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ORTHOPEDIC FIXATION DEVICES AND METHODS OF
INSTALLATION THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to orthopedic fixation devices, and, in one or more

embodiments, to an orthopedic fixation device configured for loading of the bone fastener from

the bottom of the tulip element.

BACKGROUND OF THE INVENTION

[0002] Many types of spinal irregularities can cause pain, limit range of motion, or injure

the nervous system within the spinal column. These irregularities can result from, without

limitation, trauma, tumor, disc degeneration, and disease. Often, these irregularities are treated

by immobilizing a portion of the spine. This treatment typically involves affixing a plurality of

fixation devices to one or more vertebrae and connecting the devices to an elongate rod that

generally extends in the direction of the axis of the spine.

[0003] Treatment for these spinal irregularities often involves using a system of fixation

devices to attain stability between spinal segments. Instability in the spine can create stress and

strain on neurological elements, such as the spinal cord and nerve roots. In order to correct this,

implants of certain stiffness can be implanted to restore the correct alignment and portion of the

vertebral bodies. In many cases, a fixation device along with a vertical solid member can help

restore spinal elements to a pain free situation, or at least may help reduce pain or prevent further

injury to the spine.

[0004] Typically, fixation devices may include a bone fastener (e.g., bone screw, hook,

etc.) for coupling the fixation device to vertebra. Fixation devices further may include a tulip

element for coupling the bone fastener to the elongated rod. Clamp and/or wedge elements may

be used to secure the bone fastener in the tulip element. A locking cap may be used to secure the

rod in the tulip element. While these designs can be used in the treatment of spinal irregularities,

they typically require loading of the bone fastener from the top of the tulip element. One

drawback to this top-loading design is that different sizes of the tulip element must be used based

on the diameter of the bone fastener to accommodate passage of the fastener through the tulip

element, as the inner bore of the tulip element will generally need to be larger than either the

combined size of the bone fastener head and clamp element or the bone fastener diameter.



Another drawback to this top-loading design is that bone hooks cannot be used as they will

generally not pass through the tulip element. Yet another drawback to this top-loading design is

that bone fastener must be installed in the bone while attached to the tulip element.

[0005] Accordingly, there exists a need for new and improved orthopedic fixation

devices.

SUMMARY OF THE INVENTION

[0006] In an exemplary embodiment, the present invention provides an orthopedic

fixation device. The orthopedic fixation device may comprise a coupling element, the coupling

element may comprise a bore there through and an interior surface disposed about the bore. The

orthopedic fixation device further may comprise a bone fastener, wherein the bone fastener

comprises a head and an extension that extends from the head, wherein the head is configured for

loading into the coupling element through the bottom of the bore. The orthopedic fixation device

further may comprise a locking clamp assembly. The locking clamp assembly may comprise a

clamp element, wherein the clamp element comprises a first clamp portion and a second clamp

portion, wherein the first and second clamp portions each have an outer surface and an inner

surface, wherein at least a portion of the outer surface is configured to engage the interior surface

of the coupling element, and wherein at least a portion of the inner surface is configured to

engage the head of the bone fastener. The locking clamp assembly further may comprise a

wedge element, wherein the wedge element comprises a wedge bore configured to receive an

upper portion of the clamp element and an inner wedge surface disposed around at least a lower

portion of the wedge bore, wherein the inner wedge surface is configured to engage at least

portion of the outer surface of the first and second clamp portions.

[0007] Further areas of applicability of the present invention will become apparent from

the detailed description provided hereinafter. It should be understood that the detailed description

and specific examples, while indicating the preferred or exemplary embodiments of the

invention, are intended for purposes of illustration only and are not intended to limit the scope of

the invention.



BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will become more fully understood from the detailed

description and the accompanying drawings, wherein:

[0009] FIG. 1 is an exploded view of an orthopedic fixation device in accordance with

embodiments of the present invention;

[0010] FIG. 2 is a perspective view of a locking clamp assembly in accordance with

embodiments of the present invention;

[001 1] FIG. 3 is a cross-sectional view of a locking clamp assembly in accordance with

embodiments of the present invention;

[0012] FIG. 4 is a top view of a wedge element in accordance with embodiments of the

present invention;

[001 3] FIG. 5 is a side view of a wedge element in accordance with embodiments of the

present invention;

[0014] FIG. 6 is a cross-sectional view of a locking clamp assembly disposed in a tulip

element in an unlocked configuration in accordance with embodiments of the present invention;

[001 5] FIG. 7 is a cross-sectional view of a locking clamp assembly disposed in a tulip

element in a locked configuration in accordance with embodiments of the present invention;

[001 6] FIG. 8 is a top view of a tulip element in accordance with embodiments of the

present invention;

[001 7] FIG. 9 is a top view of a locking cap assembly in accordance with embodiments

of the present invention;

[001 8] FIG. 10 is a perspective view of a locking cap assembly in accordance with

embodiments of the present invention;

[001 9] FIG. 11 is a cross-sectional view of a locking cap assembly in accordance with

embodiments of the present invention;

[0020] FIGS. 12-14 illustrate an alternative orthopedic fixation device in accordance with

embodiments of the present invention;

[002 1] FIGS. 15-16 illustrate another alternative orthopedic fixation device in accordance

with embodiments of the present invention;

[0022] FIGS. 17-19 illustrate yet another alternative orthopedic fixation device in

accordance with embodiments of the present invention;



[0023] FIGS. 20-22 illustrate yet another alternative orthopedic fixation device in

accordance with embodiments of the present invention;

[0024] FIG. 23 illustrates an orthopedic fixation device comprising a bone hook in

accordance embodiments of the present invention;

[0025] FIGS. 24-25 illustrate an alternative wedge element in accordance with

embodiments of the present invention;

[0026] FIG. 26 illustrates an offset iliac connector in accordance with embodiments of

the present invention;

[0027] FIGS. 27-29 illustrate a bone fastener having a threaded instrument interface in

accordance with embodiments of the present invention; and

[0028] FIG. 30 illustrates a cross-sectional view of a vertebra having an orthopedic

fixation device installed therein in accordance with embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] Embodiments of the present invention are generally directed to orthopedic

fixation devices configured for bottom loading of the bone fastener. Instead of loading the bone

fastener from the top of the tulip element, embodiments of the present invention load the bone

fastener from the bottom of the tulip element. With the bone fastener loaded in the tulip element,

a locking clamp assembly can then be used to secure the bone fastener therein. Thus, unlike

prior orthopedic fixation devices, embodiments of the present invention permit the use of larger

bone fasteners without having to also increase the size of the tulip element. This should, for

example, reduce the needed inventory, decreasing the necessary graphic cases needed to perform

a similar procedure, while decreasing in-house inventory costs.

