion in sleeve 244, After insertion of
drver 354 in sleeve 244, closure member 106 may be
positioned proximate collar 112, With driver 354 positioned
in sleeve 244, as shown in FIG. 608, the dover may be
rotated o advance closure member 106 in collar 112 and
secure elongated member 104 1o the collar. When closure
member 106 is snug and elongated member 104 is secured,
dnver 354 may be disengaged from the closure member and
removed from sleeve 244, In an embodiment, driver 354
may be wsed o shear ofl the wol portion of secuned closure
member 106, In some embodiments, the coupling portion of
the driver may capture the sheared tool portion of the closure
member. In certain embodiments, diver 354 may include a
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mechanism 1o dislodge a closure member andior a ool
portion of a ¢losure member from the distal end of the driver.

In some embodiments, a detachable member may be leld
with a counter ergque wrench as the tool pontion of a closure
meember is sheared off. In an embodiment, about 90 in-1bs of
torgue may be required to shear off the ool portion of a
closure member. A counter torgue wrench may inhibin trans-
fer of force 1o the patient when a closure member is being
secured to a collar, FIG. 61 depicts an embodiment of
counter tonque wrench 364 used o inhibit application of
torgue to a patient’s spine during shearing of a tool portion
of a secured closure member. Sleeve 244 may fit in opening
366 of counter orgque wrench 364, Counter torgue wrench
364 may be positioned near a proximal end of sleeve 244
during use. Foree may be applicd to counter torque wrench
364 in a direction opposite to rofational force applicd io
driver 354 to shear off the ool portion of a secured closure
miember, Opening 366 in tonjue wrench 364 mayv be of any
shape 10 sccommosdite a cross-sectional shape of sleeve 244
and inhibit rotation of the sleeve during use.

FIG, 62 depicts an embodiment of counter torgue wrench
368 designed 10 accommodaie sleeves, Counler torgue
wrench 368 may include hollow shafi 370 and handle 372.
Groove 374 may be located ot a distal end of hollow shaft
A70. FIG. 63 depicts counter tongue wrench 368 fitted over
multi-channel sleeve 244, In an embodiment, hollow shafl
A70 may be inserted through an opening in the body over
sheeve 244 and advanced toward the spine until elongated
member 104 is seated in groove 374, Counter torgue wrench
168 moy engage the spinal stabilization svstem. Foree may
be applied 10 comnter torgue wrench 368 in a direction
opposite 1o rotational foree applied to a driver used 1o shear
aofl a ol pofion of a secured closure member, During a
minimally invasive spinal stabilization procedure, counter
torque wrench 368 may be used with various types of
detachable members, including single-channel sheeves and
multi-channel sleeves,

Minimally mvasive procedures may involve localing a
surgical site and a position for a single skin incision 1o
aceess the surgical site. The incision may be located above
and between (e.g., centrally between) vertebrae to be stabi-
lized. An opening under the skin may be enlarged to excesd
the size of the skin incision. Movement and/or stretching of
the incision, bending of an elongated member. and angula-
tion of collars of bone fastener assemblies may allow the
length of the incision amd'or the area of a tisswe plane (o be
minimized. In some embodiments, minimally invasive
inseriion of a spinal stabilization svstem may not be visu-
alized. In cortain embodiments, insertion of a spinal stabi-
lization svstem iy be o top-loading, mini-opening, muscle-
splitiing, screw fixation technique.

Insertion of a spinal stabilization system mav include
gradually increasing the diameter of an opening formed in a
pedicle and'or vertebral body 1o accept a bone fastener
assembly. For example, a tangeting needle may have outer
dismter of about D, A bone awl inseried afier the targeting
needle may have an outer diameter incrementally larger than
the owrter diameter of the targeting needle. As used herein, an
incrementally larger diameter may be large enough to allow
a snug but adjustable fit. For example, the bone awl may
have outer diameter of about (D4x). A tap portion of a bone
tap inserted afier the bone awl may have a minor dinmeler
of about ([+2x). A bone fastener may have a minor diameter
of about {D+3x). In some embodiments, X may be between
about (0.1 mm and about 1.0 mm. For example, x may be
about (L5 mm. Incremental sizing of the targeting needle,
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bone awl, tap, and bone fastener may promote a proper fit of
the bone fastener in the vertebra to be stabilized.

In an embodiment of a spinal stabilization system inser-
tion method, the patient may be placed in a prone position
on @ radiolucent table with eleamnee available for a C-amm
of a flworoscope. For example, a Joackson table with a
radiolucent Wilson frame attachment may be wsed. The
ahility to obtain high quality images is very important.
Bolsters, frames, and pads may be inspected for radiole-
cency prior o the operation. Placing the patient in a knee-
chest position (e.g., using an Andrews iable) should be
avoided. Care should be taken to avoid placing the patient’s
5|:|nu. in kyphosis during p-nslllnmng_ of the pa!lmt

The Cearm of the uoroscope should be able 1o I"n.'cly
rotale between the anteroposteniorn, lterml, and oblique posi-
tions for optimal visualization of pedicle anatomy during the
procedure. The arm should ke rotated through a full range of
mation prior to beginning the procedure to ensurne that there
15 no obstrsction or mdis-opaque object in the way, The
Nuorcscope may be positiomed so that Ferguson views and
“bullseve” views are obtainable. Once the patient s posi-
tioned and the ability 10 obtain Muoroscopic images of the
target levels for instrumentztion has been confirmesd, the
patient may be prepared and draped sterilely.

For most of the lumbar region, the vertebral pedicle is an
obliquely orienied cylindrical corridor. The angulation var-
ies by approxinetely 5 degrees per bevel (e.g., L1: 5 degrees;
1.5z 25 degrees). A pre-operative fine-cul computed tomog-
raphy image may be cxamined to determine any unique
anatomy of the patient. Acquiring the pedicle in the most
lateral and superior quadrom of the pedicle may be desirable
to avold the overriding facet during a minimally invasive
procedure, A lateral entry point may allow for better scrow
convergence & well & less interference with the superior
adjacent level facet joint, A tangeting needle may be passed
in.a medial and inferor trjectory, thus following the natural
pathvway of the pedicle. Frequent leoroscopic inspection in
both an anteroposterior and lateral plane may ensusre proper
mxsatw of the needle as the needle is inserted into vertebral

ne.

Various techniques may be used 1o plan the skin incisions
and entry points, In one embodiment, the planning sequence
for a single-level stabilization may include ihe following
four steps, First, an anteroposterior image may be obtained
with the spinous processes centered at the target verichral
bodics. Vertical lines passing through midpoints of pedicles
than are 1o receive bone fsleners may be marked on the
patient. The lines do mol represent skin entry  podnts. The
lines are markers of pedicle entry poimts used 1o estimate
angles at which targeting necdles to be inserted to contact
the pedicles. In some embodiments, sets of vertical lines
may be drawn corresponding 1o the lateral edges of the
pedicles instend of lines corresponding 1o the midpoints of
the pedicles.

Second, horizontal lines may be marked approximately
through the centers of the pedicles (mid-pedicle lines) on the
patient. [n some embodiments, the lines may be drawn on
the superior side of the center axes (supenor 1o the mid-
pedicle).

Third, an oblique or “bullseve™ view (i.e., down a longi-
tudinal axis of a pedicle) may be obtained on each side of the
patient for cach pedicle that 15 o be stabilised. Vertieal
oblique view lings may be marked on the skin a1 the
midpoints of each of the pedicles that are 1o receive a boae
fastener. The oblique view lines may be drawn in a different
color than the vertical lines drwwn during the first step. In
some embodiments, vertical lines may be drawn comespond-
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ing to the lateral edges of the pedicles instead of lines
corresponding to the midpoints of the pedicles.

