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TITLE OF THE INVENTION

BONE FIXATION ELEMENT WITH REDUCTION TABS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent Application No.

61/047,025, filed April 22, 2008, the contents of which are hereby incorporated by reference in

its entirety.

FIELD OF THE INVENTION

[0002] The invention relates to a bone fixation element, more specifically a preferred

embodiment of the present invention relates to a bone fixation element incorporating reduction

tabs for facilitating insertion of a longitudinal rod into a rod-receiving channel formed in the

bone fixation element.

BACKGROUND OF THE INVENTION

[0003] It is often necessary due to various spinal disorders to surgically correct and stabilize

spinal curvatures, or to facilitate spinal fusion through an open approach or through a minimally

invasive approach. Numerous systems for treating spinal disorders have been disclosed. One

known method involves a pair of elongated members, typically rods, longitudinally fixed to the

posterior spine on either side of spinous processes of the vertebral column. Each rod is attached

to various vertebrae along the length of the spine by engaging bone fixation elements to the

vertebra and fixing a rod to the bone fixation elements. The bone fixation elements commonly

include a U-shaped rod-receiving channel for receiving the rod therein. Moreover, the rod-

receiving channel often interacts with a locking cap to clamp and fix the position of the rod with

respect to the bone fixation element.



[0004] Surgeons may have difficulty aligning the rod(s) within the rod-receiving channels

formed in the body of the bone fixation elements. For example, the body of the bone fixation

elements may be out of vertical and/or horizontal alignment with one another due to the

curvature of the spine or the size and shape of each vertebra.

[0005] Thus, it is desirable to construct an apparatus to facilitate insertion of the longitudinal

rods into the rod-receiving channels formed in the bone fixation elements.

BRIEF SUMMARY OF THE INVENTION

[0006] A preferred embodiment of the present invention is directed to a bone fixation

element for use in a posterior spinal fixation procedure to interconnect a longitudinal rod with a

patient's vertebral body. The bone fixation element includes a body having a pair of spaced

apart arms defining a rod-receiving channel and a pair of reduction tabs operatively coupled to

the spaced apart arms to facilitate insertion of the longitudinal rod into the rod-receiving

channels. In order to facilitate vertical reduction of the longitudinal rod into the rod-receiving

channel, the bone fixation element includes a pair of reduction tabs extending therefrom to

temporarily extend the overall height of the bone fixation element. The reduction tabs define a

rod-receiving channel that aligns with and/or temporarily extends the rod-receiving channel

formed in the bone fixation element.

[0007] The reduction tabs are preferably integrally formed with the bone fixation element.

The reduction tabs preferably include a break-off point and/or region so that after the

longitudinal rod has been inserted into the rod-receiving channel of the bone fixation element,

the reduction tabs can be removed leaving in place the bone fixation element and longitudinal

rod. The break-off points or regions are configured as an area of weakness formed in the

reduction tabs so that the reduction tabs will break or rupture when subjected to high stresses,



such as by stresses induced by the surgeon in order to break or sever the reduction tabs from the

bone fixation element so that the reduction tabs can be removed from the patient's body after the

longitudinal rod has been seated and secured within the rod-receiving channel.

[0008] The break-off points or regions may be configured as a groove. Preferably, each of

the reduction tabs includes a pair of break-off grooves, one formed along the outer surface of the

reduction tabs and one formed along the inner surface of the reduction tabs. The outer break-off

groove is preferably located distally of the inner break-off groove. By incorporating inner and

outer break-off grooves, the fracture line and surface may be controlled to substantially reduce

potentially sharp edges as a result of the reduction tabs being broken or ruptured from the body.

[0009] Alternatively, the break-off points or regions may be configured as a pair of

connection points on either side of a through slot, wherein the through slot extends from an outer

surface of the tabs to an inner surface of the tabs.

[0010] The reduction tabs may also include a cap for coupling to a proximal end of the

reduction tabs. The cap preferably includes at least one shoulder to enable a user to attach one or

more instruments to the bone fixation element. The cap may also include a drive surface for

receiving a corresponding tip formed on a drive tool for applying a counter torque force.

[00 11] The bone fixation element including reduction tabs may be provided as a part of a

system including a reduction tab removal instrument for severing the reduction tabs from the

bone fixation element after the longitudinal rod has been seated within the rod-receiving channel

of the bone fixation element. The reduction tab removal instrument may include an outer shaft

including a plurality of expandable prongs on a distal end thereof, an inner shaft slidably

disposed within the outer shaft and a handle operatively coupled to the outer and inner shafts for

operatively moving the inner shaft with respect to the outer shaft such that movement of the



inner shaft with respect to the outer shaft causes the plurality of expandable prongs to radially

expand. The expandable prongs may include a wedge shaped portion for contacting the through

slot formed in the break-off region.