[0030] Further, as explained by the examples and illustrations below, the bone fastener of

the orthopedic fixation devices can be placed in the vertebra without the tulip element in

accordance with embodiments of the present invention. The tulip element can then be attached

to the bone fastener in situ. This should reduce the material in the surgical wound, thus

increasing visualization for disc preparation and interbody procedures, for example. The bone

fastener can also be used to distract or otherwise manipulate the surgical site, further increasing

visualization and ease of surgery, for example. Additionally, site preparation can be performed,



in some embodiments, after the bone fastener has been placed, which may allow for more

accurate pedicle decortication.

[003 1] Turning now to FIG. 1, an exploded view of an orthopedic fixation device 2 is

illustrated in accordance with embodiments of the present invention. As illustrated, the

orthopedic fixation device 2 may comprise a bone fastener 4, a locking clamp assembly 6 (which

may comprise, for example, a clamp element 7 and a wedge element 8), a tulip element 10, and a

locking cap assembly 12. As will be discussed in more detail below, the bone fastener 4 may be

loaded from the bottom of the tulip element 10 with the locking clamp assembly 6 already loaded

therein. Prior to being locked into place, the tulip element 10 can be moved and rotated into a

plurality of positions with respect to the bone fastener 4. Once the tulip element 10 is at the

desired position with respect to the bone fastener 4, the tulip element 10 may be locked onto the

bone fastener 4. In the illustrated embodiment, the locking cap assembly 12 is configured to

secure a rod 14 in the tulip element 10. In one embodiment, the tulip element 10 is fixed onto

the bone fastener 4 contemporaneously with securing of the rod 14 in the tulip element 10.

[0032] As illustrated by FIG. 1, the bone fastener 4 includes a head 16 and a shaft 18 that

extends from the head 16. The illustrated embodiment shows the shaft 18 having a tapered shape

and threads 20. Those of ordinary skill in the art will appreciate that the shaft 18 may have a

number of different features, such as thread pitch, shaft diameter to thread diameter, overall shaft

shape, and the like, depending, for example, on the particular application. While the head 16

may have any general shape, at least a portion of the head 16 may have a curved surface in order

to allow for rotational movement or angular adjustment of the bone fastener 4 with respect to the

tulip element 10. For example, at least a portion of the head 16 may be shaped to form a portion

of a ball or at least a portion of a sphere. As illustrated, the head 16 may have a roughened or

textured surface 22 that improves engagement with the clamp element 7. In certain

embodiments, the head 16 may have a tool engagement surface, for example, that can be

engaged by a screw-driving tool or other device. The tool engagement surface can permit the

physician to apply torsional or axial forces to the bone fastener 4 to drive the bone fastener 4 into

the bone. In the illustrated embodiment, the tool engagement surface of the head 16 is a

polygonal recess 24. For instance, the polygonal recess 24 may be a hexagonal recess that

receives a hexagonal tool, such as an alien wrench, for example. The present invention is

intended to encompass tool engagement surfaces having other shapes, such as slot or cross that



may be used, for example, with other types of screwdrivers. In an alternative embodiment (not

illustrated), the engagement surface may be configured with a protruding engagement surface

that may engage with a tool or device having a corresponding recess.

[0033] Referring now to FIGS. 1-3, clamp element 7 of the locking clamp assembly 6

will be described in more detail in accordance with embodiments of the present invention. As

illustrated, the clamp element 7 includes a first clamp portion 26 and a second clamp portion 28.

In the illustrated embodiment, the first clamp portion 26 is substantially identical to and a mirror

image of, the second clamp portion 28. The first and second clamp portions 26, 28 provide a

collar about the head 16 of the bone fastener 4, when installed, as discussed in more detail below.

The first and second clamp portions 26, 28 grip bone fastener 4 when force is applied onto the

clamp element 7 by the tulip element 10. While the embodiments that are described and

illustrated generally describe the first and second clamp portions 26, 28 as substantially identical,

the portions 26, 28 may be of varying size and are not required to be mirror images of one

another. In addition, while the clamp element 7 is illustrated as having two clamp portions (first

and second clamp portions 26, 28), the clamp element 7 may comprise more than two portions

for gripping the bone fastener 4.

[0034] As illustrated, each of the first and second clamp portions 26, 28 includes an outer

surface 30, 32, which may be curved or rounded, as best shown in FIGS. 1 and 2. The outer

surfaces 30, 32 of the first and second clamp portions 26, 28 may each include an outer tapered

surface 34, 36. In addition, the outer surfaces 30, 32 may each also have at least one slit 38

formed therein. The at least one slit 38 may, for example, allow the first and second clamp

portions 26, 28 to constrict and securely engage the head 16 of the bone fastener 4. The outer

surfaces 30, 32 should abut and engage the inner wedge surface 86 of the tulip element 10 when

fully installed and locked in place in the tulip element 10 in accordance with present

embodiments. With particular reference to FIG. 3, the first and second clamp portions 26, 28

each include inner surfaces 38, 40. When fully installed and locked in place in the tulip element

10, the inner surfaces 38, 40 should abut and engage the head 16 of the bone fastener 4 in

accordance with present embodiments. The illustrated embodiment shows the inner surfaces 38,

40 having roughened or textured features 22 that improve engagement with the head 16 of the

bone fastener 4. The first and second clamp portions 26, 28 each may also include an external

lip 46, 48, which may be located above the outer tapered surfaces 34, 36, as best seen in FIG. 3.



The first and second clamp portions 26, 28 each may also include an upper surface 31, 33, as

best seen in FIG. 1.

[0035] Referring now to FIGS. 1-5, the wedge element 8 of the locking clamp assembly

6 will be described in more detail in accordance with embodiments of the present invention. As

illustrated, the wedge element 8 may include a bore 50. The lower portion of the bore 50 may be

sized to receive the upper portion of the clamp element 7, including external lips 46, 48 of the

first and second clamp portions 26, 28. The wedge element further may include an outer surface

52 having a recessed portion 54. The outer surface 52 may be generally rounded, for example.