The oblique view lines may be about 2 cm to about 3 cm
away from the kneral pedicle border lines marked in the first
step, For larger poatients, the oblique view line may be
greater than about 3 cm away from e midline marked in the
first step. For smaller patients, the obligue view line may be
closer than about 2 em sway from the midline marked in the
first step. The intersection of the oblique view lines with the
horrontal lines drawn in the second step may represent skin
eniry poinis for a langeiing needle as the targeting needle
passes through soft tisswe at an angle towards the bony
podicle entry point. A side fluoroscopic image, the horizontal
linses, and the vertical lines may help the surgeon irangulate
between the skin entry poinls and bony enlry poinls.

Founh, an incision may be made in the skin between
mid-pedicle lines along the vertical obligue view lines, The
skin incision may be from about 2 cm 1o about 4 cm long.
In some embodiments. the mecision may be from about 2.5
om o about 3 cm long. Limiting the length of the incision
may enhance patient satisfaction with the procedure. The
incisions may be pre-anesthetized with, for example, 1%
lidocaine with 1:300,000 cpinephrine. To blunt the pain
response, a long spinal needle may be used 1o dock on the
bone entry point and inject the planned muscle path in a
retrograde fashion as well. Once the incision has been made,
tissue surmounding the incision may be pulled andior
stretched 1o allow access fo a targel location in a verichra.

Afier sterile preparation and draping. the pedicle entry
points may be Nuormscopically rechecked 1o ensure that the
previously marked lines correspond 1o the intersection of the
midline of the transverse process and the lateral joint and
pars interarticularis, The intersection of the fecet and the
transverse process provides a starting point that may help
avoid the canal and follew the natural inclimtion of lumbar
pedicles. For the spinal stabilization system described, in
which sheeves coupled 1o bone fastener assemblies are
substantially unconstrained by insertion angles of the bone
fasteners, patient anatomy may determing the most advan-
tageous insertion angles of the bone fasteners.

A scalpel may be used 10 make a stab wound m the
Junction of an oblique view line and 2 mid-pedicle line, In
an embodiment, the scalpel may be a #1 1 scalpel. A targeting
needle may be passed through the incision in an oblique
lateral to medial trajectory towards the bony eniry point
defined by a lateral pedicle border line. The C-amm of the
Musaroscope may be placed in an anleroposterior position for
this maneuver,

As the targeting needle encounters the bony anatomy,
anteropasterior fluoroscopic images may be used to place
the tip of the neadle at the upper outer quadrant of the
pedicle. In some embodiments, the meedle may be walked
meedially along the transverse process (o the pedicle entry
point. In some embodiments, the needle tip may be docked
by lightly tapping the tip into the bone with a mallet or other
impact device 1o drive the tip into the bone In some
embodiments, the needle tip may be docked by applving
downward pressure to the langeting needle 1o force the tip
into the bone.

The fluoroscope may then be moved 1o a lateral position.
The surgeon may cormect the sagittal trajectory of the needle
by moving the needle in an anterior or posterior dinection 1o
match the vector af the pedicle commidor. In some embaodi-
mbeits, o malket of other impact device may be used 1o gently
advance the targeting needle into the pedicle halfway 1o the
podicle-vertebral body  junction. In other embodiments,
force may be applied 1o the targeting needle 1o drive the
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targeting needle into the pedicle halfway o the pedicle-
vertebral body junction. An anteroposterior image may then
be obtained 1o confirm that the needle s approximately
halfway scross the pedicle in the anteroposteror view, 1f the
tip is more than halfway across the pedicle in o laeral o
medial projection, the trajectory muay be oo medial, Further
advancement of the needle may risk passing the needle
through the spinal canal. The necdbe may be repositioned. A
new starling poind or new irajectony may be obtained. If the
anleroposterior image demonstrates that the needle s sig-
nificantly lateral in the pedicle, then the needle may have
passcd along the lateral portion of the pedicle. A needle that
has passed along the lateral portion of the pedicle may be
withdrown and repositionsd.

Onee a pood tmjectory his been oblained, the targeling
needle may be advanced using a mallet. In some embodi-
ments, the peedle may be pushed in without a mallet. The
targeting necdle may be advanced to the junction of the
pedicle and vertebral body under Lteral fuoroscopic guid-
ance, FIG. 64A depicts tangeting newdle 198 advanced 10 the
Jusction of pedicle 164, At this point, confirmation of
position and trajectory should be repeated under anteropos-
terior fluomscopy. Targeting needle 198 may be further
advanced 10 2 desired depth within vertebral body 166 using

a mallet or applied force. FIG, 643 depicts targeting necdle 2

198 advanced 1o the desired depih.

A scale on targeting needle 198 may be used to approxi-
mafe a length of a bone fastener fo be used. A first depth of
targeting needle 198 may be measured relative o body
surface 376 when pedicle 164 15 first encounterad. A second
depth of wngeting needle 198 may be measured relative 1o
body surface 376 after the targeting needle has been
advanced to the desired depth in verichral body 166, An
approximate length of the pedicle screw 10 be used may be
determined by toking a difference between the depth mea-
surements.

After targeting newdle 198 has been advimeed 1t the
bone, member 202 of the wargeting needle (shown in FIG,
6413} may be removed from the targeting needle, FIG, 64C
depicts outer housing 200 with the member removed. After
removal of the member, a guide wire may be placed through
o passage in langeting needbe 198 inte vertebral body 166,
FIG. 640 depicis targeting needle 198 with guide wire 218
positioned through the passage in the tangeting needle.
Lateral fluoroscopic images may be oblained to indicate the
position of guide wire 218, In some embodiments, guide
wire 218 may be pushed imo vertebral body 166, In ceran
embodiments, guide wire 218 may be advanced about 1 cm
bevond an end of outer housing 200 to secure the guide wire

in verichral body 166. In some cmbodiments, a small

diameter tissue dilstor may be placed over the guide wire
and positioned on an upper surfsce of the targeting needle.
The tssue dilator may provide stability 1o the guide wire,
Added stability from the dilator may allow the guide wire to
be successfully tapped into the vertebreal body with a small
mallet. Care should be mben 1o avoid kinking guide wire
218, Afler guide wire 218 1= secured in verchral body 166,
outer housing 2000 muy be removed from the patient. FIG.
64E depicts guide wire 218 afier removal of the targeting
needle.

Once the guide wine has been passed through the tangeting
needle and the tanzeting needle has been removed, the guide
wire may be used as a guide o position one or more
successively sized dilators around a target localion in a
pedicle. A dilator may be a conduit with a regular shape
{e.g.. cylindrical) or an irregular shape (e.g.. C-shaped). A
dilator may form an opening through sofl tissue 10 the
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pedicle. For patients with a thick fascia, it may be advan-
tageous 1o make a nick i (e Gscia with a scalpel blade 1o
facilitate passage of the dilators. The dilators may be passed
sexquentially over the guide wire. The dilators may be rotaied
during insertion 1o facilitate dilation of surrounding tssue.
The dilators may be inserted until the leading edges contact
the pedicle. A distal end of a dilaor may be tapered 1o
facilitate positioning of the dilator proximate the pedicle. An
instrumentation set for a spinal stabilization svstem may
iclude two, three, four, or more successively sized dilators.

FIG. 65A depicts first dilatar 302A positioned around
guide wire 218. First dilator 302A may have an inner
diameter just slightly larger than an outer diameter of guide
wire 218, As used herein, “an inmer diameter just shightly
larger than an outer diameter™ may mean thal the inner
diameter 15 between about 003 mm and about 1.0 mm
greater than the outer diameter. For example, an inner
diameter of first dilator 302A may be about 0.5 mm greater
than the outer diameter of guide wire 218. FIG. 658 depicts
seeond dilmor 3028 positioned around first dilaor 3024,
Secomd dilator MZB may have an inner diameter just
slightly larger than an ouer diameter of first dilator 3024,
FIG. 650 depicts third dilator 3020 and fourth dilator 3020
and positioned around second dilator 3028, Third dilator
302C may have an inner diameter just slightly langer than an
otiter diameter of second dilator 3028, Fourth dilaor 3020
may have an inner diameter slightly larger than an outer
diameter of third dilator 302C. Onee fourth dilator 30210 is
in position, dilators 302A, 3028, 302C may be removed,
starting with dilator 302A, Lengths of dilators in a succes-
sively sized set may decrense with incrensing chiameter 1o
fecilitate removal of the smaller dilators. Care should be
taken 10 avoad dislodging gusde wire 218 dunng insertion
and removal of the dilators. FIG. 6500 depicts fourth dilator
3021 positioned around goide wine 218 following removal
of dilators 302A, 30213, 302C.