[0012] The inner surface of the reduction tabs and the inner surface of the spaced apart arms

preferably include a plurality of threads for engaging an externally threaded locking cap. More

preferably, the threads have a negative thread profile to limit splaying.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0013] The foregoing summary, as well as the following detailed description of the preferred

embodiments of the application, will be better understood when read in conjunction with the

appended drawings. For the purposes of illustrating the preferred bone fixation elements and

surgical method for inserting the bone fixation elements of the present application, there are

shown in the drawings preferred embodiments. It should be understood, however, that the

application is not limited to the precise arrangement and instrumentalities shown. In the

drawings:

[0014] Fig. 1 is a cross-sectional view of a first preferred embodiment of a bone fixation

element of the present invention, with a longitudinal rod positioned in a rod-receiving channel of

the bone fixation element in an insertion position;

[0015] Fig. 2 is a cross-sectional view of the bone fixation element shown in Fig. 1, the

longitudinal rod located in a seated position;

[0016] Fig. 3 is a cross-sectional view of the bone fixation element shown in Fig. 1, with

reduction tabs of the bone fixation element being removed from a body in an implanted

configuration and the longitudinal rod located in the seated position;

[0017] Fig. 4 is a cross-sectional view of the body of the bone fixation element of Fig. 1;



[0018] Fig. 5 is a detailed, cross-sectional view of a break-off region of the body of Fig. 4,

taken from within circle 5 of Fig. 4;

[0019] Fig. 6 is a detailed, cross-sectional view of a thread profile on an inner surface of the

body of Fig. 4, the thread profile taken from within circle 6 of Fig. 4 .

[0020] Fig. 7 is a front elevational view of a second preferred embodiment of a bone fixation

element of the present invention with a longitudinal rod positioned in the seated position and a

first preferred cap mounted to a proximal end;

[0021] Fig. 8 is a front elevational view of a third preferred embodiment of a bone fixation

element of the present invention with a longitudinal rod positioned in the seated position and a

second preferred cap mounted to a proximal end;

[0022] Fig. 9 is a magnified, side perspective view of the bone fixation element of Fig. 7

with an exemplary break-off region;

[0023] Fig. 1OA is a front elevational view of a reduction tab removal tool that may be used

in connection with the bone fixation element of Fig. 7; and

[0024] Fig. 1OB is a magnified front elevational view of a distal end of the reduction tab

removal tool of Fig. 1OA, taken from within circle 1OB of Fig. 1OA.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Certain terminology is used in the following description for convenience only and is

not limiting. The words "right", "left", "lower" and "upper" designate directions in the drawings

to which reference is made. The words "inwardly" and "outwardly" refer to directions toward

and away from, respectively, the geometric center of the bone fixation element, instruments and

designated parts thereof. The words, "anterior", "posterior", "superior", "inferior", "medial",

"lateral" and related words and/or phrases designate preferred positions and orientations in the



human body to which reference is made and are not meant to be limiting. The terminology

includes the above-listed words, derivatives thereof and words of similar import.

[0026] Certain exemplary embodiments of the invention will now be described with

reference to the drawings. In general, such embodiments relate to a bone fixation element 10,

10', 10" by way of non-limiting example, a bone fixation element 10, 10', 10" for use in a

posterior spinal fixation procedure to interconnect a longitudinal rod 45 with a patient's vertebra

V. The invention may have other applications and uses and should not be limited to the structure

or use described and illustrated. The same reference numerals will be utilized throughout the

application to describe similar or the same components of each of the preferred embodiments of

the bone fixation elements and instruments described herein and the descriptions will focus on

the specific features of the individual embodiments that distinguish the particular embodiment

from the others.

[0027] As will be described in greater detail below, the bone fixation element 10, 10', 10"

preferably includes a bone anchor 12 for securing the bone fixation element 10, 10', 10" to a

patient's vertebra V, a body 20 having a rod-receiving channel 26 for receiving a longitudinal

rod 45, and a locking cap 40 for securing the rod 45 in the rod-receiving channel 26 in an

implanted configuration. The bone fixation element 10, 10', 10" also includes a pair of reduction

tabs 100, 102 extending from a break-off point or region 150 to a proximal end 106 of the body

20. The reduction tabs 100, 102 facilitate or guide insertion of the longitudinal rod 45 into the

rod-receiving channel 26. The break-off point and/or region 150 facilitates removal of the

reduction tabs 100, 102 from the arms 28, 30 of the body 20 after the longitudinal rod 45 has

been inserted in the rod-receiving channel 26 of the bone fixation element 10, 10', 10" in a seated

position.