As best seen in FIG. 4, the outer surface 52 of the wedge element 8 may be generally elliptical,

in one embodiment. The elliptical shape of the outer surface 52 should, for example, limit radial

motion of the wedge element when installed in the tulip element 10. The wedge element 8

further may include an upper surface 56. In the illustrated embodiment, the upper surface 56

defines a seat that receives the rod 14. As illustrated, the upper surface 56 may be generally

convex in shape. In the illustrated embodiment, the wedge element 8 further includes an upper

lip 57.

[0036] With particular reference to FIG. 3, the wedge element 8 further includes an inner

wedge surface 58. As illustrated, the inner wedge surface 58 may be disposed around a lower

portion of the bore 50. In one embodiment, the inner wedge surface 58 forms a conical wedge.

The inner wedge surface 58 operates, for example, to engage the outer tapered surfaces 34, 36 of

the first and second clamp portions 26, 28 to force the clamp element 7 down the bore 62 of the

tulip element 10. The wedge element 8 further may include an inner protruding surface 60

adjacent to the inner wedge surface 58 and an inner recessed surface 62 adjacent the inner

protruding surface 60. The wedge element 8 further may include an inner seat 64. As illustrated,

the inner seat 64 may be downwardly facing for receiving upper surfaces 31, 33 of the first and

second clamp portions 26, 28. In an embodiment, the inner seat 64 restricts or limits movement

of the clamp element 4 through the bore 50 of the wedge element 8.

[0037] In accordance with present embodiments, the locking clamp assembly 6 can be

assembled prior to insertion into the tulip element 10. In one embodiment, for assembly, the

clamp element 7 may be inserted into the wedge element 8 upwardly through the bore 50. The

outer surfaces 30, 32 of the first and second clamp portions 26, 28 should slidingly engage the

inner wedge surface 58 of the wedge element 8 as the clamp element 7 is inserted. The clamp



element 7 should be inserted until the external lips 46, 48 of the first and second clamp portions

26, 28 pass the inner protruding surface 60 of the wedge element 8. The inner protruding surface

60 engages the external lips 46, 48 to secure the clamp element 7 in the wedge element 8. In the

illustrated embodiment, the locking clamp assembly 6 will not fit downwardly through the top of

the bore 62 of the tulip element 10 as the locking clamp assembly has an outer diameter at its

biggest point that is larger than the inner diameter of the upper portion of the bore 62.

[0038] Referring now to FIGS. 1 and 6-8, the tulip element 10 will be described in more

detail in accordance with embodiments of the present invention. As illustrated, the tulip element

10 may comprise bore 62, a body 65 and arms 66 that extend upwardly from the body 65. In the

illustrated embodiment, the arms 66 define a U-shaped channel 68 sized to receive the rod 14.

Each of the arms 66 has an interior surface 70 the interior surface 70 having a threaded portion

72 for engaging corresponding threads on a screw-driving tool (e.g., tool 144 on FIGS. 27-29).

The interior surface 70 of each of the arms 66 further may include a slot 74 for receiving

corresponding tabs 96 (e.g., FIG. 9) of the locking cap assembly 12 and a recessed surface 76 for

engaging corresponding protuberances 100 (e.g., FIG. 9) of the locking cap assembly 12. As

illustrated, the recessed surface 76 of each of the arms 66 may be located above the slot 74. The

interior surface 70 of each of the arms 66 further may include a protuberance 78. In the

illustrated embodiment, the protuberance 78 of each of the arms 66 is located below the threaded

portion 72 with the threaded portion 72 being located between the protuberance 78 and the slot

74. As best seen in FIG. 6, the interior surface 70 of each of the arms 66 further may form a

downwardly facing seat 79, for example, which may limit or restrict movement of the locking

clamp assembly 6 through the bore 62. Each of the arms 66 further may include an outer surface

80. The outer surface 80 of each of the arms 66 may include a tool engagement groove 82

formed on the outer surface 80 which may used for holding the tulip element 10 with a suitable

tool (not illustrated).

[0039] As illustrated, the body 65 of the tulip element 10 may have an outer surface 84,

which may be curved or rounded, as best seen in FIG. 1. With particular reference to FIGS. 6

and 7, the body 65 further may include an inner wedge surface 86 disposed around a lower

portion of the bore 62. In one embodiment, the inner wedge surface 86 forms a conical wedge.

The inner wedge surface 86 of the body 65 of the tulip element 10, for example, may abut and



engage the outer surfaces 30, 32 of the first and second clamp portions 26, 28 when the locking

clamp assembly 6 is fully installed and locked in place.

[0040] In accordance with present embodiments, the locking clamp assembly 6 may be

installed in the tulip element 10 in either an unlocked position or a locked position. FIG. 6

illustrates the locking clamp assembly 6 disposed in the tulip element 10 in the unlocked position

in accordance with embodiments of the present invention. In FIG. 6, the locking clamp assembly

6 has been inserted into the tulip element 10 upwardly through the bore 62. The locking

assembly 6 should be inserted until the upper lip 57 of the wedge element 8 passes the

protuberances 78 located on the interior surfaces 70 of the arms 66 of the tulip element 10. The

protuberances 78 should engage the upper lip 57 to secure the locking clamp assembly 6 in the

tulip element 10. While not illustrated on FIG. 6, the bone fastener 4 (e.g., shown on FIG. 1) can

now be placed into the locking assembly 6 through a snap fit with the clamp element 7. There

should be sufficient clearance for the clamp element 7 to expand and snap around the head 16 of

the bone fastener 4. The locking clamp assembly 6 and the tulip element 10, however, should

still be free to rotate with respect to the bone fastener 4. The tulip element 10 can be moved and

rotated to obtain a desired portion with respect to the bone fastener 4. The locking clamp

assembly 6 should also move with the tulip element during rotation of the tulip element 10 with

respect to the bone fastener 4 . Once the tulip element 10 is at the desired position, the tulip

element 10 may be locked onto the bone fastener 4. The locking clamp assembly 6 and the tulip

element 10 should cooperate to lock the clamp assembly 6 onto the head 16 of the bone fastener

4.

[0041] FIG. 7 illustrates the locking clamp assembly 6 disposed in the tulip element 10 in

the locked position in accordance with embodiments of the present invention. In FIG. 7, the

locking clamp assembly 6 has been pushed downwardly in the bore 62 of the tulip element 10.