After tissue dilation has been achieved, a large diameter
dilator (e.g.., third dilator 302C or fourth dilator 3020 shown
in FIG, 65C) may be used to guide o bone Gistener assembly
andfor insertion instruments toward a tanget location in a
pedicle. FIGS, 66A-66F depict portions of a procedure for
preparation of pedicle 164 and vertehral body 166 for
receiving a bone fistener assembly. FIG. 66.A depicts bone
awl 222 positioned over guide wire 218 10 dilotor 302 such
that a tip of the bone awl is on or near a surface of pedicle
164, Bone awl 2212 may be driven downwards inlo pedicle
164 1o breach cortical bone of the pedicle. FIG. 661 depicis
a position of bone awl 222 after pedicle 164 has been
breached. After pedicle 164 is breached, bone awl 222 may
be removed from dilator 302, FIG. 66C depicts guide wire
218 and dilsior 302 afier remaval of bone aw] 222, In some
embodiments, an initial passage may be formed in the
podicle and the verichral body using a dnll or a dnll and tap
combination.

FI1G. 860 depicts tap 230 positioned in dilmor 302, Afler
pedicle 164 is bresched., tap 230 may be inserted over guide
wire 218 imto dilator 302, In an embodiment, dilator 302
may be third dilator 302C. Tap 230 may be sized to fit snugly
inside third dilator 302C. In some embodiments, dilator 302
may be fourth dilstor 3020, [n certain embodiments, fourth
dilitor 302D may be mseded ovier third dilator 302C afler
bone hos been tapped through the thind dilator, Tapping
through third dilator 302C rather than founh dilater 3020
may intreduce less bulk at the tanget site of a pedicle during
the tapping procedure. In some embodiments, an outer
dismeter of a sleeve coupled 1o a bone Fastener assembly 1o
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be inzened in the pedicle may be substantially the same as
an outer diameter of third dilator 3020,

Tap 230 may include removable handle 236 and indicia
240. Indicia 240 may be a scale. When wp 230 1s positioned
such that a first thresd Might comtacts pedicle 164, o first
measurement of the position of the tap relative to a top of
dilator 302 using indicia 240 may be noted. Tap 230 may be
rotated to form a threaded passage through pedicle 164 and
into vertebral body 166 10 a desired depih. In some embodi-
ments, a length of the threaded portion of tap 230 may be
uzed 1o determine a depth of a threaded passage formed in
a bone. For a threaded portion of a known length {e.g., 30
mm, 45 mm, &0 mm}, a scaled image (e.g., X-ray image) of
a depth of the threaded portion ina bone monitored during
tapping may allow a medical practitioner 1o determine the
depth of the threaded passage. In some embodiments, tap
230 may formi threads of major diameter sbout 0.5 mm
smaller than a n:ajﬂr diameter of threads of a bone fastener
10 be inserted into the thresded possage,

FIG. 6L depicts a position of tap 230 after a threaded
passage of a desired length has been formed in pedicle 164
and vertebeal body 166, Care should be exercised 1 ensure
that guide wire 218 is not bent or kinked during the tapping
process. The position of tap 230 relative 1o the end of guide

wire 218 may be momitored o ensure that guide wire 21815 2

not dislodged or removed from the vertebra. In some
embodiments, a position of tap 230 may be monitored using
fluoroscopic imaging.

After a threaded passage of a desired length has been
formved i pedicle 164 and verebral body 166, o second
measurensenl of the position of ap 230 relative o a op of
dilator 302 using indicia 240 may be noted. A length of a
threaded member may be determined by taking a difference
between the first and second measurements. In some
embodiments, an estimate of length may be denved based
upon fluoroscopie images amd o known length of the wp that
is visibly recognizable in the fluoroscopic images, Tap 230
may be removed from vertebral body 166 and pedicle 164 by
rotating the tap out of the veriebral body and the pedicle.
Handle 236 may be removed from a hlade portion of tap 230,
The blade portion of wap 230 may be removed from guide
wire 218 with control of the guide wire imtially maintained
from above the tap and then from below ihe tap. Care may
be taken when tap 230 is removed o maintain guide wire
218 in position and to avoid damage of the guide wire. FIG.
66F depicts dilator 302 and guide wire 218 after removal of
the tap.

A bone fastener assembly with @ bone fastener of an
appropriate length may be selected for insertion in a patient.

The size of the bone fastener may be verified with measure-

ment indicia in an instrumentation sel. In some embodi-
menls, messurement indicia may be etched or printed on a
portion of an instrumentation sel. For example, the chosen
baone fastener embodiment may be placed over the outline of
a bone fastencr embodiment printed on a tray of the instru-
menlation sel.

The chosen bone fastener asscmbly may be attached 10 o
detachoble member. In an embodiment, a bone fastener
assembly may be rotated on a flange of a detachable mem-
ber. Movable members of the detachable member may be
extended into indentations in a collar of the bone fastener
assembly. A drver may be usad 1o extend the movable
members 1o couple with the collar. When the bone fastener
assembly is coupled 1o the detachable member, a drive
portion of a fastener driver may be coupled to a ool portion
of the bone fastencr. A shaft of the fastener driver may be
positioned in the passage of the detachable member. A
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removable handle may be attached to the shaft of the
fastener driver. The detschable member, collar, and bone
fastener may be substantially co-axial when the fastener
driver 15 positioned i the detchable member. In some
embodiments, the removable handle may be attached 10 the
shafl of the fastener driver afier the bone fastener, collar,
detachable member, and fastener driver combination is
positioned down a guide wine through a dilator and against
a pedicle.

FIGS. 6TA-670 depict portions of a procedure for insert-
ing a bone fasiener assembly into o patient. Drver 292
{coupled to the bone fastener), and sleeve 244 (coupled 1o
the collar of the bone fastener assembly) may be inserted
alomg guide wire 218 into dilaor 302, For spinal stabiliza-
tion procedunes using four successively sived dilators, dila-
tor 302 may be founh dilator 30200, Guide wire 218 repre-
seits the teajectory that a bone fastence or bone fastener
assembly may follow toward pedicle 164 during insertion of
2 spinal stabalization svstem. In somee embodiments, tissue
surrcannding the incision may be pulled andfor stretched 1o
allow a desired angular orientation of the bone fastener
assembly relative 1o pedicle 164, FIG. 67A depicts driver
292 and slecve 244 positioned in dilator 302, After insertion
of the bone fastener sssembly, sleeve 244, and driver 292 in
dilator 302, the driver may be rotsted to thread the bone
fastener into pedicle 164 and vertebral body 166, The bone
fastener may be advanced into the pedicle under fluoso-
scopic guidance to inhibit breaching of the pedicle walls.
When the tip of the bone fastener advances beyond the
posterior margin of vertebral body 166, guide wire 218 may
be removed 1o inhibil inadvertent bending of the guikde wire
of unwanted advancement of the guide wire.

The bone fastencr may be sdvanced 1o bring the collar
down snug to the facet joint. The bone fastener may then be
hacked off about a quarter of a tum. Backing the fastener off
about o guarter of a um may allow for full moton of the
collar relative to the bone fastener, FI1G, 678 depicts diver
292 affier the bone fastener has been advanced 1o the desired
depth. After the bone fastener has been advanced to the
disired depth, driver 292 may be removed from the head of
the bone fastener and from dilator 302, FIG. 67C depicts
dilwtor 302 and sleeve 244 after removal of the driver. Afier
removal of the driver, dilator 302 may be removed from the
patiem. FIG, 670 depacts collar 112 of bone fastener assem-
bly and sleeve 244 afier removal of the dilator.