[0028] While the bone fixation element 10, 10', 10" will be described as and may generally

be used in the spine (for example, in the lumbar, thoracic or cervical regions), those skilled in the

art will appreciate that the bone fixation element 10, 10', 10" may be used for fixation of other

parts of the body such as, for example, joints, long bones or bones in the hand, face, feet,

extremities, cranium, etc.

[0029] As generally understood by one of ordinary skill in the art, the longitudinal rod 45

may include, but not limited to, a solid rod, a non-solid rod, a flexible or dynamic rod, etc. It

will be understood by one having ordinary skill in the art that the bone fixation element 10, 10',

10" is not limited to mounting to any particular type of longitudinal rod 45.

[0030] As generally understood by one of ordinary skill in the art, the bone fixation element

10, 10', 10" is used generally and may include, but are not limited to, poly-axial or mono-axial

pedicle screws, hooks (both mono-axial and poly-axial) including pedicle hooks, transverse

process hooks, sublaminar hook, or other fasteners, clamps or implants.

[003 1] Referring to Figs. 1-3, in the first preferred embodiment, the bone fixation element 10

includes the bone anchor 12 (shown as a bone screw) having an enlarged, spherically- shaped

head portion 14, the locking cap 40, a sleeve 35, a bushing 36 and the body 20 (shown as a top

loading body) having the proximal end 106, a distal end 24, the rod-receiving channel 26 (shown

as a top loading U-shaped rod-receiving channel) defining the pair of spaced apart arms 28, 30

and the reduction tabs 100, 102 extending from the arms 28, 30. The locking cap 40 is

preferably a two-step locking cap 40, as will be described in greater detail below. The sleeve 35

and bushing 36 are preferably slidably disposed within the body 20 and at least a portion of the

bushing 36 is preferably slidably disposed within at least a portion of the sleeve 35. In use, the

enlarged head portion 14 of the bone anchor 12 may be received within an inner spherical cavity



formed in the bushing 36, which may be received within the distal end 24 of the body 20 so that

the bone anchor 12 can poly-axial rotate with respect to the bushing 36, which can poly-axial

rotate with respect to the body 20. Alternatively, the bone anchor 12 may be formed integral

with the body 20 to form a monolithic structure which is referred to as a mono-axial pedicle

screw or hook.

[0032] The body 20 preferably includes a plurality of threads 121 on an inner surface of the

reduction tabs 100, 102 and the arms 28, 30 for threadably receiving the locking cap 40.

Although, as will be generally appreciated by one of ordinary skill in the art, other engagements

are envisioned including, but not limited to, an externally threaded body for threadably engaging

an internally threaded locking cap, a cam lock, etc. The proximal and distal ends 106, 24 of the

body 20 preferably include a top opening 106a and a bottom opening 24a, respectively. A

longitudinal bore 25 extends from the top opening 106a to the bottom opening 24a. The

enlarged head portion 14 of the bone anchor 12, the bushing 36, the sleeve 35, the locking cap 40

and at least a portion of the longitudinal rod 45 are receivable in the longitudinal bore 25. The

longitudinal bore 25 preferably includes a curvate, preferably frusta-spherical, contacting surface

25a adjacent to the bottom opening 24a for contacting and receiving a curvate, preferably frusta-

spherical, outer surface 36a of the bushing 36 so that the bushing 36, and hence the bone anchor

12 are polyaxially rotatable with respect to the body 20.

[0033] The bushing 36 and the body 20 are preferably configured so that the lower end of the

bushing 36 sits below the distal end 24 of the body 20. As a result of the lower end of the

bushing 36 sitting lower than the distal end 24 of the body 20, the bushing 36 enables the bone

anchor 12 to rotate polyaxially with respect to the body 20 to a greater degree than polyaxially

pedicle screws having a bushing completely positioned within their body. In addition, since the



enlarged head portion 14 of the bone anchor 12 is able to rotate with respect to the bushing 36

and the bushing 36 is able to rotate with respect to the body 20, the combination of bushing 36

and bone anchor 12 allows the bone anchor 12 to rotate to a relatively large degree.