As illustrated, the locking clamp assembly 6 has been pushed downward until the upper lip 57 of

the wedge element 8 passes the protuberances 78 located on the interior surfaces 70 of the arms

66 of the tulip element 10. As the locking clamp assembly 6 moves downward, the clamp

element 7 engages the body 65 of the tulip element 10. As illustrated, the outer surfaces 30, 32

of the first and second clamp portions 26, 28 of the clamp element 7 should abut and engage the

inner wedge surface 86 of the body 65 of the tulip element 10, forcing inner surfaces 38, 40 of

the first and second clamp portions 26, 28 to engage head 16 of the bone fastener 4 (e.g., FIG.l).



In the locked position, tulip element 10 should be locked onto the bone fastener 4, thus

preventing further positioning of the tulip element 10 with respect to the bone fastener 4.

[0042] Referring now to FIGS. 1 and 9-1 1, the locking cap assembly 1 will be described

in more detail in accordance with embodiments of the present invention. As illustrated, the

locking cap assembly 12 may comprise a body 88 and a set screw 90 threaded into a bore 92 in

the body 88. The set screw 90 may have a length, for example, that is longer than the length of

the bore 92. In the illustrated embodiment, at least a portion of the set screw 90 extends from the

top of the body 88. In certain embodiments, the set screw 90 may have a tool engagement

surface, for example, that can be engaged by a screw-driving tool or other device. The tool

engagement surface can permit the physician to apply torsional or axial forces to the set screw 90

to advance the set screw 90 through the body 88 and onto the rod 14. When the locking cap

assembly 12 is in its locked position, the set screw 90 can be advanced through the body 88 to

engage the rod 14, applying downward force onto the rod 14 and securing it to the tulip element

12. In one embodiment, the set screw 90 forces the rod 14 downward and into contact with the

locking clamp assembly 6 causing the locking cap assembly 6 to move downward in the tulip

element 10. In the illustrated embodiment, the tool engagement surface of the set screw 90 is a

polygonal recess 94. For instance, the polygonal recess 94 may be a hexagonal recess that

receives a hexagonal tool, such as an alien wrench, for example. The present invention is

intended to encompass tool engagement surfaces having other shapes, such as slot or cross that

may be used, for example, with other types of screwdrivers. In an alternative embodiment (not

illustrated), the engagement surface may be configured with a protruding engagement surface

that may engage with a tool or device having a corresponding recess.

[0043] In accordance with present embodiments, the body 88 may have one or more

projections. For example, the body 88 may comprise lower tabs 96 projecting radially from a

lower end of the body 88. In the illustrated embodiment, the body 88 comprises a pair of lower

tabs 96 located on opposite sides of the body 88. As illustrated, the lower tabs 96 may each have

an outer surface 98 that is generally rounded in shape. In addition, while the body 88 is

illustrated as having two lower tabs 96, the body 88 may comprise more than two lower tabs 96.

As illustrated, the body 88 further may comprise protuberances 100. The protuberances 100 may

engage with corresponding recessed surface 76 (e.g., FIG. 10) of the arms 66 of the tulip element

10. The protuberances 100 may be capable of providing a tactile or audible signal to the



physician, such as a click that may be felt or heard, when the locking cap assembly 12 has

reached its locking position. The protuberances 100 also may assist in maintaining the locking

cap assembly 12 in its locked position. In the illustrated embodiment, the body 88 further may

comprise tool engagement features. The tool engagement features may, for example, be used for

holding or manipulating the locking cap assembly 12 with a suitable tool (not illustrated). In the

illustrated embodiment, the locking cap assembly 12 includes upper tabs 102. As illustrated, the

tabs 102 may be formed at the upper surface of the body 88. In the illustrated embodiment, the

locking cap assembly 12 includes four upper tabs 102 at the corners of the upper surface. In

addition, while the body 88 is illustrated as having four upper tabs 102, the body 88 may

comprise more or less than four upper tabs 102.

[0044] To place the locking cap assembly 12 onto the tulip element 10, the lower tabs 96

should be aligned with the u-shaped channel 68 formed by the arms 66 of tulip element 10 and

the locking cap assembly 12 can then be lowered downward into the bore 62 in the tulip element

10. Once the lower tabs 96 are aligned with the corresponding slots 74 in the arms 66 of the

tulip element 10, the locking cap assembly 12 can be rotated. The slots 74 allow the lower tabs

96 to pass through the arms 66 when the lower tabs 96 and the slots 74 are aligned. The length

of the slots 74 generally correspond to the amount of rotation needed to move the locking cap

assembly 12 into or out of a locked position. In one embodiment, the locking cap assembly 12

rotates from about 60° to about 120° for placement into a locking positions, alternatively, about

80° to about 100°, and, alternatively, about 90°. As previously mentioned, the protuberances 100

can be configured to provide a tactile or audible signal to the physician when the locking cap

assembly 12 has reached its locked assembly. In addition, the protuberances 100 can also assist

in maintaining the locking cap assembly 12 in its locked position. Other features such as

undercuts and geometric mating surfaces may be used to prevent rotation in the opposite

direction. With the locking cap assembly 12 locked in place, the set screw 94 can then be

rotated. As the set screw 94 moves downward and extends from the bottom of the base 88 of the

locking cap assembly 12, the set screw 94 presses against the rod 14 securing it in the tulip

element 10. In addition, the rod 14 may also be pressed downward into engagement with the

locking clamp assembly 6 forcing it downward in the tulip element 10. As the locking clamp

assembly 6 moves downward, the clamp element 7 engages the body 65 of the tulip element 10.

As best seen in FIG 7, the outer surfaces 30, 32 of the first and second clamp portions 26, 28 of



the clamp element 7 should abut and engage the inner wedge surface 86 of the body 65 of the

tulip element 10, forcing inner surfaces 38, 40 of the first and second clamp portions 26, 28 to

engage head 16 of the bone fastener 4 and secure it with respect to the tulip element 10.

[0045] Referring now to FIGS. 12-14, locking of the tulip element 10 onto the bone

fastener 4 is illustrated in more detail in accordance with embodiments of the present invention.