Afer the bone fastener has been secured 1o the veriehra
and the drver las been removed from the sleeve, the
polvaxial nature of the collar may allow angulation of the
sheeve relative to the bone fastener. Tissue surrounding the
incision may be released such that the sleeve s angled
toward 5 central location between vericheae to be stabilized.
The sheeve may be moved 1o fcilitne positioning of instru-
meents ancdior 1o Bcilitnte access 1o the adjacent vertebra that
i5 to be stabilized. For example, the sleeve may be tilted
towards the adjacent pedicle so that additonal length of an
opening in the patient is nol noeded. The channel in the
sheeve may be tumed toward the adjacent pediche that is 1o
be siabilized with the spinal stabilization system being
formed.

A plane of dilated tissue may be created between a first
pedicle and a second pedicle 10 be stabilized with a spinal
stabihization system. A bone fastener assembly and a sleeve
may be coupled to the first padicle, The second pediche may
be adjacent to the first pedicle. In an embodiment, a tissue
wedge may be placed in the sleeve coupled 1o the first
pedicle such that the distal end of the tissue wedge contacts
e hesd of the bone fastener. The proximal end of the sleeve
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coupled 1 the first pedicle may be held such tha tissue
around the incision is not pulled or stretched. The tissue
wiedge may be wanded through the channel in the sleeve and
the slot in the collar twward the trget location a the second
pedlicle, thereby creating o plane in muscle amd oller tssue
between the hesd of the installed bone fastener and the target
location of a seccond bone fastener. In some embodiments, a
tissue wedge may be pivoted about an inside proximal edge
of the sleeve such that the disial end of the ussue wedge
blumtly splits the musche amd fascia along fibers and create
a tissue plane between ihe two pedicles. The wanding action
may be repeated more than once (e.g.. two or three times) (o
create a good working plane and displace unwanied tissuc
from the plane. The winding may create a tssue plane. [n
somve embodiments, the tissue plane may be substantially
trapezoidal. In certain embodiments, a tissue plane may be
created before a bone fastener assembly is inserted into a
verichra.

FIGS. 68A-1 depict some stages during use of a Hssue
wedge 10 form a tissue plane between a sleeve inoa first
pedicle and a target location at a second pedicle. FIG, 68A
depicts tissue wedge 308 aligned above pedicle 1644 in
sleeve 244. With a portion of tissue wedge 308 held proxi-
mate 0 the proximal end of sleeve 244 or resting on the

proximal end of the sleeve, blade 312 of tssoe woedge 308 2

may be moved through sofi tissue from pedicle 164A toward
pedicle 1648, FIG. 688 depicts distal end of tissue wedge
08 positioned at pedicle 1648, After tissue wedge M8
contacts pedicle 1648, handle 310 may be moved toward
pechicle 1648 (1., away from sleeve 244) 10 furher separale
sofl tissue in o plane between the pedicles, FIG. 68C depicts
tissue wedge 308 after handle 310 has been angled away
from sleeve 244. An initinl plane may be created by wanding
tissue wedge from pedicle 164A to pedicle 164B. Tissue
wodge Y08 may be similarly wanded back 1o pedicle 1644
10 further establish the plane. FIG. 680 depicts tissue wedge
308 realigned in sleeve 244 after the plone has been estab-
lished with a back-and-forth motion. In some embodiments,
handle 310 may be maintained proximate sleeve 244 to
minimize the area of the tissue plane.

A tissue plane may be made in a variety of shapes
includding, but not limited to, substantially trapezoidal, sub-
staniially rhomboidal, and substantially triangular. A tissue
plane with a substantially geometric shape may have the
basic geometric shape with, for example, slightly curved
edges andor slightly rounded comers or apices. In some
embodinents, o sleeve length may be chosen o redice a size
of a tssue plane that needs 10 be formed between pedicles,
In cenain embodiments, creating a teapezoidal tissue plance

may reduce the invasiveness of a procedure. Limiting the

area of the plane may promote a faster recovery time and/or
may reduce an amount of post-operative pain experiensced
by the patient.

In an embodiment, a tissue wedge may be coupled to a
portion of a sleeve to facilitate ereation of a tissue plane.
FIG. 69 depicts tissue wedge 308 with blade 312 pivotally
coupbed w0 a proximal extension of sleeve 244, Tissue wedge
308 may be initially pesitioned in sleeve 244 with a distal
end of blade 312 proximate pedicle 164.A. Handle 310 may
be pivoied toward pedicle 164A to allow wanding of blade
312 wowards adjscent pedicle 164B. 15 needed. cutting edge
318 may be wed 1o sever [wscia that inhibits passage of
blade 312, Sleeve 244 may be piveded in conjunstion with
rotation of collar 112, In anciher embadiment, sleeve 244
may be extendable {e.g., telescopic) such that a pivol point
may be advanced in the direction of pedicle 1648 during
wanding. The extendable portion of the sleeve may be
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selectively lockable using a variety of locking mechanisms
ivcluding, but ot limited 1o, 3 setscrew, a clip, a detent, or
a pin.

In an embodiment, twvo pedicles may be targeted and bone
fastener assemblics anchored in both pedicles before cre-
ation of a tissue plane. A tissue wedge may be inserted at
cither of the pedicles. In some embodiments, the sleeves
may be coupled 1o each other m proximal ends of the
sheeves, The tissue wedge may be coupled 10 a sleeve and the
sleeve may be used as an anchor during wanding. Insertion
of an elongated member into collars of bone fastener assem-
blies, however, may require cutting of some tissue between
the two sleeves,

Other procedures may be used 1o create a tissue plane. For
example, before targeting pedicle locations (i.e.. before bone
fastener inzertion), @ ssue wedge may be worked down-
ward from an incision to create a Hssue plane. Altermatively,
a scalpel may be used o cut from the surface of the body 1o
veriebral bone. Extensive use of a scalpel, however, may
removie benedits of a minimally invasive procedure.

In an embodiment, a largeting needle may be passed
threnaghs the tssee o create a Wssue plane for insertion of an
elomgated member. As depicted in FIG. TOA, targeting
needle 198 may be placed in sloeve 2444 coupled to pedicle
1644, Sleeve 244A may be rotated such that channe] 248 is
directed towand pedicle 1648, In some embodiments, a
handle portion of targeting needle 198 moy be positioned
over pedicle 1648, as depicted in FIG. TOB. The shafl of
targeting needle 198 may be wanded from sleeve 244A (eg.,
from a center of sleeve 244A) in pedicle 164A to a target
lecation in pedicke 1648 10 separmte the soft tsswe in o plune
between the pedicles, FIG. T0C depicts a distal end of
targeting needle 198 positionsd proximste pedicle 1641,
Targeting needle 198 may be moved back and forth 1o
establish the plane, After targeting needle 198 contacts
pedicle 164E and the plane is established, a bone fastener
assembly may be inserted in pedicle 1648 using a procedure
similar o the procedure used 1o place s bone fastener
assembly in an adjocent pedicle. FIG, TOD depicts sleeves
2447 and 24418 locmed proximate pedicles 1644 and 16413,
respectively.