[0034] The preferred locking cap 40 is in the form of a two step locking cap 40 including an

externally threaded outer part 42 with an internal bore 42a for threadably receiving an externally

threaded inner part 44. A saddle 46 is preferably coupled to the inner part 44 of the locking cap

40. The saddle 46 is preferably rotatably coupled to the inner part 44 of the locking cap 40 so

that the saddle 46 can contact the top surface of the longitudinal rod 45 while the locking cap 40

is being rotated.

[0035] Exemplary embodiments of pedicle screws include those described in International

Patent Application No. PCT/US2008/070670, filed on July 21, 2008, entitled "Polyaxial Bone

Fixation Element", International Patent Application No. PCT/US2006/0 15692, filed on April 25,

2006, entitled "Bone Anchor with Locking Cap and Method of Spinal Fixation", and

International Patent Application No. PCT/CH1997/00236, filed on June 16, 1997, entitled

"Device for Connecting a Longitudinal Support with a Pedicle Screw", the contents of which are

hereby incorporated by reference in their entirety. It should be understood however that the

present invention is not limited in use to any particular type of pedicle screw.

[0036] Referring to Figs. 1-4, the bone fixation element 10 of the first preferred embodiment

may have a low profile in an implanted configuration (Fig. 3) so that the height of the bone

fixation element 10 is minimized. The overall height of the body 20 in the implanted

configuration may be minimized so that, once engaged, the bone fixation element 10 extends a

limited distance away from the vertebra V. The body 20 of the bone fixation element 10

preferably includes a pair of reduction tabs 100, 102 extending from the pair of spaced apart



arms 28, 30 to temporary extend the overall height of the bone fixation element 10 and facilitate

insertion of the rod 45 into the rod-receiving channel 26 of the bone fixation element 10 during

an insertion procedure. For example, the reduction tabs 100, 102 may have a length of about

twenty millimeters (20 mm), although it is envisioned that the reduction tabs 100, 102 may be

longer or shorter. Thereafter, once the longitudinal rod 45 is received within the rod-receiving

channel 26 of the body 20 and the locking cap 40 is in the seated position, the reduction tabs 100,

102 may be broken off, removed and/or disposed, leaving behind the lower portion of the body

20, the locking cap 40 and the clamped rod 45 in the implanted configuration (Fig. 3).

[0037] The reduction tabs 100, 102 are preferably integrally formed with the pair of spaced

apart arms 28, 30 to form the body 20. Although, as will be generally appreciated by one of

ordinary skill in the art, the reduction tabs 100, 102 may be coupled to the pair of arms 28, 30 by

any means known in the art including, but not limited to, adhesive bonding, mechanical

fastening, clamping, etc. As shown, the reduction tabs 100, 102 generally define the rod-

receiving channel 26 formed in the body 20 between the break-off region 150 and the proximal

end 106. The reduction tabs 100, 102 preferably include an inner surface 108 and an outer

surface 110. The inner surface 108 of the reduction tabs 100, 102 preferably includes threads

121. More preferably, the threads 121 begin at or near the proximal end 106 and extend

substantially the entire length of the reduction tabs 100, 102. The threads 121 preferably have a

thread profile that matches the thread profile of the threads 2 1 formed on the inner surface of the

lower portion of the body 20 and the thread profile on the outer surface of the locking cap 40.

More preferably, as will be described in greater detail below, the threads on the inner surface of

the body 20 and the outer surface of the locking cap 40 have a negative thread profile.



[0038] The break-off point(s) or region(s) 150 generally separates the lower portion of the

body 20 and the reduction tabs 100, 102. More preferably the reduction tabs 100, 102 and the

pair of spaced apart arms 28, 30 are preferably integrally formed as a portion of the body 20.

The break-off points or regions 150 are preferably an area of weakness formed at a distal end of

the reduction tabs 100, 102 so that the reduction tabs 100, 102 are breakable from the spaced

apart arms 28, 30 when subjected to high stresses, such as by stresses induced by the surgeon in

order to break or dislodge the reduction tabs 100, 102 from the spaced apart arms 28, 30. The

reduction tabs 100, 102 are preferably designed to break off such that they can be, partially or

completely, removed from the patient's body after the longitudinal rod 45 has been seated and

secured within the rod-receiving channel 26 in the implanted configuration. The reduction tabs

100, 102 may be severed from the spaced-apart arms 28, 30 via pliers, a break-off tool, by

grasping and applying forces to the proximal end 106, by hand or in numerous other ways that

permit application of rupturing forces at the break-off points or regions 150.