For the purposes of this illustration, the locking cap element 12 (e.g., FIG. 1) is not shown. The

tulip element 10 shown in FIGS. 12-14 is similar to the tulip element 10 described previously

except that the tulip element 10 does not include a threaded portion 72 (e.g., FIGS. 6-7) or a

downwardly facing seat 79 (e.g., FIG. 6) in the interior surface 70 of the arms 66 of the tulip

element 10. FIGS. 12 illustrates the locking clamp assembly 6 installed in the tulip element 10

in an unlocked position. As previously mentioned, the locking clamp assembly 6 can be inserted

into the tulip element 10 upwardly through the bore 62. As shown in FIG. 12, the locking

assembly 6 should be inserted until the upper lip 57 of the wedge element 8 passes the

protuberances 78 located on the interior surfaces 70 of the tulip element 10. The protuberances

78 should engage the upper lip 57 to secure the locking clamp assembly 6 in the tulip element

10. As illustrated by FIG. 13, the bone fastener 4 can now be placed into the locking assembly 6

through a snap fit with the clamp element 7. There should be sufficient clearance for the clamp

element 7 to expand and snap around the head 16 of the bone fastener 4. Te locking clamp

assembly 6 and the tulip element 10, however, should still be free to rotate with respect to the

bone fastener 4. The tulip element 10 can be moved and rotated to obtain a desired portion with

respect to the bone fastener 4. Once the tulip element 10 is at the desired position, the tulip

element 10 may be locked onto the bone fastener 4. The locking clamp assembly 6 and the tulip

element 10 should cooperate to lock the clamp assembly 6 onto the head 16 of the bone fastener

4.

[0046] FIG. 14 illustrates the locking clamp assembly 6 disposed in the tulip element 10

in the locked position and clamping onto the bone fastener 4 to secure the bone fastener 4 with

respect to the tulip element 10 in accordance with embodiments of the present invention. As

seen in FIG. 14, the locking clamp assembly 6 has been pushed downwardly in the bore 62 of the

tulip element 10 until the upper lip 57 of the wedge element 8 passes the protuberances 78

located on the interior surfaces 70 of the arms 66 of the tulip element 10. As the locking clamp

assembly 6 moves downward, the clamp element 7 engages the body 65 of the tulip element 10



such that the outer surfaces 30, 32 of the first and second clamp portions 26, 28 of the clamp

element 7 should abut and engage the inner wedge surface 86 of the body 65 of the tulip element

10, forcing inner surfaces 38, 40 of the first and second clamp portions 26, 28 to engage head 16

of the bone fastener 4. In the locked position, tulip element 10 should be locked onto the bone

fastener 4, thus preventing further positioning of the tulip element 10 with respect to the bone

fastener 4.

[0047] Referring now to FIGS. 15 and 16, an orthopedic fixation device 2 is described in

accordance with alternative embodiments of the present invention. As illustrated, the orthopedic

fixation device 2 comprises a bone fastener 4, locking clamp assembly 6, and a tulip element 10.

For the purposes of this illustration, the locking cap assembly 12 (e.g., FIG. 1) is not shown. As

previously mentioned, the locking clamp assembly 6 comprises a clamp element 7 and a wedge

element 8. As illustrated, the clamp element 7 may include a first clamp portion 26 and a second

clamp portion 28. In the illustrated embodiment, the first and second clamp portions 26, 28 each

include an inner tapered surface 106, 108 such that the lower portions of the first and second

clamp portions 26, 28 can expand when pressure is applied that constricts the upper portion of

the first and second clamp portions 26, 28. In contrast, to the wedge element 8 that was

previously described, embodiments of the upper surface 56 of the wedge element 8 illustrated on

FIGS. 15 and 16 do not define a seat that receives the rod 14 (e.g., FIG. 1), but rather are

generally planar with bore 50 penetrating there through. As illustrated, the wedge element 8

further includes an inner wedge surface 58 formed around a lower portion of the bore 50. As

also previously mentioned, the tulip element 10 generally may comprise a bore 62, base 64, and

arms 66. The inner diameter of the bore 62 in the upper portion of the tulip element 10 may be

made smaller than either the combined size of the clamp element 7 and the bone fastener 4 or the

diameter of the shaft 14 of the bone fastener 4, whichever is larger. As illustrated, the arms 66

may each comprise an interior surface 70. In the illustrated embodiment, the interior surface 70

includes inner tapered surface 104 rather than a downwardly facing seat 79 (e.g., FIG. 6) in the

interior surface 70 of the arms 66 of the tulip element 10.

[0048] With continued reference to FIGS. 15 and 16, locking of the tulip element 10 onto

the bone fastener 4 will be described in more detail in accordance with embodiments of the

present invention. The first and second clamp portions 26, 28 of the clamp element 7 may be

inserted one after another upwardly into the bore 62 of the tulip element 10. The first and second



clamp portions 26, 28 may be pushed axially towards the top of the tulip element 10. The first

and second clamp portions 26, 28 should continue to move upwardly until they engage the inner

tapered surface 104 of the tulip element 10. Due the taper angle of the inner tapered surface 104,

the upper portion of the first and second clamp portions 26, 28 will be forced to move inwards

until the inner tapered surfaces 106, 108 of each of the first and second clamp portions 26, 28

come into contact. This contraction at the top of the first and second clamp portions 26, 28

should result in a wider opening at the bottom of the clamp element 7. The bone fastener 4 can

then be inserted through the bottom of the bore 62 of the tulip element 10 and into the clamp

element 7. The bone fastener 4 can then be manipulated, for example, to center the clamp

element 7 into the head 16 of the bone fastener 4. The tulip element 10, however, should still be

free to rotate with respect to the bone fastener 4. The tulip element 10 can be moved and rotated

to obtain a desired portion with respect to the bone fastener 4. Once the tulip element 10 is at the

desired position, the tulip element 10 may be locked onto the bone fastener 4.

[0049] To lock the tulip element 10, the bone fastener 4 can be pulled downward and

because the clamp element 7 is in engagement with the bone fastener 4, the clamp element 7

should also move downward in the tulip element 10 such that the clamp element 7 engages the

body 65 of the tulip element 10. As illustrated, the outer surfaces 30, 32 of the first and second

clamp portions 26, 28 of the clamp element 7 should abut and engage the inner wedge surface 86

of the body 65 of the tulip element 10, forcing inner surfaces 38, 40 of the first and second clamp

portions 26, 28 to clamp onto the head 16 of the bone fastener 4. The wedge element 8 can then

be introduced downwardly from the top of the bore 62 in the tulip element 10 to seat on top of

the clamp element 7. The wedge element 8 should engage the interior surfaces 70 of the tulip

element 10 preventing upward movement of the clamp element 7, locking the clamp element 7 in

its engagement with the head 16 of the bone fastener. In the locked position, the tulip element 10

should be locked onto the bone fastener 4, thus preventing further positioning of the tulip

element 10 with respect to the bone fastener 4.