Once a well-defined tissue plane has been formed, a
targeting needle may be passed down a first sleeve coupled
to a first vertehra and then wanded along the formed plane
over 1o a target location at a second pedicle. The target
lecation al the second pedicle may be Muoroscopically
confimed, A bone fastener assembly coupled o a sleeve
may be secured in the second pedicle using a procedure
similar to the procedure used to insert a bone fastener
assembly in a first pedicle. FIG. 71 depicts substantially
troperoidal tissue plane 378 between sleeves 244 couphed 1o
adjscent verebml bodies 166, Sleeves 244 wuch ol incision
375 and eross above body surface 376, such that a length of
the incision andfor an area of tissue plane 378 may be
advantageously small. Substantially trapezoidal tissue plane
378 may have a dimension at body surlfsce 376 equal o o
length of the incision. Sides of substantially irapezoidal
tissue plane 378 may be define by surfaces of sleeves 244,
Opposite the body surface 376, subsianiially irapezoidal
tissue plane 378 may extend between collars 112, In some
embodiments, the edge of substantially tmperoidal tissue
plane 378 closest vertebral bodies 166 may be substantially
strapght. In some embodiments, the edge of substantially
traperoidal tissue plane 378 closest vertebral bodies 166
may be curved 1o mutch a contour of bone between the
verichral bodies,
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With bone fastener assemblies secured in the veriehral
bodies, sleeves coupled to the bone fastener assemblies may
b oriented 1o fircilitate insertion of an elongated member in
the sleevies, In some embodiments, sleeves may serve as
tissue relrctors during 2 spinal stabilization procedure,
Angular motion of a collar may be limited by a range of
motion allowed between the collar and the bone fastener that
the collar is anchoned 0. Angular motion of a collar may be
limited by patient anatomy. Angular motion or orientation of
one collar (1.e., sheeve), however, may not depend wpon 2
positbon of another collar (i.e., sleeve). In some embodi-
ments, channel openings in the sleeves may face each other.
In other embodiments, channel openings in the sleeves may
be anghed relative 1o each other in vanous amangemsents. A
distance between the sleeves may be estimated wsing an
estimating tool. The distance between the sleeves may be
used 1o select a length of an elongated member needed to
coupke the collass.

In an embodiment. Oexible amms of estimating ool 320
depicted in FIG. 54 may be positioned in sleeves, With the
activator diseagaged, the estimating ool may be advanced
toward the pedicles until the arms or members rest on the
collars or bone [asteners of the bone fastener assemblics.
The activator may be engaged. When the arms are with-

drwwm from the sleeves, a bissing element may allow the 2

arms 1o exiend 1o the length indicaiive of the distance
between bone fastener assemblies. An elongated member
length may be selected by measuring a distance between the
members of the estimating tool. The measured distance may
be increksed by an amounl 1o allow the elongated member
1o extend beyvomd the collars alter curvature and/or insertion,
In an embodiment, about 5 mm to about 30 mm (e.g., about
15 mm) may be added © the mensured distance. In some
embodiments, @ desired length of an elongated member may
b @ length that allows the elongated member 1o extend from
epch collar by abowt 2 mm or aboul 3 mm. In cerain
embodiments, ends of an elongated member may be flush
with the cuter surface of one or more collars.

In an embodiment, an elongated member of desired length
may be chosen by estimating a distance between the sheeves
without the wse of an estimating tool. The sleeves may be
positioned a5 desired (e.g., substantially parallel 10 each
vilver). A disiance between the most distant owier edges of
the sleeves may be estimated. The estimmted distance may be
increased by an amount to allow the elongated member o
extend beyond the collars afier insertion. In some embodi-
ments, from about | mm to aboul 20 num may be added 1o
the estimated distmce, In some embodiments, a desired
length of elongated member may be a length that allows the
clongated member to extend from cach collar by about 2
mim.

An elongsed member may be cut 1o length and contoured
as desired. For example, o medical proctitioner may use
experience and judgment to determine curvature of an
clongated member for a patient. A desired curvature for the
clongated member may be determined using fluoroscopic
imaging. ln some embodiments, a curvature of the clongated
member may be chosen such that, when the elongaied
member is secured to the collars of the bone fastener
assemblies, sleevies coupled to the bone fastener assemblies
cross al a surface of the skin. Crossing of the sleeves at a
surface of the skin allows the medical prsctitioner 1o mini-
mize travmk 1o a patienl by minimizing incision length and
tissue plane area. The elongated member may be beint or
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the clongated member through channels of sleeves with
various spatial locations and/or varous angulsr oriemations.
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Elongated members may have shapes including, bt not
limited 10, straight, bent, curved, s-shaped. and z-shaped.
FIG. 72 depicts an embodiment of S-shaped clongated
member 104, FIG. 73 depicts an embodiment of angled
elongated member 104, FIG. 74 depicts an embodiment of
bent elongated member 104, FI1G. 75 depicts an embodiment
ni'su'aigh clongated member 104, [n some embodiments,
clongated members 104 may have a substantially circular
lengimdinal cross section. [n cedain embodiments, elon-
goted members 104 may bove other cross-sectional shapes
incleding, but not limited 1o, regular shapes (oval, rectan-
gular, rhomboidal, square) and irregular shapes. An instru-
mentation kit for a spinal stabilization sysiem may include
strafght rods and'or pre-shoped rods, Stmight rods andfor
pre-shaped rods may be contoured to accommadate paticrl
amatomy il needed during the surgical procedure.,

Channels of the sleeves and slots of the collars may be
oriented by rotating the sleeves o accommodate insertion
and seating of the clongated member. [n certun embodi-
meenls, o channel opening ina skeeve may be non-linear (e.g..
bent, curved, or angled) to allow portions of the spine 1o be
selectively stabilized. Sleeve orientation andior design may
be chosen 1o allow compression, distraction, and/or redue-
tion of verichrae. In some embodiments, there may be no
constraints governing reltive location and'or orentation of
ihe sleeves. Sleeves may be forced apart or angled toward
each other or away from each other to accommodate inser-
tion of the elongated member.

Prior 1o insertion of the clongated member, the tissue
wiedge of largeting deedle may be wsed 1o wand between the
bone fasteners o ensure a clean plane between the bone
fasteners. An end of the dongated member may be insened
al an angle or substantially longitudinally in a passage
andior channel of a sleeve coupled 1o a bone fastener
assembly. Inserting the clongated member al an angle or
substantially longitudinally allows the length of the incision
andfor the area of the tissue plane 1o remain advaintageously
small. In some embodiments, sleeves coupled 1o anchored
bope fastener assemblics may remain essentially uncon-
strained relative to cach other during insertion of the ¢lon-
galed member. In cenain embodiments, angular orientation
of the collars may determine a trajectory of 1he elongated
member down the sheeves and inio collars of ihe bone
fastener azsemblies. Inserting the elongated member down
two or more sheevies and through an open path (i.c., the tissue
plane) may allow a medical practitioner to avoid sungical
difficuilties associated with amomieal abrormalities and'or
misalignmem of svslem components (g4, in mubi-level
stabilization procedures).

Insertion of the elongated member may not be visualized
subcutaneously. Therefore, a positioning tool may be used to
guide the elongaed member down the sleeves into slots in
e collars, A distal portion of the positioning (ool may be
contoured. The contour may allow for some motation of the
clongated member. With slight pressure, the eloagated mem-
ber may be roted subcwanccusly into a substantially
horrontal position and seated in the collars. The positioning
ol may be held finmly while sull allowing a rocking
movement between the elongated member and the distal end
of the positioning tool. Movement of the elongated member
may allow the elongated member 10 be mancuvered down
he sleeves and 1o the collars.

FIG, 76A depicts insertion of o first end of elongated
mbeimber 104 in an opening of channel 2484 of sleeve 2444,
In an embodiment, elongated member 104 may be posi-
tioned between grasping member 342 and distal end 344 of
the inner shaft of positioning ool 334, as shown in FIG.
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76l The elongated member may be held between grasping
member 342 and distal end 344 of the inner shafi of
positioning tool 334 with pressune applied to a proximal end
of the inner shaft. Az the first end of elongated member 104
i moved along the lengih of sleeve 2444 toward collar
112A, a secomd end of the elongated member mav be
inserted in channel 2488 of sleeve 244B. Channels in
sleeves 2444 and 2448 may include grooves opposite
channe] openings 1o engage ends of elonganed member 104
andfor o guide the clongated member along the lenghs of
the sheeves. Positioning iool 334 may be used 10 guide the
clongated member along the length of the sleeves through
the plane in the soft tisswe.