[0039] Referring to Figs. 4 and 5, the break-off points or regions 150 of the first preferred

embodiment are configured as a pair of grooves 152a, 152b. Alternatively, the break-off points

or regions 150 may be configured as a single weakened region, thinned-out area, etc. More

preferably, the body 20 includes the pair of break-off grooves 152a, 152b including an outer

break-off groove 152b formed along the outer surface 110 of the reduction tabs 100, 102 and an

inner break-off groove 152a formed along the inner surface 108 of the reduction tabs 100, 102.

The outer break-off groove 152b is preferably located distally of the inner break-off groove

152a, but is not so limited and the outer break-off groove 152b may be located proximally in

comparison to the inner break-off groove 152a or the inner and outer break-off grooves 152a,

152b may be formed generally at the same level along the length of the body 20. By



incorporating inner and outer break-off grooves 152a, 152b, a fracture line 151 location and

configuration can be influenced. Specifically, the shape and location of the inner and outer

break-off grooves 152a, 152b of the first preferred embodiment are arranged to limit any

potentially sharp edges as a result of the reduction tabs 100, 102 being broken or ruptured from

the body 20.

[0040] The bone fixation element 10 of the first preferred embodiment is assembled by

inserting the enlarged head portion 14 of the bone anchor 12 into the inner, frusta-spherically-

shaped cavity of the bushing 36. The bushing/screw assembly is then inserted into the body 20

through the top opening 106a until the frusta-spherical outer surface of the bushing 36 contacts

the frusta-spherical inner surface 25a of the body 20 adjacent to the distal end 24. The sleeve 35

is then inserted into the body 20 through the top opening 106a so that the sleeve 35 is positioned

on top of the bushing 36. The top surface of the sleeve 35 preferably includes a seat 35a for

receiving the longitudinal rod 45 in the seated position. The body/sleeve/bushing/bone anchor

assembly may be provided pre-assembled to surgeons so that, in use, a surgeon can implant the

assembly into the patient's vertebra V.

[0041] In use, the bone anchor 12 may be secured to a patient's bone, preferably the patient's

vertebra V, by driving the bone anchor 12 with a screwdriver or other similar screw driving

device. With the bone anchor 12 engaged to the patient's bone, the surgeon is able to polyaxially

rotate the body 20 with respect to the bone anchor 12 and with respect to the engaged bone so

that the longiditudinal rod 45 can be inserted into the rod-receiving channels 126 defined by the

reduction tabs 100, 102 of adjacent bone fixation elements 10. The longitudinal rod 45 may or

may not be seated within the rod-receiving channel 26 of the bone fixation element 20.



[0042] Once the longitudinal rod 45 is received within the rod-receiving channel 126, the

locking cap 40 is threadably coupled along the inner surface 108 of the reduction tabs 100, 102.

Thereafter, rotation of the locking cap 40 causes the bottom surface of the locking cap 40 to

contact the top surface of the longitudinal rod 45, which is located within the rod receiving

channel 126, thereby urging the longitudinal rod 45 towards the bottom opening 24a of the body

20 and into the rod-receiving channel 26 formed in the body 20, as generally depicted in Figs. 1

and 2 .

[0043] Continued rotation of the locking cap 40 toward the distal end 24 urges the locking

cap 40 into the sleeve 35, thereby urging the sleeve 35 downwards into further contact with the

bushing 36. Downward movement of the sleeve 35 causes the bushing 36 to radially compress

against the enlarged head portion 14 of the bone anchor 12, which in turn, fixes the position of

the bone anchor 12 with respect to the body 20.

[0044] The longitudinal rod 45 may still be movable with respect to the body 20 so that

distraction and/or compression of the patient's adjacent vertebrae V may be accomplished,

typically by applying distraction and/or compression to the bone anchors 12. Once the desired

position of the adjacent vertebrae V is accomplished, the inner part 44 of the locking cap 40 is

rotated with respect to the outer part 42 of the locking cap 40, urging the inner part 44 toward the

distal end 24. Rotation of the inner part 44 of the locking cap 40 causes the inner part 44 of the

locking cap 40 to urge the saddle 46 into contact with the longitudinal rod 45 and against the

sleeve 35, which in turn fixes the position of the longitudinal rod 45 with respect to the body 20.