[0050] Referring now to FIGS. 17-19, an orthopedic fixation device 2 is described in

accordance with alternative embodiments of the present invention. As illustrated, the orthopedic

fixation device 2 comprises a bone fastener 4, a locking clamp assembly 6, and a tulip element

10. For the purposes of this illustration, the locking cap assembly 12 (e.g., FIG. 1) is not shown.

In the illustrated embodiment, the locking clamp assembly 6 comprises a clamp element 7 and a



wedge element 8. The orthopedic fixation device 2 is similar to the embodiments of FIGS. 15-16

except that embodiments of the wedge element 8 include downwardly extending tabs 110 that

fits into corresponding slots 112 in the top of the head 16 of the bone fastener 4. In general, the

tabs 110 should impart a uni-planar restraint on the bone fastener 4 so that it only slides along

mating surfaces. The interior surfaces 114 of the tabs 110, best seen in FIG. 19, should forms the

sides of the internal driving features. In an alternative embodiment (not illustrated), the wedge

element 8 can be configured so that the tabs 110 are interconnected, for example, to impart more

strength to the design of the wedge element 8.

[005 1] Referring now to FIGS. 20-21, an orthopedic fixation device 2 is described in

accordance with alternative embodiments of the present invention. As illustrated, the orthopedic

fixation device 2 comprises a bone fastener 4, a locking clamp assembly 6, and a tulip element

10. For the purposes of this illustration, the locking cap assembly 12 (e.g., FIG. 1) is not shown.

In the illustrated embodiment, the locking clamp assembly 6 comprises a clamp element 7 and a

wedge element 8.

[0052] The orthopedic fixation device 2 is similar to the embodiments of FIGS. 15-16

except that embodiments of the clamp element 7 are configured for top loading from the top of

the bore 62 in the tulip element 10. Instead of being inserted upwardly from the bottom of the

bore 62, the first and second clamp portions 26, 28 of the clamp element 7 are inserted

downwardly from the top of the bore 62, until the clamp portions 26, 28 engage the inner wedge

surface 86 of the body 65 of the tulip element 10. The bone fastener 4 can then be inserted

upwardly from the bottom of the bore 62 of the tulip element 10 and into engagement with the

clamp element 7 whereby the clamp element 7 will be pushed upwardly towards the top of the

tulip element 10. The clamp element 7 will move higher until they engage an external temporary

stop (not illustrated) that prevents further upward movement. As the clamp element 7 moves

higher in the tulip element 10, the clamp portions 26, 28 adjust and reorient due to increased

clearance with the inner wedge surface 86 of the tulip element 10 such that the opening at the

bottom of the clamp element 7 is larger than the diameter of the head 16 of the bone fastener 4.

[0053] To lock the tulip element 10, the bone fastener 4 can be pulled downward and

because the clamp element 7 is in engagement with the bone fastener 4, the clamp element

should also move downward in the tulip element 10 such that the outer surfaces 30, 32 of the

first and second clamp portions 26, 28 of the clamp element 7 should abut and engage the inner



wedge surface 86 of the body 65 of the tulip element 10, forcing inner surfaces 38, 40 of the first

and second clamp portions 26, 28 to clamp onto the head 16 of the bone fastener 4. In

accordance with present embodiments, the smallest inner diameter for the bore 62 in the tulip

element 10 is smaller than the combined size of the clamp element 7 and the head 16 of the bone

fastener 4, when in engagement. The wedge element 8 can then be introduced downwardly from

the top of the bore 62 in the tulip element 10 to seat on top of the clamp element 7. The wedge

element 8 should engage the interior surfaces 70 of the tulip element 10 preventing upward

movement of the clamp element 7, locking the clamp element 7 in its engagement with the head

16 of the bone fastener. In the locked position, the tulip element 10 should be locked onto the

bone fastener 4, thus preventing further positioning of the tulip element 10 with respect to the

bone fastener 4.

[0054] Referring now to FIG. 22, an orthopedic fixation device 2 is described in

accordance with alternative embodiments of the present invention. As illustrated, the orthopedic

fixation device 2 comprises a locking clamp assembly 6 and a tulip element 10. For the purposes

of this illustration, the bone fastener (e.g., FIG. 1) and locking cap assembly 12 (e.g., FIG. 1) are

not shown. In the illustrated embodiment, the locking clamp assembly 6 comprises a clamp

element 7 and a wedge element 8.

[0055] The orthopedic fixation device 2 is similar to the embodiments of FIGS. 20-21

except that embodiments of the wedge element 8 include a retention feature for coupling with the

clamp element 7. As illustrated, the wedge element 8 includes an inner protruding surface 60

that engages with the external lips 46, 48 of the first and second clamp portions 26, 28 of the

clamp element 7 to secure the clamp element 7 in the wedge element 8. The locking clamp

assembly 6 with the clamp element 7 secured in the wedge element 8 can then be inserted

downwardly from the top of the bore 62 in the tulip element 10, until the clamp portions 26, 28

engage the inner wedge surface 86 of the body 65 of the tulip element 10. Once the bone

fastener 4 is snapped into the clamp element 7, the locking clamp assembly 6 can be forced

downwards through the tulip element 10 into its locked position to secure the bone fastener (e.g.,

FIG. 1) in the clamp element 7. In the locked position, the tulip element 10 should be locked

onto the bone fastener 4, thus preventing further positioning of the tulip element 10 with respect

to the bone fastener 4.



[0056] While the embodiments that are described and illustrated above generally

illustrate a bone fastener 4 in shape of a screw having a head 16 and shaft 18 extending there

from, it should be understood that other bone fasteners may also be used such as hooks and

sacral blocks. Thus, the present invention may be used with a wide variety of bone fasteners in

addition to a bone screw, as described above. For example, FIG. 23 illustrates an embodiment in

which the bone fastener 14 includes a head 16 having an extension in the form of a hook 116 that

extends from the head 16. In the illustrated embodiment, the head 16 is secured in the tulip

element 10 by the clamp element 7 and the wedge element 8. As illustrated, the head 16 may

have a roughened or textured surface 22 that improves engagement with the clamp element 7.