Slots in collars 112A. 1128 may be aligned with channels
2484, 24BB of sleeves 2444, 2448, respectively, 1o allow
clongated member 104 1 be positioned in the collars,
Positioning ool 334 may be used to angle the clongated
member through slot 1504 such that an end of the clongated
member protredes through collar 112A awsy from collar
1128, With one end of elongated member 104 extending
throwrgh slot 150A in collar 112A, positioning (ool 334 may
be used to guide the other end of the elongated member the
remaining distance down sccond sleeve 2448, Positioning
tool 334 may then be used 1o seat the second end of

clongted member 104 in collar 1128 and translate the 2

elongated member 10 a desired location relative o ihe
collars. The distal end of the positioning tool inner shaft may
be contoured {e.g., curved andior grooved) to allow some
motion (e.g.. rocking) of clongated member 104 while the
elongated member 5 coaxed o posiion asd'or rotated
subcutaneously with the positioning tool. Pressure may be
applicd to inner shaft 340 to sear elongated member 104 in
the slots of the collars, FIG, T6C depicts clongated member
104 seated in collars 112A, 1128.

In some embodiments, a seater muy be used 1o seat the
clongated member in the collars, FIG. 760 depicts seater
MB posttioned in sleeve 2448, In cenam embodimenits,
senter ME may be used 10 push elongated member 104 into
slots in collar 112A and'or 1128 while the positioning tool
is used o maneuver the elongated member into place. Onee
the elongated member is positioned in the collars, uoro-
scopic confirmation may ensure that the elongated member
is inserted fully inio each collar. Prior to securing ihe
elongated member 1o bone fastener assemblies with closure
members, the elongated member may be gripped firmly with
the positioning tool and persusded cephalad or coudad as
needed. With the elongated member seated in the collars,
cientation of the skeeves may be constrained relative 1o ¢ach
other,

After the clongated member is scated in the collars, :

additional flunmscopic confimation of clongated member
positioning may be obtained, With the elongated member
satisfictonly positioned, the elongaled member may be
securcd in place with closure members, FIG, 60A depicts
closure member 106 coupled to drver 354, Diriver 354 is
positboned for insertion inte sleeve 244, A counter lonque
wrench muy be coupled 1o the sleeve or 1o the clongated
member, Afler inserion of drver 354 in sleeve 244, ¢losure
member 106 may be positioned proximate collar 112, With
driver 354 positioned in sleeve 244, as shown in FIG. 608,
the driver may be rotated to sdvance the closure member in
collar 112. To ensure alignment of thread of ¢losure member
with threadd of collar, the driver may initially be rotated ina
direction that would result in remaoval of the closure member
from the collar. When the uszer of the driver feels engage-
ment of threading of the closure member with threading of
the collar, the user may reverse the direction of rotation of
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e driver to secure he closure member 1o the driver. The
closure member may secure the elongated member to the
collar. Sleeve 244A may serve as a coaxial guide 1o inhibit
cross-threading during insertion of closure members 106,
When the closure members are snug amld elongated member
104 s gecured, collars 112 are angled such that slots in the
collars are substantially perpendicular o the elongated
member. Driver 354 may be disengaged from the closure
member and removed from sleeve 244, In some embodi-
meents, driver 354 moy be used 1o shear ol s too] pofion of
a secured closure member, In ceriain embodiments, a cou-
pling portion of driver 354 may caplure a sheared tool
portion from a closure member.

Torque required 1o shear off the ol portion of a closure
miember may be a source of pain and/or injury to a patient.
In some embodiments, sleeve 244 may be held with a
counter torgque wrench as the ool portion of & secured
closure member s sheared off. In an embodiment, about S0
in-lbs of torgque may be required to shear off the tool portion
of o closure member. A counter torgue wrench may inhabit
or reduce transfer of torque to the patient’s spine. FI1G. 61
depicts an embodiment of counter torque wrench 364 used
abowve the skin to inhibit application of torque to a patient’s
spine during shearing of a ool portion of a secured closure
member. Slecve 244 moy it in opening 366 of counter
torgque wrench 364, Counter iorque wrench 364 may be
positioned near a proximal end of sleeve 244 during use,

Force may be applied to counter torque wrench 364 in a
direction opposite to rotational force applied 1o driver 354 1o
shear ofl & ool portion of closure member 106, Thus, the
10l portion of losure member 106 may be sheared ofl with
force excrted above the incision of a patient. In some
embodiments, a collar of o bone Bstener assembly may be
designed such that a proximal postion of the collar may be
sheared off with foree exerted above the incision of a patient.
In some embodimems, closure member 106 may be
designed (e.g., with a solid central core) such that the torgue
requared to shear off the 1ol portion does mot adversely
affect the body of the closure member or the coupling
between the closure member and the collar. Opening 366 in
torque wrench 364 may be of any shape 1o accommodate a
cross=sectional shape of sleeve 244,

In some embodiments, counter torque wrench 368 shown
in FI1G. 63 may be used to inhibit application of torgue to a
patient’s spine. Counter torque wrench sleeve 370 may be
inserted through the opening in the body over shoeve 244,
Counler torgue wrench sleeve 370 may be advaneed 1oward
the spine until elongated member 104 15 seated in groove
374 of the counter torque wrench sleeve, Fosce may be
applicd 1o counter torque wrench 368 in a direction opposite
to rotational force applicd to a driver used 1o shear off a tool
portion of a secured closure member.

Coupling filure between o collar and o ¢losure member
of a bone fastener assembly may be a concern duning
surgery. If failure occurs while locking down an elongated
member to a bone fastener assembly in a single- or mulu-
leved system. the fuilure may regquire removal of one or mone
lecked closure members and the elongated member 1o
extract a failed bone fastener assembly. Coupling failure
may occur during application of other loads, such as loads
used to achieve reduction with a spinal stabilization system.

FIG. 77 depicts a distal portion of drver 380 thal may be
used o remove closure member 106 depicted i FIGS, 14
ad 15, A distal end of daver 380 may include two prongs
designed 1o fit in removal openings 174 of closwre member
106. Driver 380 may be inserted in o sleeve to engage 8
closure member. A hamdle of driver 380 may allow a medical
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practitioner to apply force in a rotational direction necessary
to remave the closure member. In some embodiments, a
counter orgue wrench may be used to inhabit application of
torque o the patient’s spine during removal of a closure
member, The closure member may be removed and replaced
@5 DECessary.

After a closure member 15 successtully secured to a collar
and a tool portion of the closure member has been sheared
off, the driver may be removed from the sleeve coupled 1o
the anchored bone fastener assembly. FIG. 78A depicis an
assembled spinal siabilization system following removal of
driver 354. Key 262, shown in FIG. 788, may be used to
rotate movable members in sleeves 2444, 2448, Rotation of
movable members in sleeves 2444, 2440 mov release the
movable members from the collars. Thus, sleeves 244A,
24418 may be uncoupled from the collars above the incision,
FIG. 78C depicts assembled spinal stabilization svstem 100
following removal of sleeve 244A. FlG. 780 depicts
assembled spinal stabilization system 100 coupled 1o sdja-
cent pedicles following removal of sleeve 24418,

A spinal stabilization svstem may be used 1o stabilize two
or more vertebral levels (i, at least three adjacent verie-
brae). In an embodiment, an incision may be made in the
skin between the oulermost vericbrae 1o be stabilized. A first

bone fostener assembly may be coupled 1o a first sleeve. The 2

first bone fastener may be threaded inio a first pedicle at a
target location such tlmt the first sleeve extends above the
body surface. The first sleeve may rolate about the head of
the first bone fastener. A tissue pline may be created
between a channel opening in e first sleeve and a tanet
location ot a second pedicle. In an embodiment, the second
pedicle may be adjscent to the first pedicle. A second bone
fistener assembly may be coupled 1o a second sleeve and
threaded into the second pedicle through the incision.
Anciher tissue plane may be created between the first sheeve
or the second sleeve and a target location in a third pedicle.
The third pedicle may be adjocent 1o the first pedicle andfor
the second pedicle. A third bone Fastener assembly may be
coupled to a third sleeve and threaded into the third pedicle
through the incision.