[0045] As generally shown in Fig. 3, once the longitudinal rod 45 is secured within the rod-

receiving channel 26 of the bone fixation element 10, the reduction tabs 100, 102 are preferably

removed by breaking the reduction tabs 100, 102 at the break-off points or regions 150, thereby



leaving the lower portion of the body 20, the locking cap 40 and the clamped longitudinal rod 45

within the patient's body.

[0046] The bone fixation element 10 may be manufactured from any biocompatible material

such as, but not limited to, titanium, titanium alloys, stainless steel, cobalt chromium, Nitinol,

etc. Moreover, as will be generally understood by one of ordinary skill in the art, the bone

fixation element 10 may be provided in any number of sizes and configurations depending on the

size and configuration of the bone anchor 12, longitudinal rod 45 and/or on the type and location

of the surgery being performed.

[0047] Referring to Fig. 6, the threads 21, 121 formed on the inner surface of the body 20

and the threads formed on the outer surface of the locking cap 40 preferably incorporate a

negative thread profile. That is, the load flank and stab flank of the threads 21, 121 and the outer

surface of the locking cap 40 are angled downwards with respect to a plane perpendicular to the

longitudinal axis 20a of the body 20 and the locking cap 40. In the first preferred embodiment,

the threads 21, 121 form an angle of negative ten degrees (-10°) with respect to a plane

perpendicular to the longitudinal axis 20a of the body 20. The threads 21, 121 are not limited to

the negative ten degree (-10°) angles and may form nearly any angle that permits engagement

and driving of the locking cap 40 into the body 20. The negative thread profile is preferred to

limit splaying of the arms 28, 30 and reduction tabs 100, 102 as the locking cap 40 is being urged

downwardly toward the distal end 24.

[0048] Referring to Fig. 7, a second preferred embodiment of the bone fixation element 10' is

substantially similar to bone fixation element 10 of the first preferred embodiment and like

elements are identified using like reference numerals with a prime symbol (') to indicate the

second preferred embodiment. The bone fixation element 10' of the second preferred



embodiment includes a proximal end cap 200'. The proximal end cap 200' connects the

reduction tabs 100', 102' adjacent to the proximal end 106' of the body 20'. The cap 200'

preferably includes an internal bore 202' that enables the locking cap 40' to pass therethrough.

The cap 200' is preferably integrally formed with the reduction tabs 100', 102'. Alternatively, the

cap 200' may be operatively connected to the reduction tabs 100', 102' by nearly any connection

mechanism including, but not limited to, adhesive, bonding, mechanical fasteners, etc.

[0049] By providing the cap 200', splaying of the reduction tabs 100', 102', as a consequence

of the locking cap 40' being rotated toward the distal end 24 to urge the longitudinal rod 45 into

the rod-receiving channel 26' is preferably limited, thereby enabling the length of the reduction

tabs 100', 102' to be increased. Overall lengthening of the reduction tabs 100', 102' may be

beneficial for lumbar applications and in enabling the reduction tabs 100', 102' to be used in

minimally invasive procedures for guiding a longitudinal rod 45 into the rod-receiving channel

26' of the bone fixation element 10', as will be described in greater detail below. For example,

the reduction tabs 100', 102' may have a length of about one hundred millimeters (100 mm),

although it is envisioned that the reduction tabs 100', 102' may be longer or shorter to

accommodate various patient anatomy.

[0050] The cap 200' of the second preferred embodiment includes a distal shoulder 204' and

a proximal shoulder 206'. The distal and proximal shoulders 204', 206' enables the user to attach

one or more instruments to the bone fixation element 10' to improve control of the bone fixation

element 10'. For example, the shoulders 204', 206' enable the user to attach a

distraction/compression instrument or forceps to perform rod reduction, a counter-torque device,

etc.



[005 1] The preferred cap 200' also provides the bone fixation element 10' with a holding

mechanism to facilitate percutaneous control of the rod-receiving channel 26', as will be

described in greater detail below.

[0052] Referring to Fig. 8, a third preferred embodiment of the bone fixation element 10" is

substantially similar to bone fixation element 10' of the second preferred embodiment and like

elements are identified using like reference numerals with a double-prime symbol (") to indicate

the third preferred embodiment. In the third preferred embodiment, the cap 200" includes a

drive surface 210" for receiving a corresponding tip (not shown) formed on a drive tool (not

shown). For example, the drive surface 210" may be in the form of an external hex for engaging

a corresponding internal hex so that the user may apply a counter torque so that during final

tightening of the locking cap 40", a counter-acting torque may be applied. The drive surface

210" may have any form now or hereafter known including, but not limited to, an internal

hexagon, a star drive pattern, a Phillips head pattern, a slot for a screw driver, a threading for a

correspondingly threaded post, etc.