[0057] FIGS. 24 and 25 illustrate a wedge element 8 having an optional rod retention

feature, in accordance with embodiments of the present invention. In some embodiments, the

rod retention feature of the wedge element 8 may be added to enhance retainment of the rod 14

(e.g., FIG. 1) in a surgical procedure. In the illustrated embodiment, the rod retention feature is

in the form of seat extensions 118 that will cradle the rod 14 to retain it in the wedge element 8.

As illustrated, the wedge element 8 comprises an upper surface 56 defining a seat for receiving

the rod 14. The wedge element 8 further may comprise seat extensions 118 for retaining the rod

in the wedge element 8. In one embodiment, the seat extensions 118 may be configured to flex

when a rod 14 is pushed down through opening 122 at the top of the seat extensions 118. When

pressed down, the rod 14 may engage the ends of the seat extensions 118 causing the seat

extensions 118 to flex outward increasing the size of the opening so that the rod 14 can be moved

downwards to rest on the upper surface 56 of the wedge element 8. In other words, the rod 14

may be snapped past the seat extensions 118 in accordance with some embodiments. In the

illustrated embodiment, the wedge element 8 further includes notches 122 to facilitate flexing of

the seat extensions 118.

[0058] While the embodiments that are described and illustrated above generally

illustrate a tulip element 10 in the general shape of a "U" for coupling the rod 14 to the bone

fastener 4, it should be understood that any of a variety of different coupling elements may be

used in accordance with embodiments of the present invention. For example, the coupling

element may be open (e.g., tulip element 10 on FIG. 1) or closed. In some embodiments, the rod

14 may be top loaded into an open coupling element. In other embodiments, the rod 14 may be

side loaded, for example, into a closed coupling element. In some embodiments, the coupling



element may be an open, closed, or offset iliac connector. In yet other embodiments, the

coupling element may be a posted screw connector. In addition, the coupling element may be

configured to move polyaxially, monoaxially, or uni-planar with respect to the bone fastener 4

prior to locking of the coupling element onto the bone fastener 4.

[0059] FIG. 26 illustrates a coupling element in accordance with alternative

embodiments of the present invention. In the illustrated embodiment, the coupling element is an

offset iliac connector 124. The offset iliac connector 124 should allow, for example, iliac screw

placement prior to selection of coupling element type. The design of the offset iliac connector

124 should also allow, for example, removal of the iliac connector 124 using a specialized

instrument (not illustrated) to change the coupling element type in situ. As illustrated, the offset

iliac connector 124 includes an offset housing 126, a set screw 128, a spring washer 130, and a

locking clamp assembly 132. In accordance with embodiments of the present invention, the set

screw 128 can be installed through the bottom of the offset housing 126 and rotated (e.g., counter

clockwise) until tight. After installation of the set screw 128, the spring washer 130 may then be

inserted upwardly through the bottom of the offset housing 126. In the illustrated embodiment,

the spring washer 130 has a washer portion 134 and a spring portion 136 that extends down from

the washer portion 134. The locking clamp assembly 132 may then be inserted upwardly

through the bottom of the offset housing 126 and snapped into a place, in a manner similar to the

previously described embodiments. In the illustrated embodiment, the locking clamp assembly

132 includes a wedge element 138 and a clamp element 140. To engage the offset connector

with a head 16 of a bone fastener 4 (e.g., FIG. 1), the offset connector can be pushed down onto

the head 16. The head 16 of the bone fastener 4 should be pushed upward into the locking clamp

assembly 132. The bone fastener 4 should push the locking clamp assembly 132 upward into the

spring portion 136 of the spring washer 130 until sufficient clearance is achieved between the

locking clamp assembly 132 and the offset housing 126 for the bone fastener 4 to snap into the

locking clamp assembly 132. The spring washer 130 should then provide downward force onto

the locking clamp assembly 132 such that the interior wedge surface 142 of the offset housing

126 applies pressure to the locking clamp assembly 132 forcing the clamp element 138 to clamp

onto the head 16 of the bone fastener 4. In some embodiments, a specialized instrument (not

illustrate) can be threaded through the polygonal recess 144 (e.g., a hexagonal recess) in the set

screw 128 and into the locking clamp assembly 132. The threading of the instrument should



provide sufficient clearance with the offset housing 126 for removal of the offset iliac connector

124 from the bone fastener 4 without removal of the bone fastener 4 from the bone.

[0060] As previously illustrated and described with respect to FIG. 1, the tulip element

10 may include a threaded portion 72. FIGS. 27-29 illustrate the threaded portion 72 of the tulip

element 10 in more detail. As illustrated, the tulip element 10 includes a body 65 and arms 66.

As best seen in FIG. 28, the arms 66 each include an interior surface 70 having a threaded

portion 72. In accordance with present embodiments, a bone fastener 4 can be secured to the

tulip element 10. As illustrated, a tool 144, which may be, for example, a screw-driving tool, can

be placed through the bore 62 in the tulip element 10 and into engagement with the tulip element

10 and the bone fastener 4. In the illustrated embodiment, the tool 144 includes a threaded

portion 146 that engages the threaded portion 72 of the tulip element 10. The tool 144 further

includes an engagement end 148 below the threaded portion 72 that engages with the polygonal

recess 24 (e.g., hexagonal) in the head 16 of the bone fastener 4. In this manner, a rigid

connection may be formed between the bone fastener 4 and the tool 144.

[0061] FIG. 30 illustrates installation of the orthopedic fixation device 2 in a vertebra 150

in accordance with embodiments of the present invention. As illustrated, the bone fastener 4

may be implanted into the vertebra 150. The bone fastener 4 may then be secured to the tulip

element 10 using, for example, the locking clamp assembly 6. The tulip element 10 can then be

moved and rotated into a desired position with respect to the bone fastener 4 and then locked

onto the bone fastener 4. In one embodiment, the tulip element 10 is fixed onto the bone fastener

4 contemporaneously with securing the rod 14 to the tulip element 10 with the locking cap

assembly 12. In this manner, the rod 14 can be secured in a fixed position relative to the vertebra

150.

[0062] The invention being thus described, it will be obvious that the same may be varied

in many ways. Such variations are not to be regarded as a departure from the spirit and scope of

the invention, and all such modifications as would be obvious to one skilled in the art are

intended to be included within the scope of the following claims. Although individual

embodiments are discussed herein, the invention covers all combinations of all those

embodiments.