In an embodiment of a method for a two-level spinal
stabalization procedure, an incision may be made above a
target location in a middle pedicle. A first bone fasiener may
be anchored 1o the middle pedicle. Afier the first bone
fastener is secured, second and third bone fasteners may be
coupled to outer pedicles as desired by pulling andfor
strelching tssue surmounding the incision (o allow secess to
the ouler pedicles.

Channel openings in sleeves coupled to three bone fas-

tener assemblics may be oriented to allow insertion of an

clongated member to achieve two-level spinal stabilization.
FIGS. T9A-TIE depiet insertion and seating of an elongated
member in a two-level spinal stabilization svstem. Use of o
rodl positioner andlor zeater is implied bul not shown in
FIGS. TOA-TOE. FIG. T9A depicts insertion of a first portion
of dlongated member 104 through channel 248 of mul-
channe] sleeve 244 and into channel 248 of sleeve 2448, As
the first portion of elengated member 104 is moved down the
length of channels 248, 248 toward collars 112, 112, a
second portion of the elongated mrember may be inseried in
channe] 248 of sleeve 244A. In some embodiments, elon-
gated member 104 may be moved down channels 248, 248
using @ positioning 1ool, As elongated member 104 s
advanced towand collars 112, 112°, the elongated member
may pass through an opening in the skin and into the tissue
plane. FIG. 798 depicts elongated member 104 in channels
248, 248" Channels 248 in sheeves 2444, 2448 may include
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grooves o engage ends of elongated member 104 andior 1o
guide the elongated member down the lengths of the sleeves.
In certain embodiments, channel openings may be curved or
anghed 1o accommodate variows elongated member configu-
rations,

FIG. 79C depicts elongated member 104 engaged in
channels 248, 248, As clongated member 104 15 advanced
toward collars 1012, 112, a first end of the elongated member
may emenge through slot 150 in collar 112 couplad 10 sleeve
4B, FIG. 79D depicts elongated member 104 after the
elongated member has cmerged through slot 150 in collar
112 coupled to sleeve 2448, In some embodiments, a seater
may be wsed 1o position elongated member 104 in collars
112, 112, FIG. 79E depicts elongated member 104 seated in
collars 112, 112",

FIGS. $0A-BDC depict perspective views of various ori-
entations sheevies 244 may assume relative 1o bone fasteners
108, 108, In two-level and muli-level spinal stabiliztion
syslems, an onentation of & sleeve coupled 1o an anchored
bone fastener assembly is not constrained by an orientation
of one or more other collars coupled to adjpcent bone
fostener mssemblics, FIGS. 80A-80C also depict various
ofentations that bone [steners 108, 108° may assume
relative to each ciber. Bone Bisteners 108, 108" may be offset
from ecach other {ie., non-planar) and'or be inserted in
poedicles at opposing angles. The mange of possible orienta-
tions of bone [steners in podichs may allow a spinal
stobilization system to securely confom to a patient’s spine.

Afier an elongated member has been positioned and
sezted incollars as desined, closure members may be used 1o
seeure the clongated member to the collars. One or more
counter torque wrenches may be used during shearing of the
10l portions of the closure members. In an embodiment.
counter torque wrench 364, depicted in FIG. 61, may be
used with sleeves 2444, 2448, Counter torque wrench 368,
depicted in FIG. 62, may be used with multi-channel slecves
andfor single-channe! sheeves.

In certain embodiments, an external frame may be used 1o
impose a desired constraint on one or more sleeves, For
example, an external frame may hold one or mone sleeves in
a particular bocation and/or onentation such that a desired
relative positioning of vertebrae may be achieved, An exier-
nal rame moy be used 10 mmpose a distance andlor angle
between sleeves o achieve distraction or compression of
verteheae. Reduction of vertebrae may be achieved when an
external frame is used to adjust a relative height of the
sheeves.

In some embodiments, a spinal stabilization svsten may
be inserted using an invasive procedure. Since insertion of
a spinal stabilization svsiem in an invasive procedure may
be visualized, cannulated componenis {e.g., bone fasieners)
andfor instruments (e.g., detachable members) may not be
needed for the invasive {i.e., open) procedure. Thus, a bone
fastener used in an invasive procedure may differ from a
bofe fstener used in o minimally invasive procedire. FIG.
81 depicts a perspective view of an embodiment of bone
fastencr 108 that may be used in an invasive procedure.

Bone fastener 108 may inclede shank 116, head 118, and
neck 120, Shank 116 may include threading 122, In some
embodiments, threading 122 may include self-tapping start
124, Sell-tapping start 124 may facilitate msertion of bene
fastener 108 ino vertebral bone. Head 118 of bone fastener
108 may include various configurations 1o engage a drver
ihat insens the bone fastener inlo a veriehra. In certain
embodiments, the driver mav also be used 10 remove an
installed bone fastener from a venebr,

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1019
Page 76 of 79



US 7,250,052 B2

49

In somee embodiments, head 118 may include one or more
ool portions 126, Tool portions 126 may be recesses and/or
prodrusions designed 10 engage a portion of the driver.
Driver 380 depicted in FIG. 77 mav be used to engage bone
fastener 108 with tool portions 126 as depicied in FIG. 81,
Head 118 of bone fastener 108 may include one or more
splines, In some embodiments, bone fastener 108 may be
used with a collar, a ring, and’or a closure member described
for use with a cannulated bone fastener. In certain embodi-
ments, bone fastencrs with closed collars may be used in an
invasive spinal stabilization procedure, In cenain embod:-
ments, fixed bone fosteners (e.g., open fixed bone fisteners)
may be used in an invasive spinal stabilization procedure.

In some embodiments, wols used in an invasive proce-
dure may be similar o wols used in 2 minimally invasive
procedure. In certain embodiments, methods of installing a
spinal stabilization system in an invasive procedure may be
similar to methods of installing a spinal stabilization system
in a minmmally invasive procedure.

Further modifications and aliemative embodiments of

varions aspects of the invention will be apparcnt 1o those
skilled im the an in view of this description, Accordingly, this
description i 10 be construed a5 illustrmtive only and i for
the purpose of teaching those skilled in the art the general
manner of carrying out the invention. It is to be understood

that the forms of the mvention shown and descrbed berein 2

are 1o be taken as the presently preferred embodiments.
Elements and materials may be substituted for those illus-
trated and described herein, paris and processes may be
reversed, and certain featwres of the nvention may be
wlilized independently, all az would be apparemt to one
skilled in the an afier having the benefit of this description
of the invention. Chonges moy be made in the elements
deseribed herein without departing from the spint and scope
of the invention o described in the Dllowing claims,

What is claimed is:
1. A method of implanting a spinal stabilization system,
COmprising:
foorming an incision at a desired site through skin of a
paticnt;
anchoring a first bone fastener assembly to a first vertebral
body at a first target location, said first bone fastener
assembly comprising a first bone screw and a0 first
collar, said first collar coupled to the first bone screw;
disposing o first sleeve between the incision and the first
bone fastener assembly, the first sbeeve having a first
proximal end region and a first distal end region with a
first passage defined therebetween, the first sleeve
defining a first channel in communication with the first

passage along at least portbon of a length of the first

sleeve the first distal end region being disposed proxi-
mate the first bone fastener assembly and the firm
proximal end region being disposed proximate the
ncision;

anchoring a second bone fastener assembly to a second
vertebral body ot 2 second target location, sid second
bone fostenwer assembly comprsing o second bone
serew and a second collar, said second collar coupled to
the second bone screw;

disposing a second sleeve towards the second bone fas-
tener assembly, the second sleeve having a second
proximal end region and a second distal end memon
with a secoml] passage defined therchbetween, the sec-
ol sleeve defining a second clannel in commumcation
with the second passage along at least a portion of a
length of the second sleeve, the second distal end
region being disposed proximate the sccomd bone fas-
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tener assembly and the second proximal end region
being disposed proximate the incision:

inserting an ¢longate member through the incision and

along the first passage 1o o position sdjscent the first
collar; and

securing the elongate member o the first collar.