[0053] Referring to Figs. 9-lOB, the break-off points or regions 150' of bone fixation

element 10' of the second preferred embodiment may be configured as a pair of connection

points 252', 254' on either side of a through slot 256'. In the second preferred embodiment, the

proximal end cap 200' may increase the strength and stability of the break-off region 150' and

increase the force required to remove the reduction tabs 100', 102'. Thus, to facilitate removal of

the tabs 100', 102' from the bone fixation element 10' after the rod 45 is seated within the rod-

receiving channel 26' of the bone fixation element 10', the break-off point or region 150' includes

a through slot 256' for mating with a reduction tab removal instrument 300. The reduction tab

removal instrument 300 preferably includes an outer shaft 310 including a plurality of



expandable prongs 315 on a distal end thereof, an inner shaft 320 slidably disposed within the

outer shaft 310 and a handle 330 operatively coupled to the outer and inner shafts 310, 320 for

operatively moving the inner shaft 320 with respect to the outer shaft 310. The expandable

prongs 315 preferably include a wedge-shaped portion 317 for contacting and/or engaging the

through slot 256 formed in the break-off points or regions 150.

[0054] In use, after the longitudinal rod 45 has been properly secured within the rod-

receiving channel 26' of the bone fixation element 10' via the locking cap 40', the outer and inner

shafts 310, 320 of the reduction tab removal instrument 300 are inserted into the rod-receiving

channel 126'. Preferably, the wedge-shaped portion 317 formed on the outer surface of the outer

shaft 310 is placed into operative association with the through slot 256' of the break-off points or

regions 150'. Thereafter, squeezing of the handles 330 causes the inner shaft 320 to move

distally with respect to the outer shaft 310, which in turn causes the expandable prongs 315

formed on the distal end of the outer shaft 310 to radially expand resulting in the wedge shaped

portions 317 pushing into or onto the through slots 256' resulting in the breaking and removal of

the reduction tabs 100', 102'.

[0055] It should be noted that other instruments may be used to facilitate breaking and

removal of the reduction tabs 100', 102'. For example, an instrument may be rotated so that

wedge-shaped portions may shear the reduction tabs 100', 102' from the bone fixation element

10'.

[0056] In use, the bone fixation elements 10' are preferably implanted into the patent's

vertebra V via a minimally invasive surgical technique. For example, the bone fixation element

10' may be inserted via a cannula. Once implanted, the cannula may be removed, leaving behind

the bone fixation elements 10' including reduction tabs 100', 102'. Thereafter, the user may align



the rod-receiving channels 26' of the bone fixation elements 10' so that the longitudinal rod 45

may be guided into place. Next, a rod-reducing instrument (not shown) may be operatively

coupled to the reduction tabs 100', 102', and in particular to the cap 200'. The rod-reducing

instrument may be used to reduce or seat the rod 45 into the rod-receiving channel 26' of the

bone fixation element 10'. The locking cap 40' is inserted and rotated into place until the rod 45

is secured within the rod-receiving channel 26'. The reduction tab removal instrument 300 may

then be inserted between the reduction tabs 100', 102' and activated to sever the reduction tabs

100', 102' from the bone fixation element 10'. Lastly, the reduction tabs 100', 102' are removed

and the incision is closed.

[0057] Alternatively, the bone fixation elements 10 may be inserted into the patient's

adjacent vertebrae V by forming an incision in the patient, positioning K-wires into the adjacent

vertebra V to define trajectory, sequentially engaging a screwdriver (not shown) with the heads

14 and screwing the bone anchors 12 into the adjacent vertebra V along the K-wires and aligning

the rod receiving channels 26 of adjacent bone fixation elements 10. The rod receiving channels

26 preferably extend out of the incision and are utilized to guide the longitudinal rod 45 into the

lower portion of the body 20. A reduction tool may be utilized to reduce the rod 45 into the

lower portion of the body 20 or locking caps 40 may be engaged with the inner threads 121 and

driven toward the distal end 24 to move the rod 45 from the insertion position to the seated

position. The locking caps 40 are urged toward the distal end 24 at least until the bushing 36

engages and locks the position of the bone anchors 12 relative to the bodies 20. One of the inner

parts 44 is driven toward the distal end 24 to lock the rod 45 relative to the body 20 and the

adjacent bone fixation element 10 is not final tightened such that compression or distraction may

be performed on the adjacent vertebra. When the distraction or retraction is completed, the



second inner part 44 is driven toward the distal end 24 to fix the rod 45 relative to both adjacent

fixation elements. The reduction tabs 100, 102 are broken away from the lower portion of the

body 20 at the break-off regions 150 and are removed from the patient's body. The procedure

may be performed in a minimally invasive manner using percutaneous or mini-open incisions to

receive a single bone fixation element 10 through the percutaneous incision or at least a pair of

bone fixation elements 10 through the mini-open incision.