Claims

What is claimed is:

1. An orthopedic fixation device comprising:

a coupling element, wherein the coupling element comprises a bore there through and an

interior surface disposed about the bore;

a bone fastener, wherein the bone fastener comprises a head and an extension that

extends from the head, wherein the head is configured for loading into the coupling element

through the bottom of the bore; and

a locking clamp assembly, wherein the locking clamp assembly comprises:

a clamp element, wherein the clamp element comprises a first clamp portion and a

second clamp portion, wherein the first and second clamp portions each have an outer surface

and an inner surface, wherein at least a portion of the outer surface is configured to engage the

interior surface of the coupling element, and wherein at least a portion of the inner surface is

configured to engage the head of the bone fastener; and

a wedge element, wherein the wedge element comprises a wedge bore configured

to receive an upper portion of the clamp element and an inner wedge surface disposed around at

least a lower portion of the wedge bore, wherein the inner wedge surface is configured to engage

at least portion of the outer surface of the first and second clamp portions.

2. The orthopedic fixation device of claim 1 further comprising a locking cap assembly,

wherein the locking cap assembly comprises a body and a set screw threaded into a bore in the

body for engaging a rod to secure the rod to the coupling element when the locking cap assembly

is locked onto the coupling element.

3. The orthopedic fixation device of claim 2 wherein the locking cap assembly further

comprises lower tabs that extend from the body, wherein each of the lower tabs is configured to

fit into a corresponding slot in a corresponding arm that extends from a body of the coupling

element.



4. The orthopedic fixation device of claim 3 wherein the locking cap assembly further

comprises protuberances that extend from the body above the lower tabs, wherein each of the

protuberances is configured to interact with a corresponding recessed surface in the

corresponding arm that extends from the body of the coupling element.

5. The orthopedic fixation device of claim 1 wherein the coupling element comprises a body

and arms that extend from the body, wherein the arms define a channel configured to receive a

rod.

6. The orthopedic fixation device of claim 5 wherein at least a portion of an interior surface

of each arm is threaded for engaging a threaded portion on a tool.

7. The orthopedic fixation device of claim 1 wherein at least a portion of the interior surface

of the coupling element forms a conical wedge configured to engage at least a portion of the

outer surface of each of the first and second clamp portions.

8. The orthopedic fixation device of claim 1 wherein the coupling element is an offset iliac

connector, wherein the offset iliac connector comprises an offset housing having the bore

therethough, a set screw configured to engage threads in the offset housing, a spring washer

configured to be loaded in the bore of offset housing below the set screw, and a locking clamp

assembly configured to loaded in the bore of the offset housing below the set screw.

9. The orthopedic fixation device of claim 1 wherein the extension from the bone fastener is

a tapered extension configured for installation into bone.

10. The orthopedic fixation device of clam 1 wherein the extension from the bone fastener is

a hook configured for installation into bone.

11. The orthopedic fixation device of claim 1 wherein the wedge element has an upper

surface that defines a seat for receiving a rod.



12 The orthopedic fixation device of claim 1 wherein the wedge element further includes

seat extensions that extend upwardly from the upper surface of the wedge element, wherein the

seat extensions are configured to cradle a rod.

13. The orthopedic fixation device of claim 1 wherein an outer surface of the wedge element

is generally elliptical in shape.

14. The orthopedic fixation device of claim 1 wherein the wedge element further comprises

an inner protruding surface above the inner wedge surface, wherein the inner protruding surface

is configured to engage an external lip disposed at or near the top of each if the first and second

clamp portions.

15. The orthopedic fixation device of claim 1 wherein the outer surface of the wedge element

comprises a recessed surface configured to engage a corresponding protuberance on the interior

surface of the coupling element.

16. The orthopedic fixation device of claim 1 wherein the wedge element comprsies

downwardly extending tabs configured to be received in corresponding slots in the head of the

bone fastener.

17. The orthopedic fixation device of claim 1 wherein the extension of the bone fastener has

a diameter that is larger than a largest diameter of the bore through the coupling element.

18. The orthopedic fixation device of claim 1 wherein the head of the fastener and the

coupling element have a combined size that is larger than a largest diameter of an upper portion

of the bore through the coupling element.



19. An orthopedic fixation device comprising:

a tulip element, wherein the tulip element comprises a body and arms that extend from

the bore, wherein an interior surface of each arm comprises a threaded portion, a slot above the

threaded portion, and a recessed surface above the slot, wherein at least a portion of an interior

surface of the tulip forms a conical wedge, and wherein one or more protuberances are formed

on an interior surface of the tulip element;

a bone fastener, wherein the bone fastener comprises a head and an extension that

extends from the head, wherein the head is configured for loading into the coupling element

through the bottom of the bore, and wherein the extension is configured for installation into

bone; and

a locking clamp assembly, wherein the locking clamp assembly comprises:

a clamp element, wherein the clamp element comprises a first clamp portion and a

second clamp portion, wherein the first and second clamp portions each have an outer surface, an

inner surface, and an upper lip, wherein at least a portion of the outer surface is configured to

engage the conical wedge formed by the interior surface of the tulip element, and wherein at

least a portion of the inner surface is configured to engage the head of the bone fastener; and

a wedge element, wherein the wedge element comprises a wedge bore configured

to receive an upper portion of the clamp element, an inner wedge surface disposed around at

least a lower portion of the wedge bore, and an outer surface that is generally elliptical in shape,

wherein the inner wedge surface is configured to engage at least portion of the outer surface of

the first and second clamp portions, and wherein the outer surface of the wedge element

comprises a recessed surface configured to engage the protuberances on the interior surface of

the tulip element.

20. A method of installing an orthopedic fixation device comprising:

inserting a locking clamp assembly into a bore in a coupling element, wherein the locking

clamp assembly comprises a wedge element and a clamp element secured to the wedge element;

moving the locking clamp assembly through the bore in the coupling element until a

recessed surface on the wedge element engages a protuberance on an interior surface of the

coupling element to secure the locking clamp assembly in the coupling element;



inserting a head of a bone fastener into the clamp element such that the clamp element

engages the head; and

moving the wedge element downward past the protuberance on the interior surface of the

coupling element such that the exterior surfaces of the clamp element engage the interior surface

of the coupling element forcing the clamp element to clamp onto the head of the bone fastener to

secure the bone fastener in the coupling element.
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