2. The method of claim 1, wherein anchoring die first
bone fastener assembly includes screwing the first bone
screw 1o the first vertebral body at the first wnget location.

1. The method of claim 2, wherein the first sleeve is
detachably coupled 1o the first collar prior to screwing the
first bone screw o the first vericbral body.

4. The methed of claim 1, wherein the clongate member
i5 inserted substantially longitudinally through the incision.

5. The method of claim 4, wherein the elongate member
is angled in a first orientation relative o the skin prior 1o
inserting through the incision and rotated to & second
orientation subtutancously.

6. The method of cluim 1, wherein during inserting. ot
least a portion of the clongate member extends outwardly
from the first sleeve through the first chanpel,

7. The method of elaim 1, wherein the first collar has a slot
defined therein 1o receive the elongate member, and further
wherein the first channel of the first sleeve is defined al least
in the first distal end region of the first sheeve; the first
channel being aligned with the sl while the elongaie
member is inserted to the position adjacent the first collar.

8. The method of claim 7, wherein the first collar com-
prises a body and at least two anms extending therefrom, the
shot being defined between the anms,

9. The method of ¢laim 1, wherein the elongate member
is seoured to the first coller by engaging at least one closure
member o the first collar.

10. The method of claim 9, wherein the at least one
closure member s delivered along the first passage of the
first shseve o the first collar.

11. The methed of ¢laim 1, wherein the first chonnel is
defined along a majority of the length of the first sleeve,

12. The method of claim 1, wherein the first sleeve
includes a sleeve flange and whenein the first collar includes
a collar flange, and wherein the sheeve Nange is configured
1o mate with the collar Monge to inhibit translation of the first
sheeve relative 1o the first collar

13. The method of claim 1, further comprsing estimating
a distance between the first collar and the second collar,

14. The method of claim 13, further comprising selecting
a length of the elongsle member corresponding o the
estimated distance,

15, The method of claim 1, further comprising:

forming a dilated tissue planc between the first target

lecation and the second target location.

16, The method of claim 15, wherein forming the dilsted
tizzue plase includes moving o tissue wedge From e first
zheeve toward the second target bocation.

17. The method of ¢laim 1, wherein the second channel is
aligned facing the first channel; and further wherein duning
insering of the elongate member, the second end portion of
he elongate member is received within the second channel.

18. The method of claim 1, further comprising using a
framie 1o couple the second proximal end region fo the first
proximal end region.

19. The method of clium 1. wherein the first channel
extends substantially the entire length thereol, and Murher
wherein, dunng inseming of the elongate member, the first
end portion of the elongate member is received in the first
channel and the second end portion of the elongate member
is reeeived in the second channel.
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20, The method of claim 1, furnher comprising:

anchoring a third bone fastener assembly to a third target
location between the first tanget location and the second
targed location, saxd third bone fastener assembly com-
prising a third bone screw and a third collar, saxd third
collar coupled to the third bone screw; and further
wherein inserting the clongate member includes posi-
tioning an intermediate portion of the clongate member
adjacent the third collar, and securing the elongaie
member includes securing the imermediate portion of
ihe elongate member to the third collar.

21. The method of claim 20, further comprising:

detachably coupling an intermediate sleeve to the third
collar. the intermediate sheeve hoving a thind proximal
end region and o third distal end region with a third
passage defined therebetween, the intermediate sleeve
defining opposing channels in communication with the
third passage along at least a length of the intermediate
sleeve: and further wherein duning positioning of the
clongate member, the clongate member extends
through the opposing channels of the imermediate
sleeve,

22, The method of claim 1, further comprising sequen-

tially dilating a working space between the incision and the

first target location pricr to anchoring the first bone screw, 2

23, The meihod of claim 1, wherein inserting the elongate
member includes inserting the clongate member along the
second passage to a position adjscent the second collar.

24. A method for performing spinal stabilization surgery,
sandd method comprsing:

coupling a first sheeve o a first bone fastener assembly,

said first sleeve comprising a first sleeve flange, said
first bone fastener assembly comprising o first bone
serew and a fisst collar, said fiest collar coupled to the
first bone serew, and sad first coller comprising a first
slot and o first collor Mmge, wherein sad first sheeve
fange detachably couples with sard frst collar Bange to
inhibit translational motion of the first collar relative o
ihe fist sleeve;

anchoring the first bone fastener assembly 1o a fisst

vertebral body:

coupling a second sleeve w0 o second bone fastener

assembly, said second sleeve comprising a second
sleeve flange, said second bone Fastener assembly com-
prising a second bone screw and a second collar, said
second collar coupled o the second bone screw, and
said secomd collar comprsing o second slot and a
second collar Nange, wherein said second sleeve Mange
detachably couples with said second collar flange to
inhibit translational motion of the second collar relative
o the second sleeve;

anchoring the second bone Gstener assembly to a second

vertebral body: amd

inserting a rod between the first slot and the second slot,

wherein the inserted rod provides support between the fist

vertecbral body and the second venehral body.

25, A method of implanting o spinal stabilization system
wiilizing minimally-invasive surgery, said method compris-
ing:

detachably coupling a first bone fastener assembly fo a

first sleeve, said first bone @stener sssembly compris-
nge 4 first bone serew amd a Grst collar, sad first collar
comprising o first collar flange, said firs sleeve com-
prising a first sleeve Nange, wherein suid first sleeve
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flange detachably couples with said first collar Nange 1o
inhibit translstional motion of the first collar relative 1o
thi first sleeve;

anchoring the first bone fastener assembly o a first

veriebral boddy by serewing the first bone screw o the
first verebral body:

detachably coupling a second bone fastencr assembly 1o a

second sleeve, said second bone fastencr assembly
comprising a second bone screw and a second collar.
said second collar comprsing a second collar Mange,
said second sleeve comprising a second sleeve flange,
wherein said second sleeve flange detachably couples
with said second collar flange to inhibil translational
merion of the second collar relative o the second
sleeve;

anchoring the second bone fastener assembly 1o a second

vertehsal body by screwing the sccond bone screw 1o
the second vertebral body;

inserting a rod between the first collar and second collar;

securing the rod o the first collar; and

securing the rod to the second collar.

26. The method of claam 25, further comprising the step
of forming at least one minimally-invasive incision prior o
inseriing the rod.

27. The method of clim 25, further comprising the slep
of moving the first sleeve relative to the second sleeve io
facilitate compression, distraction, or reduction of the first
verichral body.

28. The method of claim 27, wherein upon moving the
first sleeve relative 1o the second sleeve is Bacilitned with a
flame coupled 1o the first sleeve,

29. The method of claim 25, further comprising the step
of bending the rod prior to inserting the rod.

30. The method of claim 25, wherein the step of sccuring
e inserted rod to the frst collar includes securing a closure
meember to the first collar.

31 The method of clum 23, further comprising the siep
of wsing a locking svstem 1o inhibit motational movement of
e first sleeve relative to the first collar prior 1o anchoning
the first bone fastener assembly.

32, The method of claim 31, wherein the locking system
comprises a moveable member, and

wherein inhibiting rotational movement comprises engag-

ing at least one moveable member with the first sleeve
and the first collar.

33, The method of claim 25, wherein the first sleeve
Mlange detachably couples with the first collar Mange to fomm
o dovetail joint.

34, The method of claim 25, wherein the first sleeve
flange is a ridge or groove.

5. The method of claim 25, wherein the first collar flange
is a rdge or groove,

36, The method of claim 25, wherein the first sleeve
flange is a protrusion, and

wherein the first coils flange iz a groove that mate with 1o

protrusion 1o inhibit ranslational motion oft. first collar
relative 1o the first sleeve.

37. The method of claim 25, wherein the iat sleeve flange
is @ groove, and

wherein the first collar flange is a protrusion that mate

with the greove to inhibit translational motion of the
firs1 collar relative to the first sleeve.
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