[0058] As will be appreciated by those skilled in the art, any or all of the components

described herein may be provided in sets or kits so that the surgeon may select various

combinations of components to perform a fixation procedure and create a fixation system which

is configured specifically for the particular needs/anatomy of a patient. It should be noted that

one or more of each component may be provided in a kit or set. In some kits or sets, the same

device may be provided in different shapes and/or sizes.

[0059] While the foregoing description and drawings represent the preferred embodiments of

the present invention, it will be understood that various additions, modifications, combinations

and/or substitutions may be made therein without departing from the spirit and scope of the

present invention as defined in the accompanying claims. In particular, it will be clear to those

skilled in the art that the present invention may be embodied in other specific forms, structures,

arrangements, proportions, and with other elements, materials, and components, without

departing from the spirit or essential characteristics thereof. One skilled in the art will appreciate

that the invention may be used with many modifications of structure, arrangement, proportions,

materials, and components and otherwise, used in the practice of the invention, which are

particularly adapted to specific environments and operative requirements without departing from

the principles of the present invention. In addition, features described herein may be used



singularly or in combination with other features. The presently disclosed embodiments are

therefore to be considered in all respects as illustrative and not restrictive, the scope of the

invention being indicated by the appended claims, and not limited to the foregoing description.



CLAIMS

What is claimed is:

1. A bone fixation element for interconnecting a rod to a patient's bone, the bone

fixation element comprising:

a body having spaced apart arms defining a rod-receiving channel therebetween, each of

the arms including a reduction tab extending therefrom, the reduction tabs separated from the

arms by inner and outer break-off regions, the inner break-off region formed on the inner surface

of the body and the outer break-off region formed on the outer surface of the body, inner

threaded surfaces formed along the length of the inner surface of the body; and

an externally threaded locking cap threadably engageable with the inner threaded

surfaces, the reduction tabs are separable from the spaced apart arms at the inner and outer

break-off regions.

2 . The bone fixation element of claim 1, wherein the reduction tabs are integrally

formed with the spaced apart arms.

3. The bone fixation element of claim 2, wherein the inner and outer break-off

regions are grooves.

4 . The bone fixation element of claim 1, wherein the outer break-off region is

located distally relative to the inner break-off region.

5 . The bone fixation element of claim 1, wherein the inner threaded surfaces have a

negative thread profile.

6 . The bone fixation element of claim 1, further comprising:



a bone anchor polyaxially disposed within a longitudinal bore extending from a top

opening formed in the body to a bottom opening formed in the body.

7 . The bone fixation element of claim 6, wherein the body further includes a sleeve

and a bushing, the sleeve and bushing being slidably disposed within the longitudinal bore, at

least a portion of the bushing slidably disposed within the sleeve.

8. The bone fixation element of claim 7, wherein the bushing includes an inner

frusta-spherical cavity for polyaxially receiving an enlarged head portion of the bone anchor.

9 . The bone fixation element of claim 7, wherein the longitudinal bore includes a

frusta-spherical contacting surface adjacent to the bottom opening for receiving an outer frusta-

spherical surface formed on the bushing so that the bushing is polyaxially rotatable with respect

to the body.

10. The bone fixation element of claim 9, wherein the bushing includes a lower end,

the lower end of the bushing extending through the bottom opening of the body when the locking

cap is threadably engaged with the inner threaded surfaces of the body.

11. The bone fixation element of claim 1, further comprising:

a cap mounted to a proximal end of the reduction tabs.

12. The bone fixation element of claim 11, wherein the cap includes a shoulder.

13. The bone fixation element of claim 11, wherein the cap includes a drive surface

for engaging a drive tool for applying a counter torque force.

14. The bone fixation element of claim 11, wherein the inner and outer break-off

regions are comprised of a pair of connection points on either side of a through slot, the through

slot extending from the outer surface to the inner surface.